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The Great Lakes 2000 Cleanup Fund is a component of the Federal Government’s Great Lakes
2000 program. The Cleanup Fund provides resources to demonstrate and implement technologies
and techniques to assist in the remediation of Areas of Concern and other priority areas in the
Great Lakes. The report that follows was sponsored by the Great Lakes 2000 Cleanup Fund and
addresses stormwater management issues in the Toronto and Region Area of Concern in Toronto,
Ontario. Although the report was subject to technical review, it does not necessarily reflect the
views of the Cieanup Fund or Environment Canada.
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Preface

This addendum updates chapters 10 (Economic Considerations) and 12 (Alternative Drainage
System Selection Tool) of the final report from An Evaluation of Roadside Ditches and Other
Related Stormwater Management Practices (J.F. Sabourin and Associates Inc., 1997). In the
updated chapters, the road drainage system Selection Tool has been enhanced in the following
areas:

. revised cost tables, allowing for a comparison of present values using dicount rates
and life cycles;

. the addition of standardized objective setting tables;

. update and completion of stormwater management performance tables; and

. clearer documentation for the tool’s use.

One significant enhancement is the transformation of the tool from a paper copy to a digital
spreadsheet format, for on-screen use. It is expected that this latter improvement will make the
tool much easier to use, and will thereby enhance its adoption by designers.

Revisions to the Selection Tool have been made in response to recommendations from a
demonstration study (Totten Sims Hubicki and Associates and Donald G. Weatherbe and
Associates, 1999). That study, commissioned by the TRCA, tested the Selection Tool in the design
of four urban road reconstruction projects, located in the City of Toronto, Town of Richmond Hill,
and City of Ottawa. Other partners in the study included: the City of Ottawa, City of Toronto, Town
of Richmond Hill, Environment Canada’s Great Lakes 2000 Cleanup Fund (GL2000CUF), the
Ministry of the Environment (MOE), the Rideau Valley Conservation Authority, Lake Simcoe Region
Conservation Authority, and Ryerson University. ‘

The information and tools provided in the original report and this addendum are intended to assist
designers and reviewers in determining the appropriate road drainage system for a given location.
Results of the study again underscore the fact that no single road drainage system is suitable for
all cases. The project partners hope that this information will promote further consideration and
testing of alternative technologies.

NOTE: As of January 1, 1998, the Metropolitan Toronto and Region Conservation Authority
(MTRCA) changed its name to Toronto and Region Conservation Authority (TRCA).

J.F. Sabourin and Associales Inc. /96103 /98220 Addendum - Revised Cost Analysis and Sefection Tool
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10.0A Economic Considerations

The purpose of this section is to provide the necessary information to aliow comparative
cost analyses to be undertaken in the comparison of alternative drainage systems.
However, the economic comparison should only be undertaken after the elimination of
alternatives that are incompatible with site characteristics and development objectives.

The sources of information used to prepare this section include: City of Ajax, City of
Oshawa, City of Etobicoke, York Region, Town of Richmond Hill, City of Nepean, City of
Kanata, City of Vanier, City of Gatineau, Markborough Properties Inc., Sorbara Group
(Vaughan), the MOEE Stormwater Management Practices Planning and Design Manual,
the book “Techniques Alternatives en Assainissement Pluvial” by Azzout et al., and
personal communications with several municipal engineers. Details of the collected
information is provided in Appendix F.

It is noted that the information presented in this section represents an average of collected
data and that capital and maintenance costs can vary from one municipality to another.
In particular, maintenance costs can vary greatly with the frequency of the activities and
should be adjusted based on individual needs. The digital spreadsheet copy of the
selection tool provides this flexibility.

To simplify the cost comparison between various alternatives, Table 10.1 provides Capital,
Maintenance and Total Present Value Costs for the construction and maintenance of
various road drainage system components.

The Amortized Capital Costs (ACC) for the individual components were first computed with

the following equation based on the provided construction or replacement cost, the annual
discount rate and the life expectancy (longevity) of each component.

(CR * %)

Amortized Capital Cost (ACC) =
1- (1 + %)™+ (10.n)
Where CR=  the construction or replacement cost
%= the annual discount rate
L= the life expectancy (longevity) of the component

As an example, the construction or replacement cost of a manhole which is instalied within
the structure of a street was estimated at $3,300. With an annual discount rate of 7% and
a life expectancy of 40 years, the ACC of the manhole can be computed as $247.53 using
equation (1) as follows;

(83,300 x 7%)
-1+ 7%)™

= $247.53 Example application of equation (10.1)

J.F. Sabourin and Associates Inc. / 96103 / 98220 10.1 ) Revised February, 2000
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Next, the present value of the capital and annual repair costs for each drainage component
are calculated with the following equation based on the calculated amortized capital cost
(equation 1), the annual discount rate, the selected life cycle and the estimated annual
repair costs.

1- (1 + 27

Present Value of (Capital + Annual Repairs) = TACC x ”
/0

(10.2)

Where TACC = Total of the Amortized Capital and the Annual Repair Costs
i% = the annual discount rate
LC = the Life Cycle being considered

As an exampie, the present value of a manhole installed within the structure of a street was
computed at $3,691.04 based on annual discount rate of 7%, a life cycle of 80 years and
an estimated annual repair cost of $12 per manhole. This can be computed by applying
equation (2) as follows;

1- (1 + 7%)™%

($247.53 + $12.00) x
7%

= $3,691.04 Example application of equation {10.2)

Similarly, the Present Value of the Amortized Annual Maintenance Activities (costs related
to typical mainienance activities are provided in Table 10.2 and discussed beiow) can also
be computed with the use of equation (2). The TOTAL Present Value Cost presented in
Table 10.1 is thus the sum of the Present Value of the Capitat and Repair Costs plus the
Present Value of the Annual Maintenance Costs.

Various maintenance activities and related costs, which can be associated to various
drainage components, are provided in Table 10.2. These unit maintenance costs refer
mainly to cleaning activities. As with the capital costs, the provided unit maintenance costs
represent average values obtained from several sources and should be verified against
local cost information. It should also be noted that the provided maintenance costs are
based on volume. For exampie, catch basin cleaning was estimated at $5/ea on the basis
that a contractor would be required to clean several catch basins within the same work
order.

The Amortized Annual Maintenance Costs of the various maintenance activities of Table
10.2 can be established based on the Average Unit Maintenance Cost and the proposed
frequency. As such if the frequency of the maintenance activity is set to one or more times
per year then the Amortized Annual Maintenance Cost is equal to the Average Unit
Maintenance Cost multiplied by the frequency. For example, the Average Unit
Maintenance Cost for street flushing was estimated at $0.10 / m. [f street flushing is
undertaken twice a year then the associated Amortized Annual Maintenance Cost is $0.20
" (2 x$0.10). - '

J.F. Sabourin and Associates Inc. / 96103 / 98220 10.2 Revised February, 2000
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However, if the frequency of the maintenance activity is less than once per year then the
associated Amortized Annual Maintenance Cost (AMC) can be computed with the help of
equation (1), but modified in order to not double count certain maintenance activities when
the drainage component is actually replaced. The modified equation is as follows;

AMUC

—— T % %
(1 + i%)(IIFREQ) : 0)

Amortized Annual Maintenance Cost (AAMC) = (10.3)

ONG(LONG

t vrregy )
1- (1 + i%) (IIFREQ)

Where AMUC = the Average Maintenance Unit Cost
1% = the annual discount rate
FREQ = the Frequency of maintenance activity (0.2 = once in 5 years)
LONG = the Longevity of the associated drainage component

A simple example as to why the modified equation (3) is needed, is with ltem # 5 (Ditch
regrading and cleaning) which is scheduled to occur every 10 years. However, since the
longevity of the ditch is set to 20 years (Table 10.1) a ditch would in fact be cleaned only
every 20 years. Using a 10 year cycle in the original equation (1) would double count the
costs associated with the ditch regrading and cleaning.

For each drainage system component and the selected maintenance activities, the
individual AMC of the Average Unit Maintenance Costs are summed up and transferred
- to the appropriate column in Table 10.1. The Present Value of the total AMC are then
computed and added to the Present Value of the Capital and Repair Costs to give the
TOTAL Present Value COST associated with each drainage system component.

It is noted that because of the potentially large variability from one area to another, the cost
of land and losses in tax revenues were not inciuded in the overall cost of end of pipe
facilities.

With the digital Excel spreadsheet copy of the cost tables, the user can enter, modify and
adjust the following parameters;

i) construction or replacement costs

i} life expectancy (longevity)

iii) discount rate

iv) lifecyle

V) up to four maintenance activities associated with each component

vi) average costs associated with each maintenance activity
vii}  frequency of maintenance activities

The use of the Excel spreadsheet will provide the flexibility to designers and engineers to
easily evaluate and compare the total Present Value of various potential alternative
drainage systems.

JF. Sabourin and Associates Inc. / 96103 / 98220 : 10.3 Revised February, 2000
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10.1 | Example Cost Comparison

As an example, Tabie 10.3 compares the cost for four typical drainage systems where
System #1 is a conventional curb and gutter system with concrete pipes and an end of pipe
facility for quality and erosion control; System #2 is similar to System # 1 but an Oil and
Grit Separator unit is used to provide some quality control; System #3 is a conventional
ditch system with an end of pipe facility for quality and erosion control, and System #4 is
a grass swale system with perforated pipes and infiltration trenches capable of retaining
and infiltrating the runoff of a 25 mm- storm. it is assumed that the various designs will
provide at least a 1:5 yr level of service with quality and erosion control based on a 25 mm
storm. The type of development used in the example consists of a 10 ha area with 40%
imperviousness, 20 m ROW, and 20 x 40 m lots.

Based on the costs provided in Table 10.1 and Table 10.2 and the design assumptions
presented in Table 10.3, it is found that the least costly altérnative is the conventional ditch
system with an end of pipe facility for erosion control. The second least expensive system
is the grass swale with perforated pipe system and exfiltration trenches capable of retaining
and exfiltrating the runoff of a 25 mm storm.

When compared to the conventional curb and gutter system the total present value costs
of the conventional ditch system and grass swale with perforated pipe system represent
60% and 74% of the present value costs associated with the conventional curb and gutter
system. The conventional curb and gutter system with an Oil and Grit Separator is
approximately 3% more expensive.

The Excel Spreadsheet of Tables 10.1 and 10.2 provide the means to conduct quick cost
comparisons for various other alternative drainage systems.

However, in view of the potential variability in unit cost between municipalities, it is strongly
recommended that further assessment of cost be conducted through site specific case
_ examples.

J.F. Sabourin and Associates Inc. /96103 / 98220 10.4 Revised February, 2000
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Toronto and Region ’ Evaluation of Roadside Ditches
Conservation Authority and Other Related Stormwater Management Practices
Table 10.2: Maintenance Activities and Associated Costs
Item (Maintenance Activity Average Cost Frequency
per unit per year
1 Street Flushing (both sides}) $0.10 /m 2
2 Street sweeping {only for roads with curbs) (both sides) . $0.07 im 5
3 Shoulder and edge treatment (both sides) $0.20 /m 2
4 Grass cutting and repairs $0.30 /m k|
5 Ditch regrading and cleaning (both sides) -$6.00 /m 0.1
5 Swale regrading, sod and topsoit Im
7 Culvert thawing and winter drainage ($500 per 100 units) $5.00 fea 1
Ba |Catch basin cleaning installed on street $5.00 fea 1
8b ' installed off street (wf pre-treatment) $5.00 /ea 0.5
9 Qil and grit separator cleaning {$250) + disposal ($250) $500.00 /ea 1
actuat cost depends on the number of units being cleaned out at a given time.
10= from conventicnal C&G systermn $500.00 /ea 1
10b | Quitfall maintenance from ditch or grass swale system $500.00 /ea 0.33
10c if system retains 25mm rainfall $500.00 /ea 0.2
11 Wet pond maintenance grass cutting, litter pickup, $390.00 /1 ha 1
weed control, re-planting drainage area
12 Dry pond maintenance grass cutting, litter pickup, $330.00 /1 ha 1
weed control, re-planting drainage area
13 Sediment removal from end of 40 % imperviousness $323.75 Mba 0.05
pipe facilities including dispesal i (Annual Loading = 0.925m%ha}
14 Infiltration basin maintenance tiling and re-vegitation ' $140.00 /1ha 0.5
' drainage area
15a  {Pervious pipe maintenance no pre-treatment  |flushing $1.00 /m 0.2
15b radiat washing $2.00 /m 0.2
15c  [Pervious pipe maintenance with pre-treatment  [flushing $1.00 /m 0.07
154 radial washing $2.00 /m 0.07
16 Infiliration french maintenance (1.5 m deep, control runoff from 25mm runoff @ 40% imp}) $277.50 /1 ha 1
17 Exfittration wells {assume 3.2 exfiltration wells per hectare for 40% imperviousness) $3,100.00 /1 ha 1
18 - |User Defined Maintenance Activity
19 User Defined Maintenance Activity
20 User Defined Maintenance Activity

Notes: - Conversions from-{ha) to {m) are based on the assumption of a typical street ROW of 20 m and 40 m deep lots.
' - Costs are in 1996 doliars and represent averages of collected information.
- Actual unit costs may vary between municipalities.
- Frequency of maintehance activities should also be adjusted accordingly.

J.F. Sabourin and Associates Inc. /96103 / 98220 10.6 Revised February, 2000




The Metropolitan Toronio and Regron

Conservation Authority

Evaluarion of Roadside Ditches
and Other Related Stornvwater Management Practices

Table 10.3: Cost comparison between four typical systems

System objectives:

Development:

(New system)

Designed to provide at least a 1:5 yr level of service with quality and erosion control
based on a 25 mm storm. Use 7% annual discount rate and 80 year lifecycle.

10 ha area at 40% imperviousness, with a 1000 m x 8.5 m roadway and a 20 m ROW

with 20 x 40 m lots.

TOTAL Present Value COSTS , () represents number of units
System
components System #1 System #2 System #3 System #4
Conventional curb and Like System #1 but with | Conventional ditch system] Grass swale system with
gutter system with | Oil & Grit Separator units | with an end of pipe facility] perforated pipe system
concrete pipes and an end| for source control and an for quality and erosion and infiltration trenches
of pipe facility for quality end of pipe facility for control. Road has no capable of retaining and
and erasion controi. additional quality and subdrains. infiltrating the runoff of a
erosion control. 25 mm storm.
Roads $339,5690.80 $339,590.80 $473,023.22" $377.639.22
Subdrains $42,671.22 $42,671.22 t] 0
Curbs and gutter $168,774.69 $168,774.69 0 0
\ . (5 on street, 5 off street)
Manholes {10 on street) $37,621.49] (9 on street) $33,859.34 0 $35.691.84
: (100 corrugated steet off
Catch basins (32 regular) $55,528.53 [ (32 regular) $55,528.53 0 road) $61.947.82
. (2000 m, perforated with
Sewers (1000 m} $515,894 .52 (1000 m) $515,894 52 0 pre-treatment)
$379,152.96
Ditches 0 0 {2000 m) $129,010.13 ’ 0
Swa'esg‘r’;;gads'de (2000 m) $96,656.88 (2000 m) $96,656.88 0 (2000 m) $108,190.09
Culverts g 0 (100} $106,487.33 0
Sump pumps 0 , 0 (100) $40,497.87 (100) $40,487.87
Qutfall and end of
pipe erosion control $7,111.00 $7.111.00 $1,912.82 $977.57
End of pipe facility $88,434.10 + land + $70,747.28% + land + $70,747.28% + |and + 0
{wet pond) losses in tax revenues losses in tax revenues losses in tax revenues
Oil & Grit Separator®* 0 (5 units) $65,339.48 0 0
e —————— e —————————— e ———
| e L ————————— ——— ———
Total present value
cost
(per 10 ha of drainage $1,352,283.24* $1,396,173.75* $821,678.66* $1,001,097.36
area or 1000 m of
roadway)

Notes:*)  Cost for land required by end of pipe facility or losses in tax revenues are not included due to large variability.
1)Cost of road can be reduced by $95,384 if subdrains can be instalied. For subdrains add $42,671.
2)Assumes Oil & Grit Separators are 50% efficient and therefore includes a 50% credit on cost for sediment remaval from end of pipe

facility.
3)Cost assumes that ditches are 50% efficient at removing sediments, if properly constructed, ditched roads may not require an end of
pipe facility in which case the cost can be reduced by ($70,747.28 + land + losses in tax revenues).
4}Prices reflect the use of Stormceptor units for which the cost information was availablie from the manufacturer.
General) Total annual costs are based on “average” total costs and individual costs may vary between municipalities.
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12.0 Alternative Drainage System Selection Tool

Design guidelines for the construction of aliernative drainage systems can be found in
various literature. Their potential advantages and disadvantages with respect to
stormwater management functions are also well documented. However, it is often the
selection of the most appropriate alternative(s) which can become complicated and may
require a detailed assessment. Unfortunately, such assessments are most often
conducted on a qualitative basis with a lack of objectivity and can, consequently, lead to
arguable results.

To improve the assessment for the potential use of various alternative drainage techniques
it is necessary to know and consider as many quantifiable aspects as possible. Such
aspects should be easily obtainable.

In order to properly assess the potential use of various alternative drainage systems, the
following aspects should be considered:

i) Compatibility with physical site charactieristics.

i) Compatibility with planning objectives (or existing development in the case
of a refrofit situation) and ease of integration.

i) - Ability to meet stormwater management objectives.

iv) Economics.

v) Public acceptance / Safety.

In this section of the report, a systematic procedure to help determine which types of
alternative drainage systems (see Table 12.1 for list of features and description) could be
used within a specific project is developed and presented. In its initial steps, the procedure
uses the process of elimination to identify which drainage features are compatible with the
physical site characteristics and/or with the type of development. Based on the potential
use of various drainage features, conceptual drainage systems can then be evaluated in
terms of their ability to meet stormwater management objectives, costs (capital and
maintenance, refer to Section 10), and public expectations.

The procedure which makes use of various tables can be used for new developments or
retrofit situations. The step by step approach which is described in the following sections
can be visualized by the flowchart presented in Figure 12.1.

The use of the Tables which are presented in this section have been programmed into a
user interactive Excel Spreadsheet application which also includes the costing information
presented in Section 10. The User's guide for the Excel Spreadsheet program is provided
in Appendix H with a sample application. Additional “real life” applications of the Selection
Tool are presented in a separate document entitled “Demonstration of a Conveyance
. System Selection Tool in Urban Road Projects” by Totten Sims Hubicki Associates and
Donald G. Weatherbe Associates.
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(Present Value) * Meets objectives of System’
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Figure 12.1: Steps in Application of Selection Tool

(see.Table 12.2 for a list and description of various alternative drainage features)
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Table 12.1: Description of Drainage Features

Drainage Features and Description

Street curbs
A raised concrete, asphalt or stone edging along the side of a road to form part of a gutter. Figures 1.1a and 1.1b show
typical cross-sections of standard curbs while Figure 1.4 shows a typical road section with curbs. By themselves, street curbs
can provide some on-site flood control but litite environmental benefits. Curbs can sometimes be viewed as more socially
acceptable and found to provide a sense of security. No site or development characteristics were found to prevent the use of
street curbs.

Roads with one-sided cross slopes _
A road built without a centre crown so that the runoff is directed to one side of the street only. This allows for fewer
catchbasins or the need to only have cne drainage ditch/swale. Except for some economical benefits, one-sided cross stope
sireets provide no valuable SWM benefits. In some areas, where snow accumulation is a factor, one-sided cross slope
sireets may be discouraged to prevent snowmelt from freezing across the road surface.

Porous pavement with storage structure
A pavement structure which by design and construction allows some surface runoff to flow through and stored in a clear stone
granular base. The stored water can then be released slowly to another drainage feature such as storm sewers through sub-
base drains. A typical section of a porous pavement structure is shown in Figure 1.2. When designed properly, such
structures could provide some erosion and water quality control benefits. However, the use of porous pavements should be
discouraged where the ground surface can freeze for extended periods and should be prohibited in areas where surface
sediments are abundant (eg. where local soils are highly susceptible to erosion or in industrial areas).

Porous pavement with exfiltration system
Similar to Feature #3 but in this case the water which is retained within the porous pavement structure is released (exfiltrated)
slowly to the surrounding soils. When designed properiy, such structures could retain and exfiltrate sufficient runoff to provide
groundwater recharge, erosion and qualily control benéfits. However, exfiltrating water to the surrounding soils should only be
congidered if the underlaying soils are compatible with the presence of water, and if the groundwater quality is not at risk, and
when the subsurface infiltration rates are at least 2.5 mm/br, and when the depth of groundwater or bedrock is at least 1.5 m
from the surface. Furthermore, the use of porous pavements should be prohibited in areas where surface sediments are
abundant (eg. where local soils are highly susceptible to erosion or in industriaf areas) or where toxic chemicals are
fransported or stored {eg. gas stations). Finally special care may be required where below ground franchise utilities are found
or where surface slopes exceed 5%.

Storm sewers with foundation drain connections :
This is the typical storm sewer system normally found in conventionai urban developments. The storm sewer must be
installed at a sufficient depth (usually more than 2 m) in order to allow a gravity connection from the nearby building foundation
drains. Consequently, such systems also require sufficiently deep outlets. While storms sewers can be designed to provide
adequate on-site flood control and possibly off-site flood control (if the major system is retained on the street and catchbasins
are equipped with intet control devices), they cannot, by themselves, provide any groundwater recharge, erosion controf or
water quality control benefits. Storms sewers can, however, provide some thermal impact reduction.

Shallow storm sewers with sump pumps
This system is simular to the one described under Feature #5 except that the depth of the storm sewer is mainly governed by
frost protection requirements since water coflected by foundation drains is removed by sump pumps. While storms sewers
with sump pumps can be designed to provide adequate on-site fiood controt and possibly off-site flood control if the major
system is retained on the street and catchbasins are equipped with inlet control devices, they cannot, by themselves, provide
much SWM benefits. If the sump pumps discharge 10 a grass surface area, some groundwater recharge may be achieved.
Furthermore, storms sewers can also provide some thermal impact reduction.

Roadside ditches with culverts
This is the fypical roadway drainage system usually found in low density urban areas and rural areas. Figure 1.9 shows a
typical cross-section of a roadside ditch drainage system. The depth of a ditch can usually vary between 0.6 mto 1.5 m,
however, in order to maintain a sufficient culvert cover, ditches should be at least 1.0 m deep. The perviousness of roadside
ditches can provide some groundwater recharge benefits while the less than smooth surface of a ditch can reduce flow
velocities and provide some erosion control benefits. The vegetative cover along ditches can provide adequate sediment
removal and some nutrient uptake and thermal impact reduction. In addition, the storage volume of some ditches can further
provide on-site and off-site flood control. However, the use of roadside ditches with culverts should be implemented with
additional considerations where the surface slopes are less than 1% or more than 5%. Available space (i.e. within the road
right-of-way and between private driveways) can also represent an important limitation for the use of roadside ditches with
culverts. As such, a single ditch requires at least 2.5 m within the ROW and should at least have 5.0 m in length between
driveways. Other factors which may affect the use of ditches are; i) climate, ii) type of soils, iii) type of development, and iv)
location of sidewalks.
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Drainage Features and Description

Shallow ditches or swales (no culverts)
Unlike roadside ditches with culveris (Feature #7), shallow ditches or swales are normally only a few centimetres deep (10 to
25 cm) and the vegetative surface of a swale is continuous with the tandscaping of the adjoining lot. A typical cross-section of
a grass swale is shown in Figure 1.12 while a true life picture can be seen in the Factsheet of Section 14, Like the typical
roadside ditch, shallow ditches or swales can provide some groundwater recharge, erosion control, sediment removal, nutrient
uptake, bacteria die-off and oil and grease removal benefits. However, unlike typical ditches and because of the lack of .
culverts, grass swales cannot provide, by themselves, adequate on-site and off-site fflood control. Factors which may affect :
the use of shallow ditches or swales include; i) surface infiltration rates to prevent excessive surface ponding, i) surface
slopes, iii} type of soll, iv) available space within the road right-of-way, and v) location of sidewalks.

Shallow perforated pipe exfiltration system
Usually consists of a shallow perforated pipe system installed within a granular trench of clear stone surrounded by a filter
cloth. Surface stormwater can be directed to such a system by means of catchbasins and/for from the ground surface by L
infiltration. Once in the pipe, water can exfiitrate (out of the pipe) to the surrounding granular trench and soils. If the pipe is :
continuous then any excess water can be conveyed to a downstream outlet {eg. standard storm sewer or ditch). Shallow
perforated pipes are usually installed next fo the roadway underneath shaliow ditches or grass swales. An example of such a
system is shown in Figure 1.12. When properiy designed and constructed, shallow perforated pipe exfiltration systems can
provide a wide range of SWM. benefits including; groundwater recharge, erosion and quality control, thermal reduction, and
flood control. However, such systems should not be considered where local soils are incompatible with the presence of water
or where the groundwater quality is at risk. Simitarly, such systems should not be considered where the sub-surface infiltration
rates (hydraulic conductivity) are less than 2.5 mmihr or if the groundwater levels (or bedrock) are less than 1.5 m from the
hottom of the granuiar trench. Additionaly, special considerations may be required if the following site and development
characteristics exist; i) shatlow outlet, i) surface slopes greater than 5%, iii) surface soils suspectible to erosion, iv) industrial
land use or high imperviousness, v) limited space within the road right-of-way, vi) sidewalks next to road, vii) frees within the
road right-of-way, and viii) presence of below ground franchise utilities. -

Deep perforated pipe exfiltration system
Similar to the shallow perforated pipe exfiltration system except for the fact that the perforated pipe is installed at lower depths.
However, because the pipes are deep, surface runoff must be directed to the system with the use of catchbasins. Once in the
pipe, water can exfiltrate {out of the pipe) to the surrounding granular trench and soils. If the pipe is continuous then any
excess waler can be conveyed to a downstream outiet {eg. standard storm sewer). Deep perforated pipes have been installed
under the roadway as standard storm sewers. An example of a drainage system incorporating a deep perforated pipe was
constructed in the City of Elobicoke is shown in Figure 1.5. When properly designed and constructed, deep perforated pipe
exfiltration systems can provide a wide range of SWM. benefits including; groundwater recharge, erosion and quality control,
thermal reduction, and flood control. However, the use of such systems should not be considered where local soils are
incompatible with the presence of water or where the groundwater quality is at risk {unless adequate pre-treatment is
provided). Similarly, such systems shoutd not be considered where the sub-surface infiltration rates (hydraulic conductivity)
are less than 2.5 mm/hr or if the groundwater tevels {or bedrock) are less than 1.5 m from the bottom of the granular trench.
Additionally, special considerations may be required if the following site and development characteristics exist; i) shallow
outiet, i) surface slopes greater than 5%, iii) surface soils susceptible to erosion, and iv) industrial land use or high
imperviousness.

Deep perforated pipe filtration system
Unlike the shallow and deep perforated pipe exfiltration systems the deep perforated pipe filtration system can be used where
the soils are impervious or with low infiliration rates. The system requires at least two perforated pipes; one deeper than the
other. Typically, the surface runoff captured by a catchbasin would be directed to the shallower perforated pipe from which
water could exfiltrate to a filtrating sand Jayer below which another perforated pipe would re-collect the exfiltrated water. A i
drainage system incorporating a deep perorated pipe filtration system was installed in the City of Etobicoke {see Figure 1.6). !
When properly designed and constructed, deep perforated pipe filtration systems can provide some groundwater recharge
(limited), erosion and water quality control, and thermal reduction. When constructed in combination with standard storm
sewers as shown in Figure 1.6, this drainage system can also provide some flood control benefits. However, the use of such
systems are not applicable where a sufficient deep outlet js not available and furthermare, the system may require special
attention where the local groundwater levels are high.

Raised culverts
Raised culverts would normally be used with roadside ditches (feature #7) except that the culverts are instalied in such a way
that their inverts are slightly higher than the ditch bottom elevation. Depending on the difference in eievation between the
culvert invert and ditch bottom, and the width and slope of the ditch, raised culverts can create conditions which provided
some the erosion, quality and groundwater recharge control benefits. Figure 1.10 shows a typical roadside ditch with raised i
cujvert. The application of raised culverts should not be considered to increase surface infiltration when the local soils are
incompatible with the presence of water or when the groundwater quality is at risk. Similarly, the use of raised culverts should
not be considered if the surface infiltration rates are too low (eg. less than 13 mm/hr) as this may create excessive. periods of
surface ponding. Other considerations for the use of raised culverts are similar to the ones for the Roadside ditches with
culverts (Feature # 7).
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Drainage Features and Description
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Dipped driveways
As the name implies, the concept with dipped driveways is that rather than having to install culverts, the driveways are dipped
to allow their overtopping during major runoff events. By having the driveways slightly higher than the bottom of the
ditch/swale will provide some opportunity for storage and water infiltration. The benefits and limitations of using dipped
driveways in shallow ditches/swale are similar to the ones of using raised culverts. However, dipped driveways will not provide
much in terms of flood control.

14

Check dams
Check dams would normally be used with roadside ditches (Feature #7) with a similar objective as using raised culverts
except that check dams can be constructed anywhere along the ditch to increase local water retention and infiltration.
Depending on the height of a check dam, the width and slope of the ditch along which it is constructed, check dams provide
some the erosion, quality and groundwater recharge control benefits. Figure 1.3 shows a typical log check dam while Figure
1.11 shows a typical roadside ditch with a check dam. The limitations of using check dams are similar to those of using raised
culverts (Feature #12) and dipped driveways (Feature #13).

15 | Oil and Grit separators

Oil and Grit separators {(0&Gs) are devices which cannot be used by themselves to create a drainage system. Usually their
use is combined with the use of conventional storm sewers such as depicted in Figure 1.7. O&Gs are large manhole
structures consisting of separate chambers (usually 3) through which stormwater travels in order to remove coarse sediments
(grit), oits and other floatable pollutants. The only real site constraint in using O&Gs is with the depth of the drainage outlet
which has to be sufficiently deep to accommodate the device's physical requirements. In terms of SWM benefits, O&Gs can
pravide some quality control (sediments, phosphorus, oil and grease). In fact 0&Gs are one of few SWM features that can
effectively remove (retain) oil and grease from stormwater.

Greenbelts and backyard swales
Greenbelts and backyard swales are typically shallow vegetated channels that provide a means to convey and infiltrate storm
water runoff. Examples of backyard swales are sometimes found along the back property line residential developments where
split drainage is allowed. Sometimes, rear lot catchbasins and /or perforated pipes are also used in combination with such
swales to enhance backyard drainage. As shown in Figure 1.8, deep swales within greenbelts can also be used in
combination with conventional storm sewers. When properly constructed, greenbelts and backyard swales can provide
significant groundwater recharge, erosion angd quality control benefits as well as some thermal reduction and on-site flood
control. However, in order to prevent nuisance ponding, the use of greenbelts or backyard swales should probably not be
considered if surface infiltration rates are tess than 13 mm/hr. Furthermore, additional limitations may be imposed if the local
groundwater quality is at risk, surface slopes, and erodibility of surface soils.

Horizontal infiltration / exfiltration trenches
Horizontal infiltration / exfiltration trenches are stone filled trenches in which surface runoff can infiltrate and then exfiltrate to
the surrounding soils. Filter fabrics are commonly placed around all sides of the french to prevent clogging of the stone voids.
When properly constructed, horizontal infiltration / exfiltration trenches can provide significant groundwater recharge, erosion
and water quality control benefits as well as thermal impact reduction. However, the application of such drainage features are
not recommended in areas where the soils are incompatible with the presence of water or where the sub-surface infiltration
rates are less than 2.5 mm/hr or where the depth of the groundwater table (or bedrock) is within 1.0 m from the expected
bottom of the trench. Other aspects to consider include; i) quality of water to be infiltrated, i} surface slopes, iii) surrounding
fanduse, iv) space constraints, v} location of trees, and vi) presence of nearby below ground franchise utilities.

Vertical exfiltration wells and perforated catchbasins
Exfiltration wells and perforated catchbasins consist of semi-deep narrow vertical stone filied trenches from which surface
runoff can exfiltrate to the surrounding soils. Filter fabrics are commonly placed around all sides of the trench to prevent
clogging of the stone voids. When properly constructed and maintained, vertical exfiltration wells and perforated catchbasins
can provide significant groundwater recharge, erosion and water guality confrol benefits as well as thermal impact reduction,
As with the horizontal infiltration / exfiltration trenches, the application of such drainage features are not recommended in
areas where the soils are incompatible with the presence of water or where the sub-surface infiliration rates are less than 2.5
mm/hr or where the depth of the groundwater table (or bedrock) is within 1.0 m from the expected bottom of the well. Other
aspects to consider before making use of vertical exfiltration wells and perforated catchbasins include; i) guality of water to be
infiltrated, i) surface slopes, iii} surrounding landuse, iv) location of trees, and v) presence of nearby below ground franchise
utilities.

Infiltration basins
Infiltration basins are a type of end-of-pipe SWM facilities which can usually be considered for drainage areas of at least 5.0
ha. When properly constructed they can provide adequate groundwater recharge, erosion and water quality control benefits,
and thermal impact reduction. Site and development characteristics which may prevent the use of wet ponds include; i)
incompatibility of soils with water, ii) groundwater quality at risk, iii} low surface infiltration rates (eg. less than 60 mmvhr), iv)
depth of groundwater table (or bedrock}, v} erodibility of surface soils, vi) expected of inflowing water quality, and lack of
available space.
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Wet ponds (extended detention)
Wet ponds are a type of end-of-pipe SWM facilities whlch can be considered for drainage areas of atleast 5.0 ha. When
properly constructed they can provide adequate erosion and water quality control benefits, and possibly some off-site flood
control. Site and development characteristics which may prevent the use of wet ponds include; i) inability to maintain a
permanent pool of water, i} depth of outlet, and iii} lack of available space.

21| Dry ponds
Dry ponds are a type of end-of-pipe SWM facilities which can be considered for drainage areas of at least 5.0 ha. When
properly constructed they can provide adequate erosion and water quality control benefits, and possibly some off-site flood
control. Site and development characteristics which may prevent the use of wet ponds include; i) depth of outiet, ii) expected
quality of inflowing stormwater, and iv) lack of available space.

22 | Artificial wetlands

Artificial wetlands are a type of end-of-pipe SWM facilities which can be considered for drainage areas of at least 5.0 ha.
When properiy constructed they can provide some erosion and water quality control benefits, and possibly some off-site flood
control. Site and development characteristics which may prevent the use of artificial wetlands include; i} inability to maintain a
perrmanent pool of water, i} reduced effectiveness durmg winters, iii) expected quality of inflowing stormwater, and iv) lack of
available space.

12.1 Selection of Drainage Features Based on Site Characteristics
(Table A)

Most physical characteristics of a given site are unlikely to change even after its
development. Therefore, such characteristics can be used to quickly identify and eliminate
incompatible drainage features. Important site characteristics which should be considered
include the following:

Incompatibility of soils with water: Some soils are incompatible or react to the
presence of water. For example, soils with a high gypsum content should not be
considered for use with concentrated infiltration measures because such soils are
susceptible to dissolution and could represent a risk for cave-ins. In other cases, the soil
composition may have a tendency to swell when wet and shrink when dry. Such changes
in volume may create problems to surrounding structures. The assessment of such
characteristics requires the expertise of a qualified soil engineer, geologist or
hydrogeologist. '

The use of infiltration BMPs is not recommended when an incompatibility of soils with water
has been established.

Groundwater quality at risk: This may be a concern when the project is located within
or near an atea where groundwater is a source of potable water or baseflow to a nearby
stream with sensitive aquatic habitat. Safe distances or buffer zones will depend on
various factors such as existing groundwater quality, soil types, presence of open-jointed
rocks, location of aquifers, and speed of groundwater flow. To quantify the risk associated
with the potential contamination of groundwater requires discussions with local authorities
and the expertise of a qualified hydrogeologist.

The use of infiltration BMPs is not recommended when a risk associated with groundwater
contamination as been established.
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Soil types and infiltration rates: The types of soils and their corresponding capacities
for infiltration are of prime concern for all types of alternative drainage systems which
incorporate an infiltration function. Reasons for this concern are to prevent the potential
for nuisance ponding of stormwater and to ensure that any storage volume provided by the
drainage feature can be regained before the next rainfall event. In general surface
infiltration rates should be in the order of 13 mm/hr as to prevent lengthy accumulation of
standing water; and similarly subsurface infiltration rates should be at least 2.5 mm/hr so
that storage volumes may be replenished in time for the next possible storm. However, for
surface infiltration basins it is often recommended that the soil infiliration rates be at least
60 mm/hr. Standard infiltration or percolation tests can be conducted to identify the soils’
infiltration capacities.

Table 12.2 provides typical textbook values of hydraulic conductivities for various USDA
Soil-Texture Classes.

Table 12.2: Average Hydraulic Conductivities for Various Soil-textures

USDA Soil-Texture Class Hydraulic Conductivity, K
infhr mm/hr

Sand 474 120.4
Loamy Sand 1.18 30.0
Sandy Loam 0.43 10.9
Loam 0.13 33
Siit Loam 0.26 . 6.6
Sandy Clay Loam 0.06 1.5
Clay Loam 0.04 1.0
Silty Clay Loam 0.04 1.0
Sandy Clay 0.02 0.5
Silty Clay 0.02 0.5
Clay : 0.01 0.3

Source: Design and Censtruction of Urban Stormwater Management Systems,
ASCE Manuals and Reports of Engineering Practice No. 77, WEF Manual of Practice FD-20

Depth of groundwater table or bedrock: The depth of bedrock or the highest seasonal
groundwater level is an important consideration for the following reasons; i) the vertical
space which can be available for underground storage may be limited, and ii) a high
groundwater table can easily be contaminated by chronic or accidental pollution if filtration
through soils is not adequately provided. In general, the seasonally high groundwater level
. or bedrock should be at least 1 m below any drainage feature which uses infiltration.
Standard geotechnical site investigations can provide this information.
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Source of continuous flow: For the use of wet detention ponds or wetlands it may be
necessary to maintain a given water level for the livelihood of an ecosystem. In this case
a source of a continuous flow would have to be available.

Depth of drainage outlet: The depth of the anticipated drainage outlet, whether to an
existing man made structure (eg. ditches, storm sewers) or to a natural feature can be a
significant physical constraint in selecting potential stormwater conveyance systems. For
example, if a shallow municipal drain is the only possible outlet to a proposed rural
subdivision, then the use of deep storm sewers with water guality inlets could not be an
option. A simple site visit or the review of existing topographic maps or municipal drawings
can easily provide this information.

Surface slopes: Ground surface slopes can also represent physical constraints for some
types of conveyance systems and infiltration measures. It is important to note however
that the average slope of the site is not necessarily the determining factor unless it is
relatively flat (ie. less than 1%). Where the average slopes are in the order of 5% and
over, it is more important to try to consider the slope of the ultimate drainage infrastructure.
tnformation on surface siopes can be obtained from topographic maps, areal photos and/or
site investigations.

Climate: The climate is not always considered a factor in selecting potential alternative
drainage system components. However, the climate should be given some special
consideration in areas where snow and freezing temperatures are expected. For example,
the construction of a single cross slope street may be acceptable in south Florida where
the freezing or snowmelt running across the road surface is not a concern.

Highly Erodible soils: Areas where surface vegetation is sparse or which are in proximity
of construction or farming activities can represent conditions which may not be compatible
with infiltration techniques if adequate erosion and sediment controls cannot be provided.
Under such conditions the use of effective pre-treatment measures must be incorporated
to prevent the premature clogging of infiltration surfaces.

Size of drainage area: The size of the total drainage area is only a constraint if it is
smaller than approximately 5 ha. For such areas the use of large end of pipe facilities is
not practical. On the other hand it is noted that, in some cases, large drainage areas could
be serviced only in part by some types of drainage features. For example, roadside
ditches or swales have limited hydraulic capacities and as such their use could be
restricted to upstream reaches. The extent of this constraint will depend on the layodit of
the development and, as demonstrated in the Section 4, on the physical characteristics of
the conveyance system.
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12.2 Selection of Drainage Features Based on Development Characteristics
(Table B)

Constraints imposed by development features can be rigid if the site is already developed

‘and the assessment is for a retrofit system. On the other hand if the site is being
considered for development then the potential constraints can become flexible if the
assessment is made in the early planning stages. In either case, development
characteristics which may become constraints to the potential use of alternatlve drainage
systems include the following:

Type of landuse: The type of landuse may limit the use of certain alternative drainage
measures. For example, in industrial areas where the transportation or storage of
dangerous chemicals is likely, the use of any infiltration techniques would not be
acceptable unless sufficient pre-treatment components are incorporated in their designs.
It should also be noted that commercial areas with gas stations represent a similar risk.
In general, residential types of developments are the most compatible with any type of
alternative drainage systems.

ROW planning: The main ROW planning issues which may interfere with the use of
certain types of alternative drainage features include: i) available space (which can be
defined as the ROW width less the road surface width and less the total width of
sidewalks), ii) presence and location of sidewalks, iii) planting of trees within the road
boulevard, and iv) the presence and location of underground utilities. Issues related to
ROW planning were discussed in Section 9.

Lot planning: Features at the lot level which may further reduce the potential use of
alternative drainage features include: i) lot widths or more precisely the spacing between
entrances, ii) imperviousness, iii) type of lot drainage (ie. back to front or split), iv)
presence of reverse slope driveways. Issues related to ROW planning were discussed in
Section 9.

12.3 Selection of Drainage Features Based on Ability to Meet SWM Objecfives
(Table D)

SWM requirements can vary from site to site based on local and downstream conditions.
in general SWM objectives can be determined by general guidelines, local authorities or
based on the results of an overall watershed/subwatershed plan. The most important
SWM objectives which may have to be considered include the following:

Groundwater recharge: Groundwater recharge may be important for the maintenance
of baseflows in streams and rivers as well as to replenish the source of drinking water for
those who depend on wells. As a general rule and in order to meet this requirement, the
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runoff of a 5 to 10 mm storm (see Section 5.3) should be retained and infiltrated, unless
local studies specify an alternative recharge target. Special attention must be taken when
both groundwater recharge and the risk of contamination are important.

Erosion control: Erosion control may or may not be a requirement and depends on the
conditions of the receiving water body. However, if erosion control is an issue it can be
provided, in general, by controliing the runoff of a 25 mm storm (See section 5.2). (NOTE:
a higher ievel of control may be required depending on site specific studies). The control
can be provided through the combination of retention and infiltration.

Quality control:  Quality control requirements can differ from location to location and will
vary based on the type of receiving water body (eg. lake or river), its size, its potential use,
and the type of fish habitat which may or could exist. In general stormwater quality control
objectives may be achieved by the removal of; i) suspended sediments, ii) nutrients such
as phosphorous, iii) bacteria and iv) oil and grease. Refer to Section 5.1 for additional
information and guidelines.

Thermal impact reduction: Thermal impacts can be an important consideration for
receiving water bodies with cold water stream ecosystems. In such cases, the effects from
stormwater are predominant when surface runoff is conveyed or retained at ground level
and exposed to warm air and sunlight for some time. Refer to Section 5.1.1.7 for
additional information and guidelines.

Flood control and level of service: Flood control could be a requirement within the site
and/or off site. That is, the operation of the drainage system should not inundate
surrounding properties and should not convey stormwater in such a way as to increase the
potential of downstream flooding. In new developments such controls can usually be
achieved while in retrofit situations it may be difficult. The level of service can be defined
as the capacity of the system in relation to a design event (ie. 1in 5 yrs). Another element
to consider is whether or not a major system outlet is present or if can be incorporated
within the development. Although this latter element can greatly depend on the final
grading and configuration of the site, it should nonetheless be considered in the derivation
of alternatives. Refer to Section 5 for additional information and limitations of alternative
stormwater conveyance systems.

12.4 The Selection Tool

As described at the beginning of this section, the main purpose of the Selection Tool is to:
i) help determine which types of alternative drainage features could be used within a
specific site, and ii) help compare potential conceptual drainage systems. This can be
achieved through the use of the detailed tables described in this section.

Tables A and B present the elements described in Sections 12.1 and 12.2 respectively.
That is, Table A can be used to eliminate specific drainage features which are
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incompatible with the local site characteristics while Table B can be used to eliminate
options which are incompatible with existing or potential development characteristics.
Table C can be used to summarize the results obtained from the use of Tables A and B,
and to identify which drainage features could be incorporated in a conceptual system.

Table CD was recently added to the Tool and derived from the work done by D.G.
Weatherbe and Associates and Totten Sims Hubicki. The table can be used to summarise
the stormwater management objectives and target performance for the drainage system
being considered. The table can also be used to assign variable priorities to the various
SWM objectives which are to be met.

Table D is used as a reference and compares the potential SWM functions (benefits) of
the various alternative drainage features.

Finally, Table E can be used to describe and evaluate possible conceptual drainage
systems. The evaluation can be based on potential SWM performance, specific design
objectives (eg. foundation drain connections), and costs. It is noted that conceptual
drainage systems must be established from the designer’s experience and knowhow.

The following sections describe how to use the various tables. An example application
follows in Section 12.5.

12.41 How to use Table A - site characteristics

Based on a preliminary assessment of site conditions, the designer checks (v) all of the
applicable site conditions which are listed in the table. Any (X) which appears below a
checked site characteristic eliminates the potential use of the alternative drainage feature
on that line. For any (O) which appears below a checked characteristic the designer must
refer to the numbered comment for Table A to determine if there is a valid concern.

The alternatives which are not eliminated receive a score of ‘1" in the appropriate column
of Table C while aiternatives for which an unresoived (O) remains is given a score of '0.5".

12.4.2 How to use Table B - development characteristics

Based on the known or anticipated development characteristics of the site, the designer
checks (v) all of the applicable characteristics which are listed in the table. Any (X) which
appears below a checked characteristic eliminates the potential use of the aliernative
drainage feature on that line. For any (O} which appears below a checked characteristic
the designer must refer to the corresponding numbered comment for Table B and
determine if there is a valid concern.
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The altematives which are not eliminated receive a score of *1'in fhe appropriate column
of Table C while alternatives for which an unresolved (O) remains is given a score of ‘0.5".

12.4.3 How to use Table C - identification of compatible features

Table C is used to summarize the results obtained from Tables A and B, and to identify
which drainage features could be used within a given study area. The score of any
alternative drainage feature is obtained by multiplying the results from Tables A and B.

Since the results from Tables A and B can only be ‘0', ‘0.5 or ‘1' it then follows that any
feature which was found to be incompatible (ie. value of ‘0') with either the site or
development characteristics will be eliminated and as such could not be used within the
study area. Features which end up with a final score of ‘1" are fully compatible with both
site characteristics and development characteristics.

Features with a final score of ‘0.5" or ‘0.25" are potentially incompatible with either or both
site characteristics and development characteristics. A review of the notes for Tables A
and B should help determine if such features should be considered or not.

12.4.4 How to use Table D - comparison of SWM functions

Table D was prepared for reference purposes only and provides an indication of how well
a particular drainage feature can respond to a particular SWM objective. SWM objectives
were divided into 5 groups; i) groundwater recharge, ii) erosion control, iii) quality control,
iv) flood control, and v) thermal reduction. The water quality control objective was further
divided into 4 subgroups; i) sediment removal, ii) nutrient removal, iii) bacterial die-off, and
iv) oil and grease removal.

The numbers provided in Table D are referred to as “Stormwater Management Function
Potential (SWM-FP) values”, SWM-FP values can vary from ‘0' to ‘1'. A value of ‘0
indicates that the corresponding drainage feature provides no valuable benefit (0%)
towards the respective SWM target objective. By comparison, a SWM-FP value of ‘1’
(100%) would indicate that the corresponding drainage feature could, if designed and
constructed properly, achieve 100% of the targeted SWM objective.

Examples for SWM-FP values could be: i) a simple curb & gutter (no pipes) does not, as
a drainage feature, provide any benefits for groundwater recharge and is therefore given
a corresponding SWM-FP value of ‘0', ii) roadside ditches and swales (if properly
constructed and well vegetated) could remove up to 80% of sediments and therefore are
given a corresponding SWM-FP’ values of ‘0.8' , and iii) an oil and grit separator (if
properly sized and maintained) can remove, on average, approximately 60% of sediments
and therefore was given SWM-FP values of 0.60,
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The SWM-FP values provided in Table D are further used in the comparison of conceptual
drainage systems (see Section 12.4.5). Note, however, that SWM-FP values are intended
to assist in relatively comparing alternative drainage systems and, until further monitored
data is available, should not be expected to estimate actual performance.

It is further noted that SWM-FP values can be modified or updated as new information on
the SWM function effectiveness of the various drainage features becomes available.
Furthermore, the values currently presented in Tabie D are based on the assumption that
each drainage feature is optimally designed to service the entire area. Consequently, in
the final comparison (Section 12.4.5), SWM-FP values should be reduced for drainage
features which will only be used for certain parts of the site.

12.4.5 How to use Table E - comparison of conceptual drainage systems

Based on the results obtained in Table C (identification of site and development
compatible drainage features) it may be possible, based on design experience, to
conceive various alternative drainage systems which may include some or all of the
potential drainage features. To further compare each alternative it is necessary to
evaluate the cost of each system and how well it can meet the objectives of the project.
As can be anticipated, some drainage features may only address some specific objectives
and therefore the evaluation must consider the system as a whole and not simply its
individual components.

Once a conceptual drainage system is defined it can be further evaluated with the use of
Table E. (Examples of alternative drainage systems and drainage features are discussed
in Sections 1 and 11). This is done by first listing the system’s individual components in
the first column of Table E and entering the system’s objectives in the columns under the
heading of “Drainage System Objectives and Compliance”. System objectives may include
SWM objectives as well as other specific requirements which may have been requested
by the public (eg. elimination of sump pumps and direct connection to storm sewers). For
each drainage feature and based on Table D, SWM-FP vaiues are then selected and
entered in the corresponding columns of Table E (the Excel Spreadsheet does this
automatically). SWM-FP values for features which will only be used in parts of the system
could be adjusted based on drainage area accordingly. The total cost for each feature can
also be calculated and entered in the last column.

To identify whether or not the proposed drainage system could meet the SWM objectives
the Selection Tool Excel Spreadsheet offers two methods to evaluate the overall SWM-FP

of the system.

With the first method, a simpte sum of SWM-FP values could be used to provide a
comparative evaluation of the system’s potential performance.
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The second method is somewhat more sophisticated as it accounts for the fact that the
effective performance of SWM features which work in series can not be evaluated by the
simple sum of individual performances but rather by their product summation. This can
be applied with the multi-efficiency model presented in a paper by J.Li et al in which the
cumulative performance of groundwater recharge, TSS, TP and Bacteria removal functions
of a series of SWM features can be evaluated with the use of equation (12.1).

Overall SWM-FP = |1 - 11 (l—n)] x 100% (12.1)

is the "' feature being considered

Where i :
is the total number of features with the system

n =
l = is the product summation of {1-n)
n = the runoff volume reduction or the sediment reduction

efficiency of a specific feature

With either method, the resulting score of the overall SWM-FP for each system objectives
will indicate if the system could meet the individual requirements. In general, a score of
‘1' or more would indicate that the system could meet the objective. Anything less than ‘1
would indicate a potential deficiency and the need to re-evaluate the system.

If more than one alternative drainage system is being considered, then the overall
effectiveness of each system and their costs can be used in the final selection.
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Table C: Identification of compatible drainage features
(use to compile results from Tables A and B, optional)

Compatibility checks
(refer to Tables A and B)

(A) (B} Overall
Feature | Drainage system features Site Development Score
characteristics | characteristics (A) x (B)
Street curbs 1 1 1

Roads with one-sided cross slopes

Porous pavement with storage structure

Porous pavement with exfiliration system

Storm sewers with foundation drain connections

Shallow storm sewers with sump pumps

Roadside ditches with culverts

Shallow ditches or swales (no culverts)

Shallow perforated pipe exfiliration system

Deep perforated pipe exfiltration system

Deep perforated pipe filtration system

Raised culverts

Dipped driveways

Check dams

Qil and Grit separators

Greenbelts and backyard swales

Horizontal infiltration trenches

Vertical exfiltration wells and perforated catchbasins

Infiltration basins

Wet ponds

Dry Ponds

Artificial wetlands

User Defined Feature (ex: Lot level ctls)

User Defined Feature (ex: Major System)

(S ESIRS] LS 1LS] LS] Y =N Iy PEnY pUry vy JUny Iy iy Iy
B P I DS Y LS ) T T ) ) Y T Y = s o Bt R S B N L]

[SRY| Y QEFY QENY PITY PINY Y PIKY PN PITY PEFY JETY JITY JETY PEFY JITY PIEY PN TN JUEY QUEY JUTY JELY Y
JENY ENY JUENY JEFY JETY PIFY PICY DI PITN JERY TN ECY QITY JETY PEFY DITY JEEY ERY JECY ICY Y JUENY I Y

User Defined Feature

JENY NN LY JENY QUCY QNS JUNY Iy JUTY QUG JUCY QEEY QUTY pEEY DECY UCY PUSY DUNY LY JREY LY JURY JERY RY

Notes on Overall Score values

Score {Suggestion
-1 This drainage feature is potentially compatible with both site and development characteristics
0.5 This drainage feature may be compatible, however a cautionary note was generated for Tabie A
or Table B -- See Table A Notes and Table B Notes
0.25 |This drainage feature may be compatible, however a cautionary note exists for both Table A
and Table B -- See Table A Notes and Table B Notes
0

This drainage feature is potentially not compatible with both site and development characteristics

£2.19
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Drainage System Selection Tool User Guide

Infroduction

This is an electronic version of the selection tool developed as part of the study, “Evaluation of Roadside Ditches
and other related Stormwater Management Practices” (1997, J.F. Sabourin and Associates Inc.)

Using the flexibility of a spreadsheet and the power of the Visual Basic programming language, “Report-Ready”
analysis and recommendations can be made with the click of a few buttons.

The electronic version of the tool was developed for Microsoft Excel, and has been optimized for version 7. A
spreadsheet was chosen as the tool naturally lent itself to this type of application because of it’s tabular layout.
Microsoft Excel was chosen as it is capable of sustaining VBA modules and can link form objects such as check
boxes and buttons to Visual Basic programming code.

Methodology

* The selection tool allows for an efficient identification of drainage system features which are compatible with site
and development characteristics.

* The user simply checks a series of boxes, and clicks a few buttons to conceptualize and cost various potential
drainage systems. _ '

* A complete set of capital and related maintenance costs are provided in tables, which are used to evaluate the total
“Present Value™ of potential alternatives.

* A complete set of performance tables is included to identify the environmental and social benefits of one system
over another.

* An intuitive “build” algorithm is used to approximate the quantities of the various elements required to build the
systemn (how many meters of pipes are required, how many catchbasins need to be installed etc.)

Results

* The tool can identify whether or not a drainage feature is compatible with the site and development
characteristics.

*+ The tool can be used to calculate the quantitics of materials needed to build a proposed drainage system based on
drainage area and imperviousness.

* The use of this tool can speed up the evaluation of various drainage system design proposals.

* The tool can quickly and accurately produce a cost/benefit comparison of one system over another.

System Requirements

+ Microsoft Excel, (version 7 or better) for Windows 95/98/NT
= Minimum screen resolution: 800 x 600 x 256 colours
* Recommended screen resolution: 1024 x 768 x 256 colours or better

Viewing Each Page )
Each table has been designed so that the hard copy print-out covers the majority of a standard 8-1/2”x 11” page
leaving adequate room for margins, headers and footers. To view each table properly, it is suggested that full-
screen mode be employed and that all toolbars are turned off. This is accomplished by selecting “Full-Screen™ from
the “View” menu, and deselecting the toolbars listed under “Toolbars”, also on the “View” menu.

LF. Sabourin and Associates Inc.
E Water Resources & Environmental Consultants Ref. 9800220
“aw? Ottawa, Ontario (613) 727-5199, www.jfsa.com Page 1




Drainage Systern Selection Tool User Guide

Start Up

To start the tool, open the file, “DSST_V1.XL8” (Drainage System Selection Tool, Version 1), with Microsoft
Excel (version 7 or better). This file contains VBA modules that are encoded as Macros. The latest version of Excel
may produce a warning screen such as the one below. In order for the tool to run you need to Enable Macros. The
macros contained within this tool are not malicious in nature, nor do they contain viruses.

Microsoft Excel
The warkbook you are opening contains Macros, . .. ipiens
Seme macros may contain viruses that could be harmful to your cor

If vou are sure this wﬁﬂabook is f;';:im :a‘ _trusted soﬁrce,'ciick: :
‘Enable Macros', If yotyare not sure and want to prevent -
“any macros from running, dick Disable Magros!...

¥ Always ask before qﬁeﬁing_ workbooks with Macros - o

Disable Macros - = | * -~ “Enable Macros -

i 4 DOﬂ_Dt ODBI'I

It is suggested that you open the file as read-only, This way, any changes made to the file will have to be saved with
a new filename. This ensures that the original values contained within the selection tool will remain intact,

(\1.) ‘DSST_V1.XL.5' shauld be ober:ed as read-only unless you need to save changes toitOpen as réad;énly?-j s

o | e

Note:

Although other spreadsheet programs such as Quattro Pro or Lotus 1-2-3 may be able to open an Excel workbook,
these programs do not have the ability to properly open and process the VBA code contained within the macros.
This code is required for the tool to work, Microsoft provides a free viewer for Excel files; however, the viewer is
not capable of executing VBA code contained within macros. The tool will not operate properly if opened in the
viewer.

J.F. Sabourin and Associates Inc.
B0\, & Water Resources & Environmental Consultants Ref. 9800220
e Ottawa, Ontanio {613) 727-5199, www.ifsa.com Page 2
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Copyvright Notice

Flo E& ew Insext Fomat Jooks Data | WindowHelp
A _fB: £ L0 E . i+ F - -& i H-1 -1 el 1K

1
F l uuuimgp System Selection Tool Yersion 1.0.2

4 F. Sabiounn and Asscoiaies inc.
Water Resources and Environmental Consultants ‘

Sue 403 tel (613) 7275138
1111 Prince of Vales Drive fax [613) 7275639 ;
Ottawa, Dntano; K2C 312 emal maDifsacom i
Canada web. wwr sy com '

[C) Copgiight 1339, J.F. Sabourin and Associates inc.
AN Rights Reserved H

Customize this Sheet ‘
by changing ang Gf the foNowing celis : H
BI%.B13. B20 and B21

Disclaimer:

AF, $abowia wrd Aszocistes Inc. mihes mo wari aly or guassskec, cipressed of implee, a1 Lo the
cowacy, telability, sutibility, hactionisg. o recuis derirsd From the uee of G progrom.

Mo shodl the fact of sale of e aterin conctiound wey such
Iy O Quarates.

Ho recponsobalety of fisbility i atenaed bry JF. Sabowria 3d Azcotivtes Inc. in commuction thararith,

Porticas of the pr -d its 3F. Sabowin 3ud Aspocistes lag.

AF compwkiatc, or Mact s50ft.

Thix progeim # 10 ba wewd for tha sok ot craating

Thiz program rholl 0t b 1eproduced for Commer ciol pposes of remlt, E10ept with the wktes |4

permiccion of JF. Ssbowrm wmd Accocotes .

Oviginal ctmtept ad deweiopment: | JF. Sabourin™ MEng_F Eng .
Pt 1o TR CORCApL: D. Weatharbe™ PEng. and R. Teiga™™ PEng
Programming: P.M. Barmes* BASc EIT

Mith the sappoil of:

The Toromta Regeon Conzerration Autkoray, Envronmest Camndyz Great Lakes 2000 Dlera p Fuad,
Ceturic Ministry of the Enrwonfucet, iycrson Usiveriity, Lake Sisktox Region Conserrition Asthority,
R Yalley Conservation Agthority, City of Oftaws, Coty of Toroalo, aad the Fows of Rschmoad Heil
Laput provided by:
Totteh Sins Heblchl 3D Azzociites wd Donsid G, Weathartve shd Azzociic:
" F. Sabourn and Associses nc.
" Donald G We asthetbe Assotates
" Totten Samma Hubick:

. A
ofrestures /| Table A/ Table ANotes ] TableB £ Teble BNctes [ Tabie C  Table C0 /. Tavle D FTabk | o] = - 1’“

This page is used as a “Splash Screen”, and is the first worksheet the user sees when opening up the workbook. It
gives credit to the authors, and provides a general disclaimer on the tool’s use. Changing cells “B18” to “B21™ can
customize this page. It is recommended that this customized page be used as a front page, or first page, of a report
in which this tool is used.

J.F. Sabourin and Associates Inc.
N Water Resources & Environmental Consultants Ref. 9800220
e OHawa, Ontano (613} 727-5199, www.jfsa.com Page 3
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User Guide
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S Fie’ Edt | view - Insert “Format Took - Data. Window - Help
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Wi v 2l ool ecohtion: 86401 600 1 256 cokon
Rlecommended sacen tesohtion: 1024 1 768 1 256 colows or bettet
[T o vrw mhore of cach workbook, whuat the 200 control ko 75X srkzs. Yiew 3 Zoom. |
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A ek amabpzis of rowr denidued sricl will be wade, 3nd 3 prUamisary Coct-eatimate wilt be piod-ud hvnd on dofvek (022ika estimates.

2 Youcw Fimg-tung Iy cot cstmale, by adisting the nembor of ¢ach Rom required, length or wren

2 Tt prascet vues cont for anch kum can be modhired by adhsting tables 10.1 104 102 which define e 'c»w. Anwuvaced and Totel Praseas Vake Coot”
and the “Maintonance Actirires 3nd Acsocivied C

3 Tha "Discomied Faae™ 3ad "Lty Cpeke™ fuped 1o Pr u& Vadea calculations] caa ba acjuried on the “Coafiq™ sheet

4 Tablez 10 138 10.2 cob be 3dhizted BY chauging hp of the vakier that 3pper in et 1 e b

I TN Comrii e ) User Guide

Additional user-help is available on this sheet.

J.F. Sabourin and Associates Inc.
Water Resources & Environmental Consultants
\,_,4 Ottawa, Ontario (513) 727-5199, www ffsa.com
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Config

b icrosoft Excel - dsstV102.xls [ ]E]x]
e EdE-few Jnsert Format *Jook st Window . Help : el L e X

W B € boD o B LD o R S g ot R EEE Y : g Q. R
1 l IConfiguration Control Panel - Drainage Features -
2 'TabieA, Table ANotes, Table B, Table B Nates, Table C, Table D, Tabte E (3), Table E (2), Tabte E (3)

EFikist Uines 10 ebminee Desinage Frauss, 12005 ¢
[ Foghight Gues Cols [CompatbieFaatures) ...
EEbghinpi Yedow Gty {Porendily Compatle]
{Fikighbht Ped Cells - [Elminated Featuees)

T pats Tabies <

o BlbarTablies T ¢

51; Tahle CD - SWWM Function Priorities Terms and Corresponding Weightings for Table E

)

B

Cotrfiguration Cottrol Panel - Finabcial Portion
Capital and annualized cosls, Mainienance Actinties, Cost Comparisons

[ 21 |[Discounted Rete for PresentValue Cafeulations: 0 -] 7 [% |
Lifecycle for PresentValug Calculalions: 7TT 80 [Years |

Printing Options - Headers and Footers of All Worksheets

¥ doomiAl Sheels

(LS —]

Top LeftHeader1: - -
Top Let Header 2
Top Right Header 1 oy
Top Right Header 2
Bottom Left Footer 1 -
| |Bettorm Left Footar 2 -
32" [Bottom Right Footer 1
Betiom Right Fooler 2
[Mumber of Copies_ - 1

Batch Priming - One Click Printing of A Worksheets

DiCopmihihiotion. - . [ITabbeA - 7% 17 [Yatde 0 . [} Copital et aremsolaed consts i
DiuseGode - ] Table ANGRes T i tablent:. - [JiMeintenance Aciiviies. | i
CiCenfig S ghﬂts'--;_,' [T E):. 2, [ }CostCompadsons :
[CuseNoes(t) . {JTableBNot FTabeE ) TS C o B
B ) O Tae T Citae ey - BolectAl |?rEn!Selectadi| .

This page is the most critical page of the tool as it is used to set up certain default values, and controls how the tool
operates.

The first series of check boxes in the top left comer are used to control how compatible and non-compatible
drainage features are highlighted. Background colours can be turned on and off, so can lines that strike out non-
compatible features. Some experimenting with this may be necessary to optimize outputs for screen and printer.

Update Tables

This button is used when Automatic Updates is turned off. It recalculates each table, and changes the background
colours as necessary.

Clear Tables

This button is used to remove any of the user input from Tables A through E and from the Cost Comparisons table.

[ ] Automatically Update Tables

This check box toggles the worksheet’s auto-update mode. Working with this feature turned off, can speed up data-

entry; however, the user should always use the Update Tables feature before making drainage system selections and
printing output.

J.F. Sabourin and Associates Inc.
E Water Resources & Environmental Consultants Ref. 9800220
e’ Ottawa, Ontario (613} 727-5199, www.fsa.com "Page b
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Zoom All Sheets

This button will cycle through each worksheet and select an appropriate Zoom factor so that the entire sheet will fit
on the screen. This is useful as each table 1s quite large, and not all monitors are the same. For data input and
detailed viewing, you may have to zoom'in, and use the scroll bars to navigate each page.

SWM FUNCTION PRIORITIES
You can set the numeric weighting associated with the text value of each SWM Function Priority. These values are
used in TABLE CD and TABLE E.

Discounted Rate
You can enter in a discounted rate in cell “G21”. This value will be used for present value and payment
functions in the “Capital and Annualized Costs™ table.

Lifecycle
The lifecycle that is used for the financial calculations in the “Capital and Annualized Costs™ table can be
configured in cell “G22”.

Batch Printing
Printing of the entire workbook can be automated through the batch printing utility at the bottom of the “CONFIG”
page. Select which pages you want to print, and enter in the header and footer information you wish to appear.

Select All

This button selects all of the worksheets in the workbook to be printed.

Print Selected

This button prints all of the worksheets that have been selected.

J.F. Sabourin and Associateﬁ Inc.
=y Water Resources & Environmental Consuliants Ref. 9800220
“s? Oftawa, Ontario {613) 727-5198, www.ifsa.com Page 6




Drainage Systemn Selection Tool - User Guide

Drainage Features and Description

crozoft Excel . dsstV10

U8 Fe £t * ow  Incert - Format - Tooks Daka- Window - Hep :
Y R T T I T O s B S

Ibrainage Features and Description

1 Street curbs
A taised concrete, asphak of Stone ¢dging Hong the side of 2104d o Form pant of 2 gutter. Figures 113 and 1,3b show e e et e e .
tyoic3l Cros s-sections of siandacd cubs whde Figure 1.4 shows a typic af 10ad Section with curbs. By themseives, steeet curbs .
Gan plovide sOMme on-sie flood control but Mtle snuronment al beneits, Cub; can sometimes De wiwid a5 Mole s0cialy
wcepublemdlmmdlop(wndusrmofmig No site or o Iound to prevent t usepf_
Stréeet cuhs

2 Roads with one-sided s1055 Sloper
A road built without 3 centre crown s that the ronoli is directed 10 one side of ihe street only. This aaous forTeser
Galchbasing of the Peed 1o only have one dranage . Except toi £ ical DENFIE, Ond- S oss skope
streels provide ho valuable SWM benefies. In some areis. uheﬂ Show accumutaion is a Factot, one-sided c105s Slope
streets may be discouraged Lo prevent Snow X

3 PoOfous pavement ¥ith storage structure
A pavement stiucture which by desigh and constiuclion sllows some suisce runclf to llow thiough and storedinaclesrstone
granulas base. The stoted water can thenbe iy 1o anothe! diainage SUCH 35 Stom igh sub-
base drainz. A typical section of a8 potous pavement structurs is shown inFigue 1.2 When desighed propeily. such
Structres Sould proviie SOMe PIOSon and waler qUASTY SOMIO] DEnefks. HowewH, e USE OF pOIQUS paverments showsd be
discouraged where the ground swkace can Ireeze for extended periods and shauld be prohibited i aieas wherr Suiace
Sedments ars sbundant {#g wharejoca soils are highly suseeptible to erosion of inindustrial aeas)

4 Porous pasement with erfltration system

Similat to Feature #3 but in tes case the watet whichis d within the porous p is reheased
siowly (o the g sols. When desig y. such Id tetain and eafirate sufficient rmoﬂ o plcnnde
gloundwater iechage, auslonand qualey camrol bene{ns Howeyer, ing warer 1o b i Gy be

sols are paibie with the presence of water. and ¥ the groundw ster quality is not at risk, and
whenthe subsurface infikration rates are at beast 2.5 mmiy, and when the depth of groundwater or bedrock is ateast 15 m

from the swface. Ik use of pos should be prohibked in areas whett SUiace Sedimems ae
abundani (¢, where Jooal S0l are highly pusoeprible t0-+0Sion o in Mdusiral a2eas) or where Loxio chemidals are L U R
d Ot Stored (eg. N Iy pe ] quited whete bHow ground ties sre found |

of whete sutface Sopes sroeed Sz

5 Storm sewers viKh loundation deain connections
This is the typical storm sewer system nonmably found in conventional urban developments. The stoim sewer must be
installed 3l a sulm:lm depm [usua!; more than2 m] 0 Ofdef L0 HiOw 2 1AVt CONNECHION FrOmM the nearby budding Toundation
dins. Co P . ‘While s10mn3 yewers can be designed (o provide
d e food control and p by ofl -Fite Rood A (H the major System is rekained on the streed and catchbasing
aie tqu:ppedm!h inkel contiot devices). they canol, ry theMS ehet 5, provice s0y g1 oundw atet 1echad ge, ¢105i0n control of

R Qu iy s, Storms howeyer, provide some thetMmal Mpact reduction.

& Shallow storm sewsts wik SUmp pumps
This systemis simulat 1o the one described under Feature ¥5 ercepl that the depth of the stoim sewer is muniygovumdbg
H OS5t prolection requi $ collected by 5 remaved by Surhd DUmps. Whe STOMS Sewdis
with sump pumps can be desighed 10 provide ddequate on-site Hodd comrel mdpossblg off-site flood control # the major
Sysiem 5 1ot aned an tee Straet and catchbasms are equippid with ivdet by th oS, [Hovide
mich SWM benefis. ¥ the sump purnps dischacge 1o 4 grass Ruface area, somw ymnﬂ iechal ge My be aohieved.
Furtheaone, STOIMS Sewdts 0N al50 Provide SO themal impact reduction.

7 Roadside sitches with culverts ’ e R
arsll'nJPcl‘ Oy drpingge sj_slpmu;ualgfoundnlowdeﬂsu'blnlrel!indmld-pns Fvguﬂsﬂno-sa

-3
TITISTY Totie  User Gakda { Config ) DesiAption of Features (Tablg & »7abhanms

This sheet provides you with a complete description of the alternative drainage features considered by the Selection
Tool.

J.F. Sabourin and Associates Inc.
3 Water Resources & Environmental Consultants Ref. 9800220
“naw Oftawa, Ontario (613) 727-5199, www.ifsa.com . Page 7
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Drainage System Selection Tcol

Table A

Y Fle . £t - Yew Josert Format Jook igsta Windo fiep il T S e xd
,L,,;Ei-" B:iC; o - - o F i F | -G i R - b o K. s M. N_ Lot P Qi R i 8 qi-1 r—
1 I Table & Selection of alternative drainage features based on site characteristics e Update Tabde A 5 | :
2 T
K _Site Characteristics ]
Al A Sodzwre Groumd Soil Ifikkration Rates Deprch of Mo Deph of Surlace Clamartc is Swhace Duanage .
B | & it waler 'MFmTﬂ._I grovcwyter zowice of dramuge outhet [&] Siopar IX) wrimerabht | rodswre | arcaiclers
K [ wuhthe | awalityis] o badiock (m) | comimecnd toccldumdf Mgy | BmS0m
Tule E precence of| wrick | Swircs mt | Swhco i | Sob-oud.iaf. Aow acwy avccaptibke| o spacerr
K water 13 i | <EOmmiti | <25 mndhr| <15 | 15-40 <10 10-20 | 220] <101 550 | wisters | cowosion] Emicg
: £| 4| e |Drainage Features C C (=] s TR i = Eara b BT Wl =R Beh B C. 1 -
10 1 1 1 | Suew curbs
10 2] 05] 1 | emememwmaenopre— — — — — — F———t— = F—_——tr—---- -, ————
12! 3] 05| 1 |rorew prvemmsim g e = = = = it ats Saliadied 1= ===
mmidjo 1 |rorowr bt 7. : = 2 %
‘“ 5 1 1 [Srem rewmets with Fosrdation draim conpections
] 05 5] 1] 1 [Sowatonm sewers with swmp pamps
'“,5.' 7| 1| 1 [Revdeide dieches wich cubrert: o7 [o 1
“,l 8| 1 | 1 [|Stallow dache or cwales (wa twbrerts) O{D
qpi9p Ot fe Bt i -'Uﬁ'
c10f 0 | 1 [orereraserrervem——r o el
P11 11t |Owp pertorsed pipe faranion spaen.
i 05| 1 {mimemey — — = = — — — — — — — FogA=®t-¢-[---1T-——I- 73— —"r—-r¥49=@ T 1--"1"GF O ~|" O T~ ~
05| 1 {PmpprBtiviweg = o = Fogd-xt-*---—-t-——-—=-t=-4---r-~t-1-~-~t-A--IMEf:-I- -~~~
05| 1 |emordmi— — — = — —w o= = "'Dﬁ"!‘"‘r"‘"'"""“"““"“"""'""‘“TUE"UE"O\E“""
1 | D4 and Ot poparstors x b 4
1
1
1)
1 X
! X
U [y Ponds [ O] Oz Oy | X
t | Arciticil watkmds 02 09 X
1 [Usar Datimad Fastare (2: Lax fevel crle)
1 [User Dutined Fastwea fux: Majer Fprtem)
1 fUser Defined Fustire
Bisck - Compatible aterhative. gives b 3c0fe of 'Y'in Tale C
X -hot compalible, gives 3 score of 0 in Table C
O -Magor mag nox bk compatible, gres 3 scose of ‘0.5 n Tabke C (sre notes for Tabir A]
The toHowing motes were overriden by the wser: 7. 3. i
. : -}
T4 7h [H_Conpright Notice Table A { T30 A Nickes_{ Teblc B /| Tobe Botos -/ Table C { Tabe 00 4 Teble T { Tabk | ¢ gl | B

This tabie is used to determine which features are compatible and which are not based on site characteristics. Not all drainage
features are compatible with all site characteristics. Features that are not compatible are eliminated here.

Using the check boxes in Row 9, select the characteristics that match your site. If a feature has an "X” in the column relating to a
specific site characteristic, it is not compatible, and that feature is highlighted {Red background, with solid line through it}, this
eliminates the drainage feature. If a feature has an “O” in the column relating to a specific site characteristic, it is potentially not
compatible, and is highlighted as conditional (Yellow background, with dashed line through it). A table of notes is associated
with each conditional “O”, “FABLE A NOTES". You can “reinstate” a drainage feature by overriding the associated note in
“TABLE A NOTES”. Any notes that are overridden will be listed at the bottom of “TABLE A"

User defined drainage features can be added in rows 23, 24 and 25. “X’s” can be placed in the site characteristics column where
appropriate. Conditional “0’s” may not be used for user-defined drainage features.

Select From Table

A pop-up menu has been included with “TABLE A" to help determine the soil infiltration rate. This table lists common soil-
types and values of hydraulic conductivity. Choosing a soil type from this pop-up menu will select the appropriate surface
infiltration rate of the site.

Update Table A

Clicking this butten updates “TABLE A”. This is only necessary if “Automatically Update Tables” is not checked on the
“CONFIG” sheet.

"J.F. Sabourin and Associates Inc.
£ @ Water Resources & Environmental Consuiltants
e’ Ottawa, Ontario (613) 727-5199, www.fisa.com
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Table A Notes

X Microzoft Excel - dssty102.xls [_]=][x]

I8 He Edk Yew nsért’ Fprmat Jook | Deta Window el i L ERE o [ 8] X]
tal B ¢ R S I B Tt i : A ks 6o ¥
S p— phont
: < Table A Notes ]
Ta be used 1o frther evaluate the compatibility Of 4rainage features with site chadaoreristics. 5
Check [Overnde|MNaotes for Tabie A
Cauhon| Caution :
[, [Notrecommended when the distance between the boftom of the infilfration Strutture and the groundwalter table (or bedrock)
© 7 |islessthan.0m,
C: |Notrecommended if a minimum parmanent pooi cannot be maintained.
_[C. |Notrecommended for situations whera water tabie 15 less fhan depth of dilch orwhere the infiliration rate of surface
_ .. |sois s less than 13 mmihr
{Z {Notrecommended if in order to maintains the proper cutvert cover, the level of entrances or drivewsays have to be raised in such
@ way as to negativeiy afieci the comfon of grmng.
(—  iShouid only be cansidered f suface infilrabon rates are greater than 13 mmvht in order to prevant nuisance surface ponding.
[ The average surface slope should not be the determining factor but rather the slope of the expected structure. For exampie,
<o qeven if the average surface slope is above 5%, roads and ditches may be consiructed at a less accentuated cross slope
-'{inthe tase of difchas and swales, such high slopes may easily create conditions for ezosion due {o high flow velocities.
-~ {Inthe case of raised culverts ar check dams these would have to be high ang frequent 1o have any posiltve influence.
- {Inthe case of infillration trenches the use of vertical flow barriers may be required to maximize the use of storage.
F . [# -’|Notrecommended if ditth 15 too shallow (< 0.60 m) and peoriy draned (slope < 1% or surface infifratton < 13 mmuhr) ar if
culverts are too small (< 450 mm). The first conditian 1S grong 10 cubvert heaving and the second to ice of snow clogging.
X [ - {Notrecommended if located in 2reas where ground surface can freeze for extended periods.
X f#  |Notrecormmended if polutant removal effecliveness is also required durning the winler season.
[ - {¥he presence of highty eradibie seils or high confents of suspended $olids in surface runoff require that prefreaiment
£ imeasures be used to ensure the longevity of any infiltration technique andfor to minimiZe maintenance requirements.
[ - {Notrecommended if designed amounts of infillrated runoff exceeds natural condihions.
[~ |Notrecommended if contaminated runofl s expecied Only use in backyards
. [ - |Notrecommended uniess bottom of facility is impearmeable.
. [3. . |Notrecommended unless rozdbase is free draining and not affected by frost.
- [ |Notrecommended if syslem 15 to De connected to an outlet which is shallower than fhe perforated pipe system
L; |Notrecommended unless sufficient pre-treatment tan be provided (2g. with oil and grit separators).
[ |Motrecommended unless suflicient depth cover can be provided for frost pratecbon.
= [Motrecommended unless used jointy with anather feature thal allows proper drainage
[Notrecommended unless used for major syslem storage only
[ {70 IS May not be feasibie is used joinily with convenhonal slorm sewers with foundation drain connections
De betect 2l Ovemides | Implement Ovemides | -
-
i Copyricht Notice £ User Gaide. 1 G i of Featives [ Table & Tgﬂ_ep_Ngg_gg(T&bB‘Tabham“I’abbc-'-‘?d:hcn,(!abbb,{huehl i e

This table is used to override the conditional “O’s” on “TABLE A”. Each “O” on “TABLE A™ has a note attached
to it as a sub-script. These notes are listed in “TABLE A NOTES”. An explanation, recommendation or guideline
is listed beside each note.

A red “X” will appear in the column marked, “CHECK CAUTION" if a conditional elimination exists on “TABLE
A", If the note beside the caution number does not apply, or is not relevant, a conditional elimination can be
“reinstated” by checking the corresponding box in the “OVERIDE CAUTION” column.

Each cautionary note that is overridden on this sheet will be printed at the bottom of “TABLE A"

De-select all Overrides

Clicking this button is a fast way to remove all of the selected overrides. Any check marks in the “OVERRIDE
CAUTION” column will be removed.

implement Overrides

Clicking this button updates “TABLE A" with the new overrides. This is only necessary if “Automatically Update
Tables™ is not checked on the “CONFIG” sheet.

Water Resources & Environmental Consultants Ref. 9800220

@ J.F. Sabourin and Associates Enc.
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Table B

X Microsoft Excel - dssiV102.xds [_ (5] x]

15 e g gow It Fomat ook Dot Wndow 1D

i D Ce e AR b e
Table B: Selection of alitemative drainage fea

tures based on development characteristics

Developmert characteristics
Tuve of latrduse ROV plannin Lor Panning
[ROW width ] Sitewatks | Trees Betow | Spacing Backto | Reverse
- [Road sutiace Wikh] next within gound | between | Imperviousness | front slope
A | ial] Industrial | - [Sidewalk Width) (m) o ROV | tranchise | entiances > ¥ duinage | drivewags
<25 25-50
4 | & {Drainaye Features S I RS BN I
1] 1 §Seresccubs
05] 1 |Fosdswith one-sided c1055 slopes X X I
12 - 3{05| 1 |Porous pavement with stotage stiucture X :
£3:4| 0| 1 |Porous pavernent with exfitration system [s} X [* N
d4 05| 1 F 1 | Sommsewes with Fourdation drain cannections
45 6 | 3 | 1 |Shalow stomm sewers with sump pumps X
18: 7] 1 | 1 |Roxdside dohes withouverts ' 0., X Ox O, X Oqy X
478 | 1 | 1 |Snhatowdiches or swales [no culvests) 0_,} [o P
g:9] 0| 1 |Shaloupertorated pipe exfitration system (o O [« O O Qg
19 10 O | 1 | Deep parlorated pips exiRiation SyRem 0._‘
201t 1 1 | Deep perfoiated pipe ARTation system .
2 12]05| 1 |Raisedcubvens ] [N X [ X O X
22 :13[0.5| 1 | Dpped drivewass X [= X B
73:14J05] 1 [Checkdams [N X [a D X [N X
24 :15] 1 | 1 [Oland Grit separatens
1 | 1 [Greenbers andbaokysd swales 0. O, [o N
0 | 1 |Horzantalinflration | exfliraion menches 0. O, [o Ny [v 1% Qg Dg
0 | 1 |Vertics exfilration weis and perforaed catchbasing Qs [0 }8 [ 1
1 1 1 [iitrationbasins 0,
1| 1 |wetponds [»] 42
1 1 |OvyPonds
1| 1 | Ak wetants O.s
1 { 1 |User Defined Feature (ex: Lot lewsl cils)
1 | 1 |User Defined Feature {ex; Major Sgstem)
1 | 1 |user Defined Feature

35
38 Blahk - Compatible allernative, grves a score of 1" in Tebie C
X - Not compatibie, gives & score o1 T in Tabie C

) - May or may not be compatible, pives & score of 1.5 n Table C (see notes for Table B)

The folowing notts were overriden by the user: 7, 8.

This table is used to determine which features are compatible and which are not based on the development
characteristics. Not all drainage features are compatible with all development characteristics. Features that are not
compatible can be eliminated here.

This table follows the same principles as “TABLE A"

J.F. Sabourin and Associates Inc. ;
7o, ¥ Water Resources & Environmental Consultants Ref. 9800220
s Ofttawa, Ontario (613} 727-5199, www jisa.com . : Page 10
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Table B Notes

X Microsofl Excel - ¢s=V102.uls [CT#] %]

Table B Notes B
To he used to further evaluate the compatibiity of dreinage featuses with developmernt characteristics. . (
Check |Overrioe|NGtes for Table B :
Caution| Caution
[ Not recommended if area incluges gas stations or other types of activities where taxic chemicals are transported or stored.
] May not be agsthelically pleasing in highly developed areas,
il Any infiltration tachniques used within an industrial area should be done with extreme care. Gas stauens and storage areas
for toxic chemicais shoutd not be considered if such technigues are anticipated. Not recommended for use in readside ditches
or swaies with exiremely permeable sofis.
[ Not recommended if sufficient available space is not available ta also include buffer strips or adequate pretreatment
[3: . |Can only be installed on one side of the Street.
[ . |Difficult to incorporate withis ROW. Could only be used as Iot Ievel contsol. .
X M |Not recommended unless special techniques such as the use of copper mesh instalied around the infiftration structure in order
{b to prevent damage from tree roots. The appropriate selection of irees or adequate distances between planting and infitration
structures may also reduce this potential prablem.
X [c] Not recommended If the presence of underground utilities interferes with the use of undgerground infitration structures.
" |Proper planning and discussions with the {ocal utilities may a¢dress this preblem. However, inthe cage of a retrofit situation,
. -|the use of infiltration techniques within the ROW may be mare difficult. .
[& Nat recormnmended if the the availabtiity of contiguous open space is very limited.
C Backyard swales cannct be useg.
[ Cannot be used if two sidewalks are constructed. If only one sidewalk is constructed then could be used on side without sidewalk.| -
[ Not recommended uniess it is gemonstrated that bioaccumulation of pollutants will not create adverse ermronmental effects.
| De-setect il Overndes | implement Overrities
48
14143 W Copyright Nolice{ User G 7 Conf Do

This tabie is used to override the conditional “O’s” on “TABLE B”.

This table follows the same principles as “TABLE A NOTES”

J.F. Sabourin and Associates Enc.
\ ¥ Water Resources & Environmental Consultants Ref. 9800220
s Otiawa, Onlario (613) 727-5199, www.jfsa.com Page 11
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Table C

I E T

A 5 ] “c . ” T =
L] ] ! Table C; Identﬂcatmn of compatitie dralrmge features Update Table C g b
{use to compite results from Tables A and 8, optional) '
Compatibility checks
{refer io Tables A and BY
) (B Cresal
Feature | Drainage system features SHe Deveropment Score
chaactetistics | cha actemstics [A}x(B)
3 Sireet curbs ! 1 1
— =2 ~[Reads witk ore-sided M099-Slepes— — — — — — — — — = = = A | — B~
PofCUs P ementwih ﬂmege-stmeiure -------- - =0f= =] =4 — =~ B -
Slorm sewers with faundation drain connections 1 1 1
Shallow storm sewers with sump pumps 1 1 1
Roadside dilches with tulverts 1 1 1
Shaliow ditches r swales (no cuhrerts) 1 1 1
[ohadiow-serfim ,-u.-v - *
oeprperforats “ oo A
DCeep periorated pipe rmrauan system 1 1
(R HE K BUVBHS ~ — — — = e o — - — v e ol o i = = = e B
P MW= = = = = = - = == o o = [E ;N A -
e Ch BAMG = — — — — = = = o o e = = = = =l = |= b == | — B -
Qil and Brit separalors K 1
Greenbells and backvard swales 1
o = R
Infiltration Dasins 1 1
Wet ponds 1 1 1
Dry Ponds 1 1 1
Adificial weliands 1 1 1
Llser Defned Feature (ex: Lot level ctis) 1 1 1
User Defmed Feature (ex: Major System) § 1 i
tiser Defined Feature 1 1 1

Notes on Overall Score values

Score_|Sugpestion
1 This drainage feature Is potenliaily compativle with both site and develgpment characlenstics
05 This drainzage feature may be compatible, however a caulionary nole was generaled for Table A
or Tabie B -- See Table A Notes and Table B Notes
025 |This dranage fealure may be compatible, however a cadtonary note exists for boih Table A
and Table B -- See Table A Notes and Table B Noles
[i] This dranage feature 1S potentially not compalible with botn sie and development characlenslics

-
gw w\ Copyriat Rotsce_7 User Gude 7 Config 7 Desorpbion of Foaaes f Table A /. Toble & Notos 7 Tobic B A Tobie B Neokes ) Vable C { Tabie 0y £ 1ok 0.4 tobk ] <] [+l

This table is used to identify which drainage features are compatible based on the site and development
characteristics identified on “TABLE A” and “TABLE B™.

A score of | is given to each drainage feature on “TABLE A™ and “TABLE B” that is compatible with the site and
development characteristics. A scare of 0.5 is given for each feature which has been conditionally eliminated and
not reinstated by overriding the cautionary nates on either “TABLE A NOTES” or “TABLE B NOTES”

An overall score is computed for each drainage feature by multiplying the score from “TABLE A™ with the
“TABLE B” score. Drainage features that are suitable based on both site and development characteristics will be
given an overall score of 1, and will be highlighted in green. Dramage features that are not suitable will have a total
score of 0.5 or less, and will appear highlighted in yellow with a dashed line (where a conditional caution exists), or
highlighted in red with a solid line (where no conditional cautions exist).

Update Table C

Clicking this button will re-compute the overall score of each drainage feature based on user input from “TABLE
A", “TABLE A NOTES”, “TABLE B” and “TABLE B NOTES". This is only necessary, if “Automatically Update
- Tables™ is not checked on the “CONFIG” sheet.

J.F. Sabourin and Associates Inc.
! Water Resources & Environmental Consultants Ref. 9800220
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Table CD

HEY
2 TablekiD: Stormwater Maﬁagém'e 65] ctiv 5
3.
4 ] Objective Target (t0) | Impertance to Project{11)
5 {Function Narrative Target Parformance Text Welight .
6 _iGroundwater recharge (1} Infiitrate or reduce flows b 100% P 2
“H{Infiltration_of runoff from a 10 mm storm)
Erosion control Rate of runoff control for L
(Control or infiitration of runoff from a 25 mm strojd ownstream eresion control
‘iSuspended solids (2) . Reduce load 100%
2_{Phosphorus removal Reduce load 00
_Bacteria uptake (3) Redute load 100%
6 /Gl and grease (4) Cantrol R T
Thermal reguction (5) Contro! _100%
20 3Flood control (on-site) (6) Minor system petfermance to 100%
i design sterm
2 {Flocd control (off-site) (7) . Rate of runoff contrel for i o e0%
downstream flood ¢ontrol
24 THaJor system (6) , [Majorsystemtobe | 100%
considered in desi_g_n
Source Controls (9) Source controls to be 100%
considered In design

129 {Notes;

} 1) tntiltrate or reduce annual fiow volumes .

1 .;2) Use 50 to 80% depending on use in the receiving water.

:32 1 3) Reduce numbers m discharge.

 14) Percent flow through measure.

£ i5) Percent flow through measure.

| 35 16) Always assumed as basts for design of all elements.

5 17) Control of 25 mm storm assumed to control both erosion fooding. Target is percent control far system,
7-168) Onty it needed to be added at additional cost - setweight as 1. '

38 19) Onty if performance and cost know - set weight 25 1. o ‘
39 | 10) Numbers shown are for ilustration purposes. The user must set targets for each analysis & based nn subwatersneu uses T AU
40 111) Importance and and welghts (see Config sheet to modify)

This table is used to identify the “Stormwater management objectives”, and apply weightings and target
performances for selected stormwater management functions. For each function, the user can enter a narrative target
that identifies the objective (in column B); a target performance percentage (in Column C) and a weighting value (in
Column D).

- Ohjective Narrative Target
Words the user wants to describe the overall goal for the SWM function. Examples may include: *Reduce Load”,
“Strictly Control”, “Maximize”, “Minimize” etc.

Target Performance
This is a percentage value representing the goal for the SWM function. It will be used to compute a value for
“SYSTEM COMPLIANCE” on “TABLE E”.

Importance to Project

This is a drop-down box, with text values: “N/A”, “Low”, “Med”, or “High”. A corresponding numeric value,
“Weight™ is linked to this selection box. The weighting will be used to compute a value for “Weighted Compliance
as per SWM Priorities” on “TABLE E”. The numeric weighting for each value in the drop-down boxes can be set
on the “CONFIG” sheet.

Reset Weights

Clicking this button resets all of the drop-down boxes to “N/A”™ and sets the weight to the corresponding value for
“N/A™ as set on the “CONFIG” sheet.

J.F. Sabourin and Associates Inc.
4 Water Resources & Environmental Consultants Ref. 9800220
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Table D
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The purpose of this table is two fold. It is first used to associate a numeric value to each drainage feature’s SWM
function potential. Secondly, it is used to select which drainage features will be used to design a conceptual
drainage system for comparison purposes.

SWM Function Potential

A numeric value between 0 and | and is used to identify the effectiveness of each drainage feature with respect to a
given stormwater management function (Ground water recharge, flood control, thermal reduction ete..). 0 is used
for non-effectiveness and 1 is used for complete effectiveness. The SWM function potential is used to compute the
“System Efficiency™ on “TABLE E”. Rows 23, 24 and 25 can be used to enter values for user-defined drainage
features.

Conceptual Drainage System Design

Columns C, D and E, are used to identify three user-defined drainage system scenarios. Clicking the check boxes
corresponding to the drainage features to be included in the design creates a drainage system scenario. The scenario
may contain multiple drainage features. The selected drainage features, the SWM function potentials and the SWM
objectives as identified on “TABLE CD” will be used to create “TABLE E”.

Update Table D

Clicking this button will re-compute the overall score of each drainage feature based on user input from “TABLE
A", “TABLE A NOTES”, “TABLE B” and “TABLE B NOTES”. The overall score from “TABLE C” will be
placed in column “B”, and the comresponding background color for the drainage feature’s compatibility will be
updated. This is only necessary, if “Automatically Update Tables” is not checked on the “CONFIG” sheet.

@ J.F. Sabourin an_d Associates Inc. Ref. 9800220
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Table E
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This table is used to list the selected drainage features of a conceptual system, as selected from “TABLE D”. The
components of the conceptualized drainage system are analyzed and a series of comparative indices are computed
based on SWM function objectives and potentials.

There are three copies of “TABLE E”, one for each scenario as selected by the user on “TABLE D”. To automate
“TABLE E”, click the button at the top right, [Make Table E].

The total drainagé area and percentage of impervious area are entered in cells “C4” and “C5” respectively. The area
is used to compute a pro-weighted value of compliance in columns “D” through “M™ {(see [MAKE TABLE E] ).
The area and imperviousness are also used to compute the “Cost of System” (see [COSTS TABLE] )

Make Table E

Clicking this button fills columns “A” and “B”, with the drainage features selected for the scenario in “TABLE D™
~ Rows 10 and 11 of columns “D” through “M”, will contain the headings of any SWM Function from “TABLE CD”,

which was given a text rating other than “N/A™, for “Importance to Project”.

The remaining rows in columns “D” through “M™ will contain the numeric value (0 to 1) of the SWM function
- potential for the corresponding drainage feature listed in Column “B™.

Values in columns “D” through “M” will be pro-weighted based on the ratio of “Area Serviced By Feature” (entered
by the user in column “C”), and “Total Drainage Area” (entered by the user in cell “C47).

J.F. Sabourin and Associates' Inc. .
Walter Rescurces & Environmental Consultants Ref. 9800220
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Feature Benefit Index

This value 1s reported in column “N” and is calculated as the sum of each pro-weighted value listed in columns “D”
through “M”. This value can be used to comparatively assess the effectiveness of each drainage feature with respect
to all of the system objectives.

System Efficiency
The system efficiency is a comparative measure of the proposed drainage system’s effectiveness with respect to
each SWM function objective.

Use Multi-Efficiency Model not selected
This value is the sum of each pro-weighted value reported for the various drainage system objectives.
Use Multi-Efficiency Model selected

This value uses the product summation as follows:

Ne = [1 '—H(l—ne)}*IOO%
Where: N, = the overall Efficiency
n, = individual efficiency of a particular item

System Compliance
This value is a measure of the system efficiency with respect to the user’s target performance objectives as specified
on “TABLE CD”, and reported on row 32,

System Compliance = System Efficiency / Target Performance.

Weighted Compliance as per SWM Priorities
This value is a measure of the system’s compliance with respect to the user’s objective priorities as specified on
“TABLE CD”, and reported on row 34.

Weighted Compliance = System Compliance x Objectives Priovity Weighting

Total Feature Benefit Index
This is the sum of each individual “Feature Benefit Index”. This value can be used for comparing the effectiveness
of one proposed system (or scenario) with another.

Average System Compliance 7
This is the average value of “Systern Compliance™. This value can be used for comparing the effectiveness of one
proposed systemn (or scenario) with another.

Overall Score _
This is the sum of each “Weighted Compliance as per SWM Priorities”. This value can be used for comparing the
effectiveness of one proposed system (or scenario) with another.

3

J.F. Sabourin and Associates Inc.
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Clear Table E

» Clicking this button removes all of the data from “TABLE E™.

( } Use Multi-Efficiency Model

Checking this box changes the calculation method for “System Efficiency” (see System Efficiency).

Costs Table

Clicking this button invokes a costing sub-routine that approximates the cost of the proposed drainage system by
computing the quantities of materials needed to construct the system. The quantities are placed in the appropriate
column of the “*COST COMPARISONS” table. A present value item cost is computed based on the “Cost Per Unit”
and a total present value cost is computed as the sum of each item cost. (See “Costs Comparisons”, “Capital and
Annualized Costs” and “Maintenance Activities”).

The value of “Total Cost (Present Value)” is placed in cell “G4” and labeled, “Cost of this System”. This value can
be used to compare the cost-benefit of each proposed scenario.

Note: This cost is an approximation only. For a detailed breakdown of how this feature works, see the text for the
*“COST COMPARISONS” table.

J.F. Sabourin and Associates inc.
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Maintenance Activities
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Table 10.2: Maintenance Activities and Associated Costs —

Mawtenance Actiaty Averape Cost | Frequency
per unit per year :
Stees Fhushing {both sides] 0.0 m 2
Sireel sweeping (oniyFot roads wilh curbs) (both sides) $0.07 m 5
Shoulder and adge treatment (borh sides)| $0.20 tm ? :
Grass culling and repairs $0.30 i i
Dich regrading andcieaning [both sides] $5.00 M X :
Swabe regrading. sod and topsoil tm
Cutvert thaeing 3nd winles & anage 13500 per 100 unts] $5.00 tea [ i
Catch basa cleanng {hsldlrd on Sireel $5.00 tea 1]
{mww Off stteed [wi pre-tieaiment) $5.00 Jea 5
O a4 grit Separator cheaning ($250)  disposal (£250) i $500.00 jea t
2ctual cost depends on the number ol UBLS bANG Cie aned GLE X 3 gren time
From conventonsl TG system £500.00 Jea ] :
Outfal amienance EFIOm ok Of Qrass Swalt sp8tem $500.00 fea 033 i
¥ SYSTAM retans 25mm i yinf all $500.00 4+a .2 :
Wet pond mamnienance grass cutng. Ieter prekup, $390.00 frha t
wed COMIQI, Fe-plantng drwnrge wen
Dy pond mamtenance Grass cutting, leter pickup, £$33000 fiha ¥
weed controi, re-pranting dramage ared|
Sedimerk removal hom end of A0 Y% Ampetwousiess 32375 Nha 0.es
pipe lacilkies nckiding disposal [Arrwal Loading = 0 926mihal
Inlikration basin mantensnce liling #nc re-vegitanon $140.08 f1ha s
dramage e
PHIOUS pipe Mintenance DO pe-ireatment Hushing $1.00 m .2
Hadial washing $2.00 [ ]
Fearvious pipe Mmaintenatce weh pre-upatment | lushing $1.00 'm 0.07
1adi washng $2.00 tm LE 24
Infikrakion trench maintenance |15 m Seep, control inok From 25mam tunoti @ 40¥ imp) $277.50 Nha 1
Extdration wells [assume 32 exiitration wells per heotare lor 402 mpervousness)] $3,100.90 Mha 1
User Defimed Mantenance Activity
Uses Defined Maintenance Activity
User Defined Mamtenance Activity
Y Notes: - Conversions from [ha] ta fm) ate based on the aSsUMPGOn of & typic.a STt ROW of 20m and $0 m deep kots
QOT - Costs ate vy 1996 collars andrepresent averages of cokectedndormaston,
;"“ - ARGl Ui GOSES Miag vily DEtwESn v e,

« Fraquency Of Mantenance 4otiviie 5 Shoukl al50 b adustrd acoardingly.

M Table ¢ {Table (D L Teblo & { Tabie E() [ Teble ER) [ Tahe E(3) £ Copkdl ond snyckoed costs

e A Wserbie] - f _!JJ:

This table is used to define the frequency and cost per unit of various maintenance activities. This table is
referenced by the “CAPTIAL AND ANNUALIZED COSTS” table to compute a “Total Present Value Cost” for
each drainage feature.

Common maintenance activities are listed as Items | through [7. Default values for *Average Cost Per Unit” and
“Frequency Per Year” have been entered based on, “Evaluation of Roadside Ditches and other Stormwater
management Practices” (JI.LF. Sabourin and Associates Inc., 1997). The user is free to change the values in these
columns to better match the costs and practices 1n their area.

Items 18, 19 and 20 are left blank for three additional user-defined maimenance_ activities.

Note on Frequency per Year values: If a2 maintenance activity is performed less than once per year, such as once
every 5 years, a value of 1/5 or 0.2 is used as the frequency.

J.F. Sabourin and Associates Inc.
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Capital and Annualized Costs
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ital and annualized costs (37

This table is used to compute a “Total Present Value Cost” for each road drainage system component. This cost is
then transferred to the “COST COMPARISONS” table, for costing comparisons of various drainage system
scenarios. The “Total Present Value Cost”, takes into account, the construction and replacement cost, the longevity
of the component, the annual repair cost, and the total maintenance cost. Present value computations are made using
a specified Discounted Rate and Lifecycle (these values are entered on the “CONFIG” sheet).

Default values are provided for each field based on “Evaluation of Roadside Ditches and other Stormwater
management Practices” (J.F. Sabourin and Associates Inc., 1997); however, any value that appears in blue, bolded
text can be changed by the user.

Note: This table uses the Excel functions, PV and PMT, for “Present Value” and “Payment” calculations.

Construction or replacement cost
The cost per unit to construct or replace the drainage system component.

Longevity :
The number of years the drainage system component is expected to last before being replaced.

Amortized Capital Cost
The construction or replacement cost of the drainage system component amortized over the longevity at the user

specified discounted rate.

Amortized Capital Cost = - PMT(Discounted Rate, Longevity, Construction or replacement cost)

J.F. Sabourin and Associafes Inc.
E Water Resources & Ervironmental Consultants Ref. 9800220
e Ottawa, Ontario (613) 727-5199, www.jisa.com Page 19
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Annual Repair Costs
The value in dellars per unit expected for annual repairs to the drainage system component.

Present Value capital and repair costs
The present value of amortized capital costs plus annual repair costs for the drainage system component.

Present Value capital and repair costs = - PV(Discounted Rate, Lifecvcle, Amortized Capital Cost
+Annual Repair Costs)

Activity
The maintenance activities associated with the dralnage system component. Four columns, “M”, “N”, “O™ and “P”
can be used to identify four different maintenance activities from the “MAINTENANCE ACTIVITIES” table.

Totai Annual Maintenance Cost
For Each Maintenance Activity ldentified in columns “M”, “N”, “O” and “P”, an individual maintenance cost must

first be calculated.

Frequency = Maintenance Frequency from “MAINTENANCE ACTIVITIES” sheet.
Avg. Maint. Cost = Average cost per unit from “MAINTENANCE ACTIVITIES” sheet.

If Frequency >= once per year then
Maintenance Cost = Avg. Maintenance Cost x Frequency

Otherwise,

Present Value = - PV (Discounted Rate, Integer value of (1 / Frequency), 0, Avg. Maint. cost}
Maint. Cost = -PMT (Discounted Rate, {(Longevity / (Longevity x Fregiiency - 1)), Present Value}

Total Annual Maintenance Cost = sum of the Maintenance Costs for each activity identified in columns “M", "N”,
0" and “P".

Present Value Annual Maintenance Cost

The present value of the annual maintenance costs taking into account the Discounted Rate and the Lifecylce.
Present Value annual maint. cost = -PV(Discounted Rate, Lifecycle, Total Annual Maintenance Cost)

Total Present Value Cost

The total present value cost of the item taking into account the capital costs, repair costs and maintenance costs.

Total Present Value Cost = Present Value Capital and Repair Costs + Present Value Annual Maint. Cost.

J.F. Sabourin and Associates Inc.
Water Resources & Environmental Consultants . Ref, 9800220
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Cost Comparisons
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This table is used to compare the costs of each drainage system scenario, as built using “TABLE D” and “TABLE
E”. The “Cost per Unit”, for each drainage system component has been transferred from the “CAPITAL AND
ANNUALIZED COSTS" table. A total present value cost is computed by multiptying each unit cost by the number
of units required per drainage system component, and summing up the values for each scenario.

This table is automatically filled in by clicking [COSTS TABLE] from “TABLE E". Alternatively, you can
manually enter in a “Shopping List” of items required for a conceptual drainage system.

A description of the scenario, as entered by the user (Cell “C7” on “TABLE E"), is placed atop each column. Ifthe
description is longer than 28 characters, it is truncated followed by *...".

The following procedure is applied to determine the required quantities of the system components, when the
[COSTS TABLE] button is clicked from “TABLE E”...

Road Surfaces with curbs

If any of the following drainage features are selected: Street curbs, Roads with one-sided cross slopes, Porous
pavement with storage structure, Porous pavement with exfiltration system, Storm sewers with foundation drain
. connections, Shallow storm sewers with sump pumps, Deep perforated pipe filtration system. '

Road Surfaces with curbs = Area (ha) x 100 m of road per hectare

J.F. Sabourin and Associates Inc.
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Road Surfaces with swales {Sub-drains are assumed)
If any of the following drainage features are selected: Roadside ditches with culverts, Shallow ditches or swales (no
culverts), Shallow perforated pipe exfiltration system.

Road Surfaces with swales = Area (ha) x 100 m of road per hectare
Subdrains
Subdrains are assumed for all Road Surfaces. Subdrains are required for each side of the road.

Subdrains = Length of Road Surfaces (m) x 2 lengths of subdrain per length of road
Street Curbs '
If Street curbs are selected as a drainage feature, street curbs are assumed for each side of the road.

Street Curbs = Length of Road Surfaces with curbs (m) x 2 street curbs per road length
If Storm sewers with foundation drains are selected, then street curbs with gutters are then assumed to be included.
Street Curbs with Gutters = Length of Road Surfaces with curbs (m) x 2 curbs and gutters per road length
Manholes installed on street and off traffic areas
If any of the following drainage features are selected: Storm sewers with foundation drain connections, Deep
perforated pipe exfiltration system or Deep perforated pipe filtration system, then all of the manholes are installed

on the street.

Manholes installed on street = Length of Road Surfaces (m) / 100 m per Man Hole installation
Manholes installed off traffic areas = 0

If a shallow perforated pipe exfiltration system is selected then, half of the manholes are installed on the street and
half are installed off the street.

Manholes installed on street = Length of Road Surfaces (m) / 100 m per Man Hole installation / 2
Manholes installed off traffic areas = Length of Road Surfaces (m) / 100 m per Man Hole / 2

Regular Catch Basins installed on street or off traffic areas

If any of the following drainage features are selected: Storm sewers with foundation drain connections, Shallow
storim sewers with sump pumps, Deep perforated pipe exfiltration system, Deep perforated pipe filtration system. If
Street curbs have been selected, the catch basins are installed on street, otherwise they are installed off traffic areas.

Regular Catch Basins = Area (ha) x 3.2 Catch Basins per hectare
If Roads with one-sided cross slopes have been selected, only have the number of catch basins are required.

Regular Catch Basins = Area (ha) x 3.2 Catch Basins per hectare /2

Corrugated steel catch basins
If shallow perforated pipe exfiltration system is selected, one corrugated steel catch basin is installed per lot.

Corrugated steel catch basins = Area (ha) x 10 Lots per hectare x 1 CB per lot

J.F. Sabourin and Associates Inc.
Water Resources & Environmental Cansultants Ref. 9800220
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Storm sewers
If Storm sewers with foundation drain connections are selected.

Storm sewers = Length of Road Surfaces (m)

Multipie pipe exfiltration system

If Deep perforated pipe exfiltration system or Deep perforated pipe filtration system are selected.
Multiple pipe exfiltration system = Length of Road Surfaces (m)

Ditches

If Roadside ditches with culverts are selected.
Ditches = Length of Road Surfaces{m) x 2 ditches per length of road

Grass Swales

1f Shallow ditches or swales (no culverts) or Shallow perforated pipe exfiltration system are selected.
Grass Swales = Length of Road Surfaces (m} x 2 swales per length of road

If Greenbelis and backyard swales are selected, an additional length of swale is required equivalent to the lot
frontage (which is approximated as the length of road surfaces).

Additional Length of Swale for Greenbelts/backyard swales = Length of Road Surfaces (m)
Roadside topsocil and grass
This is generally required for all drainage systems, except for roadside ditches with culverts. For the latter system, it
is assumed that the existing roadside topsoil and grass will be used.

Roadside topsoil and grass = Length of Road Surfaces (m) x 2 sides of road

Culverts
Culverts are required for Roadside ditches with culverts. One culvert per ot is assumed.

Culverts = Area (ha) x 10 Lots per hectare x I Culvert per lot

Check Dams
If Check dams are selected, one check dam per lot is assumed.

Check dams = Area (ha) x 10 Lots per hectare x | Check dam per lot
Perforated Pipes (inciuding granular matériai and geotextile (with or without pre-treatment)
If Shallow perforated pipe exfiltration system is selected then perforated pipes are required.
If Gil and grit separators or grass swales are selected:

Perforated Pipes with pretreatment = Length of Road Swfaces (m) x 2 pipes per road length
Otherwise:

Perforated Pipes without pretreatment = Length of Road Surfaces (m) x 2 pipes per road length

. J.F. Sabourin and Associates Inc.
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House sump pumps
If any of: Shallow storm sewers with sump pumps. Roadside ditches with culverts, Shallow ditches or swales (no
culverts) or Shallow perforated pipe exfiltration system are selected, one sump pump per lot is required.

House sump pumps = Area (ha} x 10 Lots per hectare x 1 Sump pump per lot

Dry Ponds, Wet Ponds, Artificial Wetlands, Infiltration Basins, Gil and Grit Separators and
Exfiltration Wells

If any of the following: Dry Ponds, Wet Ponds, Artificial Wetlands, Infiltration Basins, Oil and Grit Separators and
Exfiltration Wells are selected, a calculation is made to determine an equivalent contributing area at 40%
imperviousness to the respective facility. This calculation is necessary as the unit costing is done based on an
assumed imperviousness of 40%.

Eguivalent Area @ 40% Imperviousness = Contributing area to the facility (ha) x Imperviousness
(As given in "TABLE E’') / Costing Imperviousness (40 %5).

{nfiltration Trenches

If Porous pavement with storage structure, Porous pavement with exfiltration system or Horizontal infiltration
trenches are selected, then an equivalent contributing area at 40% imperviousness is required. (The same reasoning
and procedure is followed as above).

Equivalent Area @ 40% Imperviousness = Contributing area to the facilitv (ha} x Imperviousness
(As given on “TABLE E") / Costing Imperviousness {40 %).

J.F. Sabourin and Associates Inc.
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Annex A: Sample Print-outs from Drainage System Selection Tool

For demonstration purposes, a fictitious example was created. The site and development characteristics are as
foliows:

Site Characteristics

+ Sub-surface infiltration rate = 2 mm/hr.
+ The site 15 located in Ottawa (climate is vulnerable to cold and snowy winters).

Notes

» The surface infiltration rate is 70 mm/hr (this will be used to override caution note 7 on Table A Notes).
* The ground surface can freeze for extended periods of time (therefore caution note 8 cannot be overridden).
* Pollutant removal is not necessary during the winter season (this will override caution note 9).

Development Characteristics

* Land use will be residential.

+ There are some trees are within the ROW (Right of Way).

+ Franchise utilities (cablevision, phone and gas) are located below ground.
= Lot entrances are spaced less than 5 m.

Notes

+ Caution will be taken to prevent damage to tree roots (this will override caution 7 on Table B Notes).
* Utilities will be placed in a safe location outside of any underground infiltration structures (overrides note 8.

Stormwater Management Objectives

The target performance will be 100% for all functions, except groundwater recharge will be 80%. The following
functions are considered to be high priority: Erosion control and social values. The following functions are
considered to be of medium priority: Groundwater recharge, Suspended solids removal, Phosphorus removal, Oil
and grease removal and on-site flood control. Thermal reduction and bacteria uptake are of low importance.

Social Values

Soctal values will vary from community to community. A survey done in the fictitious community where this new
drainage system is to be installed has revealed the values and opinions with respect to some drainage system
features. The results are shown in column “Q” of “Table D".

Design Concepts
Three designs are to be considered:

1. Conventional curb and gutter system with storm sewers and additional SWM controls such as: deep
perforated pipe filtration system, oil and grease separators, and artificial wetlands.

Typical roadside ditch system with a dry pond.

Shallow ditches, swales and greenbelts/backyard swales.

bl
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ﬁ)fainage System Selection Tool Version 1.0.2

J.F. Sabourin and Associates Inc.
Water Resources and Environmental Consultants

Suite 401 tel. (613) 727-5199
1111 Prince of Wales Drive fax. (613) 727-5699
Ottawa, Ontario; K2C 372 email. mail@jfsa.com

Canada : _ web. www.jfsa.com

(C) Copyright 1999, J.F. Sabourin and Associates Inc.
" All Rights Reserved

Drainage System Selction Tool
Example Output
- Fictitious Scenario for Example Purposes Only -
Prepared by: Phil Barnes, J.F. Sabourin and Associates Inc.

Disclaimer:

J.F. Sabourin and Associates Inc. makes no warranty or guaraniee, expressed or implied, as to the
accuracy, reliability, suitability, functioning, or resulis derived from the use of this program.

Nor shall the fact of distribution or sale of the program and related material constitute any such
warranty or guarantee.

No responsability or liability is assumed by J.F. Sabourin and Associates Inc. in connection therewith.
Portions of the program and its components may be copyrighted by J.F. Sabourin and Associates Inc.,
its consultants, or Microsoft.

This program is to be used for the sole purpose of evaluating stormwater management practices.
This pragram shall not be reproduced for commercial purposes or resale, except with the written
permission of J.F. Sabourin and Associates Inc.

Original concept and development: J.F. Sabourin*, M.Eng., P.Eng.

The Toronto Region Conservation Authority, Environment Canada's Great Lakes 2000 Clean Up Fund,
Ontario Ministry of the Environment, Ryerson University, Lake Simcoe Region Conservation Authority,
Rideau Valley Conservation Autharity, City of Ottawa, City of Toronto, and the Town of Richrmend Hill.

Input provided by.

Totten Sims Hubicki and Associates and Donald G. Weatherbe and Associates.

Input to revised concept: D. Weatherbe**, P.Eng., and R. Tufgar***, F.Eng.
Programming: P.M. Barnes*, B.ASc,, EIT
With the support of:

* LF. Sabourin and Associates Inc.
** Donald G. Weatherbe Associates
*** Totten Simms Hubicki .

J.F. Sabourin and Associates inc.
Water Resources and Environmental Consultants

Ref.: # 9800220
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Drainage System Selection Tool

Configuration Control Panel - Drainage Features
Table A, Table A Notes, Table B, Table B Notes, Table C, Table D, Table E (1), Table £ (2), Table E (3)

Use Lines to eliminate Drainage Features
Highlight Green Cells (Compatible Features})
Highlight Yellow Cells (Potentially Compatible)
Highlight Red Cells  (Eliminated Features)

N/A 0
Low 1
Med 2
l-_l_igh 3

User Guide
Example Output

[

Update Tables

J

{

Clear Tables

J

Autbméﬁmlly Update Tables

Table CD - SWM Function Priorities Terms and Corresponding Weightings for Table E

[

Zoom All Sheets

)

Configuration Control Panel - Financial Portion
Capital and annualized costs, Maintenance Activities, Cost Comparisons

[Discounted Rate for Present Value Calculations:

7 1%

Lifecycle for Present Value Calculations:

80 [Years

Printing Options - Headers and Footers of All Worksheets

Top Left Header 1 Drainage System Selection Tool
Top Left Header 2
Top Right Header 1 User Guide

Top Right Header 2 Example Qutput

Bottom Left Footer 1

J.F. Sabourin and Associates Inc.

Bottom Left Footer 2

Water Resources and Envircnmental Consuitanis

Bottom Right Footer 1 [Ref.: # 9800220

-|Bottom Right Footer 2 |Annex A

Number of Copies 1

Batch Printing - One Click Printing of All Worksheets

(] Copyright Notice [“]Table A
User Guide [“]Table A Notes
Config [“]Table B
User Notes (1) []Table B Notes
User Notes {2) Table C

[ Table CD
[“]Table D
[“]Table E (1)
[“]Table £ (2)
{“ITable E (3)

Capital and annualized costs
Maintenance Activities

Cost Comparisons

( Select All )(Print Selectedj

J.F. Sabourin and Associates inc.
Water Resources and Environmental Consultants

Ref.: # 9800220
Annex A
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Drainage System Selection Tool

Table C: Identification of compatible drainage features

{use to compile results from Tables A and B,

optional)

User Guide
Example Output

Compatibility checks
(refer to Tables A and B)

(A) (B} Overall
Feature | Drainage system features Site Development Score
characteristics | characteristics (A)x (B)
1 Street curbs 1 1 1
— —2— —|Reats withome-sided eross sfopes— — = = = = = = = = =(eh = = = === = = = (h -
- =3 =Fereuspavementwith-storage strusture — — = — —g = b e | = e = = (3D =
5 Storm sewers with foundation drain connections 1 1 1
6 Shallow storm sewers with sump pumps 1 1 1
7 Roadside ditches with culverts 1 1 1
8 Shallow ditches or swales (no culverts) 1 1 1
—+e—

Deep pe}forafed pipé Nﬁiiréti'on éystem '

Greenbelts and backyard swales

11 1 1
— 0 RIS BUMCHE = == = o - = = = - === — - e et (o) e i} o wm g = (3D
— =13= ADppedErewas = = - - = = ——— = - - - —f = e at o omlme e = (D -
— = —iGResk M = = = = = = = = = == = e e e = m e = = (S -

15 Qil and Grit separators 1 1 1

1 1

.I.hﬁi.trati‘on b‘asin‘s

19 1 1 1
20 Wet ponds 1 1 1
21 Dry Ponds 1 1 1
22 ' )Artificial wetlands 1 1 1
23 User Defined Feature (ex: Lot level ctls) 1 1 1
24 User Defined Feature (ex: Major System} 1 1 1
25 User Defined Feature 1 1 1

Notes on Overall Score values

Score [Suggestion
1 This drainage feature is potentially compatible with both site and development characteristics
0.5 This drainage feature may be compatible, however a cautionary note was generated for Table A
or Table B - See Table A Notes and Table B Notes
0.25 |This drainage feature may be compatible, however a cautionary note exists for both Table A
and Table B -- See Table A Notes and Table B Notes
0 This drainage feature is potentially not compatible with both site and development characteristics

J.F. Sabourin and Associates [nc.
Water Resources and Environmental Consultants

Ref.: # 9800220
Annex A
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Drainrage System Selection Toct

Table 10.2: Maintenance Activities and Associated Costs

User Guide
Example Qutput

ltem |Maintenance Activity Average Cost Frequency
per unit per year
1 Street Flushing {both sides} $0.10 /m 2
2 Street sweeping (only for roads with curbs} {both sides) $0.07 /m 5
3 |Shoulder and edge treatment {both sides) $0.20 /m 2
4 Grass culting and repairs $0.30 /m 1
5 Ditch regrading and cleaning (both sides} $6.00 /m 0.1
6 Swale regrading, sod and topsoil Im
7 Culvert thawing and winter drainage (8500 per 100 units) $5.00 /ea 1
8a Catch basin cleaning installed on street $5.00 /ea 1
8b installed off street (w/ pre-treatment) $5.00 /ea 0.5
9 Oil and grit separator cleaning ($250) + disposal ($250) $500.00 /fea 1
actual cost depends on the number of units being cleaned out at a given time.
10a ' from conventional C&G system $500.00 Jea 1
10b  jOutfalt maintenance from ditch or grass swale system $500.00 /ea 0.33
10¢c if system retaing 25mm rainfall $500.00 /ea 0.2
11 Wet pond maintenance grass cutting, litter pickup, $390.00 M1 ha 1
weed control, re-planting drainage area
12 Dry pond maintenance grass cutting, litter pickup, $330.00 M ha 1
weed control, re-planting drainage area
13 Sediment removal from end of 40 % imperviocusness $323.75 /M ha 0.05
pipe facilities including disposal {Annual Loading = 0.925m%ha)
14 infiltration basin maintenance tiling and re-vegitation $140.00 /1 ha 0.5
drainage area
15a Pervious pipe maintenance no pre-treatment  |flushing $1.00 /m 0.2
15h radial washing $2.00 /m 0.2
15c  |Pervious pipe maintenance . with pre-treatment  {flushing $1.00 /m 0.07
15d ) radial washing $2.00 /m 0.07
16 Infiltration trench maintenance (1.5 m deep, control runoff from 25mm runoff @ 40% imp) $277.50 1 ha 1
17 Exfiltration wells (assume 3.2 exfiltration wells per hectare for 40% imperviousness) $3,100.00 /1 ha 1
18 User Defined Maintenance Activity
19 User Defined Maintenance Activity
20 User Defined Maintenance Activity
Notes: - Conversions from (ha) to (m) are based on the assumption of a typical street ROW of 20 m and 40 m deep lots.

- Costs are in 1996 dollars and represent averages of collected information.

- Actual unit costs may vary between municipalities.

- Frequency of maintenance activities should also be adjusted accordingly.

J.F. Sabourin and Associates inc.
Water Resources and Environmental Censultants

Ref.; # 9800220
Annex A
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