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Overview

STEP is a multi-agency initiative developed to support
broaderimplementation of sustainabletechnologiesand
practices within a Canadian context.

The water componentof STEP is a conservation authority
collaborative. Current partners are:

Lake Simcoe Region Credit Valley Toronto and Region
conservation author:t»r "& Conservation \(J conservahon

inspired by nature Authority

Our key areas of focus are:

Low Impact Development
Erosion and Sediment Control
Road Salt Management

Natural Features Restoration
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The STEP life-cycle costing tool: basic
information

Developedin 2013 to compare the life-cycle costs of LID BMPs, the STEP Life-Cycle
Costing Tool allows users to estimate project costs based on model designs

The tool’sinitial purposes was to compare life-cycle costs between LID BMPs, given a
2000 m? roof or road drainage area.

The tool assumes that all drainage area inputs are fully impervious.

The primary source for unit-cost datais RS Means. Research and conversations with
suppliersand project managers inform the remaining unit costs

The tool uses model designs to determine costs, which can be found below in the
discussion of each BMP. Looking at these model designs can help users determine
how to modify the tool for their own designs
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Life-cycle costing tool 2.0: what’s new

Added wet pond to facilitate grey-green comparisons; added dry ponds as an LID
practice

Updated line costs to 2018 by using RS Means and through consultation with
suppliers and project managers.

Note: unit costs are averaged for use across Ontario. To make the tool’s unit costs more specific to
your region, consult RS Means city adjustment rates and make the changes on the Assumptions
sheet

Refined algorithms to reflect line cost updates and standard construction practices

Increased transparency and usability. Users can now access the tool’s back-end to
modify assumptions, unit costs, design defaults, etc.

Added a land/opportunity cost option to all BMPs. This is to cover costs for land
acquisition or LID, which is especially importantfor accurately estimating capital
costs the opportunity costs forgone by using land for wet ponds.

The tool currently includes land cost options from an analysis done by LSCRA. Fill in the relevant
types in the Assumptions sheet with land costs from your area. These fields default to “off” in the
tool as downloaded from the STEP website
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How to use the tool: general comments

The tool is especially accurate when comparing costs between practices, whether
between LID practices or between LID and more traditional wet and dry ponds,
because it uses the same unit costs and methods for each

The tool is completely open, so you can modify it to suit your needs. Take the time
to review how it works. As your designs progress from conceptual to final, you can
adjust the tool to increase its accuracy

STEP conducted a sensitivity analysisusing 6 completed projects. See the Life-
Cycle Costing Tool Sensitivty Analysis for more information (available at
sustainabletechnologies.ca)

The tool is excellent for knowing whether a bid on a contract is reasonable or not.
If the bid is too high, you may be overpaying, and if it’s too low, you might not get
what you were expecting.
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Design guidance and using the tool

* Design defaults for each LID BMP align with latest guidance from the STEP WIKI

Low Impact Development Planningand Design site
(https://wiki.sustainabletechnologies.ca)

* Design defaults can be modified by users to align with their own project designs
and objectives, but the defaults are kept in a separate column as a reference
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Assumptions: key things to note

The tool includes several assumptions. These assumptions can be altered on the
Assumptions or UnitCosts sheets. Key assumptions to note:

Land costs

The current land costs are based on information collected from Lake Simcoe Region Conservation Authority.

Because land values are specific to location and land-use type, STEP recommends updating these values to
reflect local costs in your municipality or region. (Note: this assumption is found in the UnitCosts sheet, row 3)

Discountrate

Sound financial planning requires discounting future cash flows and expenditures. The tool default is 5 per cent,
and the inflation rate is set at 3%, for a real discount rate of 2%. If your organization uses a different rate, you can

easily change it on the Assumptions sheet.

Planning horizon

The planning horizon was set at 50 years. The tool also features anintermediate planning horizon which defaults
to 30 years but can be adjusted. This latter number can be changed to fit your chosen planning window.

Maintenance
STEP has developed assumptions about maintenance for the BMPs in the tool. These include, e.g, frequency of
watering over the first two years of a bioretention facility’s life cycle, frequency and time required for infiltration
testing for permeable pavers, and so on. If your organization uses different maintenance protocols, you can
modify them on the Assumptions sheet
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Overhead, profit, contingency, soft costs
and mobilization

RS Means unit costsinclude overhead and profit for the installing contractor. These rates are set at
10% of material costs, 10% of labour costs, 10 % of equipment costs, and additionallabour burdens
(e.g. employmentinsurance payments, pension, benefits)

The LCCT adds an additional 10% to the subtotal of all construction costs to account for contingency
and construction management. It does not calculate for design or engineering costs; these must be
supplied by the user to develop full capital cost estimations.

The LCCT does not calculate for other soft costs, e.g. permitting, administration, etc.

Unit costs do notinclude mobilizationand demobilization. The original tool assumes that the
construction is greenfield. These costs can easily be added if required.

The cost for retrofits is generally 16% higher than for greenfield development. This cost can be found
on each BMP sheet in the Cost Summary section and can easily be added to construction totals.
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Adjusting RS Means costs

RS Means developsits unit costs by analyzing the American market

LCCT costs are adjusted to Ontariovalues by using its City Cost Index. The tool
defaults to an average of the adjustmentrates given for all Ontario cities. To adjust
the costs for your specific city or region, consult RS Means City Cost Index.
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User feedback

STEP welcomes user feedback. If you have a question, a concern, or a suggestion
please let us know. We hope to make regular updatesto the tool based on feedback
from users and will list the changes made for each updated version.

We also hope to do further sensitivity analyses, as time and resources permit.

Primary contact: Kyle Menken at 905-670-1615 (ext. 389) or kyle.menken@cvc.ca
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How to use the Life Cycle
Costing Tool

Optimal Application for: Bioretention (showcase sheet),
Infiltration Trench, Permeable Pavers, Enhanced Grass Swales,
Rainwater Harvesting, and Wet and Dry ponds



Bioretention: showcase example on
how best to use the tool

Each design sheet has three main components: site and design information,
capital costs, and maintenanceand life-cycle costs
Three site and design information comprise three sub-sections:

User inputs

Design defaults

Design calculations
After explainingeach sub-section you’ll find a short tutorial on modifying
construction and maintenance and life-cycle costs
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Bioretention: user inputs

USER INPUTS

Drainage area (DA) 2000 m?
Native soil infiltration rate 15 rmm/hr
Designtype’ No Infiltration Unitless
Drainage period 48 hours
BR surface area length to width ratio 8.125 Unitless
Doesproject land have an alternative 'best' use No Unitless

Drainage area for all
BMPsin the toolis
100% impervious. For
mixed
pervious/impervious
areas, calculate for
total effective
impervious area. The
main point here is to
make sure that the
facility surface area is
the same as the
design.

Drainage period is
calculated by dividing
the ponding depth by
the design infiltration
rate
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Design type: the
Bioretention sheet
can estimate costs
for three model
design types: full
infiltration, partial
infiltration, and no
infiltration. See
next three pages
for model design
details. You can
easily modify the
tool if your design
departs from the
model designs

Native soil infiltration
rate: the design
infiltration rate is
determined using the
native soil infiltration
rate and the safety
factor which is found in
the design defaults
section (see below)

The length to width
ratio allows the tool
to determine shape
of the facility. This
affects, e.g, the
underdrain length
required for the
facility

www.sustainabletechnologies.ca




Bioretention: land costs

Drainage area (DA) 2000 i

Native soil infiltration rate 15 mm/hr
Designtype’ No Infiltration Unitless
Drainage period 48 hours
BR sutface area length to width ratio 8125 Unitless
Does project land have an alternative 'best' use No Unitless

Does land have an alternative ‘best’ use: land costs can play a factor when : a) land needs to be purchased for a facility
(capital expenditures) and b) that land has other possible uses (opportunity costs). The tool does not include land costs
by default. To add land costs categories, use the land costs table on the Assumptions sheet.
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Model designs

The tool defaults to costing out model designs, developed in the initial report Assessment of
Life Cycle Costs for Low Impact Development Stormwater Management Practices, released in
2013 and available at sustainabletechnologies.ca The following gives some of the plans,

profiles and cross-sections from these designs to show what they look like; for the complete

sets, see the original report. In some cases, design drawings given below or the original
report.
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Bioretention: full infiltration

Full infiltration model. Because it lacks an underdrain and a gravel storage layer, it is the cheapest
bioretention design.

Lockable Overflow pipe with trash inlet guard.

cap ¢ ’ 200 mm HDPE

200 mm ponding

75 mm
hardwood
mulch

1 m filter
media

Footplate

Monitoring well, 150 mm dia. perforated
HDPE pipe, wrapped in geotextile

- . :
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Bioretention: partial infiltration

Partial infiltration model design. Because it includes an underdrain and a gravel storage layer, it is
typically the most expensive bioretention design type.

Lockable
cap Overflow pipe with trash mlet

guard, 200 mm dia. HDPE

Clean-out pipe
150 mm dia. HDPE 5

200 mm

Monitoring =
. e R e et S M e e 2
well. 150 mm = [RAA B R A A A A A A A AR AnT] B AR AN AR ponding
dia. perforated | 75 mm
HDPE pipe, hardwood
wrapped mn mulch
geotextile
<4—1 m filter
media
Geotextile _
strip over —» ey
underdrain i i e— 100 mm
pipe. 1200 i pea gravel
mm wide e
. 4— 680 mm
. 2 - ’ q
Underdrain. grav EI‘ (50
200 mm dia. mm dia.)
perforated
HDPE pipe, Footplate

sloped 0.5%
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Bioretention: no infiltration

No infiltration model design. typically used when there are constraints on infiltration (corrodible pipes underneath the
facility, groundwater contamination concerns). This model employs animpermeable liner and uses a smaller gravel

storage layer than the partial infiltration model.

] _ ; Overflow pipe with trash inlet
Clean-out pipe 150 mm siiard- 200m dia. HDPE

dia. HDPE
200 mm
ponding
75 mm
Impermeable hardwood
lmer mulch
1 m filter
, media
Geotextile
strip over
underdrain
pipe, 1200 100 mm
mm wide pea gravel
275 mm
Underdrain, 200 mm gravel (50
dia. perforated HDPE Footplate mm dia.)
pipe. sloped 0.5%
(D . )
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Bioretention: design defaults

DESIGN DEFAULTS defaults (values in col G can be changed)
Maximum drainage area to surface area ratio 20 20 Unitless
Water Quality Volume Requirement 45 45 m'/ha
Filter Media Depth 1 1 m
Ponding depth 0.2 0.2 m
Safety factor 2.5 2.5 Unitless
Void ratio 40 40 %
Mulch depth 0.075 0.075 m

automatically affect price. For example:

dictate using even higher DA:SA ratios

value between 2 and 3.)

_.J%ustainable Technologies

When using the STEP design defaults, the tool will price out a design made according to STEP design guidance, which users
can find at wiki.sustainabletechnologies.ca. Altering the defaults changes the design calculations, which may or may not

* While STEP recommends a maximum 20:1 drainage area to practice surface area, space or financial constraints can

* Decreasing or increasing the drainage area to surface area ratio raises or lowers amount of excavation, filter
media, gravel, etc., which in turn raises or lowers costs
* Water Quality Volume Requirement is setto 45 m3, which meets the MOECP’s 2003 Stormwater Management Planning
and Design Manual for 80% TSS removal for 100% impervious drainage areas
* Reducing the safety factor will increase the design infiltration rate. The defaultis setat 2.5. (STEP guidance suggests a

* Increasing the void ratio increases the water storage volume (see design calculations, next page), but does not change
the type or price of gravel/crushed stone the tool uses. For more accurate results, users can change “UnitCostL84” to
more closely meet material specifications

* Lowering the ponding depth (i.e., lowering the overflow pipe) reduces the maximum duration of ponding and also
slightly lowers costs (by shortening the overflow pipe)

EVALUATION PROGRAM
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Bioretention: design calculations

Pea gravel depth T 0,10 -
Filter media depth 1.00 m
Gravel storage laver depth 0.68 m
Total depth 186 m
Underdrain diameter 0.20 m
Surface area[SA) 133.3 m*
Length 32.9 m
‘width 4.1 m
Masimum duration of ponding 50.0 hours
T ater storage volume 358.3 m?
< Mazimum rainfall captured / 43.5 mm

You should verify that the calculations match your actual design as design details may vary
from STEP BMP design guidance. Each design calculation cell can be altered to match your
actual designs. However, STEP recommends altering the defaults to provide the most
accurate cost and to match the desired design outcomes. The “Water storage volume” and
“Maximum rainfall captured” outputs can aid designers with quantity targets in mind. [We
should also add quality/volume alerts.]

If the ponding duration
dictated by the design
inputs is longer than the

— / desired ponding
| /SA ratio is — duration, the tool flags

this. Similarly for DA:SA
ratio
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Construction Costs Sales tax | HST (%) 13%
_ ya
. . PRE_CONSTRUCTION | Uniit Captr.
B t t ° Test pits (2) 5 = $1.064 0%
I O re e n I 0 n ) Infiltration tests (2 per test pit) 4 tests $601 03
Stakeout of utilities 1 wisit $582 02
° Erosion and sediment controls:
2" Sub ible gas pump 3 days $104 133
capital costs S :
Silt fence 2 m around excavation 506608 m $382 0z
Value of project land wE N 0| > 0%
The “CapitalCosts” sheet calculates pre-tax line costs G a“\::n='°°5f="nmssw $0
by combining the design inputs with line costs pulled [Evoavation 550 T $438 0%
from the “UnitCosts” sheet. This table then adjusts Fa e  —— oo =
these numbers using the “Cost adjustment” column Sseaienchg Smaoundsnuit it e
Trenching for pipe to sewer 1.00 m $489 (1
on the right and taxis added £d additional oSt ipreGessary 0
MATERIAL STALLATION
Impermeaplemembrane 0.00 m' $0 0
. . . . . Undgedfain 10.00 " $734 0%
Capital cost line items can be adjusted by altering Zmanouwipeswpes] T = 5
percentages in the “Cost adjustment” column. Users SHeUH Hpes 1 I S
; . . ) Fipe to sewer 11.00 m 024
canalsoinput additional costs in each sub-section Monitoring pipes 2.0 0%
Fittings (materials &ldbour) Yes 0
Manhole adap;a/ Yes 0
Delivery 2.00 0%
Land costs are turned “off” by default. To add land Stongifets 030 0%
A X Srdne 56.00 [
costs, modify the land cost table on the Assumptions |, {Fea gravelincludingsbour 10.00 0%
. . G il 10.00 03
page and turn land costs on in the User Input section e e =
(See a bove) Curbs & gutter with curb inlets 40.00 0
Wegetation EEET7 024
Wood mulch g 0
Filter media TOTAL 93.75 02
Not all sites will require curb-and-gutter with inlets ;’“""“‘“"““s“ 2
around the circumference of the facility. Adjust this < Construstion Inspestions 5.00 visi $1.141 0%
. . Project Acceptance Inspections*® 250 vizit 2402 04
cost according to your designs for more accuracy Dption #F. Surface infilration testing 100 T 7 $310| o
Option #2: Natural event testing 100 tests [ $0)\ 1002
Option #3: & months water level monitoring 1.00 tests — $0|) 100
Most design sheets list multiple verification options, i — N
but usually only one is necessary. Note that only é%’b%""”, . sa:g:;
. N . o . . VErnes 7 A
“Option #1: surface infiltration testing” is turned “on” Other 0% 30
. , |GRAND TOTAL $30,749
as the default where that option exists.

- ; . The Top five construction costs are highlighted in red for each BMP sheet.
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Bioretention: maintenance options

Maintenance and Life Cycle Costs

Maintenance levels can be set at
“high” or “low”. Depending on
the design sheet, this can affect
either the frequency of
maintenance or its intensity —
e.g., on the “high” option, core
aeration is more frequent for
vegetated filter strips, weeding
costs are doubled for
bioretention, etc.

USERS: Choose your maintenance level. Defaults will populate the table below. Light green coloured cells can be modified.

Low

13%

Unit costs are calculated by taking
user inputs (mostly facility size)
and applying these inputs to per
area costs, which are pulled from
the UnitCosts and Assumptions
sheets.

Routine Operation Inspections Periodic
Maintenance Inspections Periadic 5 $169
Pe & Verification Inspectiome—_ Periodic 15 S4ﬂ|
PV Option #1: Surface infiltration testing Periodic 15 $1.488
PV Option #2: Matural event testing \ lanore 15 |
PV Option #3: Simulated eventtesting /" \ lgnore 15 0|
ion #: 6 months water level ina \ lgnore 15 QI
Watering = Once 1 5415
Watering - Year 2 only Once 2 $235]
Annual watering- Starts in Year 3 N\ Periodic 1 360
Drought watering N\ Periodic 5 s8]
Remove litter and debris N Periodic 1 71
Prune N\ Periodic 1 92
Weed N\ Periodic 1 65
Sediment removal - Starts Year 2 \ Periodic 1 302|
Add mulch to maintain 75 mm - Starts Year 2 \ Periodic 2 971
Replace lost vegetation - Starts Year 2 N\ Periodic 1 954
Unclog underdrain - Starts Year 2 \ Periodic 1 §204
User added additional options \ Periodic n/a o]
User added additional options \ Periodic nia o]
User added additional options N Periadic n/a of
User added additional optiopd \ Periodic nfa o]
Rehabilitation \ Periodic 25 $11,812|

Users can change maintenance
frequency by changing settings in
the “Occurrence” column.

For performance verification options, note again that only the first — “Surface
infiltration testing” is “on” by default. All BMP sheets follow suit.

=]
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Bioretention: average annual
maintenance and rehabilitation costs

Inﬂ ation Rate (%a) 3%
Discount Rate (%) 5%
Construction Costs $53,347

Life Cycle Cost of Rehabilitation $11,810

50 Year evaluation period

$8,737
30 Year evaluation period $6,188

The tool calculates average annual maintenance costs by taking the frequency of maintenance, adjusting for inflation,
then discounting. Some costs occur periodically rather than annually. For example, watering during the first two years
only occurs after construction or rehabilitation of the facility in years 1, 2, 30 and 31, given rehabilitation of the facility in
year 30. In addition, some common maintenance activities will not be required to the same extent during the
rehabilitation years (e.g., weeding). The LifeCycleCosts sheet performs these calculations.

All scheduled maintenance costs are adjusted to present values using the discount rate in the Assumptions sheet.
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Bioretention: summary and life-cycle costs

Cost Summary

Pre-construction $79,863

Excavation $8,94n|

Materials & Installation 580,781 H H 0,
= a0 The toc?l discounts future expenditures by 5%
Projectmgmt, overhead & other $17,299) for their present value. You can change the

discount rate in the Assumptions sheet.

PV of maintenance & rehabilitiion $168,644|
PV of all costs “— $358,931
30 YEAREVALUATION PERIOD/
intenance & rehabtfation $114,497
304,784

Total \.  $30,445.98|

The tool assumes that construction is greenfield. For retrofit
projects, add this 16 per cent to the total construction cost
for increased accuracy.

[
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Enhanced Grass Swale

If the design includes check dams, be sure to specify check
dam type. Both need to be activatedin order for the tool to <-

Drainage area ]

2000

m’

Option to stormsewer

Culvert

unithess

rthate a driveway separating the EGS?

Yes

calculate dam costs.

Swale shape

Linear

unitless

-
Congitudinal slop=)

%%

Yes [Dxitless

Check ﬁérn type N/A ithess

Longitudinal slope determines the distance between check e L —
dams and, together with facility length, their number. STEP painnge areato swals aearitlo? A = 5
recommends slopes of 1% or less where possible and Slps to-catencibalntangih 5 Z L
Bottom width 0.75 075 O |m
strongly suggests check dams for slopes over 3%. If check R<.|Depth of swale ;:, /Co-s) m
. . . ide sl . 2.5 X:1
dams are included, the tool automatically includes them at Eﬁf:ﬁe;imh = = =
all slopes to encourage infiltration. You can remove this cost Compost depth __ 5 LAE .

on the “Construction Costs” table.

Check dam height

Surface area M

Width atzef—

Minimum bottom width and side slope recommendations

LepMo:lom

Eistance between check dams

ENEAEIERE]

are set at these values to lower cost. STEP guidance suggests

Number of check dams

unitless

gentler slopes and wider swales where possible.

The tool automatically includes curb and gutters around the
circumference of the facility. This is usually the highest line
item cost. If your design does not include full curb-and-
gutter, be sure to adjust it accordingly.

The tool assumes that the total volume of the
enhanced grass swale (EGS) requires excavation.
However, EGSs are often cost effective because
they capitalize on existing swales or surface
contours. Be sure to lower excavation costs on the
CapitalCosts sheet if your swale requires less

excavation.

=
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Enhanced grass swale

Plan view

0.3 m check dam

v

300 mm dia. pipe to
storm sewer (culvert or
catchbasin option)

0.3 m high berm Curb inlets every 6 m to
every 30 m of swale 0.5 m’ stone splash pads

A

Two-lane driveway (8.4
m) with culvert pipe

Native soil

=]
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o Eﬂ . o
1| @ 3.25m
1
|

69.9m
Total area of
wale is 200 m°

The too assumes one two lane
driveway for each EGS. You can
remove this cost, or add other
driveways, in the capital costs table
in the EGSDesign sheet.

Cross section

www.sustainabletechnologies.ca



Vegetated filter strip

Minimum recommended flow length for a VFS _

is 5 metres, which is a default in the tool S [Drainagearea’ 6000 m’
Longitudinal slope 1 %
Outlet to stormsewer _Culvert unitless
This is a guideline only — in many cases, the Width —C 500 O m -
tool will try to create a VFS much longer than Does project land have an alternative 'best' use No Unitless
!S p055|bl-e, given SF_)ace conStr?mts' _th?n IS Maximum acceptable drainage arearatio 10 10.0
included in the de.35|gr.1. If you fmc] thIS.IS the Bepih of Swaie a3 03 =
case for your design, increase this ratio Compost depth 0.05 0.05 m
Pipe to catchbasin | h 5 5.0 m
Vegetated filter strips do not have plans, Length : 1200 m
profiles and sections for the model design, Bl Siv 16 SUals AT I 10,99 L
since they were not part of the initial 2013 Aitfaceale gup -

study.

[
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Green roof

Building height determines what sort of crane
is required, which determines this costin the

Construction Costs table.

The tool has two waterproof membrane
options: EPDM (Ethylene Propylene Diene

Monomer) and TPO (Thermoplastic Polyolefin)

The tool has is limited to green roof designs

with 4 or 6 inch growth mediums.

Green roofs do not have plans, profiles and

Building height 1-5 stories
Roof length 44 m

Roof width 44 m

Roof slope S %
Membrane EPDM ) |unitless
Irrigation system unitless
Growth medium_—— 6 ) |inches

DESIGN DEFAULTS

unitless

Area of roof penetrations '

TOOL RESULT

0.5

&

sections for the model design, since they were

not part of the initial 2013 study.

- . .
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Reof drainage area 1936 m?
Roof drains 5 each
Area of vegetation-free zones * 116 m?
Planted area 1820 m?

The tool does not account for accessible green
roofs, e.g. benches, pathways, etc.

www.sustainabletechnologies.ca



Infiltration chambers

If the chambers take in road runoff, the tool will include and OGS
unit for pre-treatment. For facilities receiving roof runoff only,
OGS costs are not included. If you have sourced your own OGS
costs or costs for another pre-treatment option, you can override
the OGS costs or add the cost of alternative pretreatment

method in additional costs cells in the “Construction Costs” tablel.

This sheet has two methods for determining sizing: a user
specified DA:SA ratio or a rainfall capture requirement. If the
rainfall capture version is chosen, the tool will calculate the
DA:SA ratio in the “Tool Results” table. Similarly, if DA:SA is
chosen, it will calculate the potential rainfall capture.

The default for land use is “no”. Because infiltration chambers are
sub-surface, they are often compatible with other surface land
uses — parking lots or lawns, for example. So, even when taking
land acquisition or opportunity costs into the account, users
might consider using a percentage of the land’s market value to
reflect that sub-surface chambers are compatible with most
other surface uses.

=]
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tRGol drainage area 5000 mt
Boaddrainagearea 7 5000 m?
Manimum desired drainage period 43 hours
Inlet locations 1 Unitless
Infiltration rate of native soils 40 mmihr
W@%ﬂ column length) 5 m
Design basis for sizing of facility \ rainfall capture | Unitless
User specified DA: SA ratio / 20 i
Rainfalcaprared— _—5—~_ [mm
|Boes project land have an alternative 'best’ use Nao Unitless
J ) »
Voidiatio a0 40 7
Safety factor 29 25 Unitless
Chamber height 0. 0.762 m
Chamber width AN235 1295 m
Chamber length 2.163 2,163 m
Fill depth below asphal 0.39 0.39 m
Asphalt base depth 0.3 0.3 m
Asphalt depth 0.05 0.05 m
Bedding depth below&above chambfers, 50 mm 0.1524 01524 m

Total drainage area (DA) ! 10000 m

4

Drainage type Boad & Roof Unitless
Storage volume oﬁngle chamber 139 m’
Number of charfbers recommended | 228 Chambers
Total lengtprbf chamber installation area ® 13.6 m
Total width of chamber installation area 55.5 m
Totgldepth of chambers & bedding 1067 m

St ace area of encavation [S8) 755.5 m
fTotal drainage area to suiface area ratio (D5 941 13 ]
water storage volume 512.36 m’
Potential rainfall capture 5124 mm
Estimated drainage period 42.4 hours
Does this satisky the drainage period target? Yes Yesihlo

www.sustainabletechnologies.ca




Infiltration chambers

Plan view for chambers receiving roof (1500 m2) and road (500 m2) runoff.

Inlet from
1500 m®
parking lot.
250 mm. dia.

Hydrodynamic

Separator

1200 mm dia.

T

Pipe. 300
mm dia., 2 m

Control manhole

1200 mm dia.

2

Total area = 104.7 m’

11.455m

Overflow.
300 nun dia.

10.845m

8.530m | 9.138m

Rainwater
wlet from
500 m” roof.
200 mm

dia.

Geotextile woven 1" space around
AASHTO M288 Class perimeter

1 for scour protection.

38m

Isolator row covered in Class 2 geotextile
(1 layer top/sides) and Class 1 geotextile
(2 layers. bottom)

6" spacing (152 mm)
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Infiltration chambers

Cross section for chambers receiving roof (1500 m2) and road (500 m2) runoff.

Hydrodynamic Control Asphalt Base Fill
Separator manhole 50 mm 300 mm 390 mm
Overflow
1.067m [1.807 m
Ty D, S I SN O POUMORL AT e S1 s PR o ]
From Inlet pipe.
parking —» 300 mm 600 mm 2 :
bt T N | Heeeee———— o
From |2'|sump
roof 6" clear
Geotextile non- c11lshled ¢
i woven AASHTO angwials ‘one.
1.245m M288 Class 2 50 mm with
; 40% void
Geotextile woven o voies
AASHTO M288
Class 1 for scour

protection. 3.8 m
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Infiltration trench

If the trench take in road runoff, the tool will
include and OGS unit for pre-treatment. For
facilities receiving roof runoff only, OGS costs are
not included. If you have sourced your own OGS
costs or costs for another pre-treatment option,
you can override the OGS costs or add the cost of
alternative pretreatment method in additional
costs cells in the “Construction Costs” table. Non
road runoff sources should be inputted as coming
roof source.

Decreasing the drainage period increases trench
length but decreases trench depth, and vice versa.

The longer the drainage period, the lower the cost.

Increasing the rainfall capture targetincreases
trench length, which increases cost.

=
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R 1000 |

.

oof drainage area N2

Road drainage area 1000 'm2
Drainage period /QD hours
Inlet locations (manhofes) 1 Unitless
Infi on rate of the subgrade 15 mmyhr
Rainfall capture target C 25 D |mm
Doesproject land have an alternative 'bestuSe No Unitless

» » 2 " £ . 0 of . D apf- '
Safety factor 25 25 Unitless
Void ratio 40 40 %
Width of trench 2 1.00 m
Maximum a ;eeﬁtahle drainage ar}aﬁtio 20 20.0 x:1
Asphalphase depth 03 03 m
Asphalt 0.05 0.05 m
TOOLRESULT3

Total drainagearea (DA) 2000 m2
Drainagefype Road &Roof  |Unitless
Dgprﬁ of trench 1 022 m
{enath of trench 388.2 m
Surface area of trench 388 m2
Drainage ratio 5.15 x:1
Rainfall captured 25 mm
Total drainage area to surface area ratio (DA:SA)2 52 x:1, unitless
Water storage volume 50.0 m3
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Infiltration trench: roof only

Control manhole, Area =01 76m’
1200 dia. End cap
i 50.88 m i
r 1
S
mlet from .
2000 & [|20m Roof runoff only — plan view
E
300 mm < f
dia.
(]
Overflow T ) | 03m
300 mm dia. Geotextile i;;f:::cdf;pe Monitoring well
Control Asphalt Base Fill
manhole 50 mm 300 mm 750 mm
4 | — -
Overflow
1‘-)
! s}
Snrmnnihinnn s b E
Roof runoff — cross oz i
H Non- 300mm dia. pipe (perforaied, | S e
section Pl peor‘l!mated smooth interior, HDPE) with | | i
300 man dia snlet filter cloth Yining : H oz
300 mm i 3
¥ :
300 mm E
:
Mesh : 4 L
w1 !
Geotextile  Clear washed Momitoring well,
stone, 50 mm partly perforated,
dia. with 40% 150mm dia. with
voids. lockable cap
Footplate
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Infiltration Trench — roof and road
runoff

Control manhole, Area=101.8m"
1200 mm dia, End cap
ectom : 50.88 m ;
2 m pipe 300 mm dia. T 4
300 mm dia \
3 I H
Ll from i 120 m Plan view
1500 m’ 9 ?
parking lot
250 mm dia. T | =
Hydrodynami R .
separator mlet from ik Pm‘fora.tcd. pipe e 03m
“Downstream 500 m’ roof 300 mm dia.
ol 200 o duy Control Asphalt B Eill
: H ic 5 i
1200 mm dia. smm?tm manhole 50 mm 300 mm 750 mm
O
!-J
i3
From 3
roof . -
300 mm cover 1y
Cross section From Noa- 300mm dia_pipe (pecforaied. 1 | 1|
parking —- 300 mm perforated | smooth interior, HDPE) with | i
o - inlet filer cloth g+ L] |-
300 mm * ‘23
b
1245m 300 mm
Mesh T L L
= 1 |
Geotextile  Clear washed Monitoring well
stone, 50 mm partly perforated,
dia. with 40% 150mm dia. with
voids. lockable cap

=]
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Drainage area 10000 m’
e r m e a e p a ve rs Impermeable portion of area drainingto pavers /\ 0 / m’
Native soil infiltration rate T mm/hr
Designtype : _APartial Infiltlatiob Unitless
Drainage area and impermeable area are not M —66- hours
additive — the drainage area input gives the total < [iQllengthof permeable aiea Tetiute st 20 : Ly s
. . . DESIGN DEFAULTS efaults (valuesin col G can be changec
area, of which the impermeable area is a part _ - 9
Time tofill stone bed 2 2 hr
Bedding depth (2-5 mm dkaclear stone) 50 50 mm
Base depth (20 merdia clear stone) 100 100 mm
The three model designs (full, partial, and no UndergeairtBiameter 150 15 il
Lo . . Safety factor 25 25 Unitless
infiltration) are found below. Full is cheapest, /dermo 20 T
partial is in the middle, and no infiltration more Height of pavers 80 80 ) [|mm
expensive Minimum sub-base depth (50 mm dia clear stone) /ﬁ 400 mm
Rainfall depth: Pearson 2 yr event 56 56 mm
TOOL RESULTS
. . . Permeablepavement area within drainage area 10000 m’
For vehicle use, 80 mm is the minimum /Ratio of contributing to permeable area 0.00 Unitless
thickness Total width 3333 m
Underdrain diameter 150 mm
Sub-base depth (50 mm dia clear stone) 400 mm
Total depth 0.63 m
Land costs are not included for this BMP, since Max reservoir depth 2400 mm
Water storage volume 2247 m®

the paved area presumably has a non-
stormwater function which precludes analysis
base on opportunity cost

Paver costs are by far the highest material cost
component for this practice. The LCCT uses costs
sourced from Unilock (see UnitCosts, L143). To
ensure accurate results, use unit costs sourced
from your supplier.
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Permeable pavers: full infiltration

60 m
_ —
j¢— Plastic edge restraint
16.7m 113000 m;ﬂ : T 0.4% slope ]
ermeable pavers 150 l.mn, dia.
monitoring well
. e . )
Plan view (above) and SotsEul
cross section (below). 1000 27
This designis typically Impermeable asphalt
the least costly.
150 mm dia.
No. 8 (5 mm dia.) 80 mm pavers monitoring well
|Ir ' " " ” ” “ “ “ ‘| | ” 50 mm No. 8 (5 mm dia.) clear crush
) L : open graded bedding course

l— 100 mm No. 57 (20 mm dia.) clear
- crush open graded base

200 mm of 50 mm dia. clear crush
open graded sub-base

s Subsoil is flat
Geotextile

[
J Sustainable Technologies

EVALUATION PROGRAM www.sustainabletechnologies.ca



Permeable pavers: partial infiltration

Flow restrictor at catchbasin entry

Plan view (above) and
cross section (below).
This design type is more
costly than full
infiltration designs.

- .
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150 mm dia.

perf pipe 0.5 m pipe to catchbasin
0.1% slope -&‘,_

| i [4— Plastic edge restraint
> 1000 o’
100 mm dia I b Permeable pavers 0.4% 51°pc 150 mm dia.
standpipe —J*0 C41—— monitoring well
Concrete curb
2
167 m 1000 m
Impermeable asphalt
L 1
I I
60 m
100 mm dia.
standpipe ) o
No. 8 (5 mm dia) 80 mm pavers 150 mm dia. monitoring well

| !

y 50 mm No. 8 (5 mm dia.) clear

o

‘ 4J— crush open graded bedding course

1e 100 mm No. 57 (20 mm dia.) clear
crush open graded base

‘_ 200 mm of 50 mm dia. clear crush

open graded sub-base

perf. pipe Subsoil is flat

Geotextile
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Permeable pavers: no infiltration

Plan view (above) and
cross section (below).
This is the most costly

permeable paver design.
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150 mum dia.
perf. pipe E —— 0.5 m pipe to catchbasin
0.1% sl . ;
» i < Plastic edge restraint
> 2
100 mm i1 1000 m 0.4% sl
dia. i1 Permeable pavers e 1008
standpipe 2
-|- < Concrete curb
167 m bt
Imnermeahls acnhalt
J_ Impermeable asphal
: |
60 m ;
100 mm dia.
standpipe
80 mm pavers

No. 8 (5 mm dia.)

v

: 50 mm No. 8 (5 mm dia.) clear crush

LD L_L_]. 1 open sraded beading couse

100 mm No. 57 (20 mm dia.) clear
crush open graded base

200 mm of 50 mm dia. clear crush
open graded sub-base

150 mm dia. perf. pipe

Impermeable
membrane

Subsoil is sloped 0.1% towards underdrain
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Rainwater
harvesting
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Top-l.p pi exterior

Roof drainage area 3000 m?
Tank type: Below-ground Concrete  |unitless
Above-ground tank location A~ unitiess
Total daily water usage (indoor & outdoor) (e Liday
User specified storage tank requirement ' Optional ~_ L
User specified tank length * Optional | m
[ User specified tank width Optional [ |m
[ User specified tank height | m
- j —~ - - m
m
Senvice pipe length 17 17 | m
[Supply pipe length 945 045 | m
Top-up pipe interior length 5 5 | m
m

Estimated storage tank capacity

Tank £

Tank width *

Tank height *

This sheet takes from STEP’s Rainwater
Harvesting Design and Costing Tool, which s
intended as an aid for residential rainwater
harvesting. This means it can only cost out a
tank with a 3000 m? drainage area or a
maximum daily usage of 3000 L per day.
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Rainwater Harvesting: buried concrete
tank

< 0 m buried 1.25 m overflow

discharges onto grade 300 mm dia.
[e]=] =
Cistern Fill "—I h
23,000 L buried_y4 o Pipc(5m o
0.75 m pre-cast indoor, 10 m OH
concrete tank buried)
In-line filter _| e~ Conveyance pipe,
masiliole 3mmdla.(|0m
buried)
t le— 17 m service pipe OO ] @ 94.5 m supply
15m 40 mm dia. (2m P ;
clectrical vertical + 10 m ET6[33|§EIZE:)
i & i 2
v | Seediin” |olglalo lalalo bl
Pn:ssur:_.‘ finings) l I | 40 mm dia.
tank v s
j T
Hose Bib > B ‘ —o IS a C_)]
I 9
- | | o]
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Rainwater harvesting: indoor plastic
tank

< 2 m 1.25 m buried overflow

discharges onto grade 300 mm dia.
(=] O| —
Conveyance Inlet Sh
with in-line filter ae—
300 mm dia. H
23000L | Cistern Fill Pipe
plastic tank
oo
[SS] _ : [S3] 4.5 m supply
5 m service pipe pipe (30 fittings)
40 mm dia. (2m vertical + to 16 toilets & 2
3 m inside + 2 fittings) R et reyFeyie! olololo hose bibs
Pressurc | R |1 1 | 40 mm dia.
v a
W

tank
Hose Bib = & E IB J

OTOTO
ololo
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Wet ponds

Wet ponds model designs were built
using the 2003 MOECC’s Stormwater
Management Planning and Design
Manual. No design drawings were
created for this type of project.
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Site and Design Information

Drainage area® 75 ha

Impervious drainage area 30% %

WG Protection Lewel* normal

‘wetland area in pond 25% * of permanent pond area|
Soil Common earth

Forebay berm structure Riprap m

Clay liner required no

Project land value classification Mone Uhitless
1) ) C a S 5 5 0 D 0
Extended detention storage requirement 40 40 matha
‘width of side buffer 10 10 m
‘width of end buffer 10 10 m
Forebay volume 20% 202 %
Forebay depth .5 15 m
Clearance above forebay berm to permanent pool 0.2 0.2 m
Forebay berm top width 0.3 0.3 m
Pond Length-to-Width Ratio 4 4 4
Foiebai Length-io-Width Ratio + 4 H

‘wet pond permanent pool depth 15 15 m
‘Wetland depth 0.2 0.2 m
Active storage depth 15 15 m
Freeboard 0.3 0.3 m

Inlet pipe diameter

3

Inlet pipe length

Conveyance pipe diameter

Conveyance arifice control diameter

Conveyance pipe length to fow control structure [manhole]

Maintenance pipe diameter

Outlet pipe from manhole to receiving water - diameter

Olutlet pipe from manhole to receiving water - length

Side slope, buffer [Width.depth]

Side slope, forebay, berm and permanent pool (Width:depth]

Depth of clay liner for permanent pool

Tree and shrub

TOOL RESULTS

Total water quality storage volume 536.1

Extended detention storage volume 300.0 m*
Forebay volume 47.2 m!
Permanent pool volume 188.9 m!
Detention time 27.3 I
Overall pond length 673 m
| Overall pond width 279 m
Pond enclosure length 7.3 m
Pond enclosure width 47.9 m
Pond enclosure area 0.4 ha
Active storage surface area 1444.25 m*
Permanent pocl + forebay surface area 316.39 m
Flanted area 396376 m’
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Dry ponds

Dry pond model designs were built
using the 2003 MOECC’s Stormwater
Management Planning and Design
Manual. No design drawings were
created for this type of project.

While not traditionally considered and
LID BMP, dry ponds work well when
designed as part of a treatment train as
the volume-control component

=
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Site and Design Information

Drainage ares’ 5 ha
Impervious drainage area 30 %
Forebay volurme 20% % of pond volurme
Sail Common earth  |m
Pretreatrment Forebay m
Clay liner required no

Project land value classification Nore Unitless
DESIGN DEFAULTS defaults (values in col G can be changed
E xtended detention storage requirernent 40 40 rmdha
‘Width of side buffer 10 10 m

| Width of end buffer 1] 10 m
Forebay depth 15 15 m
Freeboard above forebay weir 01 0.1 m
Pond Length-to-Width Ratio 4 4.0 4]
Forebay Length-to-Width Ratio 4 4.0 1

Dry pond depth 2 20 m
Freeboard 0.3 0.3 m
Pond inlet pipe diarmeter (for forebay or no pretreatment] 450 450.0 mm
Pond inlet pipe length [For Farebay or no pretreatment] 5 15.0 m
DOutlet pipe diameter 450 450 mm

| Outlet orifice control diameter 100 100 rmm

| Outlet pipe length to flow control structure (manhole] 5 5 m

| Maintenance pipe diarmeter 300 300 rm
Pipe from rmanhole to receiving water - diameter 450 450 mrn
Pipe from manhole to receiving water - length 25 25 m
Side slope, forebay and dry pond [Width:depth] 4 4 %1

| Depth of clay liner for permanent pool 0.3 0.3 m
Tree and shrub planting 5022 5022 > of area above pond
TOOL RESULTS

Total storage volurne 2867 m’
Forebay volurne 57.3 m*
Storage surface area 446.8 m*
Forebay surface area 382 mt

| Detention tirme 5.1 hr
Dverall pond length (includes OGS area) 5.4 m
Overall pond width 14.0 m
Pond enclosure length 75.4 m
Pond enclosure width 34.0 m
Pond enclosure area 0.26 a
Planted area 2525.50 me
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For more information:

Contact

Name: Kyle Menken
Phone: 905-670-1615 ext. 389
Email: kyle.menken@cvc.ca
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