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STORMWATER MANAGEMENT REPORT

1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by American Iron and Metal (AIM) to carry out a design for
storm water management and a roller-compacted concrete (RCC) pad at their metal recycling facility located at
2555 Sheffield Road in Ottawa (the Site).

A Surface Water Management Plan was previously prepared by Golder and J.L. Richards and Associates and
submitted to Bakermet Inc. in June 2004 (“Surface Water Management Plan”). The report identified proposed
stormwater management quality control measures. A copy of this report is provided in Appendix A. The report
was prepared to fulfill the requirements of Provincial Officer Order EST-760-021-03, issued by the Ministry of
Environment (MOE) Environmental SWAT Team dated December 2, 2003, which required that the company
shall “retain the services of a qualified person to assess all surface water discharges and develop a plan, in
accordance with the Ministry of Environment’s technical document entitled “Stormwater Management Planning
and Design Manual” (March 2003)".

This report provides updated recommendations and additional improvements for stormwater quality
management and conveyance at this Site based on revisions to the site, including: removal of existing
structures, installation of a rolled compacted concrete pad and grading work. This report has been prepared to
accompany an application for an Environmental Compliance Approval (ECA) from the Ministry of the
Environment and Climate Change (MOECC) under Section 53 or the Ontario Water Resources Act.

1.1 Description of Site

The Site is located on the east side of Sheffield Road opposite Bantree Street and is about 4 hectares in size.
It is located within a large Industrial Park area within the City of Ottawa. Other industrial facilities are located to
the north, south and west; to the immediate east is a CN Rail right of way and elevated track, and approximately
30 to 80 metres from its east property boundary is Ramsay Creek. The Industrial Park is fully serviced with
water, storm and sanitary sewers.

The Site is a scrap metal processing facility. The site is currently occupied by an office and warehouse building
in its southwest portion and a garage in the northwest. The area between the office/warehouse building and the
street is landscaped and grass covered. Access to the site for truck and other vehicle traffic is from Sheffield
Road, through a scale and into the yard area. The access/scale area has a paved surface, while most of the
remainder of the yard area is currently unpaved. The shredder and associated buildings were located in the
central portion towards the east boundary; however, have since been removed. The remainder of the yard is
essentially used for temporary storage of scrap material to be processed, and for stockpiles of the end products.
There is also a rail spur that enters the yard at the southeast corner. These features are shown on the Site
Servicing Plan, Drawing 1 in Appendix F.
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STORMWATER MANAGEMENT REPORT

2.0
2.1

STORMWATER MANAGEMENT
Existing Site

Currently, stormwater runoff generated by the Site (i.e. totalling 4.16 ha) sheet flows to two main outlets, namely
a 1,350 mm diameter Sheffield Road storm sewer system (servicing the western portion of the site) and a

450 mm diameter CSP storm sewer (servicing the eastern portion of the property).

Based on the previous

Surface Water Management Plan, approximately 2.37 ha is tributary to the 450 mm diameter CSP storm sewer,
while 1.79 ha was found to be tributary to the 1,350 mm diameter Sheffield Road storm sewer.

The existing Site was modelled using Visual Otthymo using the NASH instantaneous unit hydrograph method
with a 6-hour, modified Chicago distribution for a 25 mm, 1:5 year and 1:100 year return period storms.
The storm events are based on local MTO IDF curves, using a modified Chicago Storm distribution, and are
provided in Appendix B. The model inputs are provided in the following Table 1 and the existing conditions is
provided on the Site Drainage Area Plan, Figure 4 in the Surface Water Management Plan.

Table 1: Existing Conditions

: ; SCS Initial
Drainage Discharge -
Area ID Locatiof Area (ha) Curve Abstraction
Number (mm)
1,350 mm
100 diameter Storm 1.79 90 5.0
Sewer
450 mm
200 dismeter CSP 2.37 90 5.0

The results and inputs from the Visual Otthymo existing conditions model are provided in Appendix C.
The resulting peak flows for the existing site conditions are presented in the following Table 2.

Table 2: Existing Condition Peak Flows

; : 25 mm 1:5 year 1:100 year
Drain Area
“geil. Discharge Peak Flow | Peak Flow | Peak Flow
Area ID Location (ha) (Lis) (L/s) (L/s)
1,350 mm
100 diameter Storm 1.79 32 92 219
Sewer
450 mm
200 diameter CSP 2.37 43 121 290
Total 4.16 75 213 509
-
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STORMWATER MANAGEMENT REPORT

2.2 Proposed Site

The proposed site design has been completed in general accordance with the Surface Water Management Plan
with some modifications to improve operation of the site and based on revisions to the site features.

The proposed Site Servicing Plan, Drawing 1 is provided in Appendix F. Modifications from the Surface Water
Management Plan and existing site conditions include the addition of a 1.38 hectare roller compacted
concrete (RCC) pad, which replaces some of the existing compacted gravel and asphalt surfaces. This pad
will improve site conditions by allowing for containment of surface runoff, metals, total suspended solids
(TSS), petroleum hydrocarbons, volatile organic compounds (VOC's), etc. associated with the industrial
activities performed on site.

Stormwater from the RCC pad will be collected by catchbasins and maintenance holes and conveyed in a
HDPE pipe storm sewer system sized to convey runoff from a 1:5 year return period storm event. A swale is
proposed along the north and east property lines, in accordance with the Surface Water Management Plan, to
collect stormwater runoff from the 1.319 hectare area of the site that is proposed to remain mostly a gravel
surface (Drainage Area I.D. 8, Drawing 3). The swale will outlet into a ditch inlet catchbasin, which will then
connect to the storm sewer system and convey stormwater runoff to the proposed oil/grit separator.
To maximize efficiency of TSS and oil removal an orifice restriction will be added upstream of the proposed
oil/girt separator to limit the inlet flow.

The addition of the RCC pad and regrading of the lot will result in some of the stormwater runoff, which originally
discharged to the 1,350 mm municipal storm sewer, being redirected toward the rear of the property and
collected by the 450 mm storm sewer. An area of 1.483 hectares of the site including the main building,
driveway, garage and landscaped areas on the West (front) side of the property fronting on Sheffield Road is
proposed to continue to drain uncontrolled and be collected by the 1,350 mm Municipal storm system.

All surface runoff collected from the RCC pad and gravel areas at the rear of the site (total of 2.677 hectares) will
be directed to a proposed oil/grit separator prior to discharge to the existing 450 mm diameter CSP storm sewer
located along the south side of the property, traversing the CN property to the east prior to discharging to
Ramsey Creek.

The proposed conditions were modeled using Visual Otthymo Modelling including a 25 mm 6 hour modified
Chicago distribution storm, a 1:5 year return period storm and a 1:100 year return period storm. The proposed
Site modeling included the following inputs provided in Table 3, with Drainage Area 100 being the building,
garage, entrance, and landscaped areas to the front of the site (Drainage Area I.D. 9 on Drawing 3), and
Drainage Area 200A being the RCC pad which is collected by catchbasins, maintenance holes and the storm
sewer system (Drainage Area I.D. 1, 2, 3, 4, 5, 6, and 7 on Drawing 3) and Drainage Area 200B being the mostly
gravel area to the rear of the site which is collected by the swale to the north and east and directed to a
catchbasin (Drainage Area |.D. 8 on Drawing 3):

—
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Table 3: Proposed Conditions

Drainage Discharge Area SCS Curve Absl;'::::ztlion
Area I.D. Location (ha) Number
(mm)
1,350 mm
100 diameter Storm 1.483 90 5.0
Sewer
450 mm
200A diameter CSP 1.358 98 1.0
450 mm
200B diameter CSP 1.319 90 5.0

Stormwater discharge to the 450 mm diameter CSP (from areas 200A and 200B) will be attenuated using a
115 mm diameter orifice plug upstream of the oil/grit separator which will limit the peak flows to the 450 mm
diameter CSP storm sewer and allow for proper function of the oil/grit separator. Table 4 below provides a
summary of proposed condition peak flows from the catchment areas, prior to any storage or attenuation by an
orifice plate is provided.

Table 4: Proposed Condition Peak Flows

. 25 mm 1:5 year 1:100 year
R’r :':f‘%e Area (ha) Outlet Peak Flow Peak Flow Peak Flow
(L/s) (L/s) (L/s)
1,350 mm
100 1.483 diameter storm 27 76 181
sewer
450 mm
200A 1.358 derator G5B 75 142 254
450 mm
200B 1.319 diameter CSP 24 68 161
Total 4.16 126 286 596

The stormwater discharge rates noted above discharging to the 1,350 mm municipal storm sewer will remain
slightly lower than existing peak flows to that sewer.

The following Stage-Storage-Discharge values presented in Table 5 were determined using upstream storm
sewers and surface ponding for storage based on a proposed 115 mm diameter orifice plug installed at an invert
elevation of 64.28 m, upstream of the oil/grit separator.

<3
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Table 5: Stage-Storage-Discharge

Depth (m) | oo | Ditchare
0 0 0
1.42 0.0108 0.0327
2.02 0.0212 0.0388
2.05* 0.0275* 0.4150*

*Values selected for overflow from the catchment area.

The resulting attenuated outlet flows to the 450 mm diameter CSP storm sewer are as shown in Table 6.
Any overflow from the catchment area will also be collected by the 450 mm diameter CSP storm sewer
downstream of the connection location and; therefore, is included in the values below.

Table 6: Outlet Peak Flows to 450 mm diameter CSP

. 25 mm 1:5 year 1:100 year
Drainage | /0, (ha) Peak Flow Peak Flow Peak Flow
Area I.D.

(L/s) (L/s) (Lis)
200A and
Ll 2.677 35 167 403

The results and inputs from the Visual Otthymo proposed conditions model are provided in Appendix D.

2.3 Quantity Control

The site servicing design includes storm sewers sized to convey the uncontrolled peak flow rates from the
1:5 year storm event. The proposed storm sewers are larger than the outlet storm sewer from the site; however,
this has been proposed as it is a City of Ottawa standard. As well, should the RVCA or MOECC require
additional storage volume for quantity control of the stormwater runoff from the site, the storm sewers will
need to convey the runoff to another detention facility. The calculations for the storm sewer sizing are provided
in Appendix E.

2.4 Quality Control

The quality control of stormwater runoff from the site is managed through a Watergate, Model WG100, by
Wilkinson Heavy Precast. This unit provides oil separation through a lamella device installed between the two
compartments of the structure. The Watergate unit has a maximum flow rate of 46 L/s for treatment of oil.
The 115 mm diameter orifice has been selected to restrict stormwater runoff into the Watergate unit, as this
diameter will allow a maximum flow rate of 38.8 L/s at the overflow elevation of 66.30 m from the site. With the
restricted flow rate, the Watergate unit will provide superior removal of TSS, as the maximum flow for removal
of TSS is listed at 105 L/s. The Watergate unit also does not have a bypass; therefore, all runoff that enters
the unit will be treated.

Upstream storage is provided within the proposed storm sewers and in the onsite ditches to accommodate the
restricted release rate. The 25 mm 6 hour Chicago storm distribution has been used to model the stormwater

December 2015

runoff and resultant storage requirements for quality control of site runoff.
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3.0 CONCLUSION

The Site has been designed to provide quality control and quantity control of stormwater runoff. A 115 mm
diameter orifice will be installed to restrict the flow rate to the existing 450 mm diameter storm sewer and provide
quality control of stormwater runoff through the proposed oil/grit separator.

‘h. »
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APPENDIX A

Surface Water Management Plan, June 2004
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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) were retained by Bakermet Inc. (Bakermet) to prepare a surface
water management plan for their property located at 2555 Sheffield Road in Ottawa, Ontario
(refer to Key Plan, Figure 1).

This surface water management plan has been prepared to fulfill the requirements of Items 8 and
9 of Provincial Officer Order EST-760-021-03, issued by the Ministry of Environment (MOE)
Environmental SWAT Team and dated December 3, 2003, as follows:

e &8 By January 9, 2004, the company shall retain the services of a qualified person to
assess all surface water discharges and develop a plan, in accordance with the Ministry
of Environment’s technical document entitled “Stormwater Management Planning and
Design Manual”(March 2003) at www.ene.gov.on.ca/envision/gp/4329¢index.htm The

company shall notify the undersigned provincial officer in writing with the name and
affiliation of the qualified person by the same date.

e 9. By February 20, 2004, the company shall submit a copy of the completed plan
identified under Condition 8 of this Order to the undersigned for review.

In a letter from Bakermet Inc. dated January 5, 2004 , the MOE were advised that Golder had
been retained to prepare the surface water plan and requested that the due date for submission
under Item 9 be extended to June 30, 2004 in order to allow time to assess the site after the winter
season. In a response letter from MOE dated January 6, 2004 the extension was granted and it
was requested that Bakermet submit an interim surface water plan to prevent discharge of
contaminants from the Bakermet site during the spring period. The interim plan was submitted
by Bakermet in their letter dated March 30, 2004.

This report contains the surface water management plan required under Items 8 and 9. The report
has been prepared by Golder in association with J.L.. Richards & Associates (JLR).

Golder Associates
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2.0 DESCRIPTION OF SITE

The Bakermet site is located on the east side of Sheffield Road opposite Bantree Street and is
about 4 hectares in size. It is located within a large Industrial Park area within the City of
Ottawa. Other industrial facilities are located to the north, south and west; to the immediate east
is a CN rail right of way and elevated track, and about 30 to 80 metres from its east property
boundary is Ramsay Creek. The Industrial Park is fully serviced with water, storm and sanitary
sewers.

Bakermet is a scrap metal processing facility, wherein it receives scrap metal (scrap autos,
shreddable steel, etc.) and through a hammer mill shredding process produces separated ferrous
and non-ferrous recyclable product, with auto shredder fluff as a residue. All three of these
products are then transported off-site for their respective uses.

The site is occupied by an office and warehouse building in its southwest portion and a garage in
the northwest. The area between the office/warehouse building and the street is landscaped and
grass covered. Access to the site for truck and other vehicle traffic is from Sheffield Road,
through a scale and into the yard area. The access/scale area has a paved surface, while most of
the remainder of the yard area is unpaved. The shredder and associated buildings are located in
the central portion towards the east boundary. The remainder of the yard is essentially used for
temporary storage of scrap material to be processed, and for stockpiles of the end products. There
is also a rail spur that enters the yard at the southeast corner. These features are shown on the
Site Plan, Figure 2.

Golder Associates
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3.0 STUDY PROCEDURE

The main steps involved in preparing the surface water management plan were as follows:

e Obtain information and drawings from the City of Ottawa on storm sewer and drainage
systems in the vicinity of the Bakermet site (described in Section 4.0 of this report)

e Document the existing surface water runoff patterns and drainage on the Bakermet site,
and how and where it discharges off-site and enters the off-site drainage and sewer
systems (also described in Section 4.0 of this report). This was accomplished by carrying
out a detailed total station survey of the property in early April 2004, as well as surveying
to tie in the relevant adjacent storm sewer system and storm sewer discharge components.
The survey was carried out at a time when there was a rainfall event occurring so that the
surface drainage on-site and off-site could be observed and the patterns defined.

e Using the detailed knowledge from the preceding tasks, a surface water sampling plan
was designed. The purpose of this program was to systematically obtain surface water
samples from the sewer and ditch systems upstream from the Bakermet site, from the
runoff from the Bakermet property, and from the ditches and sewers downstream from
the site. The samples were analyzed for a selected group of parameters that represent
potential concerns associated with the site activities, i.e., metals, total suspended solids
(TSS), petroleum hydrocarbons and volatile organic compounds (VOC’s). In order to
gain an appreciation for the water quality in Ramsay Creek, historical surface water
quality data was obtained from the City of Ottawa as part of their ongoing program of
surface water quality monitoring within the city. The findings are described in Section
5.0 of this report.

e Using the factual information from these activities and with guidance from the MOE

Stormwater Design Manual, a surface water management plan for the site was developed
(presented in Section 6.0 of this report).

Golder Associates



August 2004 -4- 03-1120-895/6000

4.0 STORM SEWER AND DRAINAGE SYSTEM

Surface water drainage within the Industrial Park is accommodated by means of roadside ditching
and use of catch basins and ditch inlets connected to the main storm sewer system located within
the roadways. The Bakermet site drains into two distinct and separate storm sewer systems. The
northwesterly portion of the site drains overland toward the new Sheffield Road sewer network
and the southeasterly portion of the site drains overland toward the original 450mm CSP storm
sewer system. Both sewer systems outlet to Ramsay Creek. The total area captured by the two
storm drainage systems located within the northeast section of the Industrial Park, known as the
Sheffield Road Subbasin Area including the Bakermet property, is approximately 36.2 hectares,
and is shown on Figure 3. The Bakermet property represents approximately 11 per cent of this

serviced Industrial Park drainage area.

Details of the sewer and ditching system in the vicinity of the Bakermet site are shown on
Figure 4. The main storm sewer in Sheffield Road in front of the site is 900 millimetre (mm) to
1200 mm diameter; this sewer flows from both the north and south towards the Bakermet site.
The main outlet for the entire storm sewer system for this part of the Industrial Park area is a
1350 mm pipe in an alignment along the south boundary of the site that flows eastward and
crosses below the CN rail line and outlets directly to Ramsay Creek. Storm drainage from along
Bantree Street enters the Sheffield Road sewer by means of two ditch inlet catch basins.

There is also a 450mm CSP sewer along the south boundary of the site that commences at the
roadside ditch on Sheffield Road and flows eastward, also passing beneath the CN rail line and
discharging into a swale that leads to Ramsay Creek just north of the discharge from the main
1350 mm sewer. It is considered that this is an old sewer that existed prior to the installation of

the 1350 mm sewer, but was left in place.

There is also a rail side drainage ditch between the east boundary of the site and the rail line.
This ditch flows southward and enters the 450 mm sewer via a ditch inlet at the manhole just
before the sewer passes under the tracks.

Based on the results of the detailed topographic survey, nine drainage sub-areas were identified
on the Bakermet site as shown on Figure 4. Also shown on this figure are the off-site discharge
points for each of these sub-areas. The relationship between each of these on-site areas and the

off-site drainage and sewer networks is described as follows:

e Runoff from the Bakermet site to the 1350 mm sewer in Sheffield Road is limited to the
front portion of the site. Runoff from the northwest portion of the site enters a
vegetation-filled ditch along the north property boundary and leaves the site at the
northwest corner into a ditch inlet catch basin. Runoff from the site access and scale area
(which is paved) exits the site at the site entrance and enters a road catch basin. Runoff

Golder Associates
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from the landscaped southwest area is also towards Sheffield Road and into a ditch inlet
catch basin.

e Drainage from the south central area is via a shallow ditch around the warehouse, which
discharges off-site into an opening in a catch basin located along the 450 mm CSP sewer.

e Runoff from the southeast area occurs via sheet drainage primarily towards the east property
boundary, from where it enters the rail side ditch and then a ditch inlet to the manhole along
the 450 mm sewer.

e The small northeast area drains to an on-site ditch that flows eastward along the north
property line and then southward along the east boundary. The east central main yard area
drains overland towards the east boundary. Both of these sub-drainage areas enter an oil-
water separator tank, from where the water is pumped to the rail side ditch that flows
southward to the ditch inlet to the manhole along the 450 mm sewer.

In summary, surface drainage from the western portion of the Bakermet site (about 45 percent of
the total site area, a portion of which is buildings and landscaped area) accesses the main storm
sewer that drains the Industrial Park. The Bakermet site and the neighbouring site to the south are
the last properties to drain into this main storm sewer before it discharges to Ramsay Creek.
Drainage from the remainder of the Bakermet site enters the 450 mm local CSP sewer by two
different routes; this sewer receives drainage from the Bakermet Site and a small area of the
adjoining property to the north and east before discharging into Ramsay Creek.

As illustrated on Figure 3, there is also another storm sewer outlet to Ramsay Creek located to the

south of the 1350 mm outlet sewer. There is an 1800 mm sewer outlet that drains approximately
104 hectares from what is known as the Leeds Avenue Subbasin area.
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5.0 SURFACE WATER SAMPLING PROGRAM
5.1 Sampling Program

Using the previously described surface water drainage information in the vicinity of the Bakermet
site, a surface water sampling program was designed. The intent was to obtain a ‘snapshot’ of
surface water discharge from the Bakermet site from a storm event, as well as surface water
quality in the off-site sewer and ditch systems that receive runoff from the site. The surface water
sampling locations are shown on Figure 5 and are described below:

Location Description

A Runoff at main paved site access to Sheffield Road catchbasin (1350 mm sewer)
B Runoff at northwest corner of site to Sheffield Road catchbasin (1350 mm sewer)
C Runoff ditch at south central side of site as enters manhole along the 450 mm CSP sewer
D Discharge from 450 mm sewer on east side of railway tracks
E Off-site rail side ditch, upstream (north) of Bakermet site
F On-site ditch at northeast corner of site
G On-site ditch along north part of east boundary, before entering oil-water separator
H Off-site rail side ditch along east boundary before it enters 450 mm sewer
I Oil-water separator discharge from the site to the off-site rail side ditch
J Outlet swale from 450 mm sewer before it enters Ramsay Creek
K 900 mm Sheffield Road sewer at manhole upstream (north) of Bakermet site

L-1 and L-2 | Ditch inlets from Bantree Street ditches to Sheffield Road storm sewer
M 900 mm Sheffield Road sewer at manhole upstream (south) of Bakermet site
N Off-site manhole on 1350 mm sewer near southeast corner of site
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The sampling program was carried out on May 5, 2004 at which time the samples were collected
by Golder staff. The sampling was carried out several hours after a rainfall event commenced
and runoff was occurring; the meteorological report from the Ottawa International Airport reports
that this was a 6 mm rainfall event. The samples were collected using the required protocols
(preservatives, bottles, filtering) and delivered in person under Chain of Custody to Accutest

Laboratories for the following analyses:

Analytical Parameters Sample Preparation
Metal Scan (total metals) plastic bottle, unfiltered and preserved to pH<2 with
nitric acid
Aluminum plastic bottle, lab filtered to 0.45 microns and

preserved to pH<2 with nitric acid

Total Suspended Solids (TSS) plastic bottle, unfiltered and unpreserved

Total Petroleum Hydrocarbons in the gas/diesel | glass amber bottle, unfiltered and unpreserved
and heavy oils ranges [TPH (g/d) and TPH (ho)]

Volatile Organic Compounds [VOC] — USEPA | glass amber bottle, zero headspace, unfiltered and

624 scan unpreserved

Field measurements of temperature, conductance and pH were also taken for each sample.
The laboratory reports of analyses are provided in Appendix A.

5.2 Results of Sampling Program

As detailed in Section 4.0, there are two off-site sewer systems that receive surface water runoff
from the Bakermet property. This section details the chemical analytical results for each of these
separate drainage systems. Water quality discussion is limited to inorganic chemical parameters
for which a Provincial Water Quality Objective or City of Ottawa Sewer Use By-law criteria
exist. Not all of the organic chemical parameters analysed, such as total petroleum hydrocarbons
(TPH) and volatile organic compounds (VOCs), have PWQO or Sewer Use By-law criteria and
thus have only been included for discussion if they were observed to be persistent throughout the
drainage system. All of the laboratory chemical results are provided in the laboratory reports of
analysis provided in Appendix A.

The location of each sampling station is shown on Figure 5.
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5.2.1 1350 mm Storm Sewer Drainage System

A summary of selected chemical results for the 1350 mm sewer is presented in Table 1, which

should be read in conjunction with this text.

Background or “up-stream” water quality for this drainage system is represented by the four
sampling stations K, L1, L2 and M. These sampling locations represent the water quality in the
storm sewer system before receiving any contribution from the Bakermet site. The up-stream
water quality in the storm sewers along Sheffield Road and Bantree Street is marked by several
exceedances of PWQO and/or the Sewer Use By-law (cadmium, cobalt, copper, iron, lead,
manganese, nickel, zinc and TSS). Sample location M in the large diameter storm sewer on
Sheffield Road, south of the site, reported a TPH diesel concentration of 0.4 mg/L.. The TPH
heavy oil concentration in the four up-stream locations ranged between 2 and 9 mg/L. VOC’s
were not detected at these locations.

The two catch basins along Sheffield Road which receive surface water runoff from the Bakermet
site and which drain into the storm sewer on Sheffield Road are denoted by the sampling
locations A and B. Water quality at these two locations exceeded the PWQO and/or the Sewer
Use By-law for boron, cadmium, cobalt, copper, iron, lead, manganese, nickel, vanadium (A
only), zinc, TSS, benzene, ethylbenzene, toluene and xylenes. In most instances, the parameter
concentrations at sample location A and B were elevated compared to the up-stream water
quality. This was more so at sample location A compared to B.

The storm sewer along Sheffield Road discharges into the 1350 mm sewer that parallels the
southern property boundary of the Bakermet site and discharges into Ramsay Creek. Water
quality at sample station N is representative of the water quality discharging into Ramsey Creek.
Water quality at sample station N exceeds PWQO for cadmium, cobalt, copper, iron, lead, nickel
and zinc. The concentrations of cadmium, cobalt, copper, iron, lead, zinc, TSS and TPH (diesel)
at sample location N were at concentrations marginally greater than up-stream conditions in the

storm sewer.

With the exception of iron and lead (approximately 75% and 40% increase in concentration,
respectively, compared to the maximum up-stream water quality concentrations), the contribution
of stations A and B did not result in a significant increase above up-stream water quality.

The field measured parameters collected at the time of sampling for the seven sampling locations

along this drainage system ranged between 7.1 and 8.2 for pH, 8.5°C and 13.1°C for temperature
and 1400 to 2800 uS/cm for electrical conductivity.
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5.2.2 450 mm Sewer and Rail Side Ditch System

A summary of selected chemical results for the 450 mm sewer and rail side ditch is presented in
Table 2, which should be read in conjunction with this text.

Background or “up-stream” water quality for this drainage system is represented by the sampling
station E, located in the rail side drainage ditch north of the Bakermet site. This sampling location
represents the water quality in the drainage ditch adjacent to the railway tracks before passing the
Bakermet site. The up-stream water quality in the rail side ditch is marked by several
exceedances of PWQO and/or the Sewer Use By-law (boron, cadmium, cobalt, copper, iron, lead,
manganese, zinc and TSS). No TPH or VOCs were reported at this station.

As the rail side ditch passes the Bakermet site, the outlet at the eastern fence line of the site
discharges surface water from the site to the rail side ditch via an oil/water separator tank. The
oil/water separator restricts the flow from the on-site ditch through an opening at the base of a
steel baffle with the intent to remove any floating product with an adsorption sock at the top of
the barrier. A hydrocarbon product was observed leaving the site through the opening at the base
of the oil/water separator. Water quality in the on-site drainage ditch before reaching the
oil/water separator is denoted by the sampling locations F and G. The water quality in the on-site
ditch exceeded PWQO and/or the Sewer Use By-law for boron, cadmium, cobalt, copper, iron,
lead, manganese, nickel, zinc, TSS, benzene, toluene, ethylbenzene and xylene (these latter four
VOC hydrocarbon parameters are commonly referred as BTEX). The cadmium, cobalt, iron,
nickel and zinc concentrations at sample station G were higher than at up-stream station F, while
the BTEX and TPH concentrations were reported at lower concentrations.

Water quality leaving the site via the oil/water separator, but before reaching the rail side ditch is
denoted as the water quality at sampling station . Water quality at this location exceeded the
PWQO and/or the Sewer Use By-law for boron, cadmium, cobalt, copper, iron, lead, manganese,
nickel, vanadium, zinc, TSS, benzene, toluene, ethylbenzene and xylene. The concentration of
most inorganic parameters as well as the TPH concentration in sample I were elevated compared
to sample G, taken before entering the oil/water separator. It appears that the design of the
oil/water separator is having a concentrating effect for most parameters.

Sample station H is located in the off-site rail side ditch south (down-stream) of the outlet from
the site. Water quality at this location exceeded PWQO and/or the Sewer Use By-law for boron,
cadmium, cobalt, copper, iron, lead, manganese, nickel, silver, zinc, TSS, toluene and xylene.
When compared to the up-stream water quality at station E, it can be seen that the outlet from the
site has contributed to a number of parameter concentration increases including, boron, cadmium,
chromium, cobalt, iron, lead, manganese, nickel, zinc, TPH and BTEX. It is noted that the TSS is
lower at Station H than Station E.
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Prior to passing beneath the railway and eventually discharging to Ramsay Creek, the rail side
ditch drains into the 450 mm diameter sewer which receives runoff from the southern portion of
the Bakermet site. A separate contributor to the 450 mm diameter sewer is at the catch basin
south of the main building. Water quality at this location is represented by sample location C.
Water quality entering the 450 mm diameter sewer at sample location C exceeds PWQO and/or
the Sewer Use By-law for boron, cadmium, cobalt, copper, iron, lead, manganese, nickel, zinc
and TSS. TPH concentrations of 0.6 mg/L diesel range and 9 mg/L heavy oil range were also
reported at sample location C.

The combined waters from the rail side ditch and the 450 mm diameter sewer pass under the
railway and discharge into a small watercourse leading to Ramsay Creek. Sampling locations D
and J are located in this watercourse. Sample location J was collected from the watercourse
immediately before discharging to Ramsay Creek and in is considered representative of the water
quality discharging to Ramsay Creek. Water quality at sampling station J exceeds PWQO for
boron, cobalt, iron, nickel, zinc, and toluene. No TPH was reported in the discharge water at
sampling location J. Compared to up-stream water quality in the rail side ditch, boron, cadmium,
chromium, cobalt, iron, manganese, molybdenum, nickel, zinc, benzene, toluene, ethylbenzene
and xylene concentrations at the point of discharge are higher. Water quality at sample location J
is similar to the water quality at sample location D, closer to the railway, with the exception of
cadmium, nickel and zinc which are at lower concentrations. Other than the rail side ditch, no
other contributors to this discharging watercourse exist; therefore, the higher parameter
concentrations compared to up-stream water quality are indicated to be the result of surface water
runoff from the Bakermet site.

The field measured parameters collected at the time of sampling for the eight sampling locations
along this drainage system ranged between 7.2 and 7.8 for pH, 6.3°C and 9.7°C for temperature
and 800 to 4200 puS/cm for electrical conductivity.

5.3 Ramsay Creek Quality Data

Water quality data was provided by the City of Ottawa (the City) for a water quality sampling
program carried out by the City for Ramsay Creek and Green Creek during sewer sampling
sessions in the summer (June to August) of 2001. The parameters of interest (inorganic
parameters discussed in Section 5.2) compared to the PWQO are presented in Table 3.

Sample locations CK21-007 and CK21-006 are shown on Figure 5 and are the closest sample
locations up-stream and downstream from the Bakermet property. Sample location CK21-007 is
located in Ramsay Creek approximately 400 metres north of Walkley Road up-stream of the
Bakermet site. Sample location CK21-006 is located in Ramsay Creek south of Innes Road
down-stream of the Bakermet site. There are only three contributors to Ramsay Creek between
these two sample locations, the 1350 mm sewer (Section 5.2.1), the drainage watercourse from
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the 450 mm sewer that drains a portion of the Bakermet site (Section 5.2.2) and an 1800 mm
storm sewer outlet south of the Bakermet property (as described in Section 4.0) In terms of
drainage area contributions to this stretch of Ramsay Creek, the Bakermet site represents 4 out of
140 hectares, or 3 percent.

Water quality in Ramsay Creek exceeds PWQO for aluminum, cadmium, chromium, cobalt,
copper, iron, silver and thallium. With the exception of thallium these exceedances were present
in both up-stream water quality and downstream water quality in at least one of the sampling
sessions. Water quality at the down-stream sampling location CK21-006 is very similar to up-
stream location CK21-007, and has a marginally higher beryllium, cadmium, cobalt, iron, lead,
manganese, nickel and vanadium concentration range compared to up-stream water quality. Of
these parameters only cadmium, cobalt and iron exceed PWQO.

Although this historic data does not coincide with the May 2004 detailed sampling program, it is
relevant for several reasons. Firstly, the water quality in Ramsay Creek up-stream of this large
Industrial Park area exceeds PWQO for a number of parameters. Secondly, the discharge of
storm water from the Industrial Park has little effect on Ramsay Creek water quality, with only
slight increases in certain parameters measured; this is considered typical of water courses as the
contributing urbanized area increases. Lastly, considering both water quality data and relative
contributing areas, the Bakermet site is not indicated or expected to have a measurable effect on
the Ramsay Creek receiving water.

5.4 MOE Runoff Sampling Results

The MOE collected five samples of surface water runoff during their Bakermet site inspection on
November 5, 2003. The MOE provided the results to Bakermet on April 1, 2004. The MOE
sample locations were provided in the form of GPS coordinates and a general description. The
coordinates were plotted such that these locations corresponded approximately to those of the
Golder sampling program conducted on May 5, 2004, and allowed comparison of the MOE
results to the Golder results. The purpose was to obtain some idea of runoff quality at these two
different times.

It is recognized that both sets of runoff sample results are ‘snapshots’ of the runoff quality at
some point in a rainfall event of a certain magnitude. Also, it is not certain that exactly the same
sampling protocols were followed. Therefore the runoff quality results at these two times have
the potential to be different due to a number of factors.

There are two sampling locations that appear to approximately coincide:

e the runoff ditch along the south central part of the site as it enters the manhole along the
450 mm CSP sewer- MOE location 0005 and Golder location C

Golder Associates



August 2004 -12- 03-1120-895/6000

e the off-site rail side ditch along the east boundary -MOE location 0003 and Golder
location H

The results of metals analyses from these two locations are provided in Table 4. Although the
individual values are different, for most parameters the results are of the same magnitude, with
the biggest differences for iron and copper at location 0005/C and iron at location 0003/H. In
terms of organics, the suite of analytical parameters are somewhat different between the MOE
laboratory and the private laboratory. However, in general the occurrence and magnitude of the
parameters that are common between the two suites are similar for each of the location pairs.

Although it is expected that there are variations in runoff quality at a particular location
depending on a number of factors including the characteristics of the storm event, the point in the
storm when the water is sampled and the activities ongoing at the site, this partial comparison of
data from November 2003 and May 2004 suggests that the results may be reasonably
representative of the parameters and their order of magnitude concentration.

5.5 Discussion

Stormwater quality in the Sheffield Road sewer system exceeds the City storm sewer bylaw, and
PWQO, for a number of parameters prior to receiving any contribution from the front portion of
the Bakermet site. Although the concentration of certain parameters in the site runoff is higher
than the upstream concentration range in the sewer, the Bakermet site is indicated to have limited
effect on the resultant sewer water quality prior to its discharge to Ramsay Creek. Even though
the Bakermet site is near the endpoint of runoff contributions to this main sewer prior to its
discharge, there are still other contributing sources of potential impact in this section; i.e., the
typically heavy truck traffic along Sheffield Road that can affect runoff quality that enters the
sewer via the roadside catchbasins, and the activities on the neighbouring site to the south from
which runoff enters the 1350 mm sewer in via a series of catchbasins (parking, vehicle washing,
etc.).

Discharge from the rail side ditch and the 450 mm CSP sewer, which receives the majority of its
flow from the rear eastern and central portions of the Bakermet site, contains a number of
elevated parameters compared to the upstream ditch water quality. The potential effects of runoff
from this part of the site is considered to be at least in part due to the oil-water separator tank,
which appears to be ineffective in removing hydrocarbons and which appears to concentrate and
discharge suspended solids, which in turn increases the total metals concentrations.

The receiving watercourse for stormwater runoff from the large Industrial Park within which the
Bakermet site is located is Ramsay Creek. The quality of surface water in Ramsay Creek exceeds
the PWQO for a number of metal parameters, which is as expected for a watercourse that receives
discharge in an urban setting. Based on available historical (2001) data, there is no significant
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change in water quality due to inputs from the large Industrial Park sewer discharges (that
includes the small contribution from the Bakermet site drainage area). This is, in our opinion,
better than might be expected, since there is expected to be quite limited stormwater management
works in place on the many industrial properties that comprise the drainage subareas.

The above discussion relates primarily to the physical setting (sewers, ditching and receiving
water) in which the Bakermet site is located, and the effects of mixing the current quality of
runoff discharge from the Bakermet site into these features. It is recognized, however, that the
intent of stormwater management on an individual site is to control the quantity and quality of the
runoff from the site. It is considered that there is room for improvement in the management of
stormwater runoff from the Bakermet site. However, the degree of improvement that is
warranted at this industrial site should be viewed in the context of the site’s physical setting, the
position of the site relative to the drainage area of the storm sewer and ditching systems, the
characteristics of the receiving water, and the relative contribution of the site to the overall off-
site drainage subarea. The rationale for the Stormwater Management Plan proposed for the
Bakermet site, and its preliminary design, are provided in Section 6.0.
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6.0 STORMWATER MANAGEMENT PLAN

6.1 General

As presented in Section 1.0 of this Report, the MOE has requested that a Stormwater
Management Plan that assesses all surface water discharges in accordance with the Ministry’s
publication entitled “Stormwater Management Planning and Design Manual, March, 2003 be
prepared. The preface of this publication reads as follows:

“The manual provides guidance which has been found effective in specific circumstances.
However, users must exercise judgment and flexibility to adapt the guidance provided.
Stormwater management solutions need to consider specific site conditions and this must

be recognized when applying the guidance provided in the manual”.

The objective of the Stormwater Management Plan developed for the Bakermet site and presented

herein, is to reduce both sediment and contaminant impacts on Ramsay Creek/Greens Creek.

6.2 Current Policies and Objectives

Based on review of the current Policies and/or Objectives, it would appear that there are no
specific design criteria applicable to sites having these types of operations. However, there are a

number of existing Policies and/or Objectives pertaining to surface water quality in Ontario.

6.2.1 Surface Water Quality Control

The surface water quality objectives for the Province are contained in the Ministry of the
Environment’s publication “Water Management: Goals, Policies, Objectives and Implementation
Procedures (M.O.E., 1984)”. The “blue book™ sets out specific water-quality objectives and
policies for attaining the following overall goal: “To ensure that the surface waters of the
Province are of a quality which is satisfactory for aquatic life and recreation”. The “blue book™
provides a list of water-quality parameters with specific limits.

6.2.2 Federal Fisheries Act

The Federal Fisheries Act prohibits “the deposit of a deleterious substance of any type in water
frequented by fish or in any place under any conditions where the deleterious substance or any
other deleterious substance that results from the deposit of the deleterious substance may enter
any such water (subsection 36(3))”. Any substance that exhibits a potentially harmful chemical,
physical or biological effect on fish or fish habitat is considered to be deleterious.
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The “first-order” impacts of stormwater runoff are primarily related to suspended solids (SS) and,
therefore, the design of facilities should be based on the long-term removal of SS from the
stormwater discharge. The Federal Fisheries Act does not differentiate between different types of
habitat, but Fisheries and Oceans Canada (Fish Habitat Management) does recognize that some
habitats are more resilient to perturbation. Based on the above, the levels of protection should be

chosen to maintain or enhance the existing aquatic habitat.

6.2.3 Stormwater Management Planning and Design Manual, MOE,
March 2003 and June 1994

In June 1994 the MOE published a document entitled “Stormwater Management Practices
Planning and Design Manual” which provided technical and procedural guidance for the
planning, design, and review of stormwater management practices (SWMPs). In March of 2003,
this Manual was updated based on feedback received from a number of sources (refer to

Stormwater Management Planning and Design Manual, SWMPDM).

Based on the types of protection level developed by Fisheries and Oceans Canada (Fish Habitat
Management), the above manuals provided specific objectives to be achieved to maintain or
enhance existing aquatic habitat with regards to suspended solids removal. These levels of
protection are based on a general relationship between the long-term average suspended solids
removal of the end-of-pipe stormwater management facilities and the lethal and chronic effect of
suspended solids on aquatic life. The following levels of protection correspond to the “long-term
average suspended solids removals” and were based on the entire range of rainfall events

included in a long period of time (i.e., a long term simulation of at least 10 years):

e Enhanced protection corresponds to the end-of-pipe storage volumes required for the

long-term average removal of 80% of suspended solids;

e Normal protection corresponds to the end-of-pipe storage volumes required for the long-

term average removal of 70% of suspended solids; and

e Basic protection corresponds to the end-of-pipe storage volumes required for the long-

term average removal of 60% of suspended solids.

As part of the 1994 SWMPPDM, a review of the existing water quality criteria in Canada and the
United States was carried out. This review determined that the primary criteria used in most
jurisdictions in the above countries were volumetric (i.e. runoff from a specified design storm was
to be captured and treated). In most cases, the selected design storm events ranged from 12.5 mm

to 25.0 mm. The use of this type of volumetric design storm criteria remains prevalent today,
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although some jurisdictions have established methods for refining the size of the design event,

based on area-specific conditions such as climate or the receiving water body.

6.2.4 Water Quality Objectives for the Rideau River

In 1992, the Regional Municipality of Ottawa-Carleton (now the City of Ottawa) in consultation
with the local district office of the MOE formulated a Stormwater Control Objective for the
Rideau River. Stormwater discharges to the Rideau River or tributaries are to meet the following

MOE District Office requirements for protecting recreational water quality in the Rideau River:

e TFecal coliform levels in stormwater discharges to be 100 no/dl or less during the

recreational water-use season (May 15 to September 15); and

e Total Suspended Solids (TSS) should be below 25 mg/1 or less during the recreational

water-use season (May 15 to September 15).

The MOE currently allows for the exceedance of the above bacteriological criterion, on average

four (4) times per swimming season.

1997 Combined Sewer Overflow Policy (Wastewater Master Plan, 1997)

In 1997, the Regional Municipality of Ottawa-Carleton (now the City of Ottawa) developed a
Combined Sewer Overflow (CSO) Policy in consultation with the MOE. This policy, described
in detail in the 1997 Wasterwater Master Plan, was designed to recognize local issues and to
ensure compliance with MOE Procedure F5-5, dealing with combined and partially separated

sewer systems. The Policy states that:

“During a seven month period commencing within 15 days of April 1, capture and treat for
an average year all the dry weather flow plus 90% of the volume resulting from wet
weather flow that is above the dry weather flow. The volumetric control criterion is
applied to the flows collected by the sewer system immediately above each overflow
location unless it can be shown, through modeling and ongoing monitoring, that the
criterion is being achieved on a system-wide basis. No increase in Combined Sewer
Overflow volumes above existing levels at each outfall will be allowed except where the
increase is due to the elimination of upstream CSO outfalls. During the remainder of the
year, at least the same storage and treatment capacity should be maintained for treating wet
weather flow. The treatment level for the controlled volume is described in Section 7.0 of

the Policy Document”.
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6.3 Criterion Development

The review of the current Policies and Objectives has shown that treatment of a significant
portion of the volumetric runoff is targeted in all instances. The water objective, developed
specifically for the Rideau River watershed, specifies that TSS concentrations discharged to the
river be below 25 mg/l during recreational water-usage (i.e., May to September) with an
allowance of 4 exceedances per average year. As the Bakermet site is not tributary to the Rideau
River watershed, and that both Ramsay Creek and Greens Creek (i.e. the receiving streams) do
not have recreational water-usage (i.e. no public swimming areas) along their reach, the

objectives derived for the Rideau River are not appropriate for this site.

Storm guidelines developed as part of the SWMPDM (March, 2003) recommended that the

following measures be implemented:

1) Stormwater management practices (SWMPs) should be implemented to remove suspended
solids (SS) from urban storm runoff. On an annual basis, a removal rate ranging from a
minimum of 60% to a maximum of 80% should be targeted depending on the sensitivity of

the downstream fish habitat; and

2) Treatment of design storms should be carried out for precipitation events ranging from 12.5
mm to 25.0 mm based on site specific conditions and type of receiving body (refer to Page 3-
5 of the SWMPDM).

On the other hand, the CSO Policy stipulates that during a seven (7) month period, 90% of the
volumetric flow resulting from wet weather events should be captured and treated. Based on the
synthesis of the above policies and guidelines, it was decided to consider the most stringent

criteria as follows:

e Provide a level of treatment reaching or exceeding the volumetric requirements of the

CSO Policy (i.e. treatment of 90% of the annual runoff, based on a 12 month period); or

e Provide a level of treatment for all storm events up to 25 mm as recommended on Page 3-
5 of the SWMPDM.

To determine which of the above criteria is the most stringent, a review of various statistical
analyses was conducted. As part of the Rideau River Stormwater Management Study (RMOC,
1992) a statistical analysis using 29 years of precipitation data during the summer months (i.e.,
from May to September) in the Ottawa area was carried out using two meteorological stations.

This analysis revealed that, on an average year, there are 45 rainfall events during the summer
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using a six (6) hour inter-event time (refer to Appendix “B” for Summary Table). The review of
this table indicates that capture of all storm events up to 20 mm would result in the treatment of

90% of all summer storm events (i.e., 45 events x 90% = 40 events).

As part of Appendix “C” of the June, 1994 MOE SWMPPDM (refer to Appendix “C”), a
statistical analysis revealed that a 25 mm precipitation event occurs approximately 4 times per
year and that a daily capture of 25 mm would result in an annual capture rate of 95% of the
annual precipitation. Based on the above analyses, the daily capture of a 25 mm storm event was
found to correspond to a capture of 95% of the annual volumetric runoff, and was found to
exceed the CSO Policy. Therefore, the use of a 25 mm storm event (using a 4 hour Chicago
design storm distribution) was used to carry out the storage volume requirements for the
Bakermet site and was deemed adequate for the protection of a receiving stream with warm water
fisheries. Furthermore, a 25 mm storm event was found to significantly exceed the “first flush”
volume as defined in the literature. On this basis, the QUALHYMO user manual (release 2.1, by
Rowney and MacRae, October, 1992) defines the “first flush” as follows:

“The first flush effect is characterized by a rapid rise in pollutant concentration to a local or
absolute maximum on the pollutograph shortly after initiation of runoff but prior to the
hydrograph peak (refer to Appendix “D” for Figures 9.3a and 9.3b of the QUALHYMO
manual). These peaks are typically 2 to 3 orders of magnitude larger than baseflow
concentrations and may represent a “shock™ loading to the receiving water body. After
peaking, concentrations typically decline exponentially through the course of the storm
event. These observations and those by others (Weatherbe and Novak, 1977; Field and
Gardner, 1978) imply that pollutants demonstrating this behaviour may “build-up” or
accumulate through time-dependent processes such as atmospheric fallout, waste from

vehicular traffic, etc., which are subsequently entrained in runoff as “washoff”.

The above principle (i.e. “build-up” and “washoff” of pollutants) constitutes the basis of the water
quality algorithms included in models such as QUALHYMO, SWMM and STORM. By
providing the retention and treatment of all precipitation events up to 25 mm, 95% of the annual

runoff will be detained and treatment of the first flush of all storm events will be achieved.

6.4 Proposed Stormwater Management Plan

6.4.1 General

There are numerous Stormwater Management Practices (SWMPs) that have been utilized in the
past to provide compliance with various water quality criteria and objectives. This Stormwater

Management Plan was prepared to provide an integrated approach to surface runoff management
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that is premised on maximizing the control of pollution at the source. Therefore, this Stormwater

Management Plan was developed to include the following SWMPs:

1) Stormwater source control; and

2) End-of-pipe treatment.

6.4.2 Stormwater Source Control

Currently, storm runoff generated by the Bakermet site (i.e. totalling 4.16 ha) sheet flows to two
main outlets, namely the 1350 mm diameter Sheffield Road storm sewer system (i.e., for the front
part of the site) and a 450 mm CSP culvert (i.e., for the back portion of the property) as discussed
in greater detail in Section 4.0. Based on the tabulation of the on-site drainage areas (refer to
Figure 4), approximately 2.37 ha is tributary to the 450 mm diameter CSP culvert while 1.79 ha
was found to be tributary to the 1350 mm diameter Sheffield Road storm sewer. Since the 4.16
ha site drains to two separate outlets and these areas have different contaminant impacts, the

SWMP developed for the Bakermet site was based on the above two outlets.

As presented above, the Bakermet site utilizes two outlets, namely the Sheffield Road storm
sewer system for the front part of the site and the 450 mm CSP culvert for the back of the
property. Since the front portion of the property (i.e., 1.79 ha) includes some landscaped areas
and rooftops while the scrap storage, shredding and conveyance of ferrous and non-ferrous metal
is carried out at the back of the property, source control measures are proposed for the front of the
property. It is proposed to mechanically sweep the front part of the property at least twice a day
(depending on the vehicular traffic) to remove sediment build-up along the hard surfaces. The
owners of Bakermet have already purchased a vacuum assisted mechanical sweeper (refer to
Appendix “E” for details on the Tennant Model 810 street sweeper) to remove sediments from
their entrance. The sweeper is currently being used twice a day, and this frequency of cleaning

will be maintained.

In 1997, a study conducted by Kurahashi and Associates, Inc. and published by the U.S. Federal
Department of Transportation — Federal Highway Administration was carried out to evaluate the
effectiveness of pavement sweepers. The results of this study (refer to Appendix “F”) showed
that sweeping on a frequency of twice weekly provided a removal rate ranging between 45-70%

and 30-60% for TSS and metals, respectively.
Bakermet will also employ operational measures related to control of hydrocarbons from specific

operations or areas. These will consist of the use of 1) Marwick Plus absorbent rolls to ensure

that oil does not migrate from the garage, warehouse and shredder buildings; 2) hydrophobic
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socks on the property and in the main ditches to absorb hydrocarbons in runoff, and; 3) oil dry

general purpose absorbent when and where needed.

6.4.3 End-of-Pipe Treatment

Currently, storm runoff generated by the Bakermet site (i.e., totalling 4.16 ha) sheet flows to the
four (4) sides of the property. Storm runoff from approximately 1.47 ha is currently tributary to
the Sheffield Road storm sewer system, 0.22 ha to an open ditch system along the northern
perimeter of the property, 1.18 ha to an open ditch system along the CN railway (i.e., the eastern
perimeter) and 0.97 ha to an existing 450 mm CSP culvert located along the southern perimeter of
the site.

Since the 4.16 ha site drains to two separate outlets, i.e., the 450 mm CSP (approximately 2.37
ha) and the 1350 mm storm sewer (approximately 1.79 ha), the Stormwater Management Plan

will deal with the two outlets separately.

Oil/grit separators are generally used to separate free phase oil from storm runoff, trap sediments
or to provide a reliable means for the control of spills. The Subsection of SWMPDM pertaining

to oil/grit separators reads as follows

“They are typically used for small sites but sizing and design are dependent on the function
they are to fulfill. There are a variety of both proprietary and non-proprietary oil/grit
separators on the market ranging from chambered designs to manhole-types.”

For the Bakermet site, the manufactured oil/grit separator selected was the Wilkinson Waterbox
System (refer to Appendix “G” for product brochure and summary table). This product uses the
coalescent plate separation principle to provide the high level of treatment associated with
enhanced fish habitat protection (i.e., formerly referred to as Level 1 protection). As presented on
the Summary Table of Appendix “G”, Model 3 requires that maximum flow rates of 43 L/s and
19 L/s be provided for the control of suspended solids and oil, respectively. The comparison
between the above flows shows that the critical parameter for the design and implementation of
these units is the removal of free phase oil from runoff. Based on a telephone conversation with a
representative of Wilkinson, when designed using the restricted flows, these devices will remove
total suspended solids that are equal to or exceed 20 microns in size. A synthesis of water quality
monitoring was carried out in the United States (refer to the extensive National Urban Runoff
Program, N.U.R.P., EPA, 1983). This study indicated that less than 20% of particle mass was
found to have a particle size less than 20 microns (refer to Appendix “H” for Table 5-1), with
similar sampling results also found in Canada. Based on the above, the provision of a Waterbox
designed for the removal of free phase oil should, as a minimum, remove 80% of the total

suspended solids using particle size distributions published in the literature.
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6.4.4 Storage Volume Requirements

To estimate the storage volume requirements necessary to provide the treatment for 95% of all
storm events, the SWMHYMO Hydrological Model (Version 4.02, July, 1999) was utilized.
Storage volume requirements were calculated using the 4 hour - 25 mm Chicago storm event
(refer to APPENDIX “I” for rainfall hyetograph). To simulate the hydrological response of the
site, the DESIGN STANDHYD command was utilized with the following parameters:

Area Tributary (At) = 2.37 ha (6 sub-areas, i.e., 0.49, 0.37, 0.11, 0.25, 0.93 and 0.22 ha)
Assumed Total Imperviousness (TIMP) = 95%

Time to peak (T}): calculated by SWMHYMO

Modified Curve Number (CN") = 75

Initial Abstraction for Impervious surfaces = 0.8 mm

Initial Abstraction for Pervious surfaces = 1.5 mm

A runoff hydrograph was generated for a catchment exhibiting the above hydrological properties
and was routed through a detention facility. Based on this simulation, a storage volume
requirement of approximately 345 m® (refer to Appendix “J” for SWMHYMO data and output
files) was calculated based on a maximum release rate of 15 L/s (i.e., release rate less than the

maximum recommended release rate of 19 L/s for free phase oil).

6.4.5 Storm Servicing

To provide end-of-pipe treatment for the back portion of the property (i.e., area totalling 2.37 ha)
where all of the scrap storage, shredding and product stockpiling operations occur, it is proposed

to implement the following storm servicing:

e Provision of a new open ditch system (approximately 150 m) located along the eastern
perimeter of the site which outlets to a ditch inlet catch basin. Grading of the open ditch
will be carried out such that runoff will be directed to the ditch inlet catch basin, where it
will be captured and conveyed by means of a 450 mm diameter storm sewer to a dry
detention facility for attenuation of flow;

e Provision of a new open ditch system (approximately 105 m) located along the southern

perimeter of the site which outlets to a dry detention facility for attenuation of flow;
e Provision of a 380 m® dry detention facility located near the southwestern corner of the

site. This facility was sized to detain runoff generated from the back of the property (i.e.,

2.37 ha) during a 4 hour, 25 mm Chicago design storm event while releasing a maximum
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outflow rate of 15 L/s (i.e., release rate less than the maximum recommended release rate

of 19 L/s for free phase oil). The preliminary sizing of the facility is as follows:

i) Bottom of facility at elevation 63.60 m
ii) Top of facility at 65.60 m

iii) Length approximately 60 m

iv) Width of 3 m

e Provision of a Waterbox (Model 3) to provide the containment of dry weather spills, to
separate free phase oil and to remove TSS. From this point, a manhole junction and pipe is
proposed to connect to the 1350 mm diameter storm sewer. With this arrangement, the rail
side ditch and the 450 mm CSP sewer will no longer receive runoff from the Bakermet site.

The 450 mm sewer will essentially serve as an outlet for the rail side ditch.

6.5 System Operation and Maintenance

As part of detailed design of the works presented herein, a detailed Operation and Maintenance
Manual will be prepared. This manual will include specific recommendations pertaining to the
following items:

6.5.1 Waterbox

To ensure long-term environmental protection, the Waterbox system must be serviced at least to
the frequency recommended by the manufacturer. During detailed design, recommendations
from the manufacturer will be incorporated in the Stormwater Management Plan. However, since
the recycling operations carried out are site specific, regular inspections of the Waterbox will be
recommended.

6.5.2 Dry Detention Facility

The dry detention facility is part of the overall solution to attenuate storm flows during frequent
storm events. In terms of suspended solid removal, these types of facility are known not to
provide highly efficient removal. However, some removal is anticipated. To ensure that the
deposited sediments are not re-suspended during the next precipitation event, specific guidance
pertaining to the removal of sediments will be included in the final Stormwater Management Plan
design. Furthermore, routine inspection activities will be included in the Plan. Routine
inspection of the facility should be made to ensure that the structure is performing adequately
(i.e., no flow blockages or back-ups due to debris accumulation). Litter, debris, obstructions,
when observed, should be removed from the detention facility.
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6.5.3 Ditch Inlet/Storm Sewer System

To ensure long-term efficiency of this system, a list of inspection activities will be recommended.
Inspection such as grit in ditch inlet sumps, ice blockage of the inlets, etc. will be recommended
along with remedial measures.

6.5.4 Overflow Spillway

To provide a defined flow path during storm events exceeding a precipitation of 25 mm, a
spillway will be incorporated in the final design of the dry detention facility. This spillway will
likely be designed using the pond’s perimeter grading to evacuate storm runoff generated by
storm events exceeding 25 mm. The spillway will be designed with adequate conveyance
capacity to evacuate the 1:100 year peak flow rate.

6.6 Safety Procedures
As part of the Stormwater Management Plan final design, a list of safety procedures will be
included such as confined space entry, safety equipment, entry procedures, etc. in accordance

with the following documents:

e “Confined Space Entry Workshop” prepared by the Ontario Ministry of Environment and
Energy.

e Ontario Ministry of Environment and Energy Health and Safety Act Manual.
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7.0 CLOSURE

In response to the Provincial Officer Order, a systematic engineering approach has been followed
to determine the surface drainage characteristics of the Bakermet property and the adjacent off-
site drainage and sewer systems in terms of both the physical system and surface water quality. A
surface water management plan has been developed and is proposed to be implemented following
receipt of concurrence from the MOE. The steps involved in implementation are the preparation
of the final design, obtaining the required regulatory approvals, tendering, construction and
commissioning. This surface water plan will result in considerable improvement to the quality of
the storm water that leaves the Bakermet site, especially when viewed in the context of the
location of this property within a large Industrial Park and at the downstream end of the storm
sewer system that services this area.

Should there be any questions, please do not hesitate to contact us.

GOLDER ASSOCIATES LTD. J.L. RICHARDS & ASSOCIATES LTD.
Paul Smolkin, P.Eng. Derrick Upton, P.Eng.
Principal

Guy Forget, P.Eng.

PAS/GF/DU/JC/dc/al

N:\ACTIVE\2003\1120\ENVIRONMENTAL\03-1120-895 BAKERMET A&SW\TASK 6000 SURFACE WATER\RPT SWPLAN 04JUNE14 DFT.DOT
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June 2004 03-1120-895/6000
TABLE 4

COMPARISON OF NOVEMBER 2003 AND
MAY 2004 RUNOFF ANALYSES

| Parameter Jocatio 0-0003
Aluminum 0.03 0.03 0.17 <0.01
Barium 0.038 0.8 0.078 0.11
Baryllium 0.000021 <0.001 0.000023 <0.001
Cadmium 0.0018 0.0023 0.0013 0.0011
Chromium 0.004 <(.001 N.D. <0.005
Cobalt N.D. 0.0021 0.0018 0.0044
Copper 0.077 0.603 0.0097 0.017
Iron 0.23 2.12 1.00 14.1
Lead N.D. 0.362 N.D. 0.047
Manganese 0.42 0.12 0.75 1.51
Molybdenum 0.036 0.016 0.0046 0.017
Nickel 0.035 0.032 0.022 0.033
Zinc 0.23 0.64 1.5 1.24

Notes: All values reported in mg/L
(') November 5, 2003 results from MOE sampling, Report No. C111060, Nov. 25, 2003
() May 5, 2004 results from Golder sampling
N.D. = not detected
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DESCRIPTION OF SURFACE WATER SAMPLING LOCATION (MAY 5, 2004)

Runoff at main paved site access to Sheffield Road catchbasin (1350 mm sewer)

Runoft at northwest comer of site to Sheffield Road catchbasin (1350 mm sewer)

EXISITNG SANITARY SEWER & MANHOLE

EXISITNG STORM SEWER & MANHOLE

EXISITNG WATERMAIN, VALVE & HYDRANT

EXISTING CATCH BASIN

EXISTING DITCH INLET CATCH BASIN

EXISITNG SIDEWALK

Runoff ditch at south central side of site as enters manhole along the 450 mm CSP sewer

Discharge from 450 mm sewer on east side of railway tracks

Offsite railside ditch, upstream (north) of Bakenmet site

Onsite ditch at northeast comer of site

Onssite ditch along north part of east boundary, before entering oil-water separator

Off-site railside ditch along east boundary before it enters 450 mm sewer

Oil-water separator discharge from the site to the ofF-site railside ditch
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APPENDIX B
HISTORIC RAINFALL EVENT DISTRIBUTION



Table G-2: Summer rain event distribution for 6 hour interevent time

Rain ~e—-eeeeeeeeeee RAINFALL EVENT DISTRIBUTION by depth in mm -----—---—--
Year Events 0-5 5-10 10-20 20-30 30-40 40-50 5075 >75
1960 41 26 8 6 1 ) 0 0 0
1961 50 30 9 8 3 0 0 0 0
1962 45 25 7 7 5 7 0 0 0
1963 40 25 3 9 1 1 0 1 0
1964 38 20 8 6 4 0 0 0 0
965 45 31 4 © 7 1 2 0 0 0
'966 39 22 9 5 3 0 0 0 0
1967 42 19 1 6 3 1 1 1 0
1968 40 26 4 3 2 3 2 0 0
1969 40 - 27 4 5 1 1 2 0 0
1970 42 24 9 5 0 3 1 0 0
1971 43 24 6 7 3 3 ) 0 0
1972 54 27 12 8 2 2 1 2 0
1973 46 30 5 5 2 2 2 0 0
1974 51 38 7 5 0 1 0 0 0
1975 49 31 7 6 0 4 1 0 0
1976 47 29 7 9 1 1 0 o} 0
1977 80 39 7 ;) 4 z 0 0 0
1978 51 33 7 8 2 1 0 0 0
1979 43 26 6 4 2 3 1 1 0
1980 60 38 9 8 5 0 0 0 0
1981 55 30 12 6 3 1 2 0 1
1982 40 19 8 10 2 0 1 0 0
1983 36 20 11 4 0 1 0 0 0
1984 41 27 1 8 3 2 0 0 0
1985 42 27 4 6 4 1 0 0 )
1986 53 27 8 g 6 1 1 0 1
1987 46 27 8 7 1 1 0 2 0
1988 36 19 7 3 4 2 1 ¢} 0
MEAN 45 27 7 6 2 1 i 0 0

ClesaTRI L

From analysis of the years 1961 to 1989, the arithmetic mean (p) and standard deviation (o) of summer
total rainfall (using AES monthly totals) were found to be:

p = 338.1 mm o = 90.8 mm

Based on the arithmetic mean, 6 years of various magnitudes (1 + 10 mm) were selected from the
summer totals (1961-1989, see Table G-4). Year 1989 was included to determine the mean year because
AES monthly data were available for the months of interest during this year and this additional piece of
information would help to more accurately define the longterm mean volume of precipitation. However,
1989 data were not used for any other calculations because hourly rainfall data were unavailable for the
complete summer period.
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APPENDIX C

PRECIPITATION ANALYSIS
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Use of the 4 hour Chxcago sttnbutmn 25 mm stoxm

The 4 h Chxcago storm is referenced throughout the document for erosion control and the szzmg_
of first flush pipes, forebays, etc. The 4 hour Chicago storm was used since it is one of the
most widely accepted storm drsmbunons across the provmce which is appheabie for urban areas..

A 4 bour dlsmbutxon was- used mstead of a 2 hour dxsmbunon since the 2 hour dlsmbunon
produces unreasonablyhigh peak flows (ie. similar to a 2 year storm). Given that stormwater
quality measures are-intended.for the everyday event, the 2 hour distribution is excessive for

: desngn purposes.- If for example, if the minor system is designed fora 2 year ﬂow a first ﬂush ‘
pipe whxch accepted the 2 ycar peak flow would not be appropr:ate :

: Flgures C.1 and C.2 mdlcate thata 25 mm event occurs approximately 4 times per year and that
- a daily capture of 25 mm would result m an annual “capture rate of 95 % of the armual'
) precrpltanon '

The timestep for sunulatlon should be based on the represemaUVe time of concentration of the .
site being modelled. The peak flow from a site may not be modelled accurately if the simulation

- timestep. is larger than the time of concentration since-the. peak ﬂow could occur thhm a.

umestep and may be mlssed

Prevrous work (Urban»Dramage Design'.Goidelines,' 1987) ‘indieates that the discretization of a
Chicago distributed hyetograph with a'timestep less than 10 minutes results in unrealistically

~ high peak flows. In situations where a timestep less than 10 minutes is requlred the 10 minute -

mtensmes can be rephcated based on the timestep requ:red

‘UseofaZOlrmrcapmre

" . “The 20 mm storm capture rate was used for rooftop !eaders since this is equivalent to a 0%

annual precipitation capture rate as shown on-Figure C.2. Capmrmg more -runoff than 20 mm
for infiltration type SWMPs results.in an excess expendrture of money for storage which, for

: the most part, wxl! not be unhzed ,

-'Useofthe lSmmstorm

The u use.of a 4 hour Clncago dlsmbutmn of a.15 mm storm is proposed for the temperature
impact -assessment for wet ponds and wetlands in Chapter 4, -An analysis of 20 years of the
daily precipitation record from the Atmospheric Environment Service rainfall gauge at Yonge
and-Bloor Street indicated that there are approximately 14 days a year which have a daily. -
precipitation depth greater than 15.mm (Frgure C.1), whereas there are approximately 130 days
a year which have a daily precipitation depth less than 15 mm (exciudmg days with no

. precipitation). Therefore the use of the: 15 mm storm is more realistic in assessing a changeto -

e =



the overall thermal regime in the receiving waters.

Use of the 10 mm storm

 These SWMPs include vegefated filter strips and oil / grit sep_érators.

This storm was also chosen as a reasonable compromise for SWMPs’ which would not be
economically feasible, or would be adversely affected, if designed to accommodate the runoff

from a 25 mm storm. Thesc-SWMR_s include sand filters, _infi}tr'a;ion trenches and basins, and
. pervious pipes and catch-basins. - ' : oo, " . LoD s

An analysis of 20 years of thé daily precipitation record from the Atmosphcric Environment
Service rainfall gauge at Yonge and Bloor Street indicated that a daily capture of 10 mm is

equivalent to a annual capture rate of. 70% (70% of the precipitation is treated).

This storm "was - chosen as a reasonable compromise for SWMPs which would not be -
- economically feasible, or would be adversely affected, if designed to accommodate the runoff
* from 2'25 mm storm. : ' ' _ : ‘
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APPENDIX D
DISSOLVED SOLIDS POLLUTOGRAPHS
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APPENDIX E
SWEEPER SPECIFICATIONS
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The Model 800 and Model 810 are built to withstand heavy use and abuse, year after year.

fovie.

A deluxe cab is available
with pressurizer, heater or
air conditioner.

The 800 is ideal for tough indoor industrial applications. It features a massive steel frame
and a rugged T-beam superstructure, along with huge steel bumpers that encircle and

protect the machine.

It cleans a 66" path and covers as much as 200,000 sg. ft. in a single hour. A large 30 cubic ft.
hopper holds up to 2,000 Ibs. of debris, so time spent traveling to dump sites is kept to a minimum.

And with six inches of ground clearance, it easily navigates speed bumps and rough terrain.

The Model 800 is also extremely efficient at controlling dust. In addition, it's easy to operate

and the main brush can be changed in one minute — without tools.

The Model 810 features everything the 800 offers, and more.

The 810 is specially designed to take-on your tough outdoor sweeping challenges. With a

choice of direct-throw sweeping or the patented, Power-Throw cleaning system, it picks up

nearly any debris from dust, sand and rocks — to broken glass and light, bulky paper litter.

Productivity-Enhancing Options

Both the Model 800 and 810 are available with Severe Environment (SE) options that offer

special machine protection, heavy-duty tower bumpers, regenerative filter system, and a

stainless steel hopper bottom that's ideal for aluminum reduction plants, foundries,

steel mills or other extremely rugged environments.



RO b < A

The 800 cleans a wide 66 path, and performs The 810 makes light work of picking up rocks,
even under the toughest conditions. leaves and other debris ~ and keeps kick-up
dust to a minimum.

Dust and moisture are checked by
a unique Quad Filtering System
that aflows the 800 and 810 to
operate nearly dust-free, long
after others clog.

v ;.

3 S !
j dey Shasy e
LB

S ——

This rugged machine practically pampers its
operators with an energy absorbing seat, tilt
steering wheel, power steering, and an
adjustable drive pedal.

Model 800 and 810

@ To eliminate the need to handie
debris twice, the standard 30 cubic
ft. multi-level dump hopper empties
on the ground or into dumpsters as

high as 6 ft.

@ The Quad Filtering Systern uses four
separate high-efficiency filters to

trap particles.

@ Routine maintenance is fast and easy.
The engine area, fittings, filters and

battery have wide open, easy access.

@ Thermo-Sentry™, system monitoring
lights, brush down-pressure
indicator and a fuel gauge warn the

operator of potential problems.

% The 810 offers even greater cleaning

quality with an extra sweeping brush.




Specifications for the Models 800 and 810*

Sweeping System
Cleaning path 66 in 1675 mm
Main brush length 50in 1270 mm
Main brush lift Hydraulic
Side brush diameter 261in 650 mm
Hopper volume capacity 30 850 L
Hopper dump height 72in 1830 mm
Propelling System
Engine
Gas/LP Ford 2.3 liter (max) 63 hp
Diesel Perkins 3.0 fiter (max) 63 hp
Gradeability
Full hopper 8.5 deg/15%
Ground clearance 6in 150 mm
Propel speed
forward (variable to) 10.0 mph 16.1 knvh
Reverse {variable to) 4.5 mph 7.2 kmvh
Machine Dimensions
Length 120.01in 3050 mm
Width 70.0in 1780 mm
Turning radius (Left) 85in 2160 mm
Minimum aisle turn (Left) 13Sin 3430 mm

Tennant Value Added Equipment Includes:

I-speed” cleaning system
Timed filter shaker
Thermo-semry'-

T-beam frame super-structure

Steel-channel wraparound bumper

Industriat radiator/debris screen
Triple, heavy duty accessory pumps
Retractable sidebrush

Power steering

Servo-assist adjustable foot pedal

Optional Equipment
Severe environment version
Audio-visual backup alarm
Heavy-duty bumpers
Stainless steel hopper bottom

Vacuum wand
Enclosed cab
Overhead guard
teft-hand sidebrush

= Subject 1o change without notice.

Power Throw is a United States trademark of the Tennamt Company.

Standard multi-level dump hopper
empties its contents on the
ground or into dumpsters or
trucks as high as 6 feet.

With the optional vacuum wand,
the 800/810 cleans tight spots and
hard-to-reach areas.

A handy blower attachment
conveniently blows light litter into
the sweeper‘s path.

Working for a cleaner, safer world.”™

Tennant Company and Castex, Inc. offer the most complete lines of

floor and surface maintenance equipment, floor coatings, brushes,

and cleaning detergents in the world. Qur sales and service networks

are able to provide you with integrated custom cleaning solutions

to meet any floor care need.

1SO 9001 Certified

The Tennant Total Solution Includes:

sFactory-Direct Sales
*Autharized Floor Coatings Contractors

*Factory-Direct Service
eAuthorized Sales & Service Distributors

Tennant Company

PO. Box 1452

Minneapolis, MN U.5.A. 55440
Call toll-free: 800-553-8033

in Quebec call: 514-335-6061
Fax: 612-540-1437

Email: tennantco.com

Printed in USA, ©Tennant Company 4/98

DPi ltern# 07384




810

POWER SWEEPER
SPECIFICATIONS

Machine Dimensions
Length

Width

Turning radius (left)
Minimum aisle turn (left)

Propelling System
Engine
Gasoline/LP GMC 3.0 liter
Diese! Caterpillar 3.3 liter
Gradeability
Full hopper
Ground clearance
Propel speed
Forward (variable t0)
Reverse (variable to)

Sweeping System
Cleaning Path

Main brush length

Main brush lift
Power-Throw brush length
Side brush diameter
Hopper volume capacity
Hopper dump height

Tennant Value-Added Equipment Includes:
Power-Throw cleaning system

1-Speed™ cleaning system

Timed filter shaker

Thermo-sentry™

T-beam frame super-structure
Steel-channel wraparound bumper

¢ ¢ & o o o

Optional Equipment

e Severe environment version
Audio-visual backup alarm
Heavy-duty bumpers

Stainless steel hopper bottom
Regenerative dust filter system

120.0 in 3050 mm
70in 1780 mm
85in 2160 mm
135in 3430 mm

83 hp 61.9 kw

63 hp 47 kW 63 hp 47 kW
8.5 deg/15% 8.5 deg/15%
6in 150 mm
10.0 mph 16.1 km/h
4.5 mph 7.2km/h

66 in 1675 mm

50 in 1270 mm
Hydraulic Hydraulic

50 in 1270 mm
26in 650 mm

30 ft’ 850 L

72in 1830 mm

e Industrial radiator/debris screen

e Triple, heavy duty accessory pumps
e Retractable sidebrush

+ Power steering

* Servo-assist adjustable foot pedal

Vacuum wand
Enclosed cab
Overhead guard
Left-hand sidebrush

Tennant Company

P.O. Box 1452

Minneapolis, MN 55440

Tel: 763-540-1200; Fax: 763-540-1437
www.tennantco.com email: info@tennantco.com

{Specifications subject to change)
Some options may not be available in ali countries.

Rev. 5/04
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Tennant Model 810

The Quad Filering System uses four separale
high-efficiency fifters to trap particles.

To dliminate the need 1o handie debris twice,
the standard 3 cubic #. multi-level dump

hopper empties on the ground of inte
dumipsters as high as 6 ft.

P
o~

The angina area, fitings, fifters and
The 810 offers gven grealer claaning batlery have wide open, easy access.
quakty vath an extra sweaping brush.

Themio-Sentry, system monitaring bghts.

beush dovin-prassuse indicalor and a fuet

gauge warn the operater of potential problems.

http://www.tennantco.com/products/Additionallnfo/810cut.jpg

Routine mainlenance is fast and easy.

Page 1 of 1
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‘ U5 Depardnied of oqspotation

'.-‘ Federat Highway Administration FHWA Home | Feedback
Environment FHWA = HEP = Environmant » Natural « Water » Publications
(. Previous Table of Contents Next }

Stormwater Best Management Practices in an Ultra-Urban Setting:
Selection and Monitoring

Monitoring Case Study-Streetsweeping BMP Evaluation, Port Of Seattle,
Washington

This case study is based on a study evaluating streetsweeping technology by Kurahashi and Associatas, Inc.
(1997).

The Port of Seattle owns five cargo container yards, covering a total area of approximately 162 ha (400 ac), which
serve its marine terminals. A major expansion effort currently under way at two of the five yards will result in a
substantial increase in the container yard area. At the present time, the only stormwater treatment BMP that is
technically feasible and approved for new marine facilities is the wet vault. In May 1996, the Port of Seattle
contracted with Kurahashi and Associates to evaluate the effectiveness of new high-efficiency pavement sweepers
in combination with conventional sediment-trapping catch basins to determine if the combination technology
provided poliutant reduction benefits that were comparable to those of wet vaults. The evaluation was prompted by
the results of recent studies conducted by Kurahashi and Associates that indicated significant reductions in pollutant
loadings could be achieved through the use of high-efficiency sweepers. Older studies, dating back to the
Nationwide Urban Runoff Program (NURP), had indicated that streetsweeping was of limited benefit in improving
the quality of urban runoff, The use of high-efficiency pavement sweepers in combination with conventional
sediment-trapping catch basins would result in substantial savings for the Port of Seattle compared to the use of wet
vaults (estimated life cycle costs of $2 million for high-efficiency sweepers in combination with conventional
sediment-trapping catch basins versus $18 million for wet vaults).

Study Objectives

o Calibrate a stormwater quality computer model using pollutant accumulation data from nine sites in various
activity areas of a container storage yard in the Port of Seattle.

e Use the calibrated model to evaluate the stormwater pollutant removal effectiveness of new high-efficiency
pavement sweepers used in combination with conventional sediment- trapping catch basins and determine if
the removal effectiveness was equivalent to that obtained through wet vaults.

Modeling Approach, Data Collection, and Calibration

The Simplified Particulate Transport Model (SIMPTM) was used in the study. SIMPTM is a continuous stormwater
quality model that has been shown to accurately simulate the accumulation and washoff of sediment and associated
pollutants, and the load reductions expected through the implementation of BMPs. SIMPTM accounts for sediment
deposition, armoring, and resuspension processes, and models scheduled cleaning of streets, parking lots, catch
basins, and maintenance hatches. The model aggregates hourly precipitation data into rainfall events and provides
continuous simulation of sediment and bound pollutant transport.

Data on pollutant accumutation was obtained over a 2-month period at nine sites within three areas in the container
yard that were deemed to be representative of various ongoing activities. The activity areas selected were the
alleyways between stored containers, the alleyways between parked trailers, and the area beneath the trailers. One
site in each activity area was sampled every week; the second and third sites were sampled every two weeks and
four weeks, respectively. Samples were collected on designated days by hand sweeping and mechanicai
vacuuming. A mechanical grain size analysis and chemical analysis for metals and total petroleum hydrocarbons
was performed on each sample.

The SIMPTM mode! was calibrated using data on pollutant accumulation obtained over the 2-month sampling

file://H:\Ultra-Urban%20BMP%20-%20FHW Asweep2.htm 6/15/2004
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period and rainfall data for the same period collected at a nearby alrport. Calibration essentially entailed adjusting
the values of washoff and accumulation parameters until the best overall match was obtained between predicted
and observed sediment accumulations for each of the activity areas during the two month sampling period. The best
match was determined by visually comparing line graphs of predicted and actual sediment accumulation values for
different parameter combinations.

The calibrated model for each activity area was used to simulate the average annual total suspended solids (TSS)
loadings using an “average year” of rainfall events, synthesized from the analysis of a 29-year precipitation record at
the airport. SIMPTM simulations included copper, lead, zinc, and phosphorus. Estimates of the particulate
(suspended) fraction of each pollutant were based on the mean mass-fraction of the pollutant found in the analysis
of samples collected from the container yard. These estimates were that 50 percent of the copper, phosphorus, and
zinc washoff at any given time was assumed to be dissolved, while only 20 percent of the lead was assumed to be
dissolved.

Alternative frequencies of sweeping (daily to monthly) and alternative sizes of catch basins {normal or enlarged))
were considered in the SIMPTM simulations. Since the model does not allow alteration of basic performance
characteristics of the sweeper for a given model run, two sets of results were obtained to simulate performance
characteristics of dry sweeping (high pickup efficiency) and damp pavement sweeping (reduced pickup efficiency).

Wet vauits are not explicitly modeled by the SIMPTM model. Sediment and associated pollutant removals for wet
vaults were computed based on a modification of Stoke's Law for determining settling velocities for various grain
sizes. SIMPTM model outputs (with no sweeping assumed) were used as inputs for these computations.

Results and Conclusions

The expected range of annual pollutant load reductions for various sweeping frequencies indicated by SIMPTM are
summarized in Table 41. The table also provides the expected range of poliutant load reductions for wet vaults, The
following conclusions were drawn from the simulation study:

¢ Poliutant removals obtained with high-efficiency sweeping at a weekly frequency in combination with normal
catch basin inlets cleaned annually are comparable to removals obtained by wet vaults.

¢ High-efficiency sweeping appears more effective than wet vauits in the removal of highly dissolved pollutants
{copper, zinc, and phosphorus).

» Wet vaults appear more effective than high-efficiency sweeping in the removai of TSS and sediment-bound
pollutants such as lead.

¢ High-efficiency sweeping carried out on a weekly basis in combination with normal catch basin inlets is a
viable, cost-effective BMP, with overall poliutant removals comparable to those obtained by wet vaults.

Table 41. Comparison of pollutant load reductions from various sweeping frequencies and wet vaults (%)’

Poliutant Twice Weekly Sweeping Weekly Sweeping Biweekly Sweeping Wet Vauits
TSS 45-70 45-65 40-60 75-90
TP 35-60 30-55 20-40 35-45
Total Lead 40-60 35-60 30-50 65-80
Total Zinc 30-55 25-50 20-40 35-45
Total Copper 35-60 30-55 20-40 35-45
1 The low end of each range is obtained under the assumptions that none of the dissolved pollutants are captured
by sweeping during damp pavement conditions and that parked trailers do not block the potential transport of
material beneath trailers.
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APPENDIX G
WILKINSON WATER BOX SPECIFICATIONS
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WILKINSON HEAVY PRECAST LIMITED
5 km West of #6 Highway

588 #5 Highway, R.R.#2 Dundas

Ontario L.9H 562

Tel (905) 628-5611

Fax: (905) 628-9292

Toll Free: 1-800-263-8503

Wilkinson WaterBox November 22/2000
Model Max. Width Length Height # Comments
Flow rate m m m inclined
Lisec (external) | (external) | (external) plates
Model 3 43 (1ss) 1.00 2.50 2.10 Standard 6 | Downflow
19 (oil)
Model 8 90 (tss) 1.83 3.66 2.59 Standard 6 | Downflow
40 (oil)
Model 12 235 (tss) 2.00 4.00 195 Standard 6 | Downflow
103 {oil)
Model 19 300 (tss) 2.50 5.10 2.50 Standard | Upflow
130 (oil) 14
Model 22 410 (tss) 2.70 5.00 2.50 Standard 5 | Upflow
180 (oil)
Model 50 1430 (tss) 3.00 7.31 3.00 6-} 8 Downflow/
624 (oil) Upflow




L\/\/ WILKINSON HEAVY PRECAST LIMITED ]

Precast Concrete Environmental Products

Is This Just Another Qil/Grit Separator?

Wilkinson Heavy Precast Limited is introducing the WATERBOX SYSTEM for storm runoff treat-
ment. The WATERBOX is designed to provide a higher level of pollutant removal than can be
expected of an oil/grit separator.

At Wilkinson Heavy Precast Limited our definition of an oil/grit separator is a relatively small under-
ground container meant to trap dry weather spills and to separate free oil from water (i.e. runoff). As
the name implies, it also removes grit and heavy solids. Small particles and suspended solids are
removed incidentally rather than by design. The three compartment Oil/Grit Separator that we have
manufactured for many years has always been recognized for its ability to trap floating solids and
debris. Many OGS’s on the market today are simply kitchen grease traps and floor wash water/oil
interceptors made larger so as to accept much larger piping and hopefully treat greater flow. This
multiplication of scale has not been without consequences. Scrutiny of the drawings will show that
some oil/grit separator designs do not provide for safe access into all compartments of the structure.
This is a departure from the normal requirements for underground infra structure. Perhaps the great-
est weakness inherent with current OGS design is the inability to treat more than a very small portion
of a given storm event. The OGS was designed to capture accidental oil spills, remove grit and sand
and separate free oil from storm runoff.

Storm water treatment should consist of more than this. The WATERBOX is our answer to the

requirement for better storm water treatment.
To achieve the high level of

gl } < SRR, | treatment required for Level

I Habitant, the Wilkinson

. i-—— SEDIMENT CNAMBER {—0& CHAMSER
At ; bt A Waterbox System combines
D s —— T ; the proven performance of
A S S S ; e A coalescent plate settling

-"fofs’«?:»jj . technology and its own ex-
perience in the design and
manufacture of precast con-
crete tanks, including the
largest two piece precast
concrete tank in the world.
The Wilkinson Waterbox
uses the coalescent plate (La-
mella)  separation princi-
ple. Conceived and de-
signed from the ground up
as a solution to storm water
treatment the WATERBOX
should be used when something more than an oil/grit separator is required. The absence of a by-pass
allows it to trap and contain ALL floating debris and heavy grit. It can capture and contain large
spills and separate oil entrained in storm runoff. The WATERBOX design also allows the entrap-
ment of the much finer particles and associated pollutants than can be caught by other designs of oil/
grit separators.

> Linuis Flow indicater

Figure 1 Wilkinson Waterbox System




Theory

The coalescent plate settler consists of a series of plates inclined at an angle from the horizontal.
Flow enters from the bottom (up flow) or sides (cross flow) and exits at the top. Solids which settle
onto the plates slide by gravity to the bottom of the plates and then fall to the bottom of the contain-
ment tank. Laminar flow between the plates improves hydraulic stability and eliminates turbulance.

Figure 2 shows the equations associated
with the calculation of lamella flows
(Source: Water Treatment - Principle and
Design - James M. Montgomery, 1985 ).
As shown in the calculations, surface
loading is directly proportional to the
surface area available for settling. The
greater the settling surface area the
smaller the surface loadings become. The
performance of the coalescent plate sepa-
rator is affected by, the angle of the plates,
available settling area, flow rate and the
settling velocity of the particulate to be
removed.

vi=Q W

A hcosa+ Wcos" 2a

vo=Q

Asina

A = width x length x No. of plates

Figure 2 Basic Formula

Application

The use of coalescent plate settlers is common in Water and Waste Water Treatment. In Ontario,
this technology can be found in Lake Huron W.T.P. Grand Bend, Lorne Park W.T.P. Mississauga,
Windsor W.T.P. , Lakeview Waste Water Treatment Plant, Grimsby W.T.P. and in the Town of
Huntsville ( Source: Ecodyne Limited ). Wilkinson Heavy Precast Limited is presently involved
with at least seven Storm Water Management projects where the Waterbox has been specified.
Table 2 shows the WATERBOX system for which shop drawings and design have been prepared.

Table 1 Various Waterbox Systems

Model/Volume Lamella Unit In/Out Pipe Diameter Design Flow
18,900 Litres G24-70-04-14 600mm/750mm 256 litres/sec.
50,000 Litres G30-96-04-10 600mm 450 litres/sec.
57,000 Litres G24-96-04-14 600mm 785 litres/sec.
14,000 Litres G12-84-04-06 375mm 76 litres/sec.
10,000 Litres G12-84-04-10 375mm 86 litres/sec.




Site Constraints

The WATERBOX is an end-of-pipe system. It has not been designed to replace infiltration, wet and
extended ponds, sand filters, source controls, etc. It should be used only where the larger more
natural treatments are not an option. The Waterbox is simply a better alternative than an OGS. The
Waterbox is ideally suited to residential, commercial and industrial retrofit situations.

Site constraints are similar to those affecting any underground structure: conflict with other utilities,
traffic loads, confined space entry, proximity of bedrock and the ground water table, sulfate soils,
etc. ete.

Design

At present, Wilkinson Heavy Precast Limited is recommending that the WATERBOX be designed
for the same peak flow as the minor system. In Ontario, it is common practice to design the minor
system for storm return in the range of 2-10 years.
The Waterbox has the capacity to accommodate these
high flows. There are several benefits in taking this
approach. The cost associated with the increased flow
rate from 25 mm to a 2 year storm return is mini-
mum when compared to the cost of building an over
flow or by-pass. Even at these high flow rates, the
overall cost of the Waterbox is comparable to the
low flow OGS. By using the peak flow when the
velocity is at the highest, as the design criteria, the
Waterbox will provide for greater efficiency before
and after the peak when the velocity is slower. The
Waterbox System provides for a greater overall per-
formance than a system with a bypass or overflow
resulting in greater protection of the downstream re- Figure 3 Welding The Plates
ceiving waters.

.
Construction

Wilkinson Heavy Precast Limited has been manfacturing and installing large precast concrete tanks

and chambers for many years. Installation
procedures for Waterbox Chambers are simi-
lar to those for our other water and waste
water tanks.
The chamber is lifted from the delivery ve-
hicle by an appropriately sized crane and
placed into the excavation onto a prepared
bed of granular material, connections are
made and the whole is then backfilled. Where
the on site assembly of two or more sections
is required, complete installation instructions
are provided and/or Wilkinson personnel will
be on site to aid in the operation.

Figure 4 Installation



Wilkinson Heavy Precast Limited is intent upon maintaining its reputation as a manufacturer of
strong water tight concrete products. Our design team would be glad to answer your questions
regarding the construction of our product.

Maintenance

Any storm water control or treatment structure will
receive considerable amounts of debris, typically
foam cups, plastic and paper bags, branches, leaves,
garbage bags etc.. As the diagram shows the Waterbox
Treatment Unit has two separate compartments. Each
of these compartments are accessible from above
through large roof openings. Visual inspection from
street level will show any accumulated trash, debris
or oil. The WATERBOX does not have an inlet
fitting that can be plugged with this material. The
Lamella Unit is screened to prevent migration of this
debris into the inclined plates. Doors in the top of
the Lamella Unit can be opened for inspection and, if
necessary, flushing with high pressure water.

Unless equipped with our optional Trash Basket System, large debris, paper cups, plastic bags, pop
cans, etc. would normally require manual removal, while fines and oil can be removed with the same
mobile vacuum equipment as used in catch basin maintenance.,

=y M

R

Figure 5 Debris found in Storm Water

Performance

As previously indicated, inclined plate settlers are commonly used in drinking and waste water treat-
ment plants, both locally and internationally. The advantages of plated sedimentation tanks were
compared with conventional sedimentation
tanks both theoretically and experimentally
by various investigators (Basturk et al.,
-1990; Fadel et al., 1990; Shamin et al.,
1990; Tikje, 1974; Chen, 1970; etc...).
Others have carried out both theoretical and
experimental analysis of the best angle in
inclined plate settlers. (Demir, 1995).

A good reference is “Water Treatment -
Principle and Design by James M.
Montgomery - 1985, which provided in-
formation on the theory and performance
of inclined plate sedimentation tanks.

Figure 6 Lamella Unit Under Fabrication In this textbook, basic design criteria are
provided for both conventional and high rate



e

settler basins as follows:

Table 2 Basic Design Criteria

Description Conventional High-Rate Settler
Surface Loading (Alum Floc) m3/m2.D 18-30 60-150
Detention Time,min. 120-240 6-25

As previously indicated, the coalescent plate settlers are commonly used in Ontario. The Approv-
als Branch of the Ontario Ministry of the Environment recognizes that inclined plate technology is
not new and is comfortable with its proven track record, so much so that they did not see the need
for a monitoring program to evacuate the performance of an inclined plate treatment unit recently
installed in Sudbury. Wilkinson Heavy Precast Limited is cooperating with the Ministry and the
municipalities in developing a monitoring program to evaluate the performance of the Waterbox
System as a storm water quality contro] device. Works are underway to modify our design to
accommodate sampling and monitoring equipment. The location is being kept confidential until

the monitoring plan is approved by all parties.

So we let you be the judge. Is the WATERBOX just another Oil/Grit Separator?

Let us know at 1-800-263-8503 or stop by at the plant for a tour,
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TABLES - PARTICLE SIZE DISTRIBUTION IN STORMWATER



Stormceptor Modelling Study

Equations 1 and 4 were used to formulate a continuous model of settling rates for
particles during quiescent and dynamic conditions respectively. The definition of Qiimplies
that the separator is being treated as a completely mixed facility. The concentration of
suspended solids in the separator was assumed homogeneous and was based on a simple
accounting procedure of how much came in, how much settled out, and how much was
discharged in the effluent.

The settling velocity is related to the size of particle. As such, the use of a single settling
velocity would not be representative of suspended solids in stormwater since there is a
distribution of particle sizes, each of which has different settling velocities. Research on
particle size distribution in stormwater indicates that the distribution can be approximated
by 5 different size classes. Table 5-1 indicates the standard size classes used by the US EPA
methodology for detention basin analysis.

TABLE 5-1
Particle Size Distribution in Storm Water

Size Fraction % of Particle Mass Particle Size Average Vs
(micrometre) (m/s) <

1 0-20 20 0.00000254

2 20 - 40 60 0.00002540

3 40 - 60 130 0.00012700

4 60 - 80 400 0.00059267

5 80 - 100 4000 0.00550333

Table 5-1 was revised based on Canadian observations (Reference 3) regarding the
distribution of particle sizes in storm water. The revised particle size distribution is presented
in Table 5-2.

TABLE 5-2
Revised Particle Size Distribution in Storm Water
Size Fraction % of Particle Mass Particle Size Average Vs
(micrometre) {(m/s) £
1 0-20 20 0.00000254
2 20 - 30 40 0.00001300
3 30 - 40 60 0.00002540
4 40 - 60 130 0.00012700
5 60 - 80 400 0.00059267
6 80 - 100 4000 0.00550333

Table 5-2 indicates that 30 % of the suspended solids in storm water are smaller than
the 40 pm size. The settling velocity associated with size fraction 1 translates to falling a
depth of 1 m in about 110 hours.

It should be recognized that the actual distribution of particle sizes for the site will
govern the operational removal efficiency of the facility.

67
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4 HR - 25 MM CHICAGO DESIGN STORM
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APPENDIX J

STORMWATER MANAGEMENT HYDROLOGIC MODEL
(SWMHYMO, 1999)
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00e51> | 01,06001¢ DT .20 [ Total Ieptt)» 95.00 Dizr. Conn.(¥)s  20.00 00226» * Sub-Area No. 1A
000925 Zi-riosoaaonan bt 00227 *
00093> IMPERVIOUS PERVIOUS 11} DOZ2M> - -m--e-eseomceommaoes
60545 Surface Mrea [LET 2.25 32 00229> | nrswx STANCHYD Area tha)e 140
000955 Dep. Stcrage (meat» .80 1.5¢ 00230> | o 010 DT= 2.00 Total Imp{i}a 95.080 Tir. Conn.(V}=  320.00
00098 > Average Elopa st 3.00 3.00 00231> - wrmensaan
a0097> th [ 135.79 40.00 00233 IHPERVICUS  PERVIGUS (1)
00098 > Ramnings n = -1y 260 00233> Surface Ares (ha)~ 1.33 .07
00059 00234 > Dop. Storage Lo = .89 3.50
00100 Max.efi.Inten. tmn/hrle 45.63 00235 Avarage Slops iv)= 3.00 1,00
0010) » over tmin} 2.14 003365 Length [ 96.61 4¢.00
00102~ Btorage Coetf. (minj= 2.98 {iit (13y 96237 Mannings n - .013 IFEL]
00103% Unit dyd. Tpeak (mind~ 2.14 06238
00104» unit Hyd. peak (emsi= 42 00235> Max.eff.inten. (ma/hr)=
00I05> “TOTALS® Gr240> over (nmin) 4
GC106> PEAX FLOW (:’mh .08 W19 .248 {13d) 00341> Etorage Cocff. (minle i)
au1ni TIME TO PEAX i.25 2:2% 3.25C ao2e2> Unit Hyd. Tpeak (minle 3
00308> RUNOFF VOLUKE g 34.20 29,54 21.273 oc2a1x Unit Hyd. peak (cms)r
09309> TOTAL RAINFALL  twmi= 25.00 35.00 24.955 00244 »TOTALS
0021¢» RUNOFF COEFFICIENT = .91 .81 .851 06G245> PEAX FLOW tems) w .04 ¥y L149 (4i1)
003111~ 246> TI¥E TO PEAX (hra)- 1.2% 1.28 1.259
60112 i ow rkocman SELECTED POR PERVIOUS LDSSES: 00247 RUNOFF YOLUME tam) < 24.20 20.54 23.273
06111» oNe = fa » Dap. Storage {Above) ooz TOTAL RAINFALL  (tm) s 25.00 25.00 24.999
00134 > id3r TIME s‘rer un‘. SHOULD BE SUALLER DR EQUAL 002455 RUNOFF COEFFICIENT  ~ .87 .92 .88y
001153 THAN THE STORAGE CORFFICTENT. 092305
0011&> (131} PEAK PLOW DOEE NOT INCLUDE BASEFLON IF ANY 00231 (1) CN PROCECURE SELECTED FOR PERVIOUS LOSSES:
00117> 05252> ch: . 5.0 I3 « Dmp. Btorsge !Abova)
D033B3 = --s-mcemmmscesaseasanononeonn 00251 414) TIME STEP (DT) SHOULD BE GMALLEER OR EQUAL
003395 08110004 -+ oo onmrmemnas 00254 THAN THE STORAGE CORFFICIENT
00120 ¢ 00255 (ii3) PEAK FLOW DOES HOT IRCLUDE BASEFLON 57 ANY
2C131> * Thip command will compute the volume required to contraj che outflow to dcma 00256>
001225 =vmnemcmanneaneanian 00357> ~ee -
00123> | CGMPUTE VOLUME 803585 s
00124> | 1D:01  (G20910) D1ECHARGE TIME 00239>
06125> --- & tens) 1hra) 622605 *
02126> ETART CONTRSLLING AT .000 L0386 00261» v Sub-Azes No. 2
00337 INFLOW HYD. PEAKS AT .248 1.250 003625 *
00128y S5TOP CORTRCLLING AT . 000 4,984 0G263> - . ]
00329> oz26dx> Dzmml 'TANDHYD i Azeo fnad» 1.23
©0330» REQUIRED STORAGE VOLUME tha.m.)» 0504 00265> { 07-0000SC DT+ 2.20 |  7Foral lmpi¥)=  95.00 Dir. Cann.ikle  20.00
oniyty TOTAL KYDROGRAPK VOLIME tha.m.)s 0564 002665 - ----comsmoimaoooo .
003325 % OF HYDROGRAPH TQ STORE = 99.9896 00267> IMPERVIOUE  PERVIGUS (3}
001335 0cI68> Surface Area haja 1.3% .08
£0134> NOTE: 6torage waa copputed ta teduce the Infiow 00269> Dep. Storage tem) < .60 1.50
00135 022705 Average Slope ). 1.69 3.60
J.L. Richards & Associates Limited Page 0



. . .
(C:\...19612REV.out) J.L. Richarde & Associateg Limited
00271> Length tmie 39.81 40.00 00406> (ema) tha.m.) {ems} {ha.o.}
00272> Mannings n - .o13 350 004075 .CO3 . 0DBUE2D .030 . 2000E-02
00273»> 00408 > .€28 . 300CE-02 .030  .12502.01
09274> Nax.ef{.inten. (xea/hrla A5.6) 668.24 apa09s

20275> over tain] 2.14 §.41 494192 ROUTING nzsu‘..Ts AREA CPERK TPEAR RV
00276> Storage Coeff. {(min)s 2.85 {413 5.38 (i3] 00411y samsnmnse mmsonpunens {ha) {crat thrs) i3}
002775 Unfe Hyd. Tpeak {minla 2.14 6.43 00§32> INELOW »07. {00050} 1.21 324 1.250 1.273
00278 Unit Hyd. peak  (cns)e .42 .18 00413 OUTFLON<08: (GODIS0} 3.21 030 1,143 21.273
anz79> <TOTALS® 00414>

00280> PEAK FLOW temsl e .0 .03 2124 (13d) 00415» PERK FLOW  RROUCTION (Qo'ux.lqlr)tﬂs 2a.172
00281 TIME TO PEAK (hral= 3.38 1.33 1.250 00416 TINE SHIFT OF PEAK FLOW (@in)» -6.43
0020825 RUNOFF VOLURE (e} = 24.20 20.54 23.27% 00417 MAXIMUM ECTORAGE  USED (ha.m.}e.1015€.01
00202 FOTAL RATRFALL  {mm}= 25,00 25.09 24.993 60418

c02684% RUNCEF COEFFICIENT .97 .82 .85t 004195 «e-vn-t

00285 > 53420> 001:0017-

00286> i) CF PROCEDURE SELECTED FOR PERVIOUS LOSSES: 004255 =

028> e . 75.0 In = Dap. Storage (Above) 00422> *

apz82> (13) TIME STEP (DT) BHOULD BE SMALLER OR YGQUAL FINUSH

9¢205> THAX THE STORAGE COEFFICIENT.

00290> 1214) PSAX FLOW DOES NOT INCLUDE BASEFLOM TF ANY.

00293

082925 ------mm- o S e AR

056293> 00140011-- 00428> Staulation ended on 2004-06-1% at 13037143

00294> ¢ 00429>

00295> *# This cosmand will compute the volume required ro control the cutflow to loma 00430>

0U2953 cnracerracmsnoneonan 00421>

00257» | COMPUTE VOLUME

00298 | 10102 1£05¢50) DISCHARGE TIME

002985 ---rseanvanaens {ems) thrs)

00300> 5TART CONTROLLING AT 000 036

603a1> THFLOM HYD. PEAKS AT gl 1.2%0

00302 STO¥  CONTROLLIRG AT a00 4.963

6030y

00304> RECUIRED STORAGE VOLUNE (ha.m.)w 0257

09206 TOTAL HYDROGRAPH VOLUME {ha.w.)= 0287

DI > A OF HYDROGRAPH TO STORE - 99,9987

00107>

Q0308 HOTE: Storage wad compuled to reduce tha Inflav

00309>

Q319>

90311>

00322

L [ ———.

203142 | ROUTE Rnszwom H Reguested rout:ing time step = 1.0 min.

00315> IN2071 (DODOSC}

00216> | OUT<08: 1000040} i s=mamsar=  OQUTLFOM STORAGE TABLE ===zswmes

QOILT> e-vvevaranoiionnonenn OUTFLOM STORAGE | OUTFLO¥ STORAGE

00218> (ems) iha.m.-} temal tha.n.)

00318» .00 .DO0OE«00 | .005  .20D3E-02

00320> .G04 .1000E-02 | .0C5  .22502-01

00321>

00323> ROUTING RESULTS ARER QPERK TPEAX RV,

B L tha} fcoed thra} tom)

20124> INELON »07: (000050} 1.33 124 1.250 21.273

00328 OUTFLOW<OA: {0DDO&D} 1.21 .oas 1.073 23.272

00326~

00127 PEAX FLOW  REDUCTION [Qout/Qin} (M}a 4.029

£0328> TIME SHIFT OF PEAX FLOW {mini=  -30.7)

003295 MAXTMUM STORAGE  USER the.@.)=.1987E-03

20330y

00331» ---ceens

063322 001:0013

60333% =

003345

003355 ~ococironee o

00336> | ROUTE RESERVOIR Reguested routing time step = 1.0 min.

00337 IN>D71 (008050}

00332, | OUT«03:{000070) connmcana  OUTLFOW ronm TABLE

003385 —--v-omoanomoious Low STORAGE QUTF!

00340> {cms} (ha.m.} (cne) tha.m.}

003415 .0C0  .DCOOE+00 .010 |, 2004E-063

00342 L0068  .10002.02 | .10 .2000E.D1

00343>

00344 ROUTING RESULTS AREA CUEAR TPEAK RV,

D0J4S> remasesnererammnaan ihat tcms} fhre} o)

00346> TRFLOW >07: (000050} 1.21 132 1.25¢C 21.273

00347> OUTFLOW<0B: (000070} .21 010 1,009 21.273

00348>

00349 PEAX  FLOW  REDUCTION (Dcl:le‘rlHH- 6.057

00350 TIME BHIFT OF PEAK XLOW n)e -9.84

69351 MAXIMUM STORAGE  USED (hn - }=.1850E-01

1.0 win.

ROUTE RESERVCIR
IN»07: (000050}
OUT<08: 105£080)

Pegueated routing time atep =

CUTLFON STORAGE TABLE
STORAGE DUTFLOM

eSS e e TORAGE
fomal tha.m. lema} {ha.m.)
.B00  _ODOOE+CS .61%  .2000K-02
-B1y  .1006E-02 | .01%5  .175QE-03
ROUTING RESULTS ARER [ TPEAK R.V.
smmmmeoooe - (ha) lems) thrm) (g}
INFLOM 307: (0ODOS0) 3.2: 122 1.250 21.2713
OUTFLON<Ga: 1000080} 121 .o 1.107 21.273
PEAK  FLOW  REDUCTION [Qout/Qin! m- 12.086

TINE SHIFT OF PEAK FLOW {m 4857

MAXIMUM  STORAGE USED {ha. ll )-.1413! o1

i} ROUTE RESERVOIR | Roequestad routing time Step = 2.0 min.
{  IN»07; (000DSD) 1
{ ouTcos: (neoosey | sasavanen OUTLFOW STORAGE TABLE =wees=sec
D R E R PRt OUTFLOW STORAGE | OUTFLON  STORAGE
tews)  tha.m.} | dcme)  tha.m.}
.00D . DQ0LRI00 .C2) . 2000E-02
016 _1000E-02 L0232 .3450E-0)
ROUTING RESULTS AREA QPEAK TPEAX R.Y.
-------- {ha} {ema) ihrs) {mm)
INFLOR 567: 9006801 3021 124 3.2%0 1.213
CUTFLURCB: {0C0050) 3.2 .020 3.228 21.273
PEAK  FLOW  REDUCTTON (Qout/Qinl (%)«  16.135
TIME SHIFT OF PEAX FLOW imin) e -1.50

MAXIMUM STORAGE USED Iha.m, )e 1289E-C2

00402, HJ.’!UTE RESERVOIR i Reguegtaod routinyg time step =« 1.0 min.

004G IN>C7; (QODRSHY

ce404» C‘U’Ttﬁ! IOCNOO) i wamewama= OUTLFUW STORAGE TADLE =zzcceaze

DO408s - -e-o ereemn OUTFLON STORAGE { OuUTFLoW STORAGE

J.L. Richards & Associates Limited Page 1
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IDF CURVE LOOKUP

Coordinate Selection | Terms of Use | About

g} Ontario | Ontario.ca

Active coordinate
45°24' 15" N, 75° 36' 14" W (45.404167,-75.604167) Modify selection
Retrieved: Tue, 12 May 2015 15:44:25 UTC

i HemDroke {105 S
o e
Algonquin m}
Pravincial Park Valtdes:Mants
/ ﬁl—} Wakefield :
80 1;5} 148 (s Clarence ﬁRockland
E Renfrev i
‘ X Amprior Ott'
: | s )
~ o Y 132
[127) c ry
Mississippi .
Mglls Embrun
(62 [22] Carletan Place
v L___J L‘J [?‘:]:i o
Iy Bangruﬁ ‘.‘l‘,ﬁ J
i o
‘l?] PASUEIY IO T Kemmued Bw@ﬁiﬂﬂﬁ!ﬁmgﬁ

Map options: Modify selection | Show/hide gauging stations | Re-center selection
Coordinate summary

These are the coordinates in the selection.

IDF Curve: 45° 24' 15" N, 75° 36' 14" W (45.404167,-75.604167)

Results

An IDF curve was found for this set of coordinates.

Coordinate: 45.404167,-75.604167

e o¢ eee
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e o0 e0e
e oo e0e
e oo eee
® oo e0e

10

Intensity (mm /hr)

e oo eee

10 100 1,000
Duration (min)
¥ 2-yr Return Period [ 5-yr Return Period 1/3 p



Coefficient summary  Notes

Click a return period in the table header for more detail.

Return period 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
A 19.5 26.1 30.4 35.8 39.8 4338
B -0.689 -0.693 -0.694 -0.696 -0.696 -0.697
Statistics
Rainfall intensity (mm hr)
Duration 5-min 10-min 16-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr
2-yr 108.0 67.0 50.7 31.4 195 121 57 3.5 22
5-yr 146.1 90.3 68.2 422 26.1 16.1 7.5 47 2.9
10-yr 170.5 105.4 79.6 49.2 304 188 8.8 54 3.3
25-yr 201.8 124.6 94.0 - 58.0 358 221 10.3 6.3 3.9
50-yr 224 .4 138.5 104.5 64.5 398 246 114 71 44
100-yr 247.6 152.7 115.1 71.0 438 27.0 126 7.7 4.8

Terms of Use
You have agreed to the Terms of Use of this site by reviewing, using or otherwise interpreting this data.

Exit
Ontario Ministry of Transportation | Terms and Conditions | About
M
7 Ontario
Last Modified: September 11, 2013
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Pre-Dev NashHyd 073Jul12015.txt

v v I SSSSS U U A L
Y vV I SsS U U AA L
V Vv I SS U U AAAAA L
VAR, I SS U U A A L
oY I SSSSS UUUUU A A LLLLL
000 TTTTT TTTTI H H Y Y M M 000 ™
o o T T H H YY MMMM O O
o o T T H H Y M M O O company
000 T T H H Y M M 000 serial

Developed and Distributed by Clarifica Inc.
copyright 1996, 2007 Clarifica Inc.
A1l rights reserved.

¥k%¥%% DETAILED OUTPUT #*%kkx

Input filename: C:\Program Files (x86)\Visual otthymo 2.4\Vv02\voin.dat

output filename:
C:\Users\mknowles\AppData\Local\Temp\eda46f54-ala4-498f-aefb-a77ea08251a7\Scenario.
ut

Summary filename:
C:\Users\mknowles\AppData\Local\Temp\eda46f54-ala4-498f-aefb-a77ea08251a7\Scenario.
um

DATE: 07/09/2015 TIME: 03:35:38

USER:

COMMENTS: Pre-Development Visual Otthymo model using Nash Hydrograph. Simulation 1
25mm; Simulation 2 = 5yr;
Simulation 3 = 100yr.

Tehdehdhhdehhdedfdehdedhfhddhhhik

** SIMULATION NUMBER: 1 **

kehddhddfdhhdehddhdhhdhddhhdhk

| CHICAGO STORM | IDF curve parameters: A= 434.000
| Ptotal= 25.01 mm | = 6.000
———————————————————— ) c= 0.787
used 1in: INTENSITY = A / (t + B)AC
Duration of storm = 6.00 hrs
Storm time step = 10.00 min
Time to peak ratio = 0.33
TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr | hrs mm/hr |' hrs mm/hr | hrs mm/hr

Page 1
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Pre-Dev NashHyd 073Jul2015.txt
7 "

0.17 1.03 1. 5.08 3.17 2.67 4.67 1.31
0.33 1.11 1.83 12.11 3.33 2.38 4.83 1.25
0.50 1.22 2.00 48.96 3.50 2.14 5.00 1.19
0.67 1.35 2.17 15.85 3.67 1.96 5.17 1.14
0.83 1.51 2.33 8.38 3.83 1.80 5.33 1.09
1.00 1.74 2.50 5.75 4.00 1.67 5.50 1.05
1.17 2.05 2.67 4.42 4.17 1.56 5.67 1.01
1.33 2.52 2.83 3.61 4.33 1.47 5.83 0.97
1.50 3.33 3.00 3.06 4.50 1.39 6.00 0.94
| CALIB |
| NASHYD (0100) | Area (ha)= 1.79 cCurve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)= 0.25
NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.
---- TRANSFORMED HYETOGRAPH ----
TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr |' hrs mm/hr | hrs mm/hr
0.083 1.03 1.583 5.08 3.083 2.67 4,58 1.31
0.167 1.03 1.667 5.08 3.167 2.67 4.67 1.31
0.250 1.11 | 1.750 12.11 | 3.250 2.38 4.75 1.25
0.333 1.11 | 1.833 12.11 | 3.333 2.38 4,83 1.25
0.417 1.22 1.917 48.96 3.417 2.14 4.92 1.19
0.500 1.22 2.000 48.96 3.500 2.14 5.00 1.19
0.583 1.35 2.083 15.85 3.583 1.96 5.08 1.14
0.667 1.35 2.167 15.85 3.667 1.96 5.17 1.14
0.750 1.51 | 2.250 8.38 3.750 1.80 5.25 1.09
0.833 1.51 | 2.333 8.38 3.833 1.80 5.33 1.09
0.917 1.74 | 2.417 5.75 3.917 1.67 5.42 1.05
1.000 1.74 | 2.500 5.75 4.000 1.67 5.50 1.05
1.083 2.05 2.583 4.42 4.083 1.56 5.58 1.01
1.167 2.05 2.667 4.42 4.167 1.56 5.67 1.01
1.250 2.52 2.750 3.61 | 4.250 1.47 5.75 0.97
1.333 2.52 2.833 3.61 | 4.333 1.47 5.83 0.97
1.417 3.33 2.917 3.06 | 4.417 1.39 5.92 0.94
1.500 3.33 3.000 3.06 | 4.500 1.39 6.00 0.94

.273

Unit Hyd Qpeak (cms)= 0
PEAK FLOW (cms)= 0.032 (i)
TIME TO PEAK (hrs)= 2.250
RUNOFF VOLUME (mm)= 8.295
TOTAL RAINFALL (mm)= 25.010

RUNOFF COEFFICIENT = 0.332

| CALIB |
| NASHYD (0200) | Area (ha)= 2.37 curve Number (cN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00

———————————————————— U.H. TpChrs)=  0.25
Unit Hyd Qpeak (cms)= 0.362

PEAK FLOW (cms)=  0.043 (i)
Page 2



Pre-Dev NashHyd 073Jul2015.txt
TIME TO PEAK (hrs)= 2.250

RUNOFF VOLUME (mm)= 8.295
TOTAL RAINFALL (mm)=25.010
RUNOFF COEFFICIENT = 0.332

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

| ADD HYD (0005) |
l 2 =3 I

1+ AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
Ipl= 1 (0100): 1.79 0.032 2.25 8.29

+ ID2= 2 (0200): 2.37 0.043 225 8.29

ID = 3 (0005): 4.16 0.075 2.25 8.29

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

*%* SIMULATION NUMBER: 2 **

| CHICAGO STORM | IDF curve parameters: A= 521.096
| Ptotal= 40.54 mm | B= 1.501
———————————————————— c= 0.718
used in: INTENSITY = A / (t + B)AC
buration of storm = 4.00 hrs
Storm time step = 10.00 min
Time to peak ratio = 0.33

The CORRELATION coefficient is = 0.9996

TIME INPUT INT. TAB. INT.
(min) (mm/hr) (mm/hr)
5. 146.10 135.89
10. 90.30 90.22
15. 68.20 69.62
30. 42.20 43.76
60. 26.10 27.07
120. 16.10 16.60
360. 7.50 7.59
720. 4.70 4.62
1440. 2.90 2.81
TIME RAIN TIME RAIN |'  TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr | hrs mm/hr | hrs mm/hr
0.17 3.26 1.17 17.79 2.17 6.70 | 3.17 .78
0.33 3.66 1.33 90.22 2.33 5.87 | 3.33 3.55
0.50 4,21 1.50 22.43 2.50 5.25 | 3.50 3.35
0.67 5.00 1.67 13.17 2.67 4.76 | 3.67 3.18
0.83 6.28 1.83 9.75 2.83 4.37 | 3.83 3.02
1.00 8.81 2.00 7.89 3.00 4.05 | 4.00 2.88

| CALIB



Pre-Dev NashHyd 07Jul12015.txt
| NASHYD (0100) | Area (ha)= 1.79 cCurve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

—---- TRANSFORMED HYETOGRAPH ----

TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr |' hrs mm/hr | hrs mm/hr
0.083 3.26 1.083 17.79 | 2.083 6.70 3.08 3.78
0.167 3.26 1.167 17.79 | 2.167 6.70 3.17 3.78
0.250 3.66 1.250 90.22 2.250 5.87 3.25 3.55
0.333 3.66 1.333 90.22 2.333 5.87 3.33 3.55
0.417 4.21 1.417 22.43 2.417 5.25 3.42 3.35
0.500 4.21 | 1.500 22.43 2.500 5.25 3.50 3.35
0.583 5.00 1.583 13.17 | 2.583 4.76 3.58 3.18
0.667 5.00 1.667 13.17 | 2.667 4.76 3.67 3.18
0.750 6.28 1.750 9.75 2.750 4.37 3.75 3.02
0.833 6.28 1.833 9.75 2.833 4.37 3.83 3.02
0.917 8.81 1.917 7.89 | 2.917 4.05 3.92 2.88
1.000 8.81 2.000 7.89 | 3.000 4.05 4.00 2.88
Unit Hyd Qpeak (cms)= 0.273
PEAK FLOW (cms)= 0.092 (i)
TIME TO PEAK (hrs)= 1.583
RUNOFF VOLUME (mm)= 19.793
TOTAL RAINFALL (mm)= 40.540
RUNOFF COEFFICIENT = 0.488
(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
| CALIB |
| NASHYD (0200) | Area (ha)= 2.37 Curve Number (CN)= 90.0
[ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25
Unit Hyd Qpeak (cms)= 0.362
PEAK FLOW (ems)=  0.121 (i)

TIME TO PEAK (hrs)= 1.583
RUNOFF VOLUME (mm)= 19.793
TOTAL RAINFALL (mm)= 40.540
RUNOFF COEFFICIENT = 0.488

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

| ADD HYD  (0005) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0100): 1.79 0.092 1.58 19.79

+ ID2= 2 (0200): 2.37 0.121 1.58 19.79

ID = 3 (0005): 4.16 0.213 1.58 19.79

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

Page 4



Pre-Dev NashHyd 073Jul12015.txt

*%* SIMULATION NUMBER. 3 ik

Tehdefdhdehhdedehh NG d b hk

| CHICAGO STORM | IDF curve parameters: A= 892.151
| Ptotal= 67.53 mm | B= 1.501
———————————————————— c= 0.723
used 1in: INTENSITY = A / (t + B)AC
Duration of storm = 4.00 hrs
Storm time step = 10.00 min
Time to peak ratio = 0.33

The CORRELATION coefficient is = 0.9997

TIME INPUT INT. TAB. INT.
(min) (mm/hr) (mm/hr)
5. 247.6 230.4
10. 152.70 152.59
15. 115.10 117.54
30. 71.00 73.65
60. 43.80 45.40
120. 27.00 27.75
360. 12.60 12.62
720. 7.70 7.65
1440. 4.80 4.64
TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr |' hrs mm/hr | hrs mm/hr
0.17 5.34 1.17 29.57 2.17 11.04 | 3.17 6.20
0.33 6.00 1.33 152.59 2.33 9.66 | 3.33 5.82
0.50 6.91 1.50 37.36 2.50 8.63 | 3.50 5.49
0.67 8.22 1.67 21.82 2.67 7.82 | 3.67 5.20
0.83 10.34 1.83 16.11 2.83 7.18 | 3.83 4.95
1.00 14.55 2.00 13.01 3.00 6.65 | 4.00 4.72
| CALIB |
| NASHYD (0100) | Area (ha)= 1.79 Curve Number (CcN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)= 0.25
NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.
e TRANSFORMED HYETOGRAPH ----
TIME RAIN TIME RAIN TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr | hrs mm/hr | hrs mm/hr
0.083 5.34 1.083 29.57 2.083 11.04 3.08 6.20
0.167 5.34 1.167 29.57 2.167 11.04 3.17 6.20
0.250 6.00 1.250 152.59 | 2.250 9.66 3.25 5.82
0.333 6.00 1.333 152.59 | 2.333 9.66 3.33 5.82
0.417 6.91 | 1.417 37.36 | 2.417 8.63 3.42 5.49
0.500 6.91 | 1.500 37.36 | 2.500 8.63 3.50 5.49
0.583 8.22 1.583 21.82 2.583 7.82 3.58 5.20
0.667 8.22 1.667 21.82 2.667 7.82 3.67 5.20
0.750 10.34 1.750 16.11 | 2.750 7.18 3.75 4,95
0.833 10.34 1.833 16.11 | 2.833 7.18 3.83 4.95
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0.917 14.55 | 1.917 13.01 | 2.917 6.65 | 3.92
1.000 14.55 | 2.000 13.01 | 3.000 6.65 | 4.00
Unit Hyd Qpeak (cms)= 0.273
PEAK FLOW (cms)= 0.219 (i)
TIME TO PEAK (hrs)=  1.500
RUNOFF VOLUME (mm)= 43.049
TOTAL RAINFALL (mm)= 67.529
RUNOFF COEFFICIENT = 0.637
(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
| CALIB |
| NASHYD (0200) | Area (ha)= 2.37 Curve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)= 0.25
Unit Hyd Qpeak (cms)= 0.362
PEAK FLOW (cms)= 0.290 (i)
TIME TO PEAK (hrs)= 1.500
RUNOFF VOLUME (mm)= 43.049
TOTAL RAINFALL (mm)= 67.529
RUNOFF COEFFICIENT = 0.637

(i) PEAK FLOW DOES NOT

INCLUDE BASEFLOW IF ANY.

Pre-Dev NashHyd 07Ju12015.txt

| ADD HYD (0005) |
[ 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
IpD1= 1 (0100): 1.79 0.219 1.50 43.05
+ ID2= 2 (0200): 2.37 0.290 1.50 43.05
ID = 3 (0005): 4.16 0.508 1.50 43.05

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

FINISH
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Post-Dev NashHyd 11Dec2015.txt

\ \ I SSSSS U u A L
\ \ I SS u u A A L
vV Vv I SS U U AAAAA L
vV VvV I SS u u A A L
\'A% I SSSSS  UUuuU A A LLLLL
000 ITTTT TTITT H H Y Y M M 000 ™
(o) 0] T T H H YY MM MM O 0]
(0] 0] T T H H Y M M O 0) Company
000 T T H H Y M M 000 Serial

Developed and Distributed by Clarifica Inc.
Copyright 1996, 2007 cClarifica Inc.
A1l rights reserved.

*%%%% DETATILED OUTPUT ¥#%%%x

Input filename: C:\Program Files (x86)\Visual otthymo 2.4\Vv02\voin.dat

output filename:
C:\Users\bcripps\AppbData\Local\Temp\b7d99655-818b-42d0-8dc8-0a2de078e360\Scenario.ou
t

Summary filename:
C:\Users\bcripps\Appbata\Local\Temp\b7d99655-818b-42d0-8dc8-0a2de078e360\Scenario.su
m

DATE: 12/11/2015 TIME: 11:51:36

USER:

COMMENTS: Post-Development Visual Otthymo model using Nash Hydrograph. Simulation 1
= 25mm; Simulation 2 = 5yr;
Simulation 3 = 100yr.

Tddede Rk d ke hdh ke h Rkl Rtk dddddh
*% SIMULATION NUMBER: 1 %=
B o S R S S b b e e S o S
| CHICAGO STORM | IDF curve parameters: A= 434.000
| Ptotal= 25.01 mm | B= 6.000
———————————————————— _ c= 0.787
used in: INTENSITY = A / (t + B)AC
buration of storm = 6.00 hrs
Storm time step = 10.00 min
Time to peak ratio = 0.33

TIME RAIN | TIME RAIN
hrs mm/hr | hrs mm/hr
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0.17 1.03 1.67 5.08 3.17 2.67 4.67 1.31
0.33 1.11 1.83 12.11 3.33 2.38 4.83 1.25
0.50 1.22 2.00 48.96 3.50 2.14 5.00 1.19
0.67 1.35 2.17 15.85 3.67 1.96 5.17 1.14
0.83 1.51 2.33 8.38 3.83 1.80 5.33 1.09
1.00 1.74 2.50 5.75 4.00 1.67 5.50 1.05
1.17 2.05 2.67 4.42 4.17 1.56 5.67 1.01
1.33 2.52 2.83 3.61 4.33 1.47 5.83 0.97
1.50 3.33 3.00 3.06 4.50 1.39 6.00 0.94
| CALIB |
| NASHYD (0003) | Area (ha)= 1.36 curve Number (CN)= 98.0
|[ID= 1 DT= 5.0 min | Ia (mm)= 1.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)= 0.25
NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.
---- TRANSFORMED HYETOGRAPH ----
TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr | hrs mm/hr | hrs mm/hr
0.083 1.03 1.583 5.08 3.083 2.67 4.58 1.31
0.167 1.03 1.667 5.08 3.167 2.67 4.67 1.31
0.250 1.11 | 1.750 12.11 3.250 2.38 4.75 1.25
0.333 1.11 | 1.833 12.11 3.333 2.38 4,83 1.25
0.417 1.22 1.917 48.96 3.417 2.14 4.92 1.19
0.500 1.22 2.000 48.96 3.500 2.14 5.00 1.19
0.583 1.35 2.083 15.85 3.583 1.96 5.08 1.14
0.667 1.35 2.167 15.85 3.667 1.96 5.17 1.14
0.750 1.51 | 2.250 8.38 3.750 1.80 5.25 1.09
0.833 1.51 | 2.333 8.38 3.833 1.80 5.33 1.09
0.917 1.74 | 2.417 5.75 3.917 1.67 5.42 1.05
1.000 1.74 | 2.500 5.75 4.000 1.67 5.50 1.05
1.083 2.05 2.583 4.42 4.083 1.56 5.58 1.01
1.167 2.05 2.667 4.42 4.167 1.56 5.67 1.01
1.250 2.52 2.750 3.61 | 4.250 1.47 5.75 0.97
1.333 2.52 2.833 3.61 | 4.333 1.47 5.83 0.97
1.417 3.33 2.917 3.06 | 4.417 1.39 5.92 0.94
1.500 3.33 3.000 3.06 | 4.500 1.39 6.00 0.94
Unit Hyd Qpeak (cms)=  0.207
PEAK FLOW (cms)=  0.075 (i)
TIME TO PEAK (hrs)= 2.167
RUNOFF VOLUME (mm)= 19.731
TOTAL RAINFALL (mm)= 25.010
RUNOFF COEFFICIENT £ 0.789
(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
| CALIB |
| NASHYD (0004) | Area (ha)= 1.32 Curve Number (cN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00

———————————————————— U.H. TpChrs)=  0.25
Unit Hyd Qpeak (cms)= 0.202

PEAK FLOW (cms)= 0.024 (i)
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TIME TO PEAK (hrs)= 2.250
RUNOFF VOLUME (mm)= 8.295
TOTAL RAINFALL  (mm)= 25.010
RUNOFF COEFFICIENT =  0.332

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

| ADD HYD  (0005) |

[ 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0003): 1.36 0.075 2,17 19.73

+ ID2= 2 (0004): 1.32 0.024 2«25 8.29

ID = 3 (0005): 2.68 0.097 2.25 14.10

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0002) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.0388 0.0212
0.0327 0.0108 [ 0.4150 0.0275
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0005) 2.677 0.097 2.25 14.10
OUTFLOW: ID= 1 (0002) 2.677 0.035 2.83 14.07
PEAK FLOW REDUCTION [Qout/Qin] (%)= 36.12
TIME SHIFT OF PEAK FLOW (min)= 35.00
MAXIMUM STORAGE USED (ha.m.)= 0.0149
| CALIB |
| NASHYD (0006) | Area (ha)= 1.48 Curve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25

Unit Hyd Qpeak (cms)= 0.227

PEAK FLOW (cms)= 0.027 (i)
TIME TO PEAK (hrs)= 2.250
RUNOFF VOLUME (mm)= 8.295
TOTAL RAINFALL (mm)= 25.010
RUNOFF COEFFICIENT = 0.332

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

| ADD HYD (0007) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
e o B S S i (ha) (cms) Chrs) (mm)
ID1= 1 (0002): 2.68 0.035 2.83 14.07
+ ID2= 2 (0006): 1.48 0.027 2.25 8.29
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= 3 (0007): 4.16 0.058 2.33 12.01

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

A i i i i i i A A S A R I i i S A i S e S S S

| CHICAGO STORM | IDF curve parameters: A= 521.096
| Ptotal= 40.54 mm | B= 1.501
———————————————————— c= 0.718
used 1in: INTENSITY = A / (t + B)AC
buration of storm = 4.00 hrs
Storm time step = 10.00 min
Time to peak ratio = 0.33

The CORRELATION coefficient is = 0.9996

TIME INPUT INT. TAB. INT.
(min) (mm/hr) (mm/hr)
5. 146.1 135.89
10. 90. 30 ‘ 90.22
15. 68.20 69.62
30. 42.20 43.76
60. 26.10 27.07
120. 16.10 16.60
360. 7.50 7.59
720. 4.70 4.62
1440. 2.90 2.81
TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr |' hrs mm/hr | hrs mm/hr
0.17 3.26 1.17 17.79 2.17 6.70 | 3.17 .78
0.33 3.66 1.33 90.22 2.33 5.87 | 3.33 3.55
0.50 4.21 1.50 22.43 2.50 5.25 | 3.50 3.35
0.67 5.00 1.67 13.17 2.67 4.76 | 3.67 3.18
0.83 6.28 1.83 9.75 2.83 4.37 | 3.83 3.02
1.00 8.81 2.00 7.89 3.00 4.05 | 4.00 2.88
| CALIB |
| NASHYD (0003) | Area (ha)= 1.36 cCurve Number (CN)= 98.0
|ID= 1 DT= 5.0 min | Ia (mm)= 1.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25
NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.
---- TRANSFORMED HYETOGRAPH ----
TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr | hrs mm/hr |' hrs mm/hr | hrs mm/hr
0.083 3.26 | 1.083 17.79 | 2.083 6.70 | 3.08 3.78
0.167 3.26 | 1.167 17.79 | 2.167 6.70 | 3.17 3.78
0.250 3.66 | 1.250 90.22 | 2.250 5.87 | 3.25 3.55
0.333 3.66 | 1.333 90.22 | 2.333 5.87 | 3.33 3.55
0.417 4.21 | 1.417 22.43 | 2.417 5.25 | 3.42 3.35
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0.500 4.21 | 1.500 22.43 | 2.500 5.25 | 3.50 3.35
0.583 5.00 | 1.583 13.17 | 2.583 4.76 | 3.58 3.18
0.667 5.00 | 1.667 13.17 | 2.667 4.76 | 3.67 3.18
0.750 6.28 | 1.750 9.75 | 2.750 4.37 | 3.75 3.02
0.833 6.28 | 1.833 9.75 | 2.833 4.37 | 3.83 3.02
0.917 8.81 | 1.917 7.89 | 2.917 4.05 | 3.92 2.88
1.000 8.81 | 2.000 7.89 | 3.000 4.05 | 4.00 2.88
Unit Hyd Qpeak (cms)=  0.207
PEAK FLOW (cms)= 0.142 (i)
TIME TO PEAK (hrs)= 1.500
RUNOFF VOLUME (mm)= 34.929
TOTAL RAINFALL (mm)= 40.540
RUNOFF COEFFICIENT = 0.862
(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
| CALIB |
| NASHYD (0004) | Area (ha)= 1.32 Ccurve Number (CN)= 90.0
[ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25

Unit Hyd Qpeak (cms)= 0.202

PEAK FLOW (cms)= 0.068 (i)
TIME TO PEAK (hrs)= 1.583
RUNOFF VOLUME (mm)= 19.793
TOTAL RAINFALL (mm)= 40.540
RUNOFF COEFFICIENT = 0.488

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD  (0005) |

1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) Chrs) (mm)
ID1= 1 (0003): 1.36 0.142 1.50 34.93

+ ID2= 2 (0004): 1.32 0.068 1.58 19.79

ID = 3 (0005): 2.68 0.209 1.50 27 .47

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0002) |
| IN= 2---> ouT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.0388 0.0212
0.0327 0.0108 | 0.4150 0.0275
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0005) 2.677 0.209 1.50 27.47
OUTFLOW: ID= 1 (0002) 2.677 0.167 1.75 27.44

PEAK FLOW REDUCTION [Qout/Qin] (%)= 79.82
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TIME SHIFT OF PEAK FLOW (min)= 15.00

MAXIMUM STORAGE  USED (ha.m.)= 0.0235
| CALIB I
| NASHYD (0006) | Area (ha)= 1.48 Curve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00

———————————————————— U.H. TpChrs)=  0.25
Unit Hyd Qpeak (cms)=  0.227

PEAK FLOW (cms)= 0.076 (i)
TIME TO PEAK (hrs)= 1.583
RUNOFF VOLUME (mm)= 19.793
TOTAL RAINFALL (mm)= 40.540
RUNOFF COEFFICIENT = 0.488

(i) PEAK FLOW DOES NOT

INCLUDE

BASEFLOW IF ANY.

| ADD HYD (0007) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0002): 2.68 0.167 1.75 27 .44

+ ID2= 2 (0006): 1.48 0.076 1.58 19.79

ID = 3 (0007): 4.16 0.230 1.75 24.72

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

*% SIMULATION NUMBER: w%
dekdededdekkdodk kb kb hdhhh ki khd
| CHICAGO STORM | IDF curve parameters: A= 892.151
| Ptotal= 67.53 mm | B= 1.501
———————————————————— ) c= 0.723
used 1in: INTENSITY = A / (t + B)AC
Duration of storm = 4.00 hrs
Storm time step = = 10.00 min
Time to peak ratio = 0.33

The CORRELATION coefficient is = 0.9997

TIME INPUT INT. TAB. INT.
(min) (mm/hr) (mm/hr)
5. 247 .60 230.49
10. 152.70 152.59
15. 115.10 117.54
30. 71.00 73.65
60. 43.80 45.40
120. 27.00 27.75
360. 12.60 12.62
720. 7.70 7.65
1440. 4.80 4.64
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TIME RAIN TIME RAIN |' TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr | hrs mm/hr | hrs mm/hr
0.17 5.34 1.17 29.57 2.17 11.04 | 3.17 6.20
0.33 6.00 1.33 152.59 2.33 9.66 | 3.33 5.82
0.50 6.91 1.50 37.36 2.50 8.63 | 3.50 5.49
0.67 8.22 1.67 21.82 2.67 7.82 | 3.67 5.20
0.83 10.34 1.83 16.11 2.83 7.18 | 3.83 4.95
1.00 14.55 2.00 13.01 3.00 6.65 | 4.00 4.72
| CALIB |
| NASHYD (0003) | Area (ha)= 1.36 curve Number (CN)= 98.0
|[ID= 1 DT= 5.0 min | Ia (mm)= 1.00 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(Chrs)= 0.25

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

---- TRANSFORMED HYETOGRAPH ----
L]

TIME RAIN TIME RAIN TIME RAIN | TIME RAIN
hrs mm/hr hrs mm/hr | hrs mm/hr | hrs mm/hr
0.083 5.34 1.083 29.57 2.083 11.04 3.08 6.20
0.167 5.34 1.167 29.57 2.167 11.04 3.17 6.20
0.250 6.00 | 1.250 152.59 | 2.250 9.66 3.25 5.82
0.333 6.00 | 1.333 152.59 | 2.333 9.66 3.33 5.82
0.417 6.91 | 1.417 37.36 | 2.417 8.63 3.42 5.49
0.500 6.91 | 1.500 37.36 | 2.500 8.63 3.50 5.49
0.583 8.22 1.583 21.82 2.583 7.82 3.58 5.20
0.667 8.22 1.667 21.82 2.667 7.82 3.67 5.20
0.750 10.34 1.750 16.11 | 2.750 7.18 3.75 4.95
0.833 10.34 1.833 16.11 | 2.833 7.18 3.83 4.95
0.917 14.55 1.917 13.01 | 2.917 6.65 3.92 4,72
1.000 14.55 2.000 13.01 | 3.000 6.65 4.00 4.72
Unit Hyd Qpeak (cms)=  0.207
PEAK FLOW (cms)=  0.254 (1)
TIME TO PEAK Chrs)= 1.500
RUNOFF VOLUME (mm)= 61.671
TOTAL RAINFALL (mm)= 67.529
RUNOFF COEFFICIENT = 0.913
(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
| CALIB |
| NASHYD (0004) | Area (ha)= 1.32 Curve Number (CN)= 90.0
|[ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25

Unit Hyd Qpeak (cms)= 0.202

PEAK FLOW (cms)= 0.161 (i)
TIME TO PEAK (hrs)= 1.500
RUNOFF VOLUME (mm)= 43.049
TOTAL RAINFALL (mm)= 67.529
RUNOFF COEFFICIENT = 0.637

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.
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| ADD HYD  (0005) |
1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0003): 1.36 0.254 1.50 61.67
+ ID2= 2 (0004): 1.32 0.161 1.50 43.05
ID = 3 (0005): 2.68 0.415 1.50 52.50
NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
| RESERVOIR (0002) |
| IN= 2---> OUT= 1 |
| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.0388 0.0212
0.0327 0.0108 | 0.4150 0.0275
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0005) 2.677 0.415 1.50 52.50
OUTFLOW: ID= 1 (0002) 2.677 0.403 1.58 52.47
PEAK FLOW REDUCTION [Qout/Qin] (%)= 97.10
TIME SHIFT OF PEAK FLOW (min)= 5.00
MAXIMUM STORAGE USED (ha.m.)= 0.0274
| CALIB |
| NASHYD (0006) | Area (ha)= 1.48 curve Number (CN)= 90.0
|ID= 1 DT= 5.0 min | Ia (mm)= 5.00 # of Linear Res.(N)= 3.00
———————————————————— U.H. TpChrs)=  0.25
Unit Hyd Qpeak (cms)= 0.227
PEAK FLOW (cms)= 0.181 (i)
TIME TO PEAK (hrs)= 1.500
RUNOFF VOLUME (mm)= 43.049
TOTAL RAINFALL (mm)= 67.529
RUNOFF COEFFICIENT = 0.637

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

| ADD HYD (0007) |
1+ = 3 AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0002): 2.68 0.403 1.58 52.47
+ ID2= 2 (0006): 1.48 0.181 1.50 43.05
ID = 3 (0007): 4.16 0.581 1.58 49.11

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
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Storm Sewer Design Sheet

File No.: 1527275
Project: American Iron and Metal, 2555 Sheffield Road
Date: December 11, 2015

Pipe Location Drainage Area Runoff I-Dipe Selection
From To A C Cumul. | Adjusted T; Cumul. | Q Dia. So Pipe | Rough | Velocity | Actual Time Percent

CB/MH | CB | CB/MH | Pipe A C Tc (Ottawa, Length | Coeff. (Full) Capacity of Full Flow
No. No. No. 5yr) (Full) Flow
ha ha min. | min. mm/hr m’/s m m/m m n m/s m®/s min.

1 2 0.1570] 0.90] 0.1570 0.90 10 10.00 104.19] 0.0409] 0.375| 0.002 52.5] 0.013 0.71 0.0784 1.23 52%

3 0.2890| 0.90] 0.4460 0.90 11.23 98.10] 0.1094] 0.525| 0.002 55.01 0.013 0.89 0.1923 1.03 57%

o 5 0.3190f 0.90] 0.7650 0.90 12.26 93.58| 0.1790f 0.600| 0.002 48.0f 0.013 0.97 0.2746 0.82 65%

4 5 0.1370] 0.90] 0.1370 0.90 10 10.00 104.19] 0.0357] 0.375| 0.002 33.00 0.013 0.71 0.0784 0.77 46%

5 6 0.1830f 0.90] 1.0850 0.90 13.09 90.29] 0.2449] 0.750f 0.002 39.00 0.013 1.13 0.4979 0.58 49%

6 7 0.1840| 0.90] 1.2690 0.90 13.66 88.13| 0.2796f 0.750| 0.002 48.0f 0.013 1.13 0.4979 0.71 56%

8 7 1.3190] 0.60f 1.3190 0.60 20 20.00 70.25| 0.1544] 0.750| 0.005 50.0/ 0.013 1.78 0.7872 0.47 20%

7 Outlet 0.0890] 0.90] 2.6770 0.75 0.0460f 0.300{ 0.004 11.0] 0.013 0.87 0.0612 0.21 75%

Prepared by: MHK
Checked by: SWT
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