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1.0 INTRODUCTION

The City of London is proposing an expansion of the existing W12A Landfill site (the Project)
located at 3502 Manning Drive, part of Lots 18, 19 and 20 of Concession 6 in the former
Township of Westminster, in the south end of the City of London Ontario.

The environment is considered in broad terms to include the natural, social, cultural, and
economic aspects of the environment. This document presents the details of the existing
conditions and impact assessment related to surface water for the Environment Assessment
(EA) of the proposed W12A Landfill expansion. This work has been completed in two parts;
Dillon Consulting Limited (Dillon) completed the surface water existing conditions in
Attachment A and Golder Associates Ltd. (Golder) completed the stormwater management
existing conditions and impact assessment in Attachment B.

All work was conducted in accordance with the requirements set out in the approved Amended
Terms of Reference (ToR) dated February 2019 and the surface water work plan dated
August 2019.

This report is a supporting document to the Environmental Assessment Study Report (EASR).

20 PROJECT DESCRIPTION

The following describes the Project components considered relevant for the purposes of this
surface water assessment.

The landfill expansion consists of a vertical expansion over the existing landfill footprint to
provide 13.8 million cubic metres (m?®) of airspace for waste and daily cover. To accommodate
ancillary features and provide additional on-Site buffer width compared to the existing landfill,
the northern boundary of the landfill property will be adjacent to Scotland Drive and a

100 metre (m) buffer width will be provided on the east side of the landfill footprint and some
additional area in the southeast corner to tie into the adjacent Material Recovery Facility (MRF)
property line. This results in a 106.3 hectare (ha) landfill footprint within a 192.4 ha landfill
property, with a highest ridge elevation of waste of 318.43 metres above sea level (masl).

Additional details of the project pertinent to the surface water impact assessment are described
in Attachment B, Section 2.1.

3.0 EXISTING CONDITIONS

The details and discussion of existing surface water conditions is provided in Attachment A
by Dillon. Dillon first reviewed background reports related to surface water and surface water
management on the W12A Landfill site and previous studies of the subwatersheds within
which the W12A Landfill site is located, and then completed a site investigation on

May 20, 2020 to confirm overland flow routes, drainage boundaries and outlet locations of
surface water features. Dillon then prepared a summary of the existing surface water
conditions.
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4.0 IMPACT ASSESSMENT

A technical assessment of the existing stormwater management system on the W12A Landfill
site and the assessment of impacts on the stormwater management system due to the
proposed landfill expansion was completed by Golder. The completion of the impact
assessment is provided in Attachment B. Golder prepared a technical assessment of the
design of the existing stormwater management system (SWM ponds) including on-site
drainage areas, storm storage volumes, design for suspended solids removal and outlet
structure design to control the release of runoff water impounded from storm events.

An assessment of the effects of changes in on-site drainage areas to each of the existing SWM
ponds from the proposed expansion was then completed. The required changes to the SWM
ponds to provide an enhanced level (80%) suspended solids removal for all site runoff,
required increases in storage volumes to accommodate the range of storm events required by
Ontario Regulation 232/98 as well as potential climate change (the 250 year return period
storm event) and modifications to the SWM pond outlet structure design to maintain post-
expansion flows to at or below pre-development flows were then determined.

An impact assessment of the potential effects of the expansion on surface water quantity and
quality was prepared. This analysis indicates: 1) the changes in on-site drainage areas
associated with the expansion is expected to have negligible effect on runoff and drainage
within areas of the two subwatersheds downstream of the W12A Landfill site, and;

2) the modifications to the SWM system ponds and ditches will result in surface water quality
conditions that are comparable to existing conditions and meet MECP Provincial Water Quality
Objective (PWQO) requirements and prevent significant outflows that could potentially impair
the water quality in downstream watercourses in extreme events.

The impact assessment concluded that no mitigation measures in addition to those proposed
to modify the stormwater management system components are required.

5.0 SURFACE WATER AND STORMWATER MANAGEMENT MONITORING
PROGRAMS

The City of London has an existing comprehensive surface water monitoring program for the
existing landfill. Since the points of discharge from the stormwater management system
(ponds) for the proposed expansion are the same as the existing site, it is proposed that the
existing surface water monitoring program outlined in the current Ontario Water Resources Act
(OWRA) Environmental Compliance Approval (ECA) be continued for the proposed expansion.
The proposed surface water monitoring program for the landfill expansion is provided below in
Tables 1 and 2.

The parameters to be tested for in the surface water are the same as the parameters
suggested in the Landfill Standards (MECP, 1998).

The surface water sampling locations are shown on Figure 1 in Attachment A by Dillon Consulting.
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Table 1. Surface Water Monitoring Program

Location

Parameters

Sampling Dates

Stations 1, 2, 3,5, 7 and 10

Surface Water Sampling Stations

Comprehensive List

One spring and one fall
sampling event

Indicator List

Two other sampling events

Pond Outfall

Pond 1, Pond 2/3, Pond 4 and Pond 5

Comprehensive List

One spring and one fall
sampling event

Indicator List

Two other sampling events

Table 2: Surface Water Monitoring Parameters

Surface Water Surface Water

Parameter : Parameter ,

Comp. |Indicator Comp. |Indicator
General General - Nutrients
Alkalinity X X Ammonia X X
Biological Oxygen Demands X X Nitrate X X
Chemical Oxygen Demand X X Nitrite X X
Conductivity X X Total Kjeldahl Nitrogen X X
Hardness X X Total Phosphorus X X
pH X X Trace Metals
Phenols X X Arsenic X
Sulphate X X Barium X
Suspended Solids X X Boron X
Total Dissolved Solids X X Cadmium X
Alkalinity X X Chromium X
Major lons Copper X
Chloride X X Lead X
Iron X X Mercury X
Field Zinc X
Conductivity X X
Dissolved Oxygen X X
Flow @ X X
pH X X
Temperature X X

Notes: (a) Flows conditions (i.e., stagnation, qualitative description of flow rate, etc.) in water
discharged from each stormwater management pond will be noted.
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6.0 OTHER APPROVALS

The stormwater management aspects of this EA will also require approval under Section 52 of
the OWRA in the form of an amended ECA. The overall surface water component of the
expansion will require approval under the Environmental Protection Act (EPA) as part of an
amended ECA for waste disposal.
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ATTACHMENT A

Surface Water Existing Conditions Assessment —
Dillon Consulting Limited
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Mike Losee, City of London (City)

From: Debra Ballard, Dillon Consulting Limited (Dillon)
CC: Paul Donahue, Dillon
Rob Kell, Dillon
Wesley Abbott, City
Date: July 15, 2020
Subject: Surface Water Existing Conditions Assessment W12A Landfill
Our File: 17-6665

The following information provides a review of background information available to take
into consideration for the Alternative Methods assessment for the proposed expansion
of the existing W12A Landfill.

1. Background Studies

1.1. Earth Tech Stormwater Management Master Plan (2002)

The W12A Stormwater Master Plan was undertaken to review the existing
stormwater management plan and identify a preferred stormwater management
plan for the Site. The Stormwater Master Plan aimed to ensure that drainage
leaving the Site does not adversely affect surface water resources downstream,
and that internal stormwater drainage does not adversely affect site operations.

Specific stormwater objectives for the subject site were detailed as follows:

Control flows from the site so there is no increase in peak flow in the
downstream receiving watercourses, and no increase in flooding, for
design flow events up to a 100-year storm

Over-control peak flows from more frequent storms (i.e., the 5-year and
less severe events) to reduce the potential for erosion in the downstream
watercourses

Minimize the sediment loading into the downstream watercourses by
reducing the generation of sediment and providing for the removal of
suspended sediment from site stormwater prior to off-site discharge
Provide a significant level of enhancement to the downstream habitat
potential by releasing stormwater over extended periods of time, and
enhancing baseflow in the watercourses where feasible

Control runoff from active landfill areas to limit the potential for off-site
pollutant migration.

The report describes the stormwater management design parameters proposed
in the Master Plan. Of note to the continuing development of the landfill are the
following:

DILLON CONSULTING LIMITED
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1.2.

e Post development impervious level for the landfill will be 55%, based on
modelling results. The runoff is generally similar to that expected for an
urban area with 55% impervious area

e Level 2 control was used for determining the water quality storage
requirements for catchments within the Dodd Creek Subwatershed (70
m3/ha permanent volume, 40 m®/ha active volume)

e Level 1 control was used for determining the water quality storage
requirements for catchments within the Dingman Creek Subwatershed
(150 m®/ha permanent volume, 40 m3/ha active volume)

e For the Dodd Creek Subwatershed, the settling of sediment is facilitated
by long detention times and slow release rates for all storms less intense
than the 5-year design event

e Proposed erosion control storage will be at least as large as the
requirement identified in the main body of the report of the Dingman Creek
Subwatershed study (375 m?/ha).

It is noted that Pond 1 is the only pond with an active storage volume that meets
the erosion control requirements detailed in the Stormwater Master Plan, with
the other three ponds being undersized. This does not take into consideration
the requirement for attenuation of rainfall events up to the 100-year event, the
storage volume for which would be in addition to the erosion control volume.

Dillon Consulting Limited Surface Water Background Study (2005)

This report was undertaken in 2005 to assist in the planning process and
continued evolution of the W12A Landfill facility into an integrated waste
management facility. The investigation included a background area study,
surface water assessment, geomorphic analysis and the development of a
surface water management plan.

This report describes the stormwater management design parameters used in
the plan. Of note to the continuing development of the landfill are the following:

e Existing stormwater ponds within the W12A Landfill site were being
upgraded to provide the highest level of quality control of stormwater
runoff and further reduce Total Suspended Solids load to downstream
receiving watercourses

e Many streams within the Study Area have been altered to improve
drainage characteristics by straightening and deepening the channels.
Deep, confined channels tend to exhibit substantially higher peak flow
velocities (due to small top-width and deep flow depth) compared to
unconfined channels with equivalent flow rate. Natural stream
morphology and associated instream habitat have been significantly
impacted in the altered streams

e Very few (less than 10%) of the watercourses within the study’s study area
have vegetated streambanks, typically consisting of woody species and,
as a result, banks are unstable, erosion and scour is prevalent, water

DILLON CONSULTING LIMITED
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temperatures are high and soil transported from adjacent lands readily
enters the watercourses

e Thirteen pipe culverts and one rigid frame open footing box culvert exist
around the perimeter of the existing landfill area.

2. Subwatershed Studies

The existing W12A Landfill is situated between two large subwatersheds. Divided
diagonally from the southwest to northeast corner, the northerly portion of the Site
falls within the Dingman Creek Subwatershed (approximately 13 ha), while the
southerly portion of the Site Study Area falls within the Dodd Creek Subwatershed
(remainder of Site). The Dingman Creek subwatershed falls within the jurisdiction of
the Upper Thames River Conservation Authority while Dodd Creek falls under the
regulatory powers of the Kettle Creek Conservation Authority.

2.1. Dingman Creek Subwatershed Background Study

The original Dingman Creek Subwatershed Study (DCSS) was initiated in
October 1992 by the City of London. In 2005, the DCSS was updated (2005
DCSSU). The update was undertaken by Delcan Corporation under the
direction of the City of London with the direct involvement and guidance of a
Technical Advisory Committee. In February 2016, Parsons Corporation updated
the 2005 DCSSU (2016 DCSSU), and this updated document was used for this
assessment.

The 2005 DCSSU included a stormwater management strategy for the
subcatchment within which the landfill site is located (Tributary R). This included
detaining the 25 mm 24 hour storm in new urban areas and releasing it over a
period of up to 72 hours for erosion control, and control of post development flow
to predevelopment flow for the 1:100 year rainfall event.

The 2016 DCSSU report suggests that peak attenuation control measures from
the 2005 DCSSU are being met in the majority of cases, and erosion control
measures are effectively meeting the erosion target. The 2016 DCSSU does not
specify new or different standards to be met moving forward.

2.2. Kettle and Dodd Creek Subwatershed Study

The Subwatershed Plan for the Upper Kettle Creek and Dodd Creek
Subwatersheds was completed in May 1995. This plan provided a series of
management options that could be applied together to meet the objectives of the
plan. It should be noted that at the time this report was completed, the
subwatershed did not have future growth proposed, and the recommended plan
addressed problems resulting from existing land uses.

The plan indicates that flooding of buildings and other structures within the Kettle
and Dodd Creek subwatersheds is not known to be a problem under existing
conditions and no strategy was proposed for reducing flooding within the
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catchment area. It also noted that detailed floodplain mapping should be
prepared on an as needed basis along those watercourses where urban/rural
development may occur.

The plan also detailed that existing water quality within the subwatershed was
generally poorer than other subwatersheds under study in the City of London,
including high wet weather concentrations of suspended solids. Quality/quantity
control measures suggested for rural areas included the options of installing
settling basins for stormwater runoff.

No recommendations for erosion control via detention and slow release were
provided within the plan.

3. Current Existing Conditions within the Landfill Site

Information on the existing approved stormwater management facilities installed at
the Site Study Area were obtained from the Amended Certificate of Approval
Municipal and Private Sewage Works Number 4175-8C4SD5 (2011). It provided
catchment areas, permanent and active storage volumes and outlet structure
information for each of the four ponds present on the landfill site. This information is
summarized in Table 1 below.

Table 1: Existing Pond Information Summary

Permanent | Active
Pond Catchment Storage | Storage :
Name Area (ha) volume volume Outlet Structure Details
(m°) (m°)
Pond 14.4 2470 5800 150 mm diameter Hickenbottom
1 (at 273.2 o_utlet structure inside a 1500 mm
masl) dlamet_er perforated corrugated
steel pipe (CSP) riser structure with
clear stone filter discharging
through a 1200 mm diameter
manhole equipped with 150 mm
diameter gate valve into an existing
900 mm diameter CSP culvert to
Drainage Ditch 7.
Pond 206 2660 11100 | 300 mm diameter Hickenbottom
2/3 (at 271.2 outlet struct_ure placed inside a
masl) 1_500 mm diameter perforated CSP
riser structure connected to a 29 m
long 300 mm diameter polyvinyl
chloride (PVC) pipe passing
through a 1200 mm diameter
manhole equipped with 300 mm

DILLON CONSULTING LIMITED
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Pond

Pond

S7.7

41.0

5200

(at 269.7
masl)

3690

(at 268.5
masl)

20200

11800

diameter gate valve discharging
into an existing outlet ditch and one
ditch inlet structure with invert
elevation of 272.2 metres above
sea level (masl) discharging
through a 18 m long 750 mm
diameter concrete pipe into an
existing outlet Drainage Ditch 5.
125 mm diameter Hickenbottom
outlet structure placed inside a
1500 mm diameter perforated CSP
riser structure with clear stone filter,
discharging through a 29 m long
150 mm diameter non-perforated
PVC pipe equipped with a 150 mm
gate valve into a 1200 mm diameter
manhole and then through a 29 m
long 450 mm diameter pipe into an
outlet ditch equipped with a 1650
mm x 900 mm concrete box with
open grated top at invert elevation
of 271.0 masl and discharging
through an existing 1050 mm
diameter pipe into Drainage Ditch
3.

900 mm diameter pipe into an
outlet structure manhole equipped
with an overflow weir at elevation
269.4 masl, a 600 mm x 600 mm
slide gate valve with a 150 mm
diameter orifice, discharging
through 900 mm diameter outlet
pipe into Drainage Ditchl.

The information provided in this document differed from the original design volumes
for the stormwater management facility in the Stormwater Master Plan, and likely
reflects the upgrading of these devices as was described in the Surface Water
Background Study (2005). The permanent storage volume provided in SWM Pond 1
is sufficient to meet Enhanced 80% long-term suspended solids removal, all other
ponds have permanent storage volumes sufficient to provide Normal 70% long-term
suspended solids removal.

DILLON CONSULTING LIMITED
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3.1. Existing Environmental Conditions

A site investigation was undertaken on May 20, 2020, by Dillon Consulting staff
to confirm overland flow routes, drainage boundaries and outlet locations of
surface water features. The results of this field investigation are summarised in
the following subsections.

3.1.1. Inventory of Existing Hydraulic Structures and Surrounding Characteristics

The following section provides an overview of the existing surface water features
adjacent to, or receiving flow from the W12A Landfill as surveyed on May 20,
2020. There were 14 hydraulic structure locations surveyed. They consist of
pipe culverts or tile drains of various diameters and one rigid frame open footing
box culvert. The location of the surface water structures are shown on Figure 1,
attached; the location numbers correspond to a condition assessment, brief
description and photo within the text of this section.

Photo 1: Location 1 — Culvert
Inlet

!

hoto 2: ocatio 1- CuIvertOutIet

Location 1, shown in Photo 1 and Photo 2 consists of a 250 mm diameter CSP
culvert that directs ditch flow from the south side of Scotland Drive to the north.
At the inlet of the culvert there is a narrow defined channel with some standing
water, but no flow through the culvert at the time of survey. The base of the
culvert has structurally deteriorated at both the upstream and downstream ends.
At the downstream end of the culvert there has been erosion of bed material
from under the culvert outlet and the surrounding bank. The downstream end of
the culvert is moderately perched with the pipe outlet approximately 200 mm
above the channel invert. At the time of survey there was standing water in the
pool under the culvert and some debris in the ditch drain around the culvert.

DILLON CONSULTING LIMITED
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Phto 3: Location }‘2‘ - Cuvr ‘ Location 2 — Dwnstream
Inlet Channel

Location 2, shown in Photo 3, Photo 4
and Photo 5 consists of a 375 mm
diameter CSP culvert that directs ditch
flow from the south side of Scotland
Drive to the north. At the upstream end
of the culvert, defined channels 300-400
mm wide convey flow from the east and
west along Scotland Drive. The
upstream inlet to the culvert was
damaged and partially submerged.
There is standing water at the inlet to
this culvert, but it was not flowing at the
Outlet time of the survey.

e

Photo 4 Location 2 — Culvet

The culvert discharges into a well-defined ravine that meanders through the
woodlot to the north. The ravine in which the watercourse flows exhibits signs
of significant erosion and mass wasting; attempts to stabilize the road
embankment have been done through the use of broken concrete and rip-rap
(as noted in photos). At the time of survey there was no water flowing through
the culvert pipe; however, there was moving water within the watercourse
downstream of the culvert outlet erosion protection.

DILLON CONSULTING LIMITED
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U Y\ '
Photo 6: Location 3 — Culvert
Inlet Outlet

Location 3 consists of a 300 mm
diameter CSP culvert, which directs
ditch flow from the south side of
Scotland Drive to the north. The inlet to
this culvert is partially buried with
sediment deposition to approximately
half of the culvert barrel height. At the
time of survey there was less than 1 L/s
flowing into this culvert, it is unclear
where this water was discharging. The
Photo 7: Location 3 — ) outlet of the culvert is covered by grass
and there was no outflow from the
culvert at the time of survey.

Downstream Channel

Downstream of the culvert, there is a defined channel with silt deposition along
the base to a grated ditch inlet to a closed tile drain. The outlet of this closed
system was not able to be determined at the time of survey and is not apparent
from aerial photographs.

L TL s

— Culvert

Photo 10: Location 4 — Culvert Outlet

Photo 9: Locatlonr
Inlet

DILLON CONSULTING LIMITED
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Location 4, shown in Photo 9 and Photo 10, consists of an unknown diameter
culvert, which directs ditch flow from the south side of Scotland Drive to the
north. The upstream inlet to this culvert was completely submerged by ponded
water and deposited sediment at the time of survey. The outlet to this culvert
was not able to be found at the time of survey as it was covered with vegetation.
However, there were indicators that water had flowed through the area.

Photo 1; Location 5 - Photo 13: Location 5 — Culvert
Upstream Pond Outlet

Location 5, shown in Photo 11, Photo 12
and Photo 13 consists of a 525 mm
diameter CSP pipe that directs ditch
flow from the south side of Scotland
Drive to the north. Approximately 100 m
upstream of the pipe is a watering
hole/pond area (Pond A) with no defined
outlet that may retain some flow from
the catchment. The culvert inlet is
partially submerged with 100 mm of
standing water at the inlet.

L

F"’ho'to 12: Lcation5 — Culvert
Inlet

Approximately 3 m downstream of the culvert inlet a joint between pipe sections
has broken cleanly, such that the inlet section of pipe is completely detached
from the remainder of the culvert. An empty steel drum is lying across the
culvert near the inlet, and another further upstream near the ponded area (as
visible in Photo 11). Subsequent to the site visit, the City of London removed
the drums from the area.

At the downstream outlet there is indications of erosion within the roadside
channel, with vegetation roots and utility cable exposed. The culvert outlets to a
pool of standing water, approximately 3 m by 5 m surface dimension with a
ponded depth of 450 mm. The base of the pipe outlet has deteriorated.
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Photo 14: Location 6 — Culvert Photo 15: Location 6 — Culvert
Inlet Outlet

Location 6, shown in Photo 14 and Photo 15, consists of a 300 mm diameter
CSP culvert that directs ditch flow from the south side of Scotland Drive to the
north. The inlet to this culvert is partially buried with sediment disposition to
approximately half of the culvert barrel height. At the time of survey there was
less than 1 L/s flowing through this culvert. The outlet from this culvert is
perched, with erosion of the road embankment beneath the pipe and behind the
outlet. This erosion has undercut the vegetation above the pipe and exposed
the roots of nearby trees. The undercutting of the outlet has led to the
destabilization of the pipe outlet and a section of pipe has broken from the
culvert and is lying at the base of the eroded bank. North of Scotland Drive the
watercourse continues in a northerly direction through the wooded area.

= sy

Photo 16: Location 7 — Culvert Photo 17: Location 7 — Culvert
Inlet Outlet

Location 7, shown in Photo 16 and Photo 17 consists of a 600 mm diameter
concrete pipe culvert that directs flow from the drainage area on the south side
of Scotland Drive to the north. At the culvert inlet, rip rap has been used to
stabilise the bank and channel upstream of the culvert, water depth in the culvert
was 150 mm at the upstream end. Depth of flow at the outlet was 200 mm at
the time of survey. At the time of survey, the culvert was flowing at less than
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1 L/s. The culvert discharges into a grassy channel approximately 450 mm
wide with a flow depth of 160 mm at the time of survey. Rip rap has been used
to stabilise the bank above the culvert outlet.

The watercourse forms part of a system of ponds, which originates in an
undulating meadow with mixed land use to the south of Scotland Road. The
eastern pond (Pond C) does not have an outlet structure. Instead, during
rainfall, water in excess of the pond capacity will overflow in a westerly direction
along the roadside ditch toward the western pond (Pond B). At the time of
survey, a small earthen bund had been constructed to raise the water level in
the pond. This bund would overtop and likely wash away in a major rainfall
event. The outlet from the western pond is controlled by a 500 mm diameter
outlet pipe, which conveys water 100 m to an outlet near the Location 7 culvert.
Along this outlet pipe a 600 mm x 600 mm grate has been installed in the
roadside ditch.

. A=

Photo 18: Location 8 — Box Photo 19: Location 8 — Box Culvert
Culvert Upstream Downstream

hoto 20: Location 8 — Outlet Photo 21: Location 8 — Outlet
Upstream of Box Culvert Upstream of Box Culvert

Location 8, shown in Photo 18 to Photo 21 consists of a 3.75 m wide concrete
frame open footing box culvert, which directs flow from the north side of Manning
Drive to the south. Upstream of the box culvert is a 450 mm diameter plastic
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outlet within a concrete headwall, with a rodent grate (shown on Photo 20), and
a 250 mm diameter CSP surrounded by rip rap. These pipe outlets were not
present during the 2005 Dillon Surface Water Background Study. Upstream of
the culvert is a well-defined channel flowing at approximately 30 L/s at the time
of survey. There was some sediment deposition along the right bank of the
watercourse within the culvert and across the width of the culvert at the
downstream end. This is consistent with the agricultural land use within the
upstream drainage areas.

The culvert discharges into a well-defined channel (Shore Drain). Upstream of
Manning Drive the channel meanders through the agricultural lands within the
Site-vicinity Study Area. Generally, the banks of the watercourse appear stable
and are well vegetated with some undercutting. Bird nests were present along
the upper corners of the culvert throughout its length at the time of the survey.

DESINA AT AN __
Photo 22: Location 9 — Pond 5 Photo 23: Location 9 — Pipe Outlet
Outlet Upstream of Culvert

Phto' 24: Loatl— ulver hoto 25: Location 9 — Grat InI
Inlet near Culvert
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Location 9, shown in Photo 22 to Photo
26 consists of a cluster of hydraulic
structures at the southeast corner of
the landfill site. Within the landfill
property boundary is a 900 mm
diameter CSP outlet pipe from
Stormwater Management (SWM) Pond
5. Downstream of this pipe is a landfill
flow monitoring station consisting of a
pool of water with a concrete surround,

Photo 26: Location 9 — Culvert and a v notch discharge weir.
Outlet

Pooling on the upstream side of the flow monitoring station results in the Pond 5
outlet being submerged to approximately half the pipe height. This flow
monitoring station was not recorded as part of the 2005 Dillon Surface Water
Background Study. The concrete retaining structure is in poor condition, with
part of the concrete wall falling into the ponded area and being held up with steel
T-bars and a fallen tree partially blocking the outflow weir.

Downstream of the flow monitoring station is a 450 mm diameter acrylonitrile-
butadiene-styrene (ABS) pipe in a concrete headwall discharging into the
roadside ditch. The area around this outlet was covered with grass vegetation
and no erosion was visible at the time of survey.

Also downstream of the flow monitoring station at Location 12 is an 800 mm
diameter concrete culvert conveying water in a north to south direction under
Manning Drive and a ditch inlet catch basin to a closed tile system. The
roadside ditch in this area is clearly defined, with some rip rap erosion protection
around the culvert inlet and a concrete headwall above the ditch inlet.

On the south side of Manning Drive the culvert outlet is surrounded by rip rap for
erosion protection and immediately downstream of the culvert is a grated ditch
inlet to a closed tile drain system.
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Pipe from Landfill

"Photo 29: Location 10 —
Culvert Outlet

ht 27:oct|0 1(5— Olet B

Photo 28: Location 10 — Culvert Inlet

Location 10, shown in Photo 27, Photo
28 and Photo 29 consists of a 1050 mm
diameter CSP outlet pipe from the
landfill area (Pond 4 outlet) and a 750
mm diameter plastic culvert that
conveys water from north to south under
Manning Drive. The CSP outlet pipe is
bowed in the middle due to the weight of
the soil embankment and the outlet has
been deformed to 900 mm height. The
outlet pipe discharges to a pool of
standing water on the north side of
Manning Drive with an approximately 3
m x 3 m surface area.

The standing water depth was approximately 350 mm, with approximately 150
mm of soft sediment deposited at the invert of the pipe. The outlet was not

flowing at the time of survey.

The upstream end of the culvert under Manning Drive at Location 10 is
submerged to approximately 450 mm depth in the pool of standing water
described above. The southern/downstream end of this culvert is submerged in
standing water. Some rip rap protection is visible around the edges of the
pooled water. The pool and downstream channel were stable and vegetated
and showed no signs of erosion at the time of survey.
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Photo 30: Location 11 — Outlet Photo 31: Location 11 — Culvert Inlet

from Landfill

Location 11, shown in Photo 30, Photo
31 and Photo 32 consists of an
unknown diameter CSP outlet pipe from
the landfill area and a 600 mm diameter
CSP culvert, which conveys water from
north to south under Manning Drive.
The outlet pipe from the landfill was
located between the two boundary
fences of the landfill area and was not
S able to be accessed at the time of
Photo 32 Location 11 — survey. The outlet was not flowing at
Culvert Outlet the time of survey.

The inlet to the CSP culvert at this location is located in a grassy ditch drain on
the north side of Manning Drive. There was localized standing water at the inlet
to this culvert to a depth of 200 mm. The outlet to the culvert was covered with
vegetation at the time of survey and was not able to be seen. The downstream
channel was stable and vegetated and showed no signs of erosion at the time of
survey.
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Photo 33: Location 12 — Photo 34: Location 12 — Culvert
Culvert Inlet Outlet

Location 12, shown in Photo 33 and Photo 34 consists of unknown 1050 mm
diameter CSP outlet pipe from the landfill area (Pond 2/3 outlet) and a 600 mm
diameter CSP culvert that conveys water from north to south under Manning
Drive. The outlet pipe from the landfill was located between the two boundary
fences of the landfill area and was not able to be accessed at the time of survey.
Flow from this outlet pipe was being conveyed to the downstream culvert via a
defined channel 400 mm wide with a flow depth of 100 mm. At the time of
survey this was flowing at less than 10 L/s.

The inlet to the CSP culvert at this location is located in a grassy ditch drain on
the north side of Manning Drive. There was localized standing water at the inlet
and outlet of this culvert at a depth of 100 mm. The outlet to the culvert was
submerged and covered with vegetation at the time of survey. The downstream
channel was stable and vegetated and showed no signs of erosion at the time of
survey.

Photo 35: Location 13 — Outlet Photo 36: Location 13 — Culvert Inlet
Pipe From Pond 1
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Location 13, shown in Photo 35, Photo
36 and Photo 37, consists of an
unknown (estimated 900 mm) diameter
CSP outlet pipe from the landfill area
and an 825 mm diameter CSP culvert
which conveys water from east to west
under White Oak Road. The outlet pipe
from the landfill is the outlet from Pond
1. It was located between the two
boundary fences of the landfill area and
was not able to be accessed at the time
of survey. Based on visual inspection
form the road it was estimated to be 900
mm diameter.

t 7. Lo‘catlonls —
Culvert Outlet

Flow from this outlet pipe was being conveyed to the downstream culvert via an
undefined channel thorough a grassed embankment. At the time of survey, this
was flowing at less than 10 L/s.

The inlet to the CSP culvert at this location is located in a grassy ditch drain on
the north side of Manning Drive. An attempt has been made to stabilize the
headwall of this culvert by stacking broken concrete blocks. As a result, the inlet
to the culvert was blocked approximately 1/3 of its open area by broken concrete
at the time of survey. Standing water depth at the inlet and outlet of this culvert
was 400 mm. The outlet to the culvert was squashed vertically. The
downstream channel was stable and vegetated and showed no signs of erosion
at the time of survey.

!

Ao

.’ “
cation
Culvert Inlet Outlet

: )
e
t

“Photo 39: Location 14 — Culver

Location 14, shown in Photo 38 and Photo 39 consists of a 450 mm diameter
CSP culvert, which directs ditch flow from the east side of White Oak Road to
the west. The upstream end of the culvert is located in a grassed roadside ditch
drain and has some rip rap stabilisation along the inlet pipe. The culvert was dry

N
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at the time of survey. The culvert discharges into a well-defined channel that
meanders through the farm field to the west. At the time of survey there was
standing water approximately 100 mm deep at the outlet of the culvert, and the
pipe was partially covered by vegetation.

3.1.2. Overland Flow Routes and Drainage Boundaries
In general, the local drainage boundaries observed on the Site Study Area were

consistent with those detailed in the 2005 Dillon Surface Water Background
Study Report. These boundaries have been refined based on the additional
culverts observed under Scotland Drive during the field investigation. The

revised drainage boundaries are shown on Figure 1.

3.1.3. Water Quality and Quantity Parameters

Currently, the W12A Landfill environmental monitoring program includes the
monitoring of surface water quality in ditches and the surface water ponds. The
results of the surface water monitoring completed in 2019 are summarized

below.

Surface water samples were collected from six drainage ditches (referred to as
Ditch 1, Ditch 2, Ditch 3, Ditch 5, Ditch 7 and Ditch 10; see description in Table
2 below, which also references locations shown on Figure 1) and the four
Stormwater Management Ponds (referred to as Ponds #1, #2/3, #4 and, #5).

Table 2: Surface Water Sampling Locations

Location Location Receiving | Completed | Landfill Comments
Name Watershed | Fill Area | Property
Ditch 1 Weir at Dodd Yes Yes Receives
(Location 9) | Southeast Creek flow from
corner of Pond #5
landfill
Ditch 2 Weir at Dodd No Yes Includes
(Immediately | €nd of Creek drainage
west of culvert at from buffer
Location 9) | entrance area
to landfill including
drop-off
area
Ditch 3 Weir, Dodd Yes Yes Receives
(Location Man_ning Creek flow from
10) Drive Pond #4 and
(centre of buffer area
landfill)

N
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Location

Receiving

Completed

Landfill

Name Location Watershed | Fill Area | Property Comments
Ditch 5 Ditch at Dodd Yes Yes Includes
(Location southwest Creek drainage
12) corner of from Pond
landfill #2/3 and
buffer area
Ditch 7 Ditch at Dingman No Yes Includes
(Location northwest Creek drainage
13) corner of from Pond
landfill #1 and
agricultural
land
Ditch 10 Northend | Dingman No No Includes
(Location 5) of culvert Creek drainage
at 3713 from
Scotland agricultural
Drive land

Since the landfill is situated on a surface water divide, there are no sampling
locations upstream from the landfill. Ditches #7 and #10 do not receive surface

water from areas that have been landfilled and can be considered
representative of background conditions.

For compliance purposes, three locations (Ditch 1, Ditch 3 and Ditch 5) and four
water quality parameters (un-ionized ammonia, BODs, chloride and sulphate)
are used as the trigger mechanism for mitigation measures. There were no
exceedances for any trigger mechanism parameters in 2019 as shown in Table

3.
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Table 3: Surface Water Quality — Compliance Locations

_ Results

Parameter Sampling i

Location Maximum Average

(mg/L) (mg/L)

BOD5 Ditch #1 6 4
Trigger > 10 mg/L Ditch #3 4 3

Ditch #5 4 3
Chloride Ditch #1 219 117
Trigger > 800 Ditch #3 157 92
mg/L Ditch #5 221 145
Sulphate Ditch #1 38 18
Trigger > 1,000 Ditch #3 99 59
mg/L .

Ditch #5 201 121
Un-ionized Ditch #1 0.005 0.002
Ammonia Ditch #3 0.010 0.004
Trigger > 0.3 mg/L Ditch #5 0.002 0.001

The City also undertakes sampling directly from the stormwater management
ponds that receive runoff from areas that have been landfilled and covered
(Ponds #2/3, #4 and #5). None of the samples collected from the stormwater
management ponds exceeded any trigger mechanism parameters in 2019.

In most cases, average levels of the trigger mechanism parameters in ditches
and ponds receiving water from the landfill were not significantly greater than
average background concentrations in Ditches #7 and #10 in 2019. The
exceptions included elevated sulphate concentrations in Ditch #5 and elevated
un-ionized ammonia concentrations in Pond #4. The elevated levels of these
parameters are fairly consistent with past results. Sulphate concentrations in
Pond #2/3 were elevated compared to background conditions and historical
results but had decreased compared to 2018 levels. In 2019, Ditch #2 had
elevated chloride concentrations in two sampling events. Elevated chloride
concentrations have occurred periodically over the past two decades at this
location, which has been attributed to road salt impacts from areas frequently
travelled by vehicles such as the landfill entrance and drop-off depot.

N
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Other Parameters

Levels of suspended solids observed in 2019 were typically below 100 mg/L,
which is similar to historic values. In 2019, the suspended solids levels in
drainage ditches ranged from <3 mg/L to a maximum of 393 mg/L observed in
Ditch #7 in October.

Phosphorus levels in all the ditches and the stormwater management ponds
tested, including the ditches that do not receive surface water from the landfill,
exceeded the Provincial Water Quality Objectives (PWQOSs) criteria of 0.03
mg/L. In 2019, phosphorus levels generally ranged between 0.03 mg/L and 0.30
mg/L, which was below the discharge criterion of 0.40 mg/L in the City’s
Wastewater Discharge By-law.

In August 2019, at Ditches #1 and #2, phenol concentrations of 2.0 pg/L were
measured, nominally exceeding the PWQO of 1 pg/L.

Metals levels were below the corresponding PWQOs for nearly all surface water
samples. The PWQO for zinc (30 pg/L) was exceeded in the October 2019
sampling event at Ditch #3, which had a concentration of 251 pg/L. Historically,
the stormwater management ponds had occasional exceedances of the
PWQOs for copper and zinc.

Overall, there were no exceedance of trigger levels in the 2019 surface water
monitoring program and surface water quality was comparable to historical
surface water data.
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1.0 INTRODUCTION

The City of London is proposing an expansion of the existing W12A Landfill site (the Project)
located at 3502 Manning Drive, part of Lots 18, 19 and 20 of Concession 6 in the former
Township of Westminster, in the south end of the City of London, Ontario.

The environment is considered in broad terms to include the natural, social, cultural, and
economic aspects of the environment. This document presents the stormwater management
component existing conditions and impact assessment for the Environment Assessment (EA)
of the proposed W12A Landfill expansion. This work has been conducted in accordance with
the requirements set out in the approved Amended Terms of Reference (ToR), dated
February 2019.

This Stormwater Management Existing Conditions and Impact Assessment report is a
supporting document to the Environmental Assessment Study Report (EASR)

2.0 BACKGROUND

The landfill site opened in 1977 and operates under Environmental Compliance Approval
(ECA) A042102 approved by the Ministry of Environment, Conservation and Parks (MECP)
under the Environmental Protection Act. The landfill accepts solid non-hazardous waste from
its approved service area as well as Municipal Hazardous or Special Waste (MHSW) from
residents and small quantity generators. The solid-non-hazardous waste is disposed at the site
while the MHSW is sent to licensed facilities for recycling, reuse or disposal.

The purpose of the EA study and proposed expansion of the landfill is to seek approval for
additional waste disposal capacity because the existing W12A Landfill is expected to reach its
approved total disposal capacity at the end of 2023.

This stormwater management report is based on a vertical expansion of the landfill over the
existing footprint as identified as the preferred expansion alternative in the EASR.

2.1 Site Location

The W12A Landfill is located at 3502 Manning Drive in the City of London. The site is located
south of Highway 401, bounded to the south by Manning Drive, to the north by Scotland Drive,
and on the west by White Oak Road. The landfill is on a surface water divide between
Dingman Creek watershed to the north and Dodd Creek watershed to the south.

To accommodate ancillary features, stockpiling of soils and provide additional on-Site buffer
compared to the existing landfill, the northern boundary of the landfill property will be extended
northward to Scotland Drive and a 100 m buffer width will be provided on the east side of the
landfill footprint and some additional area in the southeast corner to tie into the adjacent
Material Recovery Facility (MRF) property line.

The overall area of the expanded site is 192.4 ha, but for the purposes of this surface water
assessment the focus is on the landfill footprint and the area immediately adjacent where
operations will take place (Landfill Operations Area). The majority of the Landfill Operations
Area is within the Dodd Creek subwatershed with the remainder within the Dingman Creek
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subwatershed, with approximately 142 ha and 13 ha, respectively, of the current landfill site
property in each subwatershed (prior to all landfilling activity on the Site).

The soils on site are low permeability clays and groundwater movement is insignificant. Land
use in the vicinity of the Site is primarily agricultural.

Five watercourses flow away from the Landfill Operations Area. Four of these are tributaries of
Dodd Creek and are located on the south edge of the landfill, starting just north of Manning
Drive and crossing the road via culverts. These tributaries combine a few hundred metres
south of the Site and continue southwest toward the main branch of Dodd Creek (EarthTech,
2002). The fifth is located west of the landfill discharging via a culvert under White Oak Road
and is a tributary of Dingman Creek (EarthTech, 2002).

3.0 EXISTING STORMWATER MANAGEMENT

As noted in Section 2.1, the W12A Landfill is situated on the boundary between two
subwatershed areas, Dingman Creek and Dodd Creek. Dingman Creek is a tributary of the
Thames River (Lake St. Clair Basin) watershed and Dodd Creek is part of the Kettle Creek
(Lake Erie Basin) watershed. The majority of the Landfill Operations Area falls within the
Dodd Creek subwatershed and a small northerly portion of the Landfill Operations Area falls
within the Dingman Creek subwatershed. Figure 1 provides pre-development drainage areas
and surface water features.

Four surface water features crossing Manning Drive convey runoff from the W12A Landfill
property to downstream receiving water systems within the Dodd Creek watershed and one
additional surface water feature crossing White Oak Road conveys runoff from the site to a
tributary of Dingman Creek. All five tributaries are documented as being seasonally dry,
intermittent watercourses with a majority of flow generated as a result of direct runoff during
precipitation events.

The existing drainage network in the vicinity of the landfill is divided into four general areas with
a system of berms, slopes and perimeter drainage ditches directing runoff generated within the
W12A Landfill Operations Area to four separate stormwater management (SWM) ponds.
Stormwater Management Ponds 2/3, 4 and 5 are located along the south side of the site and
currently service approximately 129.3 ha of drainage area and discharge to the Dodd Creek
sub-watershed, see Figure 2. Stormwater Management Pond 1 is located at the northwest
corner of the landfill area and services approximately 14.4 ha of drainage area that falls within
the Dingman Creek subwatershed area. The following sections provide an overview of the
current stormwater management ponds at the Site. The Site stormwater management facilities
operate under ECA 1828-9CKRMK issued by the MECP December 11, 2013, which has been
included in Appendix A for reference.
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3.1 Stormwater Management Pond 1

Stormwater Management Pond 1 is located at the northwest corner of the landfill area and is
an extended detention wet pond that receives stormwater runoff from a total drainage area of
14.4 ha under existing conditions. The existing pond was designed to provide Enhanced 80%
long-term suspended solids removal as defined by the MECP Stormwater Management
Planning and Design Manual (MECP, 2003) and has a permanent pool storage capacity of
2,470 m® and an active storage capacity of 5,800 m3. The pond includes a forebay, a
permanent pool with elevation 273.2 masl, a 150 mm diameter Hickenbottom outlet structure
discharging via a 150 mm diameter gate valve into an existing 900 mm diameter CSP culvert
into Tributary 7 and a 3.2 m wide rip-rap overflow at invert elevation 275.0 masl| discharging
into Tributary 7.

3.2 Stormwater Management Pond 2/3

Stormwater Management Pond 2/3 is located in the southwest corner of the Site and is an
extended detention wet pond that receives stormwater runoff from a total drainage area of
30.6 ha under existing conditions. The pond was designed to provide Normal 70% long-term
suspended solids removal as defined by the MECP Stormwater Management Planning and
Design Manual (MECP, 2003) and has a permanent pool storage capacity of 2,660 m® and an
active storage capacity of 11,100 m3. The pond includes a forebay, a permanent pool with
elevation 271.2 masl, a 300 mm diameter Hickenbottom outlet structure discharging via a

300 mm diameter gate valve into an existing outlet ditch that drains into Tributary 5, one ditch
inlet structure and 750 mm diameter concrete pipe outlet that drains via an outlet ditch into
Tributary 5 and one 5.0 m wide overflow spillway at invert elevation 274.0 masil.

3.3 Stormwater Management Pond 4

Stormwater Management Pond 4 is located on the south side of the Site and is an extended
detention wet pond that receives stormwater runoff from a total drainage area of 57.7 ha.

The existing pond was designed to provide Normal 70% long-term suspended solids removal
as defined by the MECP Stormwater Management Planning and Design Manual (MECP, 2003)
and has a permanent pool storage capacity of 5,200 m® and an active storage capacity of
20,200 m3. The pond includes a forebay, a permanent pool with elevation 269.7 masl, a

125 mm diameter Hickenbottom outlet structure discharging via a 150 mm diameter gate valve
into a 450 mm diameter pipe into an outlet structure with a ditch inlet catchbasin top followed
by a 1,050 mm diameter pipe into Tributary 3.

3.4 Stormwater Management Pond 5

Stormwater Management Pond 5 is located on the southeast corner of the landfill Site and is
an extended detention wet pond that receives stormwater runoff from a total drainage area of
41.0 ha under existing conditions. The pond was designed to provide Normal 70% long-term
suspended solids removal as defined by the MECP Stormwater Management Planning and
Design Manual (MECP, 2003) and has a permanent pool storage capacity of 3,690 m?3 and an
active storage capacity of 11,800 m3. The pond includes a forebay, a permanent pool with
elevation 268.5 masl, an outlet structure with a 150 mm diameter orifice and an overflow weir
at elevation 269.4 masl and a 600 mm x 600 mm slide gate valve.
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4.0 PROPOSED EXPANSION CONDITIONS

The existing drainage network in the vicinity of the landfill is currently divided into four general
areas with a system of berms, slopes and perimeter drainage ditches directing runoff
generated within the W12A Landfill Operations Area to four separate stormwater management
ponds. Under the proposed vertical expansion, the peak of the landfill mound will shift to the
south and sideslopes of the mound will be longer and somewhat steeper in places, resulting in
changes to the drainage boundaries to each of the ponds and, in general, reduced times to
peak runoff. In addition, a proposed ancillary facility including public drop off areas, access
roads, bins, and storage areas is proposed to be added east of Pond 5. The post-expansion,
post-closure drainage areas are shown on Figure 3. To address these changes in surface
water runoff, some modifications to the existing stormwater management ponds will be
required.

Under current conditions, Ponds 2/3, 4 and 5 collect an area of 129.3 hectares of surface water
runoff and provide treatment and attenuation prior to discharge off-Site to the south, to the
Dodd Creek subwatershed. The proposed landfill expansion and mound configuration will
result in a reduction of the drainage area being collected and treated by these ponds and
discharged to the Dodd Creek subwatershed to 106.5 hectares, including an additional
drainage area to Pond 5 from the proposed ancillary facilities. Under current conditions, Pond
1 collects a drainage area of 14.4 hectares of surface water runoff and discharges off-Site to
the north, to the Dingman Creek subwatershed. The proposed landfill expansion would result
in an increased drainage area of 34.5 hectares to Pond 1. The outlet structure for Pond 1 will
be designed such that discharge will match or be below pre-expansion peak flows for the

1:5 year through 1:100 year design storm events.

The proposed modifications to the stormwater management system will all occur within the
Site, specifically to the stormwater management ponds and their outlet structures, and there is
no proposed work on the downstream stormwater management infrastructure including the
ditches, culverts or the downstream off-Site watercourses themselves. As such, the proposed
expansion will not involve physical alterations to downstream watercourses. Also, the ponds
will provide volume requirements to meet Enhanced Level Protection (80% Total Suspended
Solids (TSS) removal) and post-development flows are designed to match pre-development
flows using the controls in the outlet structures for the stormwater management ponds.
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4.1 Design Criteria

In addition to design of the stormwater management system as required by O.Reg. 232/98, a
stormwater management report for waste processing sites is required for sites that include
provisions for the outdoor storage of waste or discharge from inside of the building to the
outside. Since the outdoor storage of waste occurs at the Site, the Site is therefore subject to
the stormwater management reporting requirements of a waste processing site as outlined in
the MECP Guide for Applying for an Environmental Compliance Approval (December 2012)
(the Guide).

A stormwater management report is used to assess the potential off-site impacts. According to
the Guide, at a minimum, the plan must include a detailed plan of stormwater management,
including:

m A description of the nature of the interaction of the waste with rainwater, which should
include considerations of volumes of stormwater runoff and storage.

m Surface elevations indicating the direction of drainage and a description of all discharge
locations.

m Impact prevention and monitoring plans, if required.

Modifications to the stormwater management ponds will meet the following design criteria
where possible:

m Maitch post-expansion outlet flows to corresponding pre-expansion flows for the 1:5 year
through the 1:100 year return period design storm.

m Provide Enhanced Level Protection (80% TSS removal) as defined by the MECP SWM
Planning and Design Manual (MECP, 2003).

m Surface drainage from potentially contaminated areas, i.e., originating from active
landfilling areas, will be contained locally within berms and will discharge into the waste
and eventually into the leachate management system. Surface drainage from non-
contaminated areas such as road areas and areas with interim or final landfill cover will be
conveyed to the stormwater management pond via the internal drainage ditches.

m Ditches will be sized to convey the 1:100 year return period design storm and culverts
sized to convey a 1:25 year return period design storm as per O.Reg. 232/98.

m The 1:250 year return period and Hurricane Hazel Regional design storm will also be
assessed to predict conditions during such an event to evaluate potential climate change
effects.

» GOLDER 5



September 2021 1648176

4.2 Methodology
Runoff scenarios were assessed with the Visual Otthymo (VO2) model.

To estimate peak site runoff rates for the existing Site, it was modelled using the Nash
instantaneous unit hydrograph method. This method uses the Soil Conservation Services
Curve Number (CN). The CN values were selected to be consistent with the previous
Stormwater Master Plan (EarthTech, 2002) and updated based on the proposed increase to
landfill sideslopes and addition of the ancillary services area east of Pond 5. The CN values
and Initial Abstraction (IA) values used for the model were weighted based on surface type as
shown in the following Table.

Surface Type CN IA (mm)
Building/Asphalt/ Concrete/Pond 98 1.5
Gravel/Recycled Asphalt 89 3
Landscaped/Landfill top area 81 3
Landfill sideslopes 83 1.5

A modified Chicago distribution was used for various rainfall events from 25 mm and 1:2
through 1:100 year return period design storms. A 4-hour duration Chicago Storm distribution
was used for the 1:2 year through 1:100 year return period storms using IDF curves from the
AES rainfall gauge at the London Airport.

The estimated Time of Concentration (tc) was calculated using the Airport Method for
catchments with a runoff coefficient less than 0.40 and the Bransby-Williams Equation for
catchments with a runoff coefficient greater than 0.40 (based on the weighted catchment
Rational Method runoff coefficient C). The Time to Peak (tp) used in the model was calculated as
tp = 0.67tc. The vertical expansion proposed for the landfill will result in larger areas of steeper
sections with 4 horizonal to 1 vertical sideslopes and a top slope of 20 horizontal to 1 vertical.
The result of this change will be a shorter time to peak and increased surface water runoff.

The calculations are provided in Appendix B and model outputs are provided in Appendix C
and summarized in the following Table 1. The pre-development and current condition inputs
are from the previous Stormwater Master Plan (EarthTech, 2002).
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Table 1. Model Inputs
, Time to

E)Sr\?\llnMag(e):ar)ea D/ Area (ha) CN (hPOel?rI;) IA (mm)
101 (Pond 1) Pre-Development 14.50 81.0 0.31 6.0
201 (Pond 1) Current 14.40 81.0 0.25 15
301 (Pond 1) Proposed 34.48 82.4 0.30 2.6
102 (Pond 2/3) Pre-Development 16.60 81.0 0.39 6.0
103 (Pond 2/3) Pre-Development 13.00 81.0 0.34 6.0
202/203 (Pond 2/3) | Current 30.60 81.0 0.27 2.2
302 (Pond 2/3) Proposed 18.47 83.8 0.13 2.2
303 (Pond 2/3) Proposed 6.24 83.9 0.11 2.3
104 (Pond 4) Pre-Development 52.00 81.0 0.53 6.0
204 (Pond 4) Current 57.70 81.0 0.37 15
304 (Pond 4) Proposed 25.17 834 0.16 2.2
105 (Pond 5) Pre-Development 46.00 81.0 0.56 6.0
205 (Pond 5) Current 41.00 81.0 0.39 15
305 (Pond 5) Proposed 56.60 82.8 0.52 15

4.3 Baseflow

The Earth Tech Stormwater Management Plan (EarthTech, 2002) recommended that baseflow
storage be provided to Stormwater Management Ponds 1 and 2/3. EarthTech reviewed
continuous rainfall records over a characteristic 13-year period in London and estimated that to
provide 5 to 10 L/s baseflow for 70% of the time or more, a storage volume of 4,000 m® was
required for Stormwater Management Pond 1 and 6,000 m® was required for Stormwater
Management Pond 2. Based on the Dingman Creek Subwatershed Stormwater Servicing
Study (Aquafor Beech, 2020), baseflow augmentation is no longer required for Dingman Creek
Subwatershed and has therefore not been provided for in Pond 1. The proposed design will
continue to include baseflow storage for Pond 2 with volumes greater than or equal to those
recommended in the Earth Tech Stormwater Management Plan (EarthTech, 2002).

Pond 5 was not provided with baseflow as it discharges to an enclosed municipal drain,
consistent with the existing design.

Pond 4 was not provided with baseflow volume due to space constraints of this pond and as it
was noted in the Earth Tech Stormwater Management Plan that there was little benefit in
providing baseflow to the headwaters of the channel as opposed to farther downstream where
the separate tributaries come together (EarthTech, 2002). This is consistent with the existing
design.
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4.4 Stormwater Management Ponds
The overall stormwater management system proposed for the expansion is shown on Figure 4.

4.4.1 Pond 1

Stormwater management Pond 1 is located in the northwest corner of the Operations Area and
is an extended detention wet pond that currently receives stormwater runoff from a total
drainage area of 14.4 ha and a proposed increased drainage area of 34.48 hectares. The pond
discharges to the Dingman Creek subwatershed. The existing Pond has a permanent pool
storage capacity of 2,470 m?3 and an active storage capacity of 5,800 m3. Proposed
modifications to Pond 1 are shown on Figure 5 and discussed below.

Due to the increased drainage area and reduction in time to peak resulting from the landfill
expansion, the pond will be expanded to the north, increasing the size of the main pond and
forebay. The outlet structure will be modified to match or be less than pre-development flows
resulting from the smaller pre-development area of that was initially directed to the Dingman
Creek subwatershed.

The extended detention wet pond outlet structure provides a 100-hour retention time for runoff
produced by a 25-mm rainfall event with a 4-hour modified Chicago distribution as shown in
the hydrograph for Pond 1 provided in Appendix D. The outlet structure includes a 200 mm
diameter orifice at elevation 274.50 masl which is designed as a submerged reverse sloped
pipe to promote separation/floating of oils, providing potential for spilled material to be
recovered prior to off-Site release occurring. The existing outlet structure for the pond has an
existing sluice gate to allow emergency closure to assist in spill / leachate containment
activities, if needed. A 600 mm diameter pipe with a ditch inlet grate will be provided at
elevation 274.80 masl to provide discharge control for larger storm events. A trapezoidal 5 m
wide overflow weir will be provided at elevation 275.50 masl for the 1:100 year return period
design storm and larger storm events and will provide controlled discharge of flow up to and
including the Hurricane Hazel design storm, which will then be conveyed through the
downstream ditch and culvert.

Table 3.2 of the MECP Manual provides storage volume design requirements based on
specific site imperviousness levels to achieve required TSS removal objectives. Table 3.2
indicates that the minimum storage volume should be based on 190 m3ha, for 80% TSS
removal at an impervious level of 55%. For the Pond 1 drainage area of 34.48 ha, this results
in a minimum total required pond volume of 6,551 m?2, with 40 m3/ha required as extended
detention. Therefore, 5,172 m3 and 1,379 m? are required, at minimum, for the permanent pool
and extended detention, respectively. A permanent pool volume of 8,480m3 is provided in the
proposed wet pond, which exceeds the required permanent pool volume. An additional

2,105 m? of extended detention storage is provided for the 25 mm design storm. Detailed
calculations are provided in Appendix B and model outputs are provided in Appendix C.

The following table provides the design values for the wet pond and compares these values to
the minimum or preferred criteria as per Table 4.6 of the MECP Manual:
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Table 2: Pond 1 Extended Detention Wet Pond — MECP Design Criteria

Design
Element

Design Value

Comparison to MECP Criteria

Drainage Area

34.48 ha

Exceeds Preferred Criteria (>10 ha)

Treatment
Volume

Permanent Pool — 8,480m?3
Active Storage (for 25mm event) —
2,105 m3

Meets Minimum Criteria

Active Storage

permanent pool

; . 100 hours Meets Preferred Criteria (>24 hrs)
Detention Time
Forebay Depth—3.0m Meets Preferred Criteria (>1.5 m)
i — 0,
Forebay Maximum Area —12.3% of total Meets Criteria (< 33%)

Length-to-Width
Ratio

Overall - 5.6:1

Pond Exceeds Minimum Criteria
(minimum 3:1)

Length-to-Width
Ratio

Forebay — 3.5:1

Forebay exceeds minimum criteria
(2:1)

Permanent Pool
Depth

Mean depth of 1.0 m

Meets Preferred Criteria
(Mean depth 1 m — 2 m)

Active Storage
Depth

The 25 mm storm event is 0.21 m
above the permanent pool

Meets Minimum Criteria
(<1.0 m)

Does not meet Minimum Criteria of
5H:1V for 3 m around permanent pool.
Meets requirement of 3H:1V

5 m wide overflow with 3H:1V side
slopes and 0.5% slope at
275.50 masl

Side Slopes 3H:1V elsewhere. The landfill site has
controlled access and existing ponds
have 3H:1V side slopes

Inlet 600 mm diameter culvert Exceeds Minimum Criteria of 450 mm

200 mm dia. Orifice at 274.50 masl
600 mm dia. outlet pipe at
Outlet 274.80 masl, 1.0% slope Meets Minimum Criteria

Maintenance

No maintenance drawdown pipe
provided. Access for backhoes or

Meets Minimum Criteria

Access dredging equipment provided
Does not meet Minimum Criteria of
Buffer Not provided 7.5 m above maximum water
quality/erosion control water level
(landfill site with restricted access)
S GOLDER 9
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The following calculations summarize the design requirements of the forebay as per
Section 4.6.2 of the MECP Manual:

Minimum Forebay Settling Length

@
Dist = 7
Where: Dist = forebay length (m)
r = length-to-width ratio
Qp = peakflow rate from the pond during design quality event
(25 mm storm event) (m?3/s)
Vs = settling velocity (m/s)
’3.5 0.012
0.0003
Dist=11.83m
Minimum Dispersion Length
8
Dist = —Q
dvy
Where: Dist = length of dispersion (m)
Q = inlet pipe capacity (10 year storm event) (m3/s)
d = depth of permanent pool in the forebay (m)
Vi = desired velocity in the forebay (m/s)
. 8(242)
Dist =150
Dist=25.81m

The proposed forebay length is 56.0 metres and is therefore greater than the required lengths for
settling and dispersion.

O GOLDER 10
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Minimum Forebay Bottom Width

Dist
Width = —
8
Where: Dist = greater value of minimum forebay length or length of dispersion (m)
Width = minimum forebay bottom width (m)
25.81
Width = ——
8
Width = 3.23 m

The proposed bottom width is 16.0 metres (average) and is therefore greater than the required

width.

A comparison of pre-development to existing and proposed post-development site discharge
rates is provided in the following table for the 25 mm and 1:5 year through the Regional
(Hurricane Hazel) design storm events.

Table 3: Pond 1 Estimated Pre-development and Proposed Peak Flow Rates

Pre-Dev Current Proposed Active Depth
: Conditions b Storage Above Elevation

Return Period | Peak Flow Peak Flow Vol 5

(L/s) Peak Flow (Lls) olume“ |Perm. Pool| (masl)
(L/s)! (m3) (m)

25 mm 78 29 2,105 0.21 274.71
1:5 Year 315 10 190 5,569 0.55 275.05
1:10 Year 434 317 6,797 0.66 275.16
1:100 Year 941 430 709 11,323 1.05 275.55
1:250 Year 1,206 1,882 13,849 1.26 275.76
Regional Storm 1,582 2,892 16,889 1.49 275.99

Notes: 1 From Earth Tech Stormwater Management Master Plan (Earth Tech, 2002)

4.4.2

Pond 2/3

Stormwater Management Pond 2/3 is located in the southwest corner of the Site and is an

extended detention wet pond that currently receives stormwater runoff from a total drainage
area of 29.6 hectares and under proposed conditions would have a smaller drainage area of
24.71 hectares. The pond discharges to the Dodd Creek subwatershed. Proposed

modifications to Pond 2/3 are shown on Figure 6 and discussed below.

The existing Pond has a permanent pool storage capacity of 2,660 m® and an active storage
capacity of 11,100 m3. The landfill expansion will result in a decreased drainage area to this

pond; however, to meet the Enhanced Level Protection (80% TSS removal) volume
requirements as defined by the MECP Stormwater Management Planning and Design Manual
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(MECP, 2003) the permanent pool depth will be increased and some modifications will be
made to the existing outlet structure.

A baseflow storage volume of 6,320 m3is provided as stacked storage as noted in Section 4.3
and is therefore in addition to the active storage for the 25 mm and 1:5 year through

1:100 year return period design storms (i.e., the baseflow is in addition to the storage provided
for these events). A minimum sized orifice of 75 mm will be used to control the pond outflow for
the baseflow storage and 25 mm storm, which provides an 85-hour retention time for runoff
produced by a 25-mm rainfall event with a 4-hour modified Chicago distribution as shown in
the hydrograph for Pond 2/3 provided in Appendix D and assumes the baseflow storage is full
at the time of the 25 mm storm event. The outlet pipe for the pond is designed as a submerged
reverse sloped pipe to promote separation/floating of oils, providing potential for spilled
material to be recovered prior to off-Site release occurring. The existing outlet structure for the
pond will be modified and used and is fitted with a valve to allow emergency closure to assist in
spill / leachate containment activities, if needed. The resultant average release rate over the
extended drawdown period for the baseflow volume is about 11 L/s. An overflow weir with

3.2 m bottom width, 3H:1V sideslopes with rip-rap covering at invert 273.10 masl is proposed
to provide discharge control for larger storm events.

Table 3.2 of the MECP Manual provides storage volume design requirements based on
specific site imperviousness levels to achieve required TSS removal objectives. Table 3.2
indicates that the minimum storage volume should be based on 190 m3ha, for 80% TSS
removal at an impervious level of 55%. For the pond drainage area of 24.71 ha, this results in
a minimum total required pond volume of 4,673 m?3, with 40 m%/ha permitted as extended
detention. Therefore, 3,707 m3 and 988.4 m? are required, at minimum, for the permanent pool
and extended detention, respectively. A permanent pool volume of 4,602 m? is provided in the
proposed wet pond, which exceeds the required permanent pool volume. A baseflow volume of
6,315 m? is provided as noted in Section 4.3. An additional 1,451 m?3 of extended detention
storage is provided for the 25 mm design storm. Detailed calculations are provided in Appendix
B and model outputs are provided in Appendix C.

The following table provides the design values for the wet pond and compares these values to
the minimum or preferred criteria as per Table 4.6 of the MECP Manual.
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Table 4: Pond 2/3 Extended Detention Wet Pond — MECP Design Criteria

Design
Element

Design Value

Comparison to MECP Criteria

Drainage Area

23.26 ha

Exceeds Preferred Criteria
(>10 ha)

Treatment
Volume

Permanent Pool — 4,602 m?
Active Storage (for 25mm event) —
1,451 m?3

Meets Minimum Criteria

Active Storage

permanent pool

Detention Time 85 hours Meets Preferred Criteria (>24 hrs)

Forebay Depth—3.9m Meets Preferred Criteria (>1.5 m)
i — 0,

Forebay Maximum Area — 21.0 % of total Meets Criteria (< 33% )

Length-to-Width
Ratio

Overall - 11:1

Pond Exceeds Minimum Criteria
(3:1)

Length-to-Width
Ratio

Forebay — 10.7:1

Forebay Exceeds Minimum
Criteria (2:1)

Permanent Pool
Depth

Mean depth of 1.3 m

Meets Preferred Criteria
(Mean depth 1 m — 2 m)

Active Storage
Depth

1.34 m for 25 mm storm event
(includes 1.1 m for baseflow storage)
1.60 m for 5-year storm event
(includes 1.1 m for baseflow storage)

Does not meet Minimum Criteria of
<1.0 m due to 1.1 m baseflow
depth

Does not meet minimum criteria of
5H:1V for 3 m around permanent

side slopes

Side Slopes 3H:1V pool. Existing pond has no public
access
Inlet 2 — 900 mm diameter culverts Exceeds Minimum Criteria of
1 — 450 mm diameter culvert 450 mm
75 mm dia. Orifice at 271.70 masl
Outlet 3.2 m wide overflow weir with 3V:1H Meets Minimum Criteria

Maintenance

No maintenance drawdown pipe
provided. Access for backhoes or

Meets Minimum Criteria

Access dredging equipment provided
Does not meet Minimum Criteria of
7.5 m above maximum water
Buffer Not provided guality/erosion control water level

(industrial site with restricted
access)

O GOLDER
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The following calculations summarize the design requirements of the forebay as per
Section 4.6.2 of the MECP Manual:

Minimum Forebay Settling Length

pist = |-z
Vs
Where: Dist = forebay length (m)
r = length-to-width ratio
Qp = peakflow rate from the pond during design quality event
(25 mm storm event) (m?3/s)
Vs = settling velocity (m/s)
Dist — 10.7(0.041)
BT [T 0.0003
Dist=38.2m
Minimum Dispersion Length
. 8Q
Dist = d_Vf
Where: Dist = length of dispersion (m)
Q = inlet pipe capacity (10 year storm event) (m?/s)
d = depth of permanent pool in the forebay (m)
Vi = desired velocity in the forebay (m/s)
_8(2.851)
Dist =330
Dist=35.1m

The existing forebay length is 79.6 metres and is therefore greater than the required lengths for
settling and dispersion.

O GOLDER 14
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Minimum Forebay Bottom Width
Dist

Width = —
idth 3
Where: Dist greater value of minimum forebay length or length of dispersion (m)

Width

minimum forebay bottom width (m)
_ 38.2
Width = T

Width = 4.78 m

The existing forebay bottom width is 7.1 metres (average) and is therefore greater than the
required width.

A comparison of pre-development to existing and proposed post-development site discharge
rates is provided in the following table for the 25 mm and 1:5 year through the Regional
(Hurricane Hazel) design storm events.

Table 5: Pond 2/3 Estimated Pre-development and Proposed Peak Flow Rates

Pre-Dev Current Pronosed Active Esgfg
Return Peak Conditions PeaE Flow Storage Perm Elevation
Period Flow Peak Flow (L/s) Volume? Pool (masl)
L/s L/s)! m?3
(LIs) (LIs) (m3) )
25 mm 143 13 1,635 1.34 273.04
1:5 Year 571 150 250 3,594 1.60 273.30
1:10 Year 783 463 4,286 1.70 273.40
1:100 Year 1,513 730 1,502 6,414 1.97 273.67
1:250 Year 2,172 2,695 8,145 2.18 273.88
Regional | 41 3,297 8,803 2.26 273.96
Storm

Notes: 1 From Earth Tech Stormwater Management Master Plan (Earth Tech, 2002)
2 Does not include baseflow volume of 6,315 m? (i.e., Stacked Storage)

4.4.3 Pond 4

Stormwater Management Pond 4 is located centrally on the south side of the Site and is an
extended detention wet pond that currently receives stormwater runoff from a total drainage
area of 57.7 hectares. The pond discharges to the Dodd Creek subwatershed. The existing
pond has a permanent pool storage capacity of 5,200 m2 and an active storage capacity of
20,200 m3. Under proposed conditions Pond 4 would receive stormwater runoff from a smaller
total drainage area of 25.17 hectares. Proposed modifications to Pond 4 are shown on Figure
7 and discussed below.




September 2021 1648176

The existing permanent pool and active storage volumes are sufficiently sized to meet the
Enhanced Level Protection (80% TSS removal) volume requirements as defined by the MECP
Stormwater Management Planning and Design Manual (MECP, 2003). The existing outlet
structure will be modified with an appropriately sized orifice to control discharge and the
existing double inlet catchbasin would be maintained for larger storm events. An overflow weir
would be added for storm events larger than the 1:100 year return period design storm.
Consideration will be given to creating a forebay(s) at the main inlet locations during the more
detailed ECA-level design stage.

The extended detention wet pond outlet structure provides a 60-hour retention time for runoff
produced by a 25-mm rainfall event with a 4-hour modified Chicago distribution as shown in
the hydrograph for Pond 4 provided in Appendix D. The outlet pipe for the pond for quality
control will use the existing perforated 1500 mm Corrugated Steel Pipe (CSP) maintenance
hole and internal 200 mm orifice with the Hickenbottom riser structure removed. The existing
outlet structure for the pond will be modified and used and is fitted with a valve to allow
emergency closure to assist in spill / leachate containment activities, if needed. A 600 mm
outlet pipe with a ditch inlet grate will be provided at elevation 270.40 masl for the controlled
discharge of large storm events. The existing ditch inlet grate at elevation 270.80 masl| will
remain. The existing maintenance hole located at the southwest of the pond will be modified
with stop logs adjusted to an elevation of 270.80 masl, providing a 1.2 m wide overflow weir at
this elevation.

Table 3.2 of the MECP Manual provides storage volume design requirements based on
specific site imperviousness levels to achieve required TSS removal objectives. Table 3.2
indicates that the minimum storage volume should be based on 190 m3ha, for 80% TSS
removal at an impervious level of 55%. For the pond drainage area of 25.17 ha, this results in
a minimum total required pond volume of 4,782 m?3, with 40 m%/ha permitted as extended
detention. Therefore, 3,776 m® and 1,007 m? are required, at minimum, for the permanent pool
and extended detention, respectively. A permanent pool volume of 3,974 m? is provided in the
proposed wet pond, which exceeds the required permanent pool volume. An additional

1,451 m?3 of extended detention storage is provided for the 25 mm design storm. Detailed
calculations are provided in Appendix B and model outputs are provided in Appendix C.

The following table provides the design values for the wet pond and compares these values to
the minimum or preferred criteria as per Table 4.6 of the MECP Manual.
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Table 6: Pond 4 Extended Detention Wet Pond — MECP Design Criteria

Design Element

Design Value

Comparison to MECP Criteria

Drainage Area

25.17 ha

Exceeds Preferred Criteria (>10 ha)

Treatment
Volume

Permanent Pool — 3,974 m3
Active Storage (for 25mm event) —
1,451 m3

Meets Minimum Criteria

Active Storage
Detention Time

60 hours

Meets Preferred Criteria (>24 hrs)

Forebay

No forebay provided.

Does not meet minimum criteria. Pond
Is existing with limited space available
and inlet ditches and adjacent
sideslopes have established
vegetation.

Length-to-Width
Ratio

Overall — 2.83:1

Does not meet minimum criteria of 3:1.
Pond is existing with limited space
available.

Permanent Pool
Depth

Mean depth of 1.0 m

Meets Preferred Criteria
(Mean depth 1 m —2 m)

Active Storage
Depth

0.29 m for 25 mm storm event
0.80 m for 5-year storm event

Meets Minimum Criteria (<1.0 m)

Does not meet minimum criteria of

1.2 m wide overflow weir at
elevation 270.80 masl

Side Slopes 3H:1V 5H:1V for 3 m around permanent pool.
Existing pond with no public access.
800 mm diameter culvert Exceeds Minimum Criteria of 450 mm
Inlet 600 mm diameter culvert with the exception of the 300 mm
300 mm diameter culvert access road culvert.
200 mm dia. Orifice at 269.40 masl|
600 mm dia. outlet pipe at
Outlet 270.40 masl, 1.0% slope Meets Minimum Criteria

Maintenance

Maintenance drawdown pipe
provided. Access for backhoes or

Meets Minimum Criteria

Access dredging equipment provided.
Does not meet Minimum Criteria of
Buffer Not provided 7.5 m abovg maximum water
quality/erosion control water level
(industrial site with restricted access)
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A comparison of pre-development to existing and proposed post-development site discharge

rates is provided in the following table for the 25 mm and 1:5 year through the Regional
(Hurricane Hazel) return period design storm events.

Table 7: Pond 4 Estimated Pre-development and Proposed Peak Flow Rates

Current Depth
Return Pre-Dev Conditions Proposed Storage Above Elevation
) Peak Flow Peak Volume
Period (L/s) Peak Flow Flow (L/s) 3 Perm. (masl)
(L/s)? (m*) Pool (m)

25 mm 200 37 1,451 0.29 269.69
1:5 Year 770 80 71 4,540 0.80 270.20
1:10 Year 1,050 81 5,927 1.00 270.40
1:100 Year 2,013 1,800 438 8,942 1.42 270.82
1:250 Year 2,868 1,112 10,999 1.68 271.08
Regional 5,037 2,933 15,371 2.19 271.59

Storm

Notes: ! From Earth Tech Stormwater Management Master Plan (Earth Tech, 2002)

444 Pond 5

Stormwater Management Pond 5 is located in the southeast corner of the landfill Site and is an
extended detention wet pond that currently receives stormwater runoff from a total drainage
area of 41.0 hectares. The pond discharges to the Dodd Creek subwatershed. The existing
pond has a permanent pool storage capacity of 3,690 m2 and an active storage capacity of
11,800 m3. Proposed modifications to Pond 5 are shown on Figure 8 and discussed below.

Under proposed conditions Pond 5 would receive stormwater runoff from a larger total
drainage area of 56.60 hectares. The Pond would be expanded to the east and north to
increase both the permanent pool and active storage capacities. The existing outlet structure
orifice and weir will be modified to match pre-development peak flows.

The extended detention wet pond outlet structure provides a 100-hour retention time for runoff
produced by a 25-mm rainfall event with a 4-hour modified Chicago distribution as shown in
the hydrograph for Pond 5 provided in Appendix D. The existing outlet structure for the pond
will be modified and is fitted with a valve to allow emergency closure to assist in spill / leachate
containment activities, if needed. Proposed modifications to the existing outlet structure
include a 200 mm diameter orifice at elevation 268.50 masl and a 1.2 m wide weir at elevation
269.40 masl. In addition, a 5 m wide overflow weir with 3H:1V sideslopes and 0.5% slope is
proposed at elevation 270.10 masl for events greater than the 1:100 return period design
storm.

Table 3.2 of the MECP Manual provides storage volume design requirements based on
specific site imperviousness levels to achieve required TSS removal objectives. Table 3.2
indicates that the minimum storage volume should be based on 190 m3ha, for 80% TSS
removal at an impervious level of 55%. For the pond drainage area of 56.60 ha, this results in
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a minimum total required pond volume of 10,754 m3, with 40 m3/ha permitted as extended
detention. Therefore, 8,490 m3 and 2,264 m? are required, at minimum, for the permanent pool
and extended detention, respectively. A permanent pool volume of 12,098 m? is provided in the
proposed wet pond, which exceeds the required permanent pool volume. An additional

2,288 m? of extended detention storage is provided for the 25 mm design storm. Detailed
calculations are provided in Appendix B and model outputs are provided in Appendix C.

The following table provides the design values for the wetland pond and compares these
values to the minimum or preferred criteria as per Table 4.6 of the MECP Manual:

Table 8: Pond 5 Extended Detention Wet Pond — MECP Design Criteria

Design
Element

Design Value

Comparison to MECP Criteria

Drainage Area

56.60 ha

Exceeds Preferred Criteria ( >10 ha)

Permanent Pool — 12,098 m3

permanent pool

Treatment Active Storage (for 25mm event) — | Meets Minimum Criteria
Volume 3
2,288 m
Active _Storqge 100 hours Meets Preferred Criteria (>24 hrs)
Detention Time
Forebay Depth—2.0m Meets Preferred Criteria (>1.5 m)
I — 0
Forebay Maximum Area —~10.7% of total Meets Criteria (< 33%)

Length-to-Width
Ratio

Overall —4.6:1

Pond Meets Preferred Criteria
(from 4:1to 5:1)

Length-to-Width
Ratio

Forebay — 3.2:1

Forebay exceeds minimum criteria
(2:1)

Permanent Pool
Depth

Mean depth of 1.5 m

Meets Preferred Criteria
(Mean depth1 m—-2m)

Active Storage
Depth

0.25 m for 25 mm storm event
0.87 m for 5-year storm event

Meets Minimum Criteria (<1.0 m)

Does not meet minimum criteria.

Side Slopes 3H:1V No public access to landfill and pond
location.
. Exceeds Minimum Criteria of
Inlet Open ditch 450 mm
200 mm dia. orifice
1.2 m wide weir
900 mm dia. outlet pipe with 1.0%
Outlet slope Meets Minimum Criteria
5.0 m wide overflow weir with
3H:1V sideslopes and 0.5% slope
at 270.10 masl|
S GOLDER 19
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Design

Design Value Comparison to MECP Criteria
Element

No maintenance drawdown pipe
provided. Access for backhoes or Meets Minimum Criteria
dredging equipment provided.

Maintenance
Access

Does not meet Minimum Criteria of
7.5 m above maximum water
guality/erosion control water level
(industrial site with restricted access)

Buffer Not provided

The following calculations summarize the design requirements of the forebay as per
Section 4.6.2 of the MECP Manual:

Minimum Forebay Settling Length

Dist = |2
Ve
Where: Dist = forebay length (m)
r = length-to-width ratio
Qp = peakflow rate from the pond during design quality event

(25 mm storm event) (m?3/s)

Vs = settling velocity (m/s)
Dist =
Dist =14.60 m
Minimum Dispersion Length
8Q
Dist = —
avy
Where: Dist = length of dispersion (m)
Q = inlet pipe capacity (10 year storm event) (m?/s)
d = depth of permanent pool in the forebay (m)
Vi = desired velocity in the forebay (m/s)
. 8(242)
Dist =15 03)
Dist =25.81 m

O GOLDER 20
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The proposed forebay length is 48.0 metres and is therefore greater than the required lengths for
settling and dispersion.

Minimum Forebay Bottom Width
Dist

Width = —
idth 3

Where: Dist = greater value of minimum forebay length or length of dispersion (m)

Width  =minimum forebay bottom width (m)

25.81
Width = .

Width =3.23 m
The proposed bottom width is 15.0 metres and is therefore greater than the required width.

A comparison of pre-development to existing and proposed post-development site discharge
rates is provided in the following table for the 25 mm and 1:5 year through Regional design
storm events.

Table 9: Pond 5 Estimated Pre-development and Proposed Peak Flow Rates

Current Depth
Return Pre-Dev Conditions Proposed Storage Above Elevation
) Peak Peak Flow Volume
Period Flow (L/s) Peak Flow (L/s) (md) Perm. (masl)
(L/s)t Pool (m)

25 mm 170 32 2,288 0.25 268.75
1:5 Year 654 150 75 8,492 0.87 269.37
1:10 Year 892 253 10,666 1.08 269.58

1:100 Year 1,705 1,400 1,242 15,645 1.53 270.03
1:250 Year 2,427 2,807 18,721 1.79 270.29
Regional 4,379 6,786 22,421 2.10 270.60

Notes: ! From Earth Tech Stormwater Management Master Plan (Earth Tech, 2002)

5.0 [IMPACT ASSESSMENT

Surface water quantity and surface water quality were examined based on the design criteria
provided in Section 4.1. The proposed condition model results were compared with pre-
development results, with consideration of proposed design mitigation measures, to determine
the “net effect” of the proposed W12A Landfill expansion; these “net effects” are discussed in
the following sections.

5.1 Modifications to Existing SWM Infrastructure

As noted in Section 4.0, the proposed modifications to the stormwater management system will
all occur within the Site, specifically to the stormwater management ponds and their outlet

» GOLDER
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structures, and there is no proposed work on the downstream stormwater management
infrastructure including the ditches, culverts, or the downstream off-Site watercourses
themselves. As such, the proposed expansion will not involve physical alterations to
downstream watercourses. Also, because of the proposed Enhanced Level Protection

(80% TSS removal) and post-development flows matching pre-development flows due to the
controls in the outlet structures for the stormwater management ponds, there is not expected to
be an adverse impact on off-Site surface water quantity or quality. The design of Ponds 2/3, 4
and 5 to provide an improved 80% TSS removal, compared to 70% TSS removal in the
existing pond design, should result in an overall improvement in the quality of surface water
released from these ponds and an overall improvement in surface water quality in receiving
watercourses south of Manning Drive.

Pond 1 is currently designed for 80% TSS removal and will be expanded to remain at the same
removal level for the larger drainage area and will provide attenuation of flows with post-
development flows matching pre-development flows for the 1:5 through 1:100 year return
period design storm. As such it is expected that surface water quality to the receiving
watercourse to the north (Dingman Creek tributary) will remain the same as current conditions.

5.2 Surface Water Quantity

Since the proposed Project has the potential for effects on surface water management,
predicted impacts were assessed with consideration of design mitigation measures. Several
mitigation measures are incorporated into the conceptual Site design to manage surface water
quantity and minimize potential off-Site impacts. Mitigation options were assessed in the VO2
model, which was used to predict changes in water quantity.

5.2.1 Predicted Changes in Drainage Areas

As noted in previous sections, the existing drainage network in the vicinity of the landfill is
currently divided into four general areas with a system of berms, slopes and perimeter
drainage ditches directing runoff generated within the W12A Landfill Operations Area to four
separate stormwater management ponds. Under the proposed vertical expansion, the peak of
the landfill mound will shift to the south and sideslopes of the mound will be longer and
somewhat steeper in places, resulting in changes of the drainage boundaries to each of the
ponds and, in general, reduced times to peak runoff. In addition, a proposed ancillary facility
including public drop off areas, access roads, bins, and storage areas is proposed to be added
east of Pond 5. To address these changes in surface water runoff, some modifications to the
existing stormwater management ponds are proposed. The proposed expansion conditions
scenario considers the Site layout for the ultimate build-out of the London landfill, including
final cover, with the stormwater management controls shown on Figure 4.

Dingman Creek

The proposed area of drainage to the Dingman Creek subwatershed from the Operations Area,
including Pond 1, will increase by 20.08 ha, to a total area of 34.48 ha. The increase is due to
the shifting of the proposed peak of the landfill, creating a shift in the drainage area divide.

The pond and the perimeter ditching are existing, and space is limited to divert the existing
ditches. The proposed expansion conditions drainage area is almost entirely pervious area and




September 2021 1648176

includes primarily landfill with some access roads, a stormwater management pond, and
surrounding berms.

The Dingman Creek subwatershed overall is 17,200 ha consisting of approximately 30 tributaries
to the Creek with the main channel of Dingman Creek converging with the Thames River near
Delaware (Delcan, 2005). The increase of 20.08 ha to the subwatershed represents a 0.12%
increase to the overall subwatershed area and is in the upper reaches of the subwatershed
adjacent to the divide between the Dingman Creek and Dodd Creek subwatersheds. As such,
the change in drainage area is expected to have negligible effect on runoff and drainage within
areas of the subwatershed downstream of the W12A site. Further, discharge from the Site to
Dingman Creek subwatershed will be attenuated by Pond 1 to below pre-development flows up
to and including the 1:100 year return period design storm under the proposed design.

Dodd Creek

The proposed area of drainage to the Dodd Creek subwatershed will include discharge from
Ponds 2/3, 4 and 5, which will collect surface water runoff from a development area of

106.48 ha. This area includes the additional drainage area to Pond 5 from the proposed
ancillary facilities; however, this area was already within the subwatershed. The net change in
subwatershed area is the same 20.08 ha as noted above. The ponds will provide treatment
and attenuation prior to discharge off-Site to the south to below pre-development flows up to
and including the 1:100 year return period design storm under the proposed design.

The Dodd Creek subwatershed overall is approximately 9,800 ha and is the headwaters to
Kettle Creek (Aquafor Beech, 1995). The decrease of 20.08 ha to the subwatershed
represents a 0.20% decrease to the overall subwatershed area and is in the upper reaches of
the subwatershed adjacent to the divide between the Dingman Creek and Dodd Creek
subwatersheds. As such, the change in drainage area is expected to have negligible effect on
runoff and drainage within areas of the subwatershed downstream of the W12A Landfill site.

5.2.2 Predicted Effects on On-Site Flows

Post-closure conditions are used for the surface water quantity assessment as the entire
Operations Area will be contributing to the Site runoff once the landfill has been capped.

The ponds have been sized for the 1:100 year storm event and assessed for the 1:250 year
and Regional Storm events. Once the modifications to the stormwater management ponds are
complete:

m The 1:250 year design storm event peak will be about 11% less than the pre-development
peak for the area of the landfill draining to Dodd Creek and less than the 1:100 pre-
development peak.

m The 1:250 year design storm event peak will be about 56% more than the pre-
development peak for the area of the landfill draining to Dingman Creek; however, the
1:100 year design storm event peak will be about 34% less than the 1:100 pre-
development peak.

The following Table provides a summary of the pre-development (prior to any landfilling) and
proposed condition peak flows for each subwatershed.
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Table 10: Pre-Development and Proposed Expansion Conditions for Subwatersheds

W12A W12A
Site Site Peak Peak Peak Peak Peak Peak Peak Peak
Subwatershed |Drainage | Drainage |PiScharge|pischarge|Discharge|Discharge |Discharge|Discharge|Discharge|Discharge
Areas | Areas (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s)
(ha) (ha)
1:5 1:5 1:10 1:10 1:100 1:100 1:250 1:250
year year year year year year year year
Pre Post Pre Post Pre Post Pre Post Pre Post
Dingman Creek 14.5 34.48 315 190 434 317 941 709 1,206 1,882
Dodd Creek 127.6 106.48 1,995 396 2,725 797 5,231 3,182 7,467 6,614
> GOLDER GOLDER - 24
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5.3 Surface Water Quality

Stormwater quality control will be provided for the Operations Area to remove a minimum of
80% TSS loading (Enhanced Level Treatment (MECP, 2003)). A detailed assessment of each
pond is provided in the Sections above.

To improve settling of TSS within the permanent pool, stormwater management Ponds 1, 2/3
and 5 will include a forebay. Surface water will be directed to the forebay where possible, with
the exception of a small area of Pond 5 that cannot be directed to the forebay due to grades.
Pond 4 does not currently have a forebay and does not meet the typical length to width ratios;
however, the pond is existing and has limitations on any reconfigurations but does meet
volume and other MECP criteria.

5.4 Predicted Effect on Surface Water Quality

During the operational/construction phase of the Project, ditches and swales at the perimeter
of unvegetated portions of the Site will be protected from potential runoff containing suspended
solids through the use of temporary berms and silt fences. Perimeter ditches along the
completed and capped areas will divert runoff through grass lined swales to the stormwater
management ponds.

The ponds and swales will serve to remove suspended sediment from the runoff and to
prevent significant outflows that could potentially impair the water quality in downstream
watercourses in extreme events.

In the post-closure phase of the Operations Area, finalized perimeter ditches along the outer
perimeter of the landfill footprint will capture and direct runoff from the landfill surface and will
continue to direct the water via grass lined swales or ditches to the stormwater management
ponds. As described in previous Sections, the stormwater management ponds are designed
for Enhanced Level Protection (MECP, 2003). The proposed works are predicted to result in
surface water quality conditions that are comparable to existing conditions and meet MECP
Provincial Water Quality Objective (PWQO) (MOEE, 1994) requirements. Post-closure, the
pond operations will continue such that surface water quality downstream of the Site remains
protected.

6.0 MONITORING, OPERATION AND MAINTENANCE

6.1 Erosion and Sediment Control

The inspection of Erosion and Sediment Control (ESC) measures during construction should
occur on a weekly basis, at minimum. ESC inspection during construction should also occur
after significant rainfall events (e.g., greater than approximately 10 mm). An inspection report,
highlighting any ESC deficiencies, should be prepared for each inspection, and kept on-Site for
reference and reporting purposes, if needed.

Visual inspections of stormwater management or water conveyance features should be
performed post-construction on a quarterly (seasonal) basis to ensure sediment build-up has
not caused any conveyance capacity issues or potential for an increase in TSS loadings
transported downstream. During rainfall-runoff events, visual observations will continue to
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support the post-development runoff assessment and successful performance of the
stormwater management ponds in meeting Enhanced Level of treatment (MOE, 2003).

At minimum, the following should be observed during inspections:

m Signs of erosion of the stormwater management structures. This is important, particularly
before the re-vegetation cover has been established.

m Sediment build-up in the swales. For any retention controls (i.e., rock check dams,
sediment traps), sediment build-up can be expected at the upstream end of these
structures and therefore the stormwater conveyance channels should be inspected on a
regular basis and cleaned out periodically to avoid sediment deposits being transported
off-Site. Clean-out is recommended to occur once sediment accumulation is clearly visible.
In practical terms, clean-out of the rock check dams is recommended if the build-up is
greater than one-half the height, from the toe to the spillway. Sediment should be removed
in a matter that avoids escape of the sediment downstream and that avoids damage to the
control structure. Sediment should be removed to the level of the grade existing at the time
the control structure was constructed.

m Ponding in the swales or sediment traps.

m Silt fencing. All silt fences used for ESC should meet required minimum height of 0.6 m.
They should be repaired or replaced if damaged.

Environmental monitoring related to surface water at the landfill will be carried out concurrently
with the overall Site monitoring program and is described in the main body of this report.

6.2 Surface Water Quality

Surface water quality is regularly monitored as part of a stormwater management discharge
monitoring program. Sampling from all stormwater management ponds is undertaken four
times per year after significant rainfall events. Sampling occurs at the outfall of Pond 1,

Pond 2/3, Pond 4 and Pond 5 in spring and fall and two other sampling events. The samples
collected in the spring and fall are analysed for the comprehensive list of parameters and the
samples from the other two events are analysed for the indicator parameter list provided in
Table 1 of ECA 1828-9CKRMK. This table includes general parameters, nutrients, major ions,
trace metals, volatiles, and field test parameters.

The valves on ponds are normally open. Sampling is compared to trigger values listed in
Table 2 of ECA 1828-9CKRMK and provided in the following table:

Parameter Trigger Concentration (mg/L)
Ammonia (un-ionized) >0.3
BODs >10.0
Chlorides > 800
Sulphates > 1000
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In the event of an exceedance of a trigger parameter, additional surface water sampling is
conducted at the location of the exceedance to confirm the result. If the second sample results
in an exceedance, then the stormwater management pond is operated in batch discharge
mode with the gate valve normally closed. Three (3) consecutive surface water sampling
events for each trigger parameter exceeded are required to be less than the corresponding
trigger concentration for each parameter before the pond can be returned to normal operation
(valve open).

Based on review of the existing ECA requirements, it is considered that the existing monitoring
program provides sufficient protection for the downstream environment and it is proposed that
the existing surface water monitoring program outlined in ECA 1828-9CKRMK be continued for
the proposed expansion and modifications to the stormwater management system.

O GOLDER 27
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7.0 STUDY LIMITATIONS

Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level
of care and skill normally exercised by other members of the engineering and science
professions currently practicing under similar conditions, subject to the time limits and physical
constraints applicable to this report. No other warranty, expressed or implied, is made.

This report has been prepared for the specific site, design objective, developments and
purpose described to Golder by City of London (the City). The factual data, interpretations and
recommendations pertain to a specific project as described in this report and are not applicable
to any other project or site location.

The information, recommendations and opinions expressed in this report are for the sole
benefit of the City. No other party may use or rely on this report or any portion thereof without
Golder’s express written consent. If the report was prepared to be included for a specific permit
application process, then upon the reasonable request of the City, Golder may authorize in
writing the use of this report by the regulatory agency as an Approved User for the specific and
identified purpose of the applicable permit review process. Any other use of this report by
others is prohibited and is without responsibility to Golder. The report, all plans, data, drawings
and other documents as well as all electronic media prepared by Golder are considered its
professional work product and shall remain the copyright property of Golder, who authorizes
only the City and Approved Users to make copies of the report, but only in such quantities as
are reasonably necessary for the use of the report by those parties. The City and Approved
Users may not give, lend, sell, or otherwise make available the report or any portion thereof to
any other party without the express written permission of Golder. The City acknowledges the
electronic media is susceptible to unauthorized modification, deterioration and incompatibility
and therefore the City cannot rely upon the electronic media versions of Golder’s report or
other work products.

Unless otherwise stated, the suggestions, recommendations and opinions given in this report
are intended only for the guidance of the City in the design of the specific project.

The findings and conclusions of this report are valid only as of the date of this report. If new
information is discovered in future work, Golder Associates Ltd. should be requested to
re-evaluate the conclusions of this report, and to provide amendments as required.
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APPENDIX A

Amended Environmental Compliance Approval
Number 1828-9CKRMK

O GOLDER



Content Copy Of Original

;V} . Ministry of the Environment
¢/~ Ontario Ministére de PEnvironnement

AMENDED ENVIRONMENTAL COMPLIANCE APPROVAL
NUMBER 1828-9CKRMK
Issue Date: December 11, 2013

The Corporation of the City of London
300 Dufferin Ave

Post Office Box, No. 5035

London, Ontario

NG6A 4L9

Site Location: W12A Landfill
3502 Manning Dr
City of London, County of Middlesex
N6L 1K6

You have applied under section 20.2 of Part 1l.1 of the Environmental Protection Act, R.S.O. 1990, c.
E. 19 (Environmental Protection Act) for approval of:

construction of stormwater management facilities, leachate collection and disposal system to service
the W12A Landfill Site, located on 3502 Manning Drive, City of London, consisting of the following:

PROPOSED WORKS:

Upgrade the existing 27.5 L/sec capacity submersible pump ( MH701 Pumping Station) with the
following:

e two (2) 30.0 L/sec @ 24.5 m TDH capacity submersible pumps (MH701 Pumping Station) (one
duty, one standby) and the existing 2,400 mm diameter x 8.80 m deep wet well, equipped with a
14.9 kW motor, a 150 mm diameter cement lined ductile iron pipe forcemain, and one (1) precast
concrete valve chamber equipped with magnetic flow monitoring equipment, pumping collected
leachate through an existing approximately 645 m long 150 mm diameter HDPE forcemain to a
300 mm diameter sanitary sewer described below; and

e all controls and associated appurtenances.

All in accordance with the documents listed in Schedule 'A'.

PREVIOUS WORKS APPROVED ON FEBRUARY 10, 2011:
LEACHATE COLLECTION AND DISPOSAL SYSTEM

upgrade of existing leachate collection and disposal system to convey collected leachate directly to a
municipal sanitary sewer for treatment at the Greenway Pollution Control Plant, consisting of the
following:

Phase | - Leachate Collection System:
e 0ne (1) existing perimeter leachate collection system serving Cell 1, Cell 2, Cell 3, Cell 4 and part
of Cell 5, consisting of a 200 mm diameter perforated pipe installed with a minimum grade slope of



0.3% in a granular envelope about 0.9 m below original grade, equipped with maintenance holes
at approximately 90 meter intervals, draining by gravity into a 60 m3 capacity leachate Storage
Tank No. 1 located near the southeast entrance gate of the landfill site;

e One (1) existing perimeter leachate collection system serving Cell 5, consisting of a 200 mm
diameter perforated pipe installed with a minimum grade slope of 0.3% in a granular envelope
about 0.9 m below original grade, equipped with maintenance holes at approximately 90 meter
intervals, draining by gravity into MH701 Pumping Station described above;

Phase Il - Leachate Collection System:

e one (1) new full underdrain leachate collection system approximately 880 meter long serving Cell
6, Cell 7, and Cell 8, consisting of a 200 mm diameter perforated HDPE pipe installed at 90 meter
interval with a minimum grade slope of 0.5% running in a southerly direction discharging into a
200 mm diameter perforated HDPE pipe located at the south toe of the landfill base then into a
200 mm diameter non-perforated HDPE header pipe buried below which eventually drains into
MH701 Pumping Station described above;

e maintenance holes located at the south limit of the landfill site at the centre of each Cell 6, Cell 7,
and Cell 8 installed at 180 meter intervals, and clean-outs located at the north side of each
underdrain pipe running in a southerly direction;

Upgraded Leachate Disposal System:

e0ne (1) new approximately 360 m long 300 mm diameter sanitary sewer extending from MH200
through MH201, MH202, MH203, to MH204, discharging to an existing Storage Tank No.
1 described below;

e0ne (1) existing 60 m3 capacity leachate Storage Tank No. 1 to be used as a wet well for the
proposed new leachate pumping station described below, equipped with low and high level float
alarms and one (1) tanker truck loading station to haul leachate as required as a backup system to
the new leachate pumping;

e0One (1) existing 60 m3 capacity leachate Storage Tank No. 2 located near Pond 4 at the south
side of the landfill site, equipped with one (1) 7.5 hp submersible pump, low and high level float
alarms, and one (1) tanker truck loading station to haul leachate as required as a backup system
to the new leachate pumping station described below;

New Leachate Pumping Station and Forcemain

A prefab pumping station with approximate dimensions of 4.3 m x 3.7 m to be located beside the
existing Storage Tank No. 1 and a forcemain consisting of the following:
eone (1) 30 L/sec maximum flow capacity @ 58.3 m TDH self priming centrifugal pump (High Flow
Pump), equipped with a variable speed drive, 45 kW motor, a 150 mm diameter stainless steel
suction pipe from the wet well (Storage Tank No. 1), and a 150 mm diameter stainless steel
discharge pipe with a knife gate valve, discharging to a common 200 mm diameter discharge
header;

e0ne (1) 10 L/sec maximum flow capacity @ 22.1 m TDH self priming centrifugal pump (Low Flow
Pump), equipped with a variable speed drive, 7 kW motor, a 150 mm diameter stainless steel
suction pipe from the wet well (Storage Tank No. 1), and a 150 mm diameter stainless steel
discharge pipe with a knife gate valve, discharging to a common 200 mm diameter discharge
header and the forcemain described below;

e 0Ne (1) approximately 202 m long 200 mm diameter forcemain extending from the leachate



pumping station described above to a 6.6 km long leachate forcemain approved under Certificate
of Approval No. 3256-882HLYV issued on August 25, 2010.

e including all controls and associated appurtenances.

All in accordance with the documents listed in Schedule 'A'.

PREVIOUS WORKS APPROVED ON OR BEFORE DECEMBER 10, 2003 UNDER CofA # 8067-
S5TFKKB:

STORMWATER MANAGEMENT FACILITY
Stormwater Management Pond - Pond 1:

a stormwater management facility located on the northwest corner of the landfill site, constructed as a
wet extended detention pond, receiving stormwater runoff from a total drainage area of 14.4 ha,
providing a permanent pool storage capacity of 2470 m 3 and an active storage capacity of 5800 m 3,
designed to provide sufficient detention of stormwater runoff from storm events with 1:100 year return
frequency, consisting of the following:
e 0ne (1) inlet structure constructed of a rip-rap on a filter fabric and discharging into a forebay
described below;

e One (1) forebay equipped with an outlet berm and an overflow rip-rap structure discharging into a
wet detention pond described below;

e 0ne (1) extended wet detention pond with a permanent pool elevation of 273.2 m equipped with
one (1) 150 mm diameter Hickenbottom outlet structure placed inside a 1500 mm diameter
perforated CSP riser structure with clear stone filter, discharging through one (1) 1200 mm
diameter manhole (MH1) equipped with 150 mm diameter gate valve into an existing 900 mm
diameter CSP culvert into Tributary 7; and

e 0ne (1) emergency by-pass structure consisting of a 3.2 meter wide rip-rap spillway at invert
elevation of 275.0 m discharging into Tributary 7.

Stormwater Management Pond - Pond 2/3:

a stormwater management facility located on the southwest corner of the landfill site, constructed as a
wet extended detention pond, receiving stormwater runoff from a total drainage area of 29.6 ha,
providing a permanent pool storage capacity of 2660 m 3 and an active storage capacity of 11100 m 3
, designed to provide sufficient detention of stormwater runoff from storm events with 1:100 year return
frequency, consisting of the following:
e 0ne (1) inlet structure constructed of a rip-rap on a filter fabric and discharging into a settling pond
described below;

e0ne (1) 52 m long and 31.8 m wide settling pond with a permanent pool elevation of 271.7 m,
equipped with one (1) 300 mm diameter Hickenbottom outlet structure placed inside a 1500 mm
diameter perforated CSP riser structure with clear stone filter, discharging through one (1) 300 mm
diameter 30 m long PVC pipe into a main pond described below, and one (1)14.8 m wide rip-rap
overflow structure with invert elevation of 272.2 m;

eone (1) 115 m long and 44.5 m wide extended wet detention pond with a permanent pool elevation
of 271.2 m equipped with one (1) 300 mm diameter Hickenbottom outlet structure placed inside a
1500 mm diameter perforated CSP riser structure connected to one (1) 29 m long 300 mm
diameter 29 m long PVC pipe passing through one (1) 1200 mm diameter manhole equipped with



300 mm diameter gate valve discharging into an existing outlet ditch which drains into Tributary 5;
and one (1) ditch inlet structure with invert elevation of 272.2 m discharging through one (1) 18 m
long 750 mm diameter concrete pipe into an existing outlet ditch which drains into Tributary 5;

e 0ne (1) emergency by-pass structure consisting of a 5.0 m wide rip-rap spillway at invert elevation
of 274.0 m discharging into Tributary 5.

Stormwater Management Pond - Pond 4:

a stormwater management facility located on the south side of the landfill site, constructed as a wet
extended detention pond, receiving stormwater runoff from a total drainage area of 57.7 ha, providing
a permanent pool storage capacity of 5200 m 3 and an active storage capacity of 20200 m 3,
designed to provide sufficient detention of stormwater runoff from storm events with 1:100 year return
frequency, consisting of the following:
e 0ne (1) inlet structure constructed of a rip-rap on a filter fabric and discharging into a wet detention
pond described below;

e0ne (1) 99 m long 40 m wide extended wet detention pond with a permanent pool elevation of
269.7 m equipped with one (1) 125 mm diameter Hickenbottom outlet structure placed inside a
1500 mm diameter perforated CSP riser structure with clear stone filter, discharging through a 29
m long 150 mm diameter non-perforated PVC pipe equipped with a 150 mm gate valve into one
(1) 1200 mm diameter manhole (MH1) and then through a 29 m long 450 mm diameter pipe into
an outlet structure described below;

e 0ne (1) outlet ditch equipped with a 1650 mm x 900 mm concrete box with open grated top at
invert elevation of 271.0 m and discharging through an existing 1050 mm diameter pipe into
Tributary 3.

Stormwater Management Pond - Pond 5:

a stormwater management facility located on the southeast corner of the landfill site, constructed as a
wet extended detention pond, receiving stormwater runoff from a total drainage area of 41.0 ha,
providing a permanent pool storage capacity of 3690 m 3 and an active storage capacity of 11800 m 3
, designed to provide sufficient detention of stormwater runoff from storm events with 1:100 year return
frequency, consisting of the following:

e One (1) forebay equipped with one (1) 125 mm diameter Hickenbottom outlet structure placed
inside a 1500 mm diameter perforated CSP riser structure with clear stone filter discharging into a
wet detention pond through 25 m long 150 mm diameter pipe; and a 7.0 m wide rip-rip overflow
structure at invert elevation of 273.0 m discharging into a wet detention pond described below;

e0ne (1) 88 m long 84 m wide triangular shaped extended wet detention pond with a permanent
pool elevation of 268.5 m discharging through a 900 mm diameter pipe into an outlet structure
described below; and
e 0ne (1) outlet structure manhole equipped with an overflow weir at elevation 269.4 m, a 600 mm X
600 mm slide gate valve with one (1) 150 mm diameter orifice, discharging through 900 mm
diameter outlet pipe into Tributary 1;
All'in accordance with the documents listed in Schedule "A'.

For the purpose of this environmental compliance approval, the following definitions apply:

"Approval” means this entire document and any schedules attached to it, and the application;



"BODS" (also known as TBOD 5 ) means five day biochemical oxygen demand measured in an
unfiltered sample and includes carbonaceous and nitrogenous oxygen demand;

"Director” means a person appointed by the Minister pursuant to section 5 of the EPA for the purposes
of Part I.1 of the EPA;

"Emergency Situation" means a structural, mechanical or electrical failure that causes a temporary

reduction in the capacity of the Works ( Leachate Collection and Disposal System ) or an
unforeseen flow condition that may result in:

a) danger to the health or safety of any person; or,
b) injury or damage to any property, or serious risk of injury or damage to any property;

"EPA" means the Environmental Protection Act , R.S.0. 1990, c.E.19, as amended,;

"Event” means an action or occurrence, at a given location within the Works that causes an Overflow.
An Event ends when there is no recurrence of an Overflow in the 12-hour period following the last
Overflow . Two Events are separated by at least 12 hours during which there has been no recurrence
of an Overflow;

"Ministry"” means the ministry of the government of Ontario responsible for the EPA and OWRA and
includes all officials, employees or other persons acting on its behalf;

" Overflow" means any discharge from the Works (Leachate Collection and Disposal System ) that
does not undergo any treatment or only receives partial treatment before it is discharged to the
environment.

"Owner" means the Corporation of the City of London and its successors and assignees;

"OWRA" means the Ontario Water Resources Act , R.S.0. 1990, c. 0.40, as amended;

"Previous Works" means those portions of the sewage works previously constructed and approved
under an Approval ;

"Proposed Works" means the sewage works described in the Owner’s application, this Approval, to the
extent approved by this Approval;

"Substantial Completion" has the same meaning as "substantial performance"” in the Construction Lien
Act ;

"Water Supervisor” means the Water Supervisor for the London offices of the Ministry; and

"Works" means the sewage works described in the Owner 's application, and this Approval , and
includes both Proposed Works and Previous Works.

You are hereby notified that this environmental compliance approval is issued to you subject to the
terms and conditions outlined below:

TERMS AND CONDITIONS

1. GENERAL PROVISIONS



(1) The Owner shall ensure that any person authorized to carry out work on or operate any aspect of
the Works is notified of this Approval and the conditions herein and shall take all reasonable measures
to ensure any such person complies with the same.

(2) Except as otherwise provided by these conditions, the Owner shall design, build, install, operate
and maintain the Works in accordance with the description given in this Approval , and the application
for approval of the W orks.

(3) Where there is a conflict between a provision of any document in the schedule referred to in this
Approval and the conditions of this Approval , the Conditions in this Approval shall take precedence,
and where there is a conflict between the documents in the schedule, the document bearing the most
recent date shall prevail.

(4) Where there is a conflict between the documents listed in Schedule 'A’', and the application, the
application shall take precedence unless it is clear that the purpose of the document was to amend the
application.

(5) The Conditions of this Approval are severable. If any Condition of this Approval , or the application
of any requirement of this Approval to any circumstance, is held invalid or unenforceable, the
application of such condition to other circumstances and the remainder of this Approval shall not be
affected thereby.

2. EXPIRY OF APPROVAL

The approval issued by this Approval will cease to apply to those parts of the Works which have not
been constructed within five (5) years of the date of this Approval.

3. CHANGE OF OWNER

(1) The Owner shall notify the Water Supervisor and the Director, in writing, of any of the following
changes within thirty (30) days of the change occurring:

(a) change of Owner;

(b) change of address of the Owner;

(c) change of partners where the Owner is or at any time becomes a partnership, and a copy of
the most recent declaration filed under the Business Names Act , R.S.0. 1990, c.B17 shall be
included in the notification to the Water Supervisor;

(d) change of name of the corporation where the Owner is or at any time becomes a corporation,

and a copy of the most current information filed under the Corporations Information Act , R.S.O.
1990, c. C39 shall be included in the notification to the Water Supervisor;

(2) In the event of any change in ownership of the Works, other than a change to a successor
municipality, the Owner shall notify in writing the succeeding owner of the existence of this Approval,
and a copy of such notice shall be forwarded to the Water Supervisor and the Director.

4. UPON THE SUBSTANTIAL COMPLETION OF THE WORKS

(1) Upon the Substantial Completion of the Proposed Works, the Owner shall prepare a statement,
certified by a Professional Engineer, that the works are constructed in accordance with this Approval,



and upon request, shall make the written statement available for inspection by Ministry personnel.
(2) Within one (1) year of the Substantial Completion of the Proposed Works , a set of as-built
drawings showing the works “as constructed” shall be prepared. These drawings shall be kept up to
date through revisions undertaken from time to time and a copy shall be retained at the Works for the
operational life of the Works.
5. OVERFLOW - COLLECTION SYSTEM AND PUMPING STATIONS
(1) Any Overflow is prohibited, except:

(a) in an Emergency Situation; and

(b) where the Overflow is planned for research or training purposes, the discharger notified the

Water Supervisor 15 days prior to the Overflow and the Water Supervisor has given written
consent of the Overflow.

(2) The Owner shall forthwith notify the Spills Action Centre (SAC) and the Medical Officer of Health
of all Overflow Events except the events occurring under the subsection (1)(b). This notice shall
include, at a minimum, the following information:

(a) the date, time, and duration of the Event;

(b) the location of the Event;

(c) the measured or estimated volume of the Event; and

(d) the reason for the Event;
(3) The Owner shall submit Overflow Event(s) report to the Ministry's local office for each quarter
only during which Event(s) has/have occurred. Each quarterly report shall be submitted no later than
each of the following dates for each calendar year: February 14, May 15, August 14, and November
15. Event Reports shall be in an electronic format specified by the Ministry. In each Event Report the
Owner shall include, at a minimum, the following information on any Events that occurred during the
preceding quarter:

(a) the date, time, and duration of the Event;

(b) the location of the Event

(c) the measured or estimated volume of the Event; and

(d) the reason for the Event.
(4) The Owner shall maintain a logbook of all Overflows, which shall contain, at a minimum, the
types of information set out in subsection 2 (a) to 2(d) in respect of each Overflow.
(5) The Owner shall use best efforts to collect at least one (1) grab sample of the Overflow and have

it analyzed for leachate indicator parameters outlined in Condition 6 (2), using the protocols specified
in Condition 6 (3).



6. MONITORING AND RECORDING

(1) Upon the commencement of the operation of the Works (Leachate pumping to sanitary sewer), the
Owner shall carry out the following leachate monitoring program. Leachate samples shall be
collected from a designated sampling location at Storage Tank No. 1 on a quarterly frequency (
April, June, September, and November ). The samples collected in April, September, and
November shall be analyzed for the indicator parameter list in Table 1. The samples collected in June
shall be analyzed for the comprehensive parameter list in Table 1.

(2) The Owner shall carry out the following surface water monitoring program. Surface water samples
shall be collected from the designated sampling locations at the outfall of Pond 1, Pond 2/3, Pond 4
and Pond 5 in spring and fall and two other sampling events . The samples collected in spring and
fall shall be analyzed for the comprehensive parameter list in Table 1. The samples collected during
other two sampling events shall be analyzed for the indicator parameter list in Table 1.

Table 1

Parameter | Leachate Monitoring || Surface Water Monitoring |
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[Copper |
[LCead |
[Mercury |
[Nickel |
[Selenium |
Zinc |
Volatiles

[EPA 624 Scan I
[Field Test
[Conductivity I
[Dissolved Oxygen || I |
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(3) The methods and protocols for sampling, analysis and recording shall conform, in order of
precedence, to the methods and protocols specified in the following:

(a) the Ministry's Procedure F-10-1, “Procedures for Sampling and Analysis Requirements for
Municipal and Private Sewage Treatment Works (Liquid Waste Streams Only), as amended from
time to time by more recently published editions;

(b) the Ministry's publication "Protocol for the Sampling and Analysis of Industrial/Municipal
Wastewater" (January 1999), ISBN 0-7778-1880-9, as amended from time to time by more
recently published editions;

(c) the publication "Standard Methods for the Examination of Water and Wastewater" (21st
edition), as amended from time to time by more recently published editions;

(4) The Owner shall install and maintain flow measuring devices, to measure the total volume of
stormwater and leachate from the Works with an accuracy to within plus or minus 15 per cent (+/-
15%) of the actual flow for the entire design range of the flow measuring device, and record the total
volume and average flow rate of stormwater and leachate at a weekly frequency.

(5) The Owner shall retain for a minimum of five (5) years from the date of their creation, all records
and information related to or resulting from the monitoring activities required by this Approval .

7. OPERATION AND MAINTENANCE

(1) The Owner shall operate the stormwater management facilities ( Pond 1, Pond 2/3, Pond 4 and
Pond 5) as continuous discharge facilities with the outlet control gate valve normally open ( Level One
Operating Procedure ). The monitoring results from the four surface water sampling events outlined
in Section 6 (2) of this Approval shall be reviewed and assessed against the following trigger points
in Table 2.

Table 2
Parameter Trigger Concentration
(mg/L)
[Ammonia (un-ionized)* || >0.3 |




BOD5 I >10.0 |
[Chlorides [ >800 |
[Sulphates [ >1000 |

* Note: Ammonia (un-ionized) concentration shall be calculated from the monitoring results of
ammonia, pH, and field temperature.

(2) In the event that a monitoring result for any of the trigger parameters listed in Table 2 exceeds the
corresponding trigger concentration, the Owner shall take a surface water sample to confirm the
exceedance of a trigger concentration for that parameter. Upon confirmation of the exceedance of a
trigger concentration for any parameter, the Owner shall commence to operate the stormwater
management pond in a batch discharge mode with the gate valve normally closed ( Level Two
Operating Procedure ).

(3) During Level Two Operating Procedure, if monitoring results show that there is an exceedance of a
trigger concentration for any parameter, the Owner shall not allow the discharge of the potentially
contaminated stormwater from the pond(s) into the receiving surface water and shall direct such
discharges into the leachate collection system. However, if monitoring results show that there is no
exceedance of a trigger concentration for any parameter, then the Owner shall discharge that batch of
stormwater from a pond into the receiving surface water.

(4) During Level Two Operating Procedure, the Owner shall conduct a Level One monitoring program
plus monitoring of the trigger parameters at the end of each storm event.

(5) A stormwater management pond operating under Level Two Operating Procedure shall return to
Level One Operating Procedure only if the monitoring results from three (3) consecutive surface
water sampling events for each trigger parameter from the same pond are less than the corresponding
trigger concentration for each parameter.

(6) The Owner shall exercise due diligence in ensuring that, at all times, the Works and the related
equipment and appurtenances used to achieve compliance with this Approval are properly operated
and maintained. Proper operation and maintenance shall include effective performance, adequate
funding, adequate operator staffing and training, including training in all procedures and requirements
of this Approval , the Act and regulations, process controls and alarms.

(7) The Owner shall prepare a revised operations manual within six (6) months of Substantial
Completion of the Proposed Works , that includes, but not necessarily limited to, the following
information:

(a) operating procedures for routine operation of the Works ;

(b) inspection programs, including frequency of inspection, for the Works and the methods or tests
employed to detect when maintenance is necessary;

(c) repair and maintenance programs, including the frequency of repair and maintenance for the
Works ;

(d) procedures for the inspection and calibration of monitoring equipment;



(e) a spill prevention control and countermeasures plan, consisting of contingency plans and
procedures for dealing with equipment breakdowns, potential spills and any other abnormal
situations, including notification of the Water Supervisor ; and

(f) procedures for receiving, responding and recording public complaints, including recording any
follow up actions taken.

(8) The Owner shall maintain the operations manual current and retain a copy at the location of the
Works or operational office of the Owner for the operational life of the Works . Upon request, the
Owner shall make the manual available to Ministry staff.

(9) The Owner shall provide for the overall operation of the Works with an operator who holds a
licence that is applicable to that type of facility and that is of the same class as or higher than the class
of the facility in accordance with Ontario Regulation 129/04.

(10) The Owner shall undertake an inspection of the condition of the stormwater management ponds
and ditches, at least once a year, and undertake any necessary cleaning and maintenance to prevent
the excessive build-up of sediment and/or decaying vegetation.

(11) The owner shall maintain a logbook to record the results of the stormwater management pond
inspections and any cleaning and maintenance operations undertaken and shall keep the logbook at
the site or operational office of the Owner for inspection by the Ministry.

8. REPORTING

(1) One week prior to the start up of the operation of the Proposed Works , the Owner shall notify the
Water Supervisor (in writing) of the pending start up date.

(2) Ten (10) days prior to the date of a planned Overflow being conducted pursuant to Condition 5 and
as soon as possible for an unplanned Overflow , the Owner shall notify the Water Supervisor (in
writing) of the pending start date, in addition to an assessment of the potential adverse effects on the
environment and the duration of the Overflow .

(3) In addition to the obligations under Part X of the Environmental Protection Act , the Owner shall,
within 10 working days of the occurrence of any reportable spill as defined in Ontario Regulation
675/98, bypass or loss of any product, by-product, intermediate product, oil, solvent, waste material or
any other polluting substance into the environment, submit a full written report of the occurrence to the
Water Supervisor describing the cause and discovery of the spill or loss, clean-up and recovery
measures taken, preventative measures to be taken and schedule of implementation.

(4) The Owner shall, upon request, make all manuals, plans, records, data, procedures and
supporting documentation available to Ministry staff.

(5) The Owner shall prepare, and submit to the Water Supervisor upon request, a performance
report, on an annual basis, within ninety (90) days following the end of the period being reported upon.
The first such report shall cover the first annual period following the commencement of operation of
the Works and subsequent reports shall be submitted to cover successive annual periods following
thereafter. The reports shall contain, but shall not be limited to, the following information:

(a) a description of any operating problems encountered and corrective actions taken;



(b) a summary of all maintenance carried out on any major structure, equipment, apparatus,
mechanism or thing forming part of the Works ;

(c) a summary of all stormwater and leachate monitoring results undertaken in the reporting period
and the total volume of leachate disposed off site;

(d) a summary of the calibration and maintenance carried out on all effluent monitoring equipment;

and

(e) a summary of all Overflow , spill or abnormal discharge events; and

(f) any other information the Water Supervisor requires from time to time.

Schedule ‘A’

l. PREVIOUS WORKS APPROVED ON OR BEFORE DECEMBER 10, 2003 UNDER CofA # 8067-

5TFKKB:

1.

Application for Approval of Municipal and Private Sewage Works submitted by the City of
London dated May 29, 2003 including drawings and specifications.

. "City of London W12A Landfill, Stormwater Management Master Plan, Supporting

Documentation for Approval Section 53 of the Ontario Water Resource Act" prepared by
Earth Tech Canada Inc., Hamilton, Ontario, May 2003.

. "W12A Landfill Certificate of Approval A042102, Leachate Management and Disposal”

November 2003, prepared by the City of London.

. "City of London W12A Landfill, Stormwater Management Master Plan, Class Environmental

Assessment, Project File" prepared by Earth Tech Canada Inc., Hamilton, Ontario,
December.

Il. PREVIOUS WORKS APPROVED ON FEBRUARY 10, 2011:

1.

3.

Application for Approval of Municipal and Private Sewage Works submitted by the City of
London dated August 6, 2010 including drawings and specifications.

. "Design Brief - W12A Leachate Pumping Station and Forcemain" dated April 2010,

prepared by AECOM, London, Ontario.
"Environmental Study Report - W12A Landfill Pumping Station" - CD copy - prepared by
Environmental & Engineering Services Dept. City of London.

Ill. PROPOSED WORK :

1. Application for Environmental Compliance Approval submitted by the City of London dated
April 22, 2013 including drawings and specifications.

2. "W12A Landfill MH701 Pumping Station Upgrade Design Report" dated April 2013 prepared by
Dillon Consulting Limited, Oakville, Ontario.

The reasons for the imposition of these terms and conditions are as follows:

1. Condition 1 is imposed to ensure that the Works are built and operated in the manner in which they
were described for review and upon which approval was granted. This condition is also included to
emphasize the precedence of Conditions in the Approval and the practice that the Approval is based
on the most current document, if several conflicting documents are submitted for review. The condition
also advises the Owners their responsibility to notify any person they authorized to carry out work
pursuant to this Approval the existence of this Approval.



2. Condition 2 is included to ensure that the Works are constructed in a timely manner so that
standards applicable at the time of Approval of the Works are still applicable at the time of
construction, to ensure the ongoing protection of the environment.

3. Condition 3 is included to ensure that the Ministry records are kept accurate and current with
respect to the approved works and to ensure that subsequent owners of the Works are made aware of
the Approval and continue to operate the Works in compliance with it.

4. Condition 4 is included to ensure that the Works are constructed in accordance with the approval
and that record drawings of the Works “as constructed” are maintained for future references.

5. Condition 5 is included to indicate that by-passes of untreated sewage to the receiving watercourse
is prohibited, save in certain limited circumstances where the failure to Overflow could result in greater
injury to the public interest than the Overflow itself where a Overflow will not violate the approved
effluent requirements, or where the Overflow can be limited or otherwise mitigated by handling it in
accordance with an approved contingency plan. The notification and documentation requirements
allow the Ministry to take action in an informed manner and will ensure the Owner is aware of the
extent and frequency of Overflow events.

6. Condition 6 is included to enable the Owner to evaluate and demonstrate the performance of the
Works , on a continual basis, so that the Works are properly operated and maintained at a level
which is consistent with the design objectives specified in the Approval and that the Works does not
cause any impairment to the receiving watercourse.

7. Condition 7 is included to require that the Works be properly operated, maintained, funded, staffed
and equipped such that the environment is protected and deterioration, loss, injury or damage to any
person or property is prevented. As well, the inclusion of a comprehensive operations manual
governing all significant areas of operation, maintenance and repair is prepared, implemented and
kept up-to-date by the owner and made available to the Ministry . Such a manual is an integral part of
the operation of the Works . Its compilation and use should assist the Owner in staff training, in proper
plant operation and in identifying and planning for contingencies during possible abnormal conditions.
The manual will also act as a benchmark for Ministry staff when reviewing the Owner's operation of
the work.

8. Condition 8 is included to provide a performance record for future references, to ensure that the
Ministry is made aware of problems as they arise, and to provide a compliance record for all the terms
and conditions outlined in this Approval, so that the Ministry can work with the Owner in resolving
any problems in a timely manner.

Upon issuance of the environmental compliance approval, | hereby revoke Approval
No(s). 4175-8C4SD5 issued on February 10, 2011

In accordance with Section 139 of the Environmental Protection Act, you may by written Notice served
upon me and the Environmental Review Tribunal within 15 days after receipt of this Notice, require a
hearing by the Tribunal. Section 142 of the Environmental Protection Act provides that the Notice
requiring the hearing shall state:



1. The portions of the environmental compliance approval or each term or condition in the
environmental compliance approval in respect of which the hearing is required, and;
2. The grounds on which you intend to rely at the hearing in relation to each portion appealed.

Pursuant to subsection 139(3) of the Environmental Protection Act, a hearing may not be required with
respect to any terms and conditions in this environmental compliance approval, if the terms and
conditions are substantially the same as those contained in an approval that is amended or revoked by
this environmental compliance approval.

The Notice should also include:

3. The name of the appellant;

4. The address of the appellant;

5. The environmental compliance approval number;

6. The date of the environmental compliance approval,

7. The name of the Director, and;

8. The municipality or municipalities within which the project is to be engaged in.

And the Notice should be signed and dated by the appellant.

This Notice must be served upon:

The Director appointed for the
purposes of Part 1.1 of the
Environmental Protection Act
Ministry of the Environment

The Secretary*
Environmental Review Tribunal

655 Bay Street_, Suite 1500 AND 2 St. Clair Avenue West, Floor
Toronto, Ontario
M5G 1E5 12A

Toronto, Ontario

M4V 1L5

* Further information on the Environmental Review Tribunal ’s requirements for an appeal can
be obtained directly from the Tribunal at: Tel: (416) 212-6349, Fax: (416) 314-4506 or
www.ert.gov.on.ca

The above noted activity is approved under s.20.3 of Part II.1 of the Environmental Protection Act.

DATED AT TORONTO this 11th day of December,

2013
Edgardo Tovilla
Director
appointed for the purposes of Part 11.1 of
the Environmental Protection Act
SH/

c: DWMD Supervisor, MOE London - District
Fabiano Gondim, M.Eng., P.Eng., Dillon Consulting Ltd.
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AMENDED ENVIRONMENTAL COMPLIANCE APPROVAL
NUMBER 1828-9CKRMK
lssue Date: December 11, 2013

The Corporation of the City of London Cly Clark Ne, 427 6
300 Dufferin Ave sblact. D\reenBoc] &rd.:
Post Oﬁce Box, No. 5035
London, Ontario
N6A 4L9 '
Site Location: =~ W12A Landfill Rof. N
3502 Meanning Dr C.C. T —
City of London, County of Middlesex g ey (100Candidn,
N6L 1K6
You have applied under section 20.2 of Part I1.1 of the Environmental Protection Act, R.S.0. 1990, c. E. 19

(Environmental Protection Act) for approval of:.

construchon of stormwater management facilities, leachate eollecugn and disposal syst to

‘gervice the W12A Landfill Site, located on 3502 Manning Driv Dnve, City of London, consisting of
the following: -

PROPOSED WORKS:

Upgrade the existing 27.5 L/sec capacity submersible pump (MH701 Pumping Station) with the
foliowing:

e two(2)30.0 L/sec @ 24.5 m TDH capacity submersible pumps (MH701 Pumping Station)
(one duty, one standby) and the existing 2,400 mm diameter x 8,80 m deep wet well,
equipped with a 14.9 kW motor, a 150 mm diameter cement lined ductile iron pipe
forcemain, and one (1) precast concrete valve chamber equipped with magnetic flow
moniforing equipment, pumping collected leachate through an existing approximately 645 m
long 150 mm diameter HDPE forcemain to a 300 mm diameter senitary sewer r described
below; and :

e all controls and associated appurtenances.

All in accordance with the documents listed in Scheduls 'A".

Page | - NUMBER 1828-9CKRMK.



PREVIOUS WORKS APPROVED ONFEBRUARY 10, 2011:

LEACHATE COLLECTION AND DISPOSAL SYSTEM

upgrade of existing leachate collection and disposal system to convey collected Jeachate directly
to a municipal sanitary sewer for treatment at the Greenway Pollution Control Plant, consisting
of the following;

el-L ee ﬂon stem:

one (1) existing perimeter leachate collection system serving Cell 1, Cell 2, Cell 3, Cell 4 and
pert of Cell 5, consxsting of 8 200 mm diameter perforated pipe installed with a minimum
grade slope of 0.3% in a granular envelope sbout 0.9 m below original grade, equlpped with
maintenance holes at approximately 90 meter intervals, draining by gravity into a 60 m’
capacity leachate Storage Tank Ne. 1 located near the southeast entrance gate of the landfill
site;

one (1) existing pemnetcr leachate collection system serving Cell 5, consisting of a 200 mm
diameter perforated pipe installed with 8 minimum grade slope of 0.3% in a granular
envelope about 0.9 m below original grade, equipped with maintenance holes at-
approximately 90 meter intervals, draining by gravity into MH701 Pumping Station
described above;

Phase JI - Leachate Collection System:

&

one (1) new full underdrain leachate collection system approximately 880 meter long serving
Cell 6, Cell 7, and Cell 8, consisting of & 200 mm diameter perforated HDPE pipe installed at
90 meter interval with a minimum grade slope of 0.5% running in a southerly direction
discharging into a 200 mm diameter perforated HDPE pipe located at the south toe of the
landfill base then into a 200 mm diameter non-perforated HDPE header pipe buried below
which eventually drains into MH701 Pumping Station described above;

maintenance holes located at the south limit of the landfill site at the centre of each Cell 6,
Cell 7, and Cell 8 installed at 180 meter intervals, and clean-outs located at the north side of
each underdrain pipe running in a southerly direction;

-

one (1) new approximately 360 m long 300 mm diameter sanitary soewer extendmg from
MH200 through MH201, MH202, MH203, to MH204, discharging to an existing Storage
Tank No. 1 described below;

one (1) existing 60 m’ capacxty leachate Storage Tank No. 1 to be used as a wet well for the
proposed new leachate pumping station described below, equipped with low and high level
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float alarms and one (1) tanker truck loading station to haul leachate es required as a backup
system to the new leachate pumping;

® one(l)existing 60 m’ capacity leachate Storage Tank No. 2 located near Pond 4 at the
south side of the landfill site, equipped with one (1) 7.5 hp submersible pump, low and high
level float alarms, and one (1) tanker truck loading station to haul leachate as required as a
backup system to the new leachate pumping station described below;

New Leacha ion a T

A prefab pumping station with approximate dimensions of 4.3 m x 3.7 m fo be located beside the
existing Storage Tank No. 1 and a forcemain consisting of the following:

® one (1) 30 L/sec maximum flow capacity @ 58.3 m TDH self priming centrifugal pump (
High Flow Pump), equipped with a variable speed drive, 45 kW motor, a 150 mm diameter
stainless steel suction pipe from the wet well (Storage Tank No. 1), and a 150 mm diameter
stainless steel discharge pipe with a knife gate valve, discharging to a common 200 mm
diameter discharge header;

e one(l) 10 L/sec maximum flow capacity @ 22.1 m TDH self priming centrifiigal pump (
Low Flow Pump), equipped with a variable speed drive, 7 kW motor, a 150 mm dizmeter
stainless steel suction pipe from the wet well (Storage Tank No. 1), and a 150 mm diameter
stainless steel discharge pipe with a knife gate valve, discharging to 8 common 200 mm
diameter discharge header and the forcemain described below;

® one(1) approximately 202 m long 200 mun diemeter forcemain extending from the leachate
pumping station described above to a 6.6 kmn long leachate forcemain spproved under
Certificate of Approval No. 3256-882HLYV issued on August 25, 2010,

® including all controls and associated appurtenances.

All in accordance with the documents listed in Schedule ‘A’

a stormwater management facility located on the northwest corner of the landfill site, constructed
&s a wet extended detention pond, receiving stormwater runoﬁ‘ from a total drainage area of 14.4

ha, prov:dmg a pormanent pool storage capacity 0f 2470 m’ and an active storage capacity of

5800 yn’, designed to provide sufficient detention of stormwater runoff from storm events with
1:100 year return frequency, consisting of the following:
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one (1) inlet structure constructed of a rip-rep on & filter fabric and discherging into a forebay
described below;

ong (1) forebay equipped with an outlet berm and an overflow rip-rap structure discharging
into a wet detention pond described below;

one (1) extended wet detention pond with a permanent pool elevetion of 273.2 m equipped
with one (1) 150 mm diameter Hickenbottom outlet structure placed inside a 1500 mm
diameter perforated CSP riser structure with clear stone filter, discharging through one (1)
1200 mm diameter manhole (MH1) equipped with 150 mm diameter gate valve into an
existing 900 mm diameter CSP culvert into Tributary 7; and

one (1) emergency by-pass structure consisting of a 3.2 meter wide rip-rap spillway at invert
elevation of 275.0 m dischargiog into Tributary 7.

r ond - Pgn :

a stormwater management facility located on the southwest corner of the landfill site, constructed
as a wet extended detention pond, receiving stormwater runoff from a total drainage area of 29.6

ha, providing a permanent pool storage capacity of 2660 m’ and an active storage capacity of
11100 m’, designed to provide sufficient detention of stormwater runoff from storm events with
1:100 year return frequency, consisting of the following:

one (1) inlet structure constructed of a rip-rap on a filter fabric and discharging into a settling
pond described below;

one (1) 52 m long and 31.8 m wide settling pond with a permenent pool elevation of 271.7 m,
equipped with one (1) 300 mm diameter Hickenbottom outlet structure placed inside a 1500
mm diemeter perforated CSP riser structure with clear stone filter, discharging through one
(1) 300 mm diameter 30 m long PVC pipe into a main pond described below, and one (1)14.8
m wide rip-rap overflow structure with invert elevation of 272.2 m;

one (1) 115 m long and 44.5 m wide extended wet detention pond with a permanent pool
elevation of 271.2 m equipped with one (1) 300 mm diameter Hickenbottom outlet structure
placed inside a 1500 mm diameter perforated CSP riser structure connected to one (1) 29 m
long 300 mm diemeter 29 m long PVC pipe passing through one (1) 1200 mm diameter
manhole equipped with 300 mm diameter gate valve discharging into an existing outlet ditch
which drains into Tributary 5; and one (1) ditch inlet structure with invert elevation of 272.2
m discharging through one (1) 18 m long 750 mm diameter concrete pipe into an existing
outlet ditch which drains into Tributary 5;

one (1) emergency by-pass structure consisting of a 5.0 m wide rip-rap spillway at invert
elevation of 274.0 m discharging into Tributary 5.
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a stormwater management facility located on the south side of the landfill site, constructed as a
wet extended detention pond, receiving stormwater runoff from = total drainage area of 57.7 ha,

provxdmg a permanent pool storage capacity of 5200 m’ and an active storage capacity of 20200

m’, designed to provide sufficient detention of stormwater ranoff from storm events with 1:100
year retum frequency, consisting of the following:

@ one(1)inlet structure constructed of a rip-rap on a filter fabric and discharging into a wet
detention pond described below;

® one(1)59 m long 40 m wide extended wet detention pond with a permanent pool elevation
0f269.7 m equipped with one (i) 125 mm diameter Hickenbottom outlet structure placed
inside & 1500 mm diameter perforated CSP riser structure with clear stone filter, discharging
through a 29 m long 150 mm diameter non-perforated PVC pipe equipped with a 150 mm
gate valve into one (1) 1200 mm diameter manhole (MH1) and then through a 29 m long 450
mm diameter pipe into an outlet structure described below;

® one (1) outlet ditch equipped with a 1650 mm x 900 mm concrete box with open grated top at
invert clevation of 271.0 m and discharging through an existing 1050 mm diameter pipe into
Tributary 3.

te - ®

a stormwater management facility located on the southeast comner of the landfill site, constructed
as a wet extended detention pond, receiving stormwater runoff from a total drainage area of 41.0
ha, prov:dmg a permanent pool storage capacity of 3690 m’ and an active storage capacity of

11800 m’, designed to provide sufficient detention of stormwater runoff from storm events with
1:100 year return frequency, consisting of the following:

® onc(1) forebay equipped with one (1) 125 mm diameter Hickenbottom outlet structure
placed inside a 1500 mm diameter perforated CSP riser structure with clear stone filter
discharging into & wet detention pond through 25 m long 150 mm diameter pipe; and 2 7.0 m
wide rip-rip overflow structure at invert elevation of 273.0 m discharging into a wet detention
pond described below;

e one(l) 28 m long 84 m wide triangular shaped extended wet detention pond with a
permanent pool clevation of 268.5 m discharging through a 900 mm diameter pipe into an
outlet structure described below; and

e one(l) outlet structure manhole equipped with an overflow weir at elevation 269.4 m, a 600
mm x 6§00 mm slide gate valve with one (1) 150 mm diameter orifice, discharging through
900 mm diameter outlet pipe into Tributary 1;

All in sccordance with the documents listed in Schedule 'A".
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For the purpose of this environmental compliance approval, the following definitions apply:
"Approval" means this entire document and any schedules attached to it, and the application;

"BODS5" (also known as TBOD,) means five day biochemical oxygen demand measured in an
unfiltered sample and includes carbonaceous and nitrogenous oxypen demand;

"Director” means a person appointed by the Minister pursuant to section 5 of the EP4 for the
pwposes of Part IL1 of the FEP4;

"Emergency Situation” means a structural, mechanical or electrical failure that causes a
temporary reduction in the capacity of the Works (Leachate Collection and Disposal System) or
an unforeseen flow condition that may result in:

a) dangerto the health or safety of any petson; or,

b)  injury or demage to any property, or serious risk of injury or damage to any property;

"EPA" means the Environmenta] Protection Act, R.S.0, 1990, ¢.E.19, as amended;
"Event means an action or occurrence, at a given location within the Works that causes an
Overflow. An Event ends when there is no recurrence of an Overflow in the 12-hour period

following the last Overflow . Two Events are separated by at least 12 hours during which there
has been no recurrence of an Overflow;

"Ministry” means the ministry of the govemment of Ontario responsible for the EP4 and
OWRA end inclndes all officials, employees or other persons acting on its behalf;

"Overflow” means any discharge from the Works (Leachate Collection and Disposal System)
that does not undergo any treatment or only receives partial treatment before it is discharged to
the environment.

"Owner" means the Corparation of the City of London and iis successors and assignees;

"OWRA" means the Optario Water Resources Act, R.S.0. 1990, ¢. 0.40, es emended;

"Previous Works" means those portions of the sewage works previously constructed and
approved under an Approval ;

"Proposed Works” means the sewage works described in the Owner’s application, this
Approval, to the extent approved by this Approval;

“Substantial Completion" has the same meaning as "substantial performance” in the

Construction Lien Act;

“Water Supervisor” means the Water Supervisor for the London offices of the Ministry; and
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"Works" means the sewage works described in the Owner 's application, and this Approval , and
includes both Proposed Works and Previous Works.

You are hereby notified that this environmental compliance approval is issued to you subject to the terms and
conditions outlined below:

TERMS AND CONDITIONS
1 FROVISI

(1)  The Owner shall ensure that any person suthorized to carry out work on or operate any
aspect of the Works is notified of this Approval and the conditions herein and shall take
all reasonable measures to ensure any such person complies with the same.

(2)  Except as otherwise provided by these conditions, the Owner shall design, build, install,
operate and maintain the Works in accordance with the description given in this Approval ,
and the application for approval of the Works.

(3)  Where there is a conflict between a provision of any document in the schedule referred to
in this Approval and the conditions of this Approval , the Conditions in this Approval shall
take precedence, and where there is a conflict between the documents in the schedule, the
document bearing the most recent date shall prevail.

(4)  Where there is a conflict between the documents listed in Schedule 'A’, and the
application, the application shall take precedence unless it is clear that the purpose of the
document was to amend the application.

(5)  The Conditions of this Approval are severable, If any Condition of this Approval , or the
spplication of any requirement of this Approval to any circumstancs, is held invalid or

unenforceable, the application of such condition to other circumstances and the remainder
of this Approval shall not be affected thereby.

2, EXPIRY OF APPROVAL

The approval issued by this 4pproval will cease to apply to those parts of the Works which have
not been constructed within five (5) years of the date of this Approval.

3. CHANGE OF OWNER

(1)  The Owner shall notify the Water Supervisor and the Director, in writing, of any of the
following changes within thirty (30) days of the change occurring:

(a)  change of Ownrer;
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(b)  change of address of the Owmer;

(c)  change of partners where the Owner is or at any time becomes a partnership, and
a copy of the most recent declaration filed under the Business Names Act, R.S.O.
1990, ¢.B17 shall be included in the notification to the Warter Supervisor;

(d)  change of name of the corporation where the Owner is or at any time becomes a
corporation, and a copy of the most current information filed under the

Corporations Information Act, R.S.0. 1990, ¢, C39 shall be included in the
notification to the Water Supervisor;

In the event of any change in ownership of the Works, other than a change to a successor
municipality, the Owner shall notify in writing the succeeding owner of the existence of
this Approval, and a copy of such notice shall be forwarded to the Water Supervisor and
the Director.

OMPLETI WORKS

o

e}

Upon the Substantial Completion of the Proposed Works, the Owner shall prepare a
staternent, certified by a Professional Engineer, that the works are constructed in
accordance with this Approval, and upon request, shall meke the written statement
available for inspection by Ministry personnel.

Within one (1) year of the Substantial Completion of the Proposed Works , a set of
as-built drawings showing the works “as constructed” shall be prepared. These deawings
shall be kept up to date through revisions undertaken from time to time and a copy shall
be retained at the orks for the operational life of the Works.

W - A ON.

(1) Any Overflow is prohibited, except:

(8) in an Emergency Situation; and

(b) where the Overflow is planned for research or training purposes, the discharger
notified the Water Supervisor 15 days prior to the Overflow and the Water Supervisor
has given written consent of the Overflow.

(2) The Owner shall forthwith notify the Spills Action Centre (SAC) and the Medical Officer

of Health of all Overflow Events except the events occwrring under the subsection (1)(b).
This notice shall include, at 8 minimum, the following information:

(a) the date, time, and duration of the Event;
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(b) thelocation of the Event;

(c) the measured or estimated volume of the Event; and

(d) the reason for the Event;
The Owner shall submit Overflow Event(s) report to the Ministry's local office for each
quarter only during which Event(s) has/have occurred. Each quarterly report shall be
submitted no later than each of the following dates for each calendar year: February 14,
May 15, August 14, and November 15. Event Reports shall be in an electronic format
specified by the Ministry. In each Event Report the Owner shall include, at a minimum, the
following information on any Events that occurred during the preceding quarter:

(a) the date, time, and duration of the Event;

(b) the location of the Event

(c) the measured or estimated volume of the Event; and

(d) the reason for the Event.

(4) The Owner shall maintain & logbook of all Overflows, which shall contain, at 8 minimum,

the types of information set out in subsection 2 (a) to 2(d) in respect of each Overflow.

(5) The Owner shall use best efforts to collect at least one (1) grab sample of the Overflow and

have it analyzed for leachate indicator parameters outlined in Condition 6 (2), using the
protocols specified in Condition 6 (3).

MONITORING AND RECORDING

(1)

2

Upon the commencement of the operation of the Works (Leachate pumping to sanitary
sewer), the Owner shall carry out the following leachate monitoring program. Leachate
samples shall be collected from a designated sampling location at Storage Tank No. 1 on a
quarterly frequency (April, June, September, and November). The samples collected in
April, September, and November shall be analyzed for the indicator parameter list in Table 1.
The samples collected in June shall be analyzed for the comprehensive parameter list in
Table 1.

The Owner shall carry out the following surface water monitoring program. Surface water
samples shall be collected from the designated sampling locations at the outfzll of Pond 1,
Pond 2/3, Pond 4 and Pond 5 in spring and fall and two other sampling events. The
samples collected in spring and fall shall be analyzed for the comprehensive parameter list in
Table 1. The samples collected during other two sampling events shall be analyzed for the
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indicator parameter list in Table 1.

Table 1

Parameter Leachate Momitoring Surface Water Monitoring
Comprehensive | Indicator |Comprehensive| Indicator
Parameter Parameter Psrameter | Parameter
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Selenium
Zinc
Volatiles
EPA 624 Scen |
[Field Test
Conductivity
Disgolved Oxygen

F_H
emperature (Field)

The methods and protocols for sampling, analysis and recording shall conform, in order of
precedence, to the methods and protocols specified in the following:

Cod I ] I B ]

X

Ed bl b b
] Ead b b

(a) the Ministry’s Procedure F-10-1, “Procedures for Sampling and Analysis Requirements for
Municipal and Private Sewage Treatment Works (Liquid Waste Streams Only), as amended
from time to time by more recently published editions;

(b) the Ministry’s publication "Protocol for the Sampling and Analysis of Industrial/Municipal
Wastewater" (January 1999), ISBN-0-7778-1880-9, rs emended from time to time by more
recently published editions;

(c) the publication "Standard Methods for the Examination of Water and Wastewater” (21st
edition), as amended from time to time by more recently published editions;

The Owner shall install and maintain flow measuring devices, to measure the total volume of
stormwater and leachats from the Works with an accuracy to within plus or minus 15 per ceat
(+/- 15%) of the actual flow for the entire design range of the flow measuring device, and
record the total volume and average flow rate of stormwater and leachate at a weekly

frequency.

The Owner shall retain for a minimum of five (5) years from the date of their creation, all
records and information related to or resulting from the monitoring activities required by this
Approval .

OPERATION AND MAINTENANCE

(1)

The Owner shall aperate the stormwater management facilities ( Pond 1, Pond 2/3, Pond 4
and Pond 5) as continuous discharge facilities with the outlet control gate valve normally
open (Level One Operating Procedure). The monitoring results from the four surface
water sampling events outlined in Section 6 (2) of this Approval shall be reviewed and
assessed against the following trigger points in Table 2.

Table 2
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4)

(L)

(6)

)

Parameter Trigger Concentration
(mg/L)
IAmmonia (un-ionized)* >0.3
BOD, >10.0
Chlorides >800
Sulphates >1000

* Note: Ammonia (un-ionized) concentration shall be calculated from the monitoring results
of ammoniu, pH, and field temperature.

In the event that a monitoring resnlt for any of the trigger parameters lisied in Table 2

exceeds the comresponding trigger concentration, the Owner shall teke a surface water sample
to confirm the exceedance of a trigger concentration for that parameter. Upon confimmation
of the exceedance of a trigger concentration for any parameter, the Owner shall commence to
operate the stormwater management pond in a batch discharge mode with the gate valve
normally closed (Level Two Operating Procedure).

During Level Two Operating Procedure, if monitoring results show that there is an
exceedance of a trigger concentration for any parameter, the Owner shall oot allow the
discharge of the potentially contaminated stormwater from the pond(s) into the receiving
surface water and shall direct such discharges into the leachate collection system. However, if
monitoring results show that there is no exceedance of a trigger concentration for any
parameter, then the Owner shall discharge that batch of stormwater from a pond into the
receiving surface water,

During Level Two Operating Procedure, the Owner shall conduct a Level One monitoring
program plus monitoring of the trigger parameters at the end of each storm event.

A stormwater management pond operating under Level Two Operating Procedure shall
retum to Level One Operating Procedure only if the monitoring results from three (3)
consecutive surface water sampling events for each trigger parameter from the same pond are
less than the corresponding trigger concentration for each parameter.

The Owner shall exercise due diligence in ensuring that, at all times, the Works and the
related equipment and appurtenances used to achieve compliance with this Approval are
properly operated and maintained. Proper operation and maintenance shall include effective
performance, adequate funding, adequate operator staffing and training, including training in
all procedures and requirements of this 4Approval , the 4ct and regulations, process controls
and alarms,

The Owner shall prepare a revised operations manual within six (6) months of Substantial
Completion of the Proposed Works , that includes, but not necessarily limited to, the
following information;

() operating procedures for routine operation of the Works ;
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(b) inspection programs, including frequency of inspection, for the Works and the methods or
tests employed to detect when maintenance is necessary;

(c) repair and maintenance programs, including the frequency of repair and maintenance for
the Works ;

(d) procedures for the inspection and calibration of monitoring equipment;

(e) aspill prevention control and countermeasures plan, consisting of contingency plans and
procedures for dealing with equipment breakdowns, potential spills and any other
abnormal situations, including notification of the Water Supervisor ; and

(f) procedures for receiving, responding and recording publlc complaints, including recording
any follow up ections taken,

The Owner shall maintain the operations manual current and retain a copy at the location of the
Works or operationsl office of the Owner for the operational life of the Works . Upon request,
the Owner shall make the manual available to Ministry staff.

The Owner shall provide for the overall operation of the Warks with an operator who holds a
licence that is applicable to that type of facility and that is of the same class as or higher than
the class of the facility in accordance with Ontario Regulation 129/04.

(10) The Owner shall undertake an inspection of the condition of the stormwater management ponds

and ditches, at least once & year, and undertake any necessary cleaning and maintenance to
prevent the excessive build-up of sediment and/or decaying vegetation.

(11) The owner shall meintain a logbook to record the results of the stormwater management pond

inspections and any cleaning and maintenance cperations undertaken and shall keep the
logbook at the site or operational office of the Owner for inspection by the Ministry,

REPORTING

1€))

@

E)

One week prior to the start up of the operation of the Proposed Works , the Owner shell notify
the Water Supervisor (in writing) of the pending start up date.

Ten (10) days prior to the date of 2 planned Overflow being conducted pursuant to Condition 5
and as soon as possible for an unplenned Overflow , the Owner shall notify the Water
Supervisor (in writing) of the pending start date, in addition to an assessment of the potential
adverse effects on the environment and the duration of the Overflow .

In addition to the obligations under Part X of the Envivonmental Protection Act, the Owner
shall, within 10 working days of the occurrence of eny reportable spill as defined in Ontario
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Regulation 675/98, bypass or loss of any product, by-product, intermediate product, oil,
solvent, waste material or any other polluting substance into the environment, submit a full
written report of the occurrence to the Water Supervisor describing the cause and discovery of
the spill or loss, clean-up and recovery measures taken, preventative measures to be taken and
schedule of implementation.

The Owner shall, upon request, make all manuals, plans, records, data, procedures and
supporting docunientation available to Ministry staff,

The Owner shall prepare, and submit to the Water Supervisor upon request, a performance
report, on an annual basis, within ninety (90) days following the end of the period being
reported upon. The first such report shall cover the first annual period following the
commencement of operation of the Works and subsequent reports shall be submitted to cover
successive annual periods following thereafter. The reports shall contain, but shall not be
limited to, the following information:

(a) a description of any operating problems encountered and corrective actions taken;

(b) asummary of all maintenance carried out on any major structure, equipment, apparatus,
mechanism or thing forming part of the Works ;

(c) asummary of all stormwater and leachate monitoring results underteken in the reporting
period and the total volume of leachate disposed off site;

(d) asummary of the calibration and maintenance carried out on &l effluent monitoring
equipment; and

(e) asummary of all Overflow , spill or abnormal discharge events; and

(D any other information the Water Supervisor requires from time to time.
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Schedule 'A’
L. PREVIOUS WORKS APPROVED ON OR BEFORE DECEMBER 10, 2003 UNDER CofA # 8067-STFKKB:

1. Application for Approval of Municipal and Private Sewage Works submitted by the City
of London dated May 29, 2003 including drawings and specifications.

2, "City of London W12A Landfill, Stonnwater Manegement Master Plan, Supporting
Documentation for Approval Section 53 of the Ontario Water Resource Act" prepared by
Earth Tech Canada Inc., Hamilton, Ontario, May 2003,

3. "WI2A Landfill Certificate of Approval A042102, Leachate Management and Disposal”
November 2003, prepared by the City of London

4. "City of London W12A Landfil], Stormwater Management Master Plan, Class
Environmental Assessment, Project File" prepared by Earth Tech Canada Inc.,, Hamilton,
Ontario, December.

II. PREVIOUS WORES APPROVED ON FEBRUARY 10, 2011:

1. Application for Approval of Municipal and Private Sewage Works submitted by the City
of London dated August 6, 2010 including drawings and specifications.

2. "Design Brief- W12A Leachate Pumping Station and Forcemain” dated April 2010,
prepared by AECOM, London, Ontario.

3. "Environmental Study Report - W12A Landfill Pumping Station" - CD copy - prepared by
Environmental & Engineering Services Dept. City of London.

. PROPOSED WORK :

1. Application for Environmental Compliance Approval submitted by the City of London dated
April 22, 2013 including drawings and specifications.

2. "WI12A Landfill MH701 Pumping Station Upgrade Design Report” dated April 2013 prepared
by Dillon Consulting Limited, Oskville, Ontario,
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The reasons for the imposition of these terms and conditions are as follows;

1. Condition 1 is imposed to ensure that the Works are built and operated in the manner in which
they were described for review and upon which approval was granted. This condition is also
included to emphasize the precedence of Conditions in the Approval and the practice that the
Approval is based on the most curreat document, if several conflicting documents are submitted
for review. The condition also advises the Owners their responsibility to notify any person they
suthorized to carry out work pursuant to this Approval the existence of this Approval.

2, Condition 2 is included to ensure that the Works are constructed in a timely manner so that
standards applicable at the time of Approval of the Works are still applicable at the time of
construction, to ensure the ongoing protection of the environment,

3 Condition 3 is included to ensure that the Ministry records are kept accurate and current with
respect to the approved works and to ensure that subsequent owners of the Works ere made aware
of the Approval and continue to operate the Works in compliance with it.

4. Condition 4 is included to ensure that the Works are constructed in accordance with the approval
and that record drawings of the Works “as constructed” are maintained for future references.

5. Condition 5 is included to indicate that by-passes of untreated sewage to the receiving
watercourse is prohibited, save in certain limited circumstances where the failure to Gverflow
could result in greater injury to the public interest than the Overflow itself where a Overflow will
not violate the approved effiuent requirements, or where the Gverflow can be limited or
otherwise mitigated by handling it in accordance with an approved contingency plan The
notification and documentation requirements allow the Ministry to take action in an informed
manner and will ensure the Owner is aware of the extent and frequency of Overflow evenis,

6. Condition 6 is included to enable the Owner to evaluate and demonstrate the performance of the
Works , on a continual basis, so that the Works are property operated and maintained at a level
which is consistent with the design objectives specified in the Approval and that the Works does
not cause any impairment to the receiving watercourse,

7. Condition 7 is included to require that the Works be properly operated, maintained, funded,
staffed and equipped such that the environment is protected and deterioration, loss, injury or
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damage to any person or property is prevented. As well, the inclusion of a comprehensive
operations manual goveming all significant areas of operation, maintenance and repair is
prepered, implemented and kept up-to-date by the owner and mede available to the Ministry .
Such a manual is an integral part of the operstion of the Works . Its compilation and use should
assist the Owner in staff training, in proper plent operation and in identifying and planning for
contingencies during possible abnormal conditions. The manual will also act us a benchmark for
Ministry staff when reviewing the Owner' s operation of the work.

8. Condition 8 is included to provide a performance record for future references, to ensure that the
Ministry is made aware of problems as they arise, and to provide a compliance record for all the
terms and conditions outlined in this Approval, so that the Ministry can work with the Owner in
resolving any problems in a timely manner.

Upon issuance of the environmental compliance approval, I hereby revoke Approval No(s). 4175-8C4SD5
issued on February 10, 2011

In accordance with Section 139 of the Environmental Protection Aet, you may by written Notice served upon
me and the Environmental Review Tribunal within 15 days afier receipt of this Notice, require a hearing by the
Tribunal. Section 142 of the Environmental Protection Act provides that the Notice requiring the hearing shall
state:

1. Theportions of the environmental compliancs epproval or each term or condition in the environmental compliance approval in
respect of which the hearing is required, and;
2.  The grounds on which you intend to rely at the hearing in selation to eech portion appealed

Pursuant to subsection 139(3) of the Environmental Protection Act, a hearing may not be required with respect
fo any terms and conditions in this environmental compliance approval, if the terms and conditions are
substantially the same as those contained in an approval that is amended or revoked by this environmental
compliance approval.

The Notice should also include:

The name of the sppelleng

The address of the sppellant;

The eavironmental compliance approval number

The date of the environmental compliance approval

The name of the Director, and;

The municipality or municipalities within which the project is to be engaged in

BN s

And the Notice should be signed and dated by the appellant,

This Notice must be served upon:
The Director appointed for the purposes of
The Secrelary® .
Environmental Review Tribunal "M‘;&;ﬁmg‘x‘m‘“‘f Protection Act
€55 Bay Street, Suite 1500 AN 2 51. Clair Avenue West, Floor 124
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Toronto, Oniario
MS5G 1ES Toronto, Ontario

M4V ILS

* Further information on the Environments! Review Tribunal's requirements for an gppeal can be obtalned directly from the
Tribunal nt: Tel: (416) 212-6349, Fax: (416) 314-4506 or www.ert.gov.on.ca

The above noted activity is approved under 5.20.3 of Part II.1 of the Enviranmental Protection Act.

DATED AT TORONTO this 11th day of December, 2013

Edgardo Tovilla
Director
appointed for the purposes of Pert IL1 of the
Environmental Protection Act
SH/
c:. DWMD Supervisor, MOE London - District
Fabiano Gondim, M.Eng., P.Eng., Dillon Consulting Ltd.
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Calculations
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London Ontario W12 Landfill
Stormwater Management Report

Date: August 24, 2020

Model Inputs
Surface Type CN C Imperv 1A (mm)
Building/Apshalt/
Concrete/Pond 98 0.95 1 1.5
Gravel/Recycled
Asphalt 89 0.8 0.6 3
Landscaped/Landfill
top area 81 0.25 0 3
Landfill side slopes 83 0.35 0 1.5
Asphalt/Building| Gravel |Landscaped| Landfill Side
Drainage Area Area Area/pond Area Area Flat slopes CN C % Imperv| IA (mm) | TP (hr) Description Discharges To
101 14.5 81 6 0.34 pre-development
102 16.6 81 6 0.43 pre-development
103 13 81 6 0.38 pre-development
104 52 81 6 0.6 pre-development
105 46 81 6 0.62 pre-development
201 14.4 81 1.5 0.26 current condition [ Dingmans/Pond 1
202/3 29.6 81 1.5 0.31 current condition Dodd/Pond 2
204 57.7 81 1.5 0.41 current condition Dodd/Pond4
205 41 81 1.5 0.43 current condition Dodd/Pond 5
301 34.48 2 25.48 7 824 0.31 0.06 2.6 0.3 proposed condition | Dingmans/Pond1
302 18.47 2 8.47 8 83.7 0.37 0.11 2.2 0.13 proposed condition | Dodd/Pond 2/3
303 6.25 0.7 3.55 2 83.5 0.36 0.11 24 0.11 proposed condition | Dodd/Pond 2/3
304 25.17 2 13.17 10 83.1 0.35 0.08 2.3 0.16 proposed condition | Dodd/Pond 4
305 56.6 3.523 33.077 20 82.8 0.33 0.06 2.4 0.52 proposed condition | Dodd/Pond 5
Time to Peak Calculations
Overland Flow Overland Flow Channel Flow
Travel | Time of
Elevation Velocity Elevation | Elevation Time | Concentr| Time to
Drainage Area ID Length Elevation U/S D/S Slope (Uplands) Travel Time| Length u/s D/S Slope Velocity (Uplands) Travel Time Length | Velocity (min) ation Peak
(m) (m) (m) % (m/s) (min) (m) (m) (m) % (m/s) (min) (m) (m/s) (min) (min) (hr)
101 425 1.5 0.25 28 100 0.6 3 31 0.34
102 545 1.5 0.25 36 100 0.6 3 39 0.43
103 465 1.5 0.25 31 100 0.6 3 34 0.38
104 760 1.5 0.25 51 100 0.6 3 54 0.6
105 800 1.5 0.25 53 100 0.6 3 56 0.62
201 425 2.8 0.36 20 100 0.6 3 23 0.26
202 545 3.0 0.37 25 100 0.6 3 28 0.31
203 465 4.0 042 18 100 0.6 3 21 0.23
204 750 3.0 0.37 34 100 0.6 3 37 0.41
205 800 3.0 0.37 36 100 0.6 3 39 0.43
301 480 5.0 0.5 16 60 25 0.6 2 550 0.8 11 27 0.3
302 0 5.0 0.5 0 115 25 0.6 3 560 0.8 12 12 0.13
303 220 5.0 0.5 7 120 25 0.6 3 130 0.8 3 10 0.11
304 220 5.0 0.5 7 120 25 0.6 3 320 0.8 7 14 0.16
305 480 5 0.5 16 60 25 0.6 2 1470 0.8 31 47 0.52

Golder Associates

Prepared by: MHK
Reviewed by: DVK



London Ontario W12 Landfill

Stormwater Management Report

Pond 1
Area 301
Area 34.48 ha
Imperviousness 55 % Permanent Pool Extended Detention Baseflow Total
Enhanced 80% TSS
Requirements 190 m3/ha 5172 m3 1379.2 m3 6551 m3
Provided 7,402.0 m3 2253 m3 4000 m3
Main Pond
Head Pipe 1 Pipe 2
Total Active | Volume (above Orifice | Overflow | Overflow Total
Incrementat | Total Volume | Volume above | Orifice Dia. | centre of | Discharge |discharge| Discharg | Discharge
Depth Elevation Length Width Volume (m3) (m3) (m3) baseflow (m) orifice) (m3/s) (m3/s) | e (m3/s) (m3/s) |Notes
0.0 273.00 120.0 31.0 0.0 0.0
0.1 273.10 121.0 32.0 647.0 647.0
0.2 273.20 122.0 33.0 667.0 1,314.0
0.3 273.30 123.0 34.0 688.0 2,002.0
0.4 273.40 124.0 35.0 708.0 2,710.0
0.5 273.50 125.0 36.0 729.0 3,439.0
0.6 273.60 126.0 37.0 750.0 4,189.0
0.7 273.70 127.0 38.0 771.0 4,960.0
0.8 273.80 128.0 39.0 792.0 5,752.0
0.9 273.90 129.0 40.0 814.0 6,566.0
1.0 274.00 130.0 41.0 836.0 7,402.0 0.0 0 0|Perm Pool
1.1 274.10 131.0 42.0 857.0 8,259.0 857.0 0.075 0.0625 0.003 0.003
1.2 274.20 132.0 43.0 879.0 9,138.0 1,736.0 0.075 0.1625 0.005 0.005
1.3 274.30 133.0 44.0 905.0 10,043.0 2,641.0 0.075 0.2625 0.006 0.006
1.4 274.40 134.0 45.0 927.0 10,970.0 3,568.0 0.075 0.3625 0.007 0.007
1.5 274.50 135.0 46.0 949.0 11,919.0 4,517.0 0.0 0.075 0.4625 0.008 0.008 [baseflow 4000 m3
1.6 274.60 136.0 47.0 971.0 12,890.0 5,488.0 971.0 0.075 0.5625 0.009 0.009
1.7 274.70 137.0 48.0 993.0 13,883.0 6,481.0 1,964.0 0.075 0.6625 0.010 0.010
1.8 274.80 138.0 49.0 1,013.0 14,896.0 7,494.0 2,977.0 0.075 0.7625 0.010 0.000 0.010
1.9 274.90 139.0 50.0 1,039.0 15,935.0 8,533.0 4,016.0 0.075 0.8625 0.011 0.017 0.028
2.0 275.00 140.0 51.0 1,061.0 16,996.0 9,594.0 5,077.0 0.075 0.9625 0.012 0.089 0.101
2.1 275.10 141.0 52.0 1,084.0 18,080.0 10,678.0 | 6,161.0 0.075 1.0625 0.012 0.187 0.200
2.2 275.20 142.0 53.0 1,108.0 19,188.0 11,786.0 | 7,269.0 0.075 1.1625 0.013 0.304 0.317
23 275.30 143.0 54.0 1,131.0 20,319.0 12,917.0 | 8,400.0 0.075 1.2625 0.013 0.431 0.444
2.4 275.40 144.0 55.0 1,154.0 21,473.0 14,071.0 | 9,554.0 0.075 1.3625 0.014 0.468 0.482
2.5 275.50 145.0 56.0 1,178.0 22,651.0 15,249.0 [10,732.0 0.075 1.4625 0.014 0.483 0.000 0.498
2.6 275.60 146.0 57.0 1,202.0 23,853.0 16,451.0 | 11,934.0 0.075 1.5625 0.015 0.540 0.017 0.572
2.7 275.70 147.0 58.0 1,225.0 25,078.0 17,676.0 | 13,159.0 0.075 1.6625 0.015 0.592 0.089 0.696
2.8 275.80 148.0 59.0 1,249.0 26,327.0 18,925.0 [ 14,408.0 0.075 1.7625 0.016 0.639 0.187 0.842
2.9 275.90 149.0 60.0 1,274.0 27,601.0 20,199.0 | 15,682.0 0.075 1.8625 0.016 0.683 0.304 1.004
3.0 276.00 150.0 61.0 1,298.0 28,899.0 21,497.0 | 16,980.0 0.075 1.9625 0.017 0.725 0.431 1.172
Proposed | Pre Dev
Volume Uncontrolled | Discharge | Discharg| Current
(ha*m)) |Volume (m3)| Elevation Depth (L/s) (L/s) e (L/s) | Discharge
25mm 0.2253 2253 274.73 0.73 562 10 78
1:5 year 0.5808 5808 275.07 1.07 1824 167 315 10
1:10 year 0.6999 6999 275.18 1.18 2420 288 434
1:100 year 1.1740 11740 275.58 1.58 4407 560 941 430
1:250 year 1.556 15560 275.89 1.89 6112 988 1206
Golder Associates
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Flow in Partially Full Pipes
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Figure 3. Flow in Partially Full Pipes
Manning's Eq.
Q=R"0.67 *S"0.5*A/n MTO Eqgn 8.66
Diameter D = 0.6
A= 0.283 m2
P= 1.885 m
R=A/P 0.15 m
S= 0.005 m/m
n= 0.012
Qfull = 0.468 m3/s
Flow Qfull =
y/D Q/Qfull y (m) Qm3/s
0 0 0 0
0.1 0.01 0.06 0.005
0.2 0.05 0.12 0.0234
0.3 0.15 0.18 0.0702
0.4 0.27 0.24 0.12636
0.5 0.4 0.3 0.1872
0.6 0.55 0.36 0.2574
0.7 0.7 0.42 0.3276
0.8 0.88 0.48 0.41184
0.9 1 0.54 0.468
1 1 0.6 0.468
Orifice Flow MTO Eqgn 8.79
Q = Cd*A*(2*g*H)"0.5
Orifice Dia 0.600 m
Head above Partially Full Orifice Flow
Depth centre of orifice  [Flow (m3/s) (m3/s)
0.000 0 0 0.000
0.100 0 0.017 0.000
0.200 0 0.089 0.000
0.300 0 0.187 0.000
0.400 0.1 0.304 0.242
0.500 0.2 0.431 0.342
0.600 0.3 0.468 0.418
0.700 0.4 0.483
0.800 0.5 0.540
0.900 0.6 0.592
1.000 0.7 0.639
1.100 0.8 0.683
1.200 0.9 0.725

Date: August 24, 2020
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London Ontario W12 Landfill Date: August 24, 2020
Stormwater Management Report

Pond 2/3
Area 302, 303 Overflow Ditch Characteristics Flow Rate
Proposed Area 2471 ha Current Area 29.6 (from SWM Facility No. 2/3 drawing, Earthtech, Asbuilt Mar. 15, 2007) Manning's Slope Bottom Side Depth of From
Impervioushess 55 % Permanent Pool Extended Detention Baseflow Total Roughnhess S Width Slope low above ditch Manning's
Enhanced 80% TSS
Requirements 190 m3/ha 3707 m3 988.4 m3 6000 m3 5624 m3 Coefficient (max steepness 3:1) Q=(AR*V S)/n
Existing 3256  m3 n m/m m X:1 m AP m3/s
Proposed 46020 m3 1604 m3 0.033 0.001 1.00 3 0.10 0.024 0.023058483
0.033 0.001 1.00 3 0.20 0.087 0.083183129
0.033 0.001 1.00 3 0.30 0193 0.184760241
0.033 0.001 1.00 3 0.40 0.349 0.33403243
Head
Volume (above Orifice Total
Incremental | Total Volume| Total Active Above Orifice | centre of | Discharg Pipe Discharg 1.00 0.50
Depth Elevation |Volume (m3) (m3) Volume (m3)| Baseflow | Dia. (m) | orifice) | e (m3/s) | Outlet 1 | & (m3/s) 0.033 0.001 3 0.561 0.537174494
0 270.40 0 0.0 0.033 0.001 1.00 3 0.60 0.835 0.800126337
0.1 270.50 140 140.0 0.033 0.001 1.00 3 0.70 1.178 1.128588621
0.2 270.60 200 430.0 0.033 0.001 1.00 3 0.80 1.595 1528045012
03 270.70 304 734.0 0.033 0.001 1.00 3 0.90 2.091 2.003786796
0.4 270.80 319 1,053.0 0.033 0.001 1.00 3 1.00 2.672 2.560934888
0.5 270.90 333 1,386.0 0.033 0.001 1.00 3 1.10 3.344 3.204458571
0.6 271.00 347 1,733.0 0.033 0.001 1.00 3 1.20 4.111 3.939191252
0.7 271.10 362] 2,095.0 0.033 0.001 1.00 3 1.30 4.978 4.76984376
0.8 271.20 377 24720 0.033 0.001 1.00 3 1.40 5.949 5701015613
0.9 271.30 392 28640 0.033 0.001 1.00 3 1.50 7.031 6.737204658
1 271.40 406] 3,270.0 0.033 0.001 1.00 3 1.60 8.226 7.882815366
. 271.50 422] 36920 0.033 0.001 1.00 3 1.70 9.540 9.142166044
1.2 271.60 437] 41290 0.033 0.001 1.00 3 1.80 10.978 10.51949514
B 1.00 1.90
1.3 271.70 473] 46020 0.0 0.075 0 0.000 0.000 |pocl 0.033 0.001 ) 3 ’ 12.542 12.01896677
1.4 271.80 489] 50910 489.0 0.075 0.0625 0.003 0.003 0.033 0.001 1.00 3 2.00 14.239 13.64467566
1.5 271.90 506] 5,597.0 995.0 0.075 0.7625 0.010 0.010 0.033 0.001 1.00 3 210 16.071 15.40065152
1.6 272.00 5231 6,120.0 1,518.0 0.075 0.8625 0.011 0.011
1.7 272.10 540] 6,660.0 2,058.0 0.075 0.9625 0.012 0.012
1.8 272.20 557 7,217.0 2,615.0 0.075 1.0625 0.012 0.012
1.9 272.30 574] 7,791.0 3,189.0 0.075 1.1625 0.013 0.013
2 272.40 591 8,382.0 3,780.0 0.075 1.2625 0.013 0.013
2.1 272.50 608] 8,990.0 4,388.0 0.075 1.3625 0.014 0.014
22 272.60 625] 96150 5,013.0 0.075 1.4625 0.014 0.014
23 272.70 642 10,257.0 5,655.0 0.075 1.5625 0.015 0.015
2.4 272.80 6601 10917.0 6,315.0 0.0 0.075 1.6625 0.015 0.015 |Baseflow
25 272.90 677] 11,584.0 6,992.0 677.0 0.075 1.7625 0.016 0.016
26 273.00 694] 12,288.0 7,686.0 1,371.0 0.075 1.8625 0.016 0.016
27 273.10 712] 13,000.0 8,398.0 2,083.0 0.075 1.9625 0.017 0.000 0.017
2.8 273.20 729] 13,729.0 9127.0 2812.0 0.075 2.0625 0.017 0.023 0.040
271.7 273.30 747] 14,476.0 9,874.0 3,559.0 0.075 |270.9625] 0.196 0.083 0.280
271.8 273.40 752 15228.0 10,626.0 4311.0 0.075 |271.0625] 0.197 0.185 0.381
271.9 273.50 765] 15993.0 11,391.0 5,076.0 0.075 |271.1625] 0.197 0.334 0.531
272 273.60 782 16775.0 12,173.0 5,858.0 0.075 |271.2625] 0.197 0.537 0.734
2721 273.70 800] 17,575.0 12,973.0 6,658.0 0.075 |271.3625] 0.197 0.800 0.997
272.2 273.80 818] 18353.0 13,791.0 7.476.0 0.075 |271.4625] 0.197 1.129 1.325
272.3 273.90 836] 192200 14,627.0 83120 0.075 |271.5625] 0.197 1.528 1.725
272.4 274.00 854] 20,083.0 15,481.0 9,166.0 0.075 |271.6625] 0.197 2.004 2.201
272.5 274.10 872] 20,9550 16,353.0 10,038.0 0.075 |271.7625] 0.197 2.561 2.758
272.6 274.20 890] 21,8450 17,243.0 10,928.0 0.075 |271.8625] 0.197 3.204 3.401
272.7 274.30 908] 22,753.0 18,151.0 11,836.0 0.075 |271.9625] 0.197 3.939 4.136
272.8 274.40 926] 23,679.0 19,077.0 12,762.0 0.075 |272.0625] 0.197 4.770 4.967
272.9 27450 944| 24,6230 20,021.0 13,706.0 0.075 |272.1625] 0.197 9.142 9.330
Pre-Dev | Current
Volume Uncontrolled | Discharge | Discharg | Discharg
(m3) Elevation Depth (Lis) (L/s) e e
25mm 1604 273.03 1.33 676 16 143
1:5 year 3551.0 273.30 1.60 2171 277 571 150
1:10 year 4384.0 273.41 1.71 2851 394 783
1:100 year 6951.0 273.74 2.04 5132 1113 1513 730
1:250 year 8944 273.97 2.27 7082 2059 2172

Golder Associates Prepared by: MHK
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Pond 4
Area 304
Proposed Area 25.17 ha Current Area 57.7 ha
Imperviousness 55 % Permanent Pool Extended Detention Baseflow
Enhanced 80% TSS
Requirements 190 m3/ha 3776 m3 1006.8 m3 0 m3
Existing 5193 m3 2308 m3
Proposed 4,387.0 m3 1479 m3
Main Pond
Head
Total Volume (above Orifice Total
Incremental | (forebary and| Total Active | Orifice Dia. | centre of | Discharge | Overflow |Discharge
Depth Elevation [ Volume (m3) main) Volume (m) orifice) (m3/s) Pipe (m3/s)
0.0 268.30 0 0.0
0.1 268.40 321 321.0
0.2 268.50 335 656.0
0.3 268.60 350 1,006.0
0.4 268.70 365 1,371.0
0.5 268.80 381 1,752.0
0.6 268.90 397 2,149.0
0.7 269.00 413 2,562.0
0.8 269.10 430 2,992.0
0.9 269.20 447 3,439.0
1.0 269.30 465 3,904.0 0.0
0.0 269.40 483 4,387.0 0.0 0.2 0 0.000 0.000 _|perm pool
0.1 269.50 502 4,889.0 502.0 0.2 0 0.000 0.000
0.2 269.60 587 5,476.0 1,089.0 0.2 0.1 0.027 0.027
0.3 269.70 604 6,080.0 1,693.0 0.2 0.2 0.038 0.038
0.4 269.80 621 6,701.0 2,314.0 0.2 0.3 0.046 0.046
0.5 269.90 638 7,339.0 2,952.0 0.2 0.4 0.054 0.054
0.6 270.00 655 7,994.0 3,607.0 0.2 0.5 0.060 0.060
0.7 270.10 672 8,666.0 4,279.0 0.2 0.6 0.066 0.066
0.8 270.20 690 9,356.0 4,969.0 0.2 0.7 0.071 0.071
0.9 270.30 707 10,063.0 5,676.0 0.2 0.8 0.076 0.076
1.0 270.40 725 10,788.0 6,401.0 0.2 0.9 0.081 0.000 0.081
1.1 270.50 742 11,530.0 7,143.0 0.2 1 0.085 0.017 0.102
1.2 270.60 758 12,288.0 7,901.0 0.2 1.1 0.089 0.089 0.178
1.3 270.70 774 13,062.0 8,675.0 0.2 1.2 0.093 0.187 0.280
1.4 270.80 790 13,852.0 9,465.0 0.2 1.3 0.097 0.304 0.401
1.5 270.90 807 14,659.0 10,272.0 0.2 14 0.100 0.431 0.531
1.6 271.00 824 15,483.0 11,096.0 0.2 1.5 0.104 0.468 0.572
1.7 271.10 837 16,320.0 11,933.0 0.2 1.6 0.107 0.483 0.591
1.8 271.20 839 17,159.0 12,772.0 0.2 1.7 0.111 0.540 0.651
1.9 271.30 854 18,013.0 13,626.0 0.2 1.8 0.114 0.592 0.706
2.0 271.40 871 18,884.0 14,497.0 0.2 1.9 0.117 0.639 0.756
Model Outputs:
Depth above
Volume Perm Pool [ Uncontrolled | Discharge Pre-Dev Current
(m3) Elevation (m) (L/s) (L/s) Discharge [ Discharge
25mm 1479 269.67 0.37 596 34 200
1:5 year 4569 270.14 0.84 1948 68 770 80
1:10 year 5959 270.34 1.04 2567 78 1050
1:100 year 9225 270.77 1.47 4677 363 2013 1800
1:250 year 11954 271.1 1.80 6484 593 2868
Golder Associates
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London Ontario W12 Landfill
Stormwater Management Report

Flow in Partially Full Pipes
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Figure 3. Flow in Partially Full Pipes
Manning's Eq.
Q=R"0.67*S"0.5*A/n MTO Eqn 8.66
Diameter D = 0.6
A= 0.283 m2
P= 1.885 m
R=A/P 0.15 m
S= 0.005 m/m
n= 0.012
Q full = 0.468 m3/s
Flow Qfull =
y/D Q/Qfull y (m) Q m3/s
0 0 0 0.000
0.1 0.01 0.06 0.005
0.2 0.05 0.12 0.023
0.3 0.15 0.18 0.070
0.4 0.27 0.24 0.126
0.5 0.4 0.3 0.187
0.6 0.55 0.36 0.257
0.7 0.7 0.42 0.328
0.8 0.88 0.48 0.412
0.9 1 0.54 0.468
1 1 0.6 0.468
Orifice Flow MTO Eqgn 8.79
Q = Cd*A*(2*g*H)"0.5
Orifice Dia 0.600 m
Invert 269.400 m
Depth of weir overflow
Head above
centre of Partially Full | Orifice Flow
Depth orifice Flow (m3/s) (m3/s)
0.00 0 0 0.000
0.10 0 0.017 0.000
0.20 0 0.089 0.000
0.30 0 0.187 0.000
0.40 0.1 0.304 0.242
0.50 0.2 0.431 0.342
0.60 0.3 0.468 0.418
0.70 0.4 0.483
0.80 0.5 0.540
0.90 0.6 0.592
1.00 0.7 0.639
1.10 0.8 0.683
1.20 0.9 0.725
1.30 1 0.764
1.40 1.1 0.801
1.50 1.2 0.837
1.60 1.3 0.871
1.70 1.4 0.904
1.80 1.5 0.936
1.90 1.6 0.966
2.00 1.7 0.996
2.10 1.8 1.025

Date: August 24, 2020
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Overflow Weir (MTO Weir Equation)

Pond 5
Area 305
Area 56.6 ha
Imperviousness 55 % Permanent Pool Extended Detention Total
Enhanced 80% TSS
Requirements 190 m3/ha 8490 m3 2264 m3 10754 m3
Provided 12,098.0 m3 2393 m3
Head Weir
Volume (above Orifice | Overflow Total
Incremental |Total Volume| above perm | Orifice Dia. centre of | Discharge |discharge| Discharge
Depth Elevation | Volume (m3) (m3) pool (m3) (m) orifice) (m3/s) (m3/s) (m3/s)
0.0 267.00 0.0
0.1 267.10 711.0 711.0
0.2 267.20 724.0 1,435.0
0.3 267.30 737.0 2,172.0 L= 12 m
0.4 267.40 751.0 2,923.0 Q=1856L*H"1.5
0.5 267.50 765.0 3,688.0 Q=1.856*25*0.25"1.5
0.6 267.60 778.0 4,466.0 Q= 5.8
0.7 267.70 792.0 5,258.0
0.8 267.80 806.0 6,064.0
Weir
Flow
0.9 267.90 820.0 6,884.0 Depth (m3/s)
1.0 268.00 834.0 7,718.0 0.1 0.07043
1.1 268.10 848.0 8,566.0 0.2 0.19921
1.2 268.20 862.0 9,428.0 0.000 0.3| 0.36597
1.3 268.30 876.0 10,304.0 0.000 0.4| 0.56344
1.4 268.40 890.0 11,194.0 0.000 0.5[ 0.78743
1.5 268.50 904.0 12,098.0 0.0 0.15 0 0.000 0.000 0.6/ 1.03511
1.6 268.60 919.0 13,017.0 919.0 0.15 0.025 0.008 0.008 0.7[ 1.30439
1.7 268.70 933.0 13,950.0 1,852.0 0.15 0.125 0.017 0.017 0.8| 1.59365
1.8 268.80 948.0 14,898.0 2,800.0 0.15 0.225 0.023 0.023 0.9[ 1.90162
1.9 268.90 963.0 15,861.0 3,763.0 0.15 0.325 0.027 0.027 1] 2.2272
2.0 269.00 977.0 16,838.0 4,740.0 0.15 0.425 0.031 0.031 1.1] 2.5695
2.1 269.10 992.0 17,830.0 5,732.0 0.15 0.525 0.035 0.035 1.2 2.92773
2.2 269.20 1,007.0 18,837.0 6,739.0 0.15 0.625 0.038 0.038 1.3] 3.30122
2.3 269.30 1,022.0 19,859.0 7,761.0 0.15 0.725 0.041 0.041 1.4] 3.68936
24 269.40 1,037.0 20,896.0 8,798.0 0.15 0.825 0.043 0.000 0.043 1.5] 4.09163
25 269.50 1,052.0 21,948.0 9,850.0 0.15 0.925 0.046 0.070 0.116 1.6] 4.50754
2.6 269.60 1,067.0 23,015.0 10,917.0 0.15 1.025 0.048 0.199 0.248 1.7] 4.93665
2.7 269.70 1,083.0 24,098.0 12,000.0 0.15 1.125 0.051 0.366 0.417
2.8 269.80 1,098.0 25,196.0 13,098.0 0.15 1.225 0.053 0.563 0.616
2.9 269.90 1,113.0 26,309.0 14,211.0 0.15 1.325 0.055 0.787 0.842
3.0 270.00 1,129.0 27,438.0 15,340.0 0.15 1.425 0.057 1.035 1.092
3.1 270.10 1,144.0 28,582.0 16,484.0 0.15 1.525 0.059 1.304 1.363
3.2 270.20 1,160.0 29,742.0 17,644.0 0.15 1.625 0.061 1.594 1.655
3.3 270.30 1,176.0 30,918.0 18,820.0 0.15 1.725 0.063 1.902 1.964
34 270.40 1,192.0 32,110.0 20,012.0 0.15 1.825 0.065 2.227 2.292
3.5 270.50 1,207.0 33,317.0 21,219.0 0.15 1.925 0.066 2.569 2.636
3.6 270.60 1,223.0 34,540.0 22,442.0 0.15 2.025 0.068 2.928 2.996
3.7 270.70 1,239.0 35,779.0 23,681.0 0.15 2.125 0.070 3.301 3.371
3.8 270.80 1,255.0 37,034.0 24,936.0 0.15 2.225 0.071 3.689 3.761
3.9 270.90 1,272.0 38,306.0 26,208.0 0.15 2.325 0.073 4.092 4.164
4.0 271.00 1,288.0 39,594.0 27,496.0 0.15 2.425 0.074 4.508 4.582
Current
Uncontrolled Conditions
Volume Discharge Discharge Pre Dev | Peak Flow
(m3) Elevation Depth (L/s) (L/s) Flow (L/s) (L/s)
25mm 2393 268.76 0.26 382 20 170 25
1:5 year 8813.0 269.4 0.90 1549 44 654 147
1:10 year 10866 269.6 1.10 2132 242 892
1:100 year 15803.0 270.04 1.54 4126 1204 1705 1584
1:250 year 19763 270.38 1.88 5915 2220 2427
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Developed and Distributed by Clarifica Inc.
Copyright 1996, 2007 Clarifica Inc.
All rights reserved.

#kxkk DETAILED OUTPUT *¥kxx

Input filename: C:\Program Files (x86)\Visual Otthymo 2.4\V02\voin.dat

Output filename:
C:\Users\mknowles\AppData\Local\Temp\d97b5569-d6la-46ac-bfa5-8a950329a4be\Scenario
.out

Summary filename:
C:\Users\mknowles\AppData\Local\Temp\d97b5569-d6la-46ac-bfa5-8a950329a4be\Scenario
.sum

DATE: ©8/05/2020 TIME: 11:32:40

USER:

COMMENTS:

3k >k >k >k >k 5k 5k 5k 5k 5k 5k >k >k >k %k %k %k %k 5k 5k 5k 5k 5k %k %k %k k %

** SIMULATION NUMBER: 1 **
8k K K K K o o oK oK ok ok ok ok kKK K K K K K o ok ok ok ok ok



| CHICAGO STORM | IDF curve parameters: A= 538.850
| Ptotal= 25.04 mm | B= 6.331
-------------------- C= 0.809

used in: INTENSITY = A / (t + B)"C

Duration of storm = 4.00 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

0.17 1.53 | 1.17 13.51 | 2.17 3.79 | 3.17 1.83
0.33 1.76 | 1.33 56.25 | 2.33 3.19 | 3.33 1.70
0.50 2.09 | 1.50 17.85 | 2.5@ 2.77 | 3.50 1.58
0.67 2.60 | 1.67 9.19 | 2.67 2.45 | 3.67 1.48
0.83 3.49 | 1.83 6.19 | 2.83 2.20 | 3.83 1.39
1.00 5.43 | 2.00 4.69 | 3.00 2.00 | 4.00 1.32

| CALIB

| NASHYD (0101) | Area (ha)= 14.50 Curve Number  (CN)= 81.0

|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= 0.31

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 1.53 | 1.e83 13.51 | 2.083 3.79 | 3.e8 1.83
0.167 1.53 | 1.167 13.51 | 2.167 3.79 | 3.17 1.83
0.250 1.76 | 1.250 56.25 | 2.250 3.19 | 3.25 1.70
0.333 1.76 | 1.333 56.25 | 2.333 3.19 | 3.33 1.70
0.417 2.09 | 1.417 17.85 | 2.417 2.77 | 3.42 1.58
0.500 2.09 | 1.500 17.85 | 2.500 2.77 | 3.50 1.58
0.583 2.60 | 1.583 9.19 | 2.583 2.45 | 3.58 1.48
0.667 2.60 | 1.667 9.19 | 2.667 2.45 | 3.67 1.48
0.750 3.49 | 1.750 6.19 | 2.750 2.20 | 3.75 1.39
0.833 3.49 | 1.833 6.19 | 2.833 2.20 | 3.83 1.39
0.917 5.43 | 1.917 4.69 | 2.917 2.00 | 3.92 1.32
1.000 5.43 | 2.000 4.69 | 3.000 2.00 | 4.00 1.32

Unit Hyd Qpeak (cms)= 0.799

PEAK FLOW (cms)=  0.078 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)=  4.559



TOTAL RAINFALL (mm)=25.041
RUNOFF COEFFICIENT = 0.182

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

| cALIB |
| NASHYD (0104) | Area (ha)= 52.00 Curve Number (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.53
Unit Hyd Qpeak (cms)= 1.675

PEAK FLOW (cms)=  0.200 (i)
TIME TO PEAK (hrs)= 2.500
RUNOFF VOLUME (mm)=  4.588
TOTAL RAINFALL (mm)= 25.041
RUNOFF COEFFICIENT = 0.183

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

| CALIB |
| NASHYD (0105) | Area (ha)= 46.00 Curve Number (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)= 1.402

PEAK FLOW (cms)=  0.170 (i)
TIME TO PEAK (hrs)=  2.500
RUNOFF VOLUME (mm)=  4.590
TOTAL RAINFALL  (mm)= 25.041
RUNOFF COEFFICIENT = ©.183

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

| CALIB |
| NASHYD (0102) | Area (ha)= 16.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.39
Unit Hyd Qpeak (cms)= 0.727

PEAK FLOW (cms)=  0.078 (i)
TIME TO PEAK (hrs)=  2.167



RUNOFF VOLUME (mm)= 4.574
TOTAL RAINFALL (mm)= 25.041
RUNOFF COEFFICIENT = 0.183

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

| CALIB |
| NASHYD (0103) | Area (ha)= 13.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= 0.34
Unit Hyd Qpeak (cms)= 0.653
PEAK FLOW (cms)=  ©.066 (i)
TIME TO PEAK (hrs)=  2.083
RUNOFF VOLUME (mm)= 4.565
TOTAL RAINFALL (mm)= 25.041
RUNOFF COEFFICIENT = 0.182

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

| ADD HYD (@011) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0102): 16.60 ©.078 2.17 4.57

+ ID2= 2 (0103): 13.00 0.066 2.08 4.57

ID = 3 (0011): 29.60 0.143 2.17 4.57

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

kK K K K K o ok ok ok ok ok ok ok ok KKK K K K K o ok ok o
** SIMULATION NUMBER: 3 x*

3k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk 3k 3k ok ok sk sk sk sk sk sk k ok

| CHICAGO STORM | IDF curve parameters: A=1183.740
| Ptotal= 46.68 mm | B= 7.641
-------------------- C= ©0.838

used in: INTENSITY = A / (t + B)~C

Duration of storm = 4.00 hrs
Storm time step = 10.00 min
Time to peak ratio = .33



TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN
hrs  mm/hr |  hrs  mm/hr |'  hrs  mm/hr |  hrs  mm/hr

0.17 2.55 | 1.17 26.33 | 2.17 6.80 | 3.17 3.10
0.33 2.97 | 1.33 106.82 | 2.33 5.65 | 3.33 2.85
0.50 3.58 | 1.50 35.10 | 2.50 4.84 | 3.50 2.64
0.67 4.53 | 1.67 17.60 | 2.67 4.23 | 3.67 2.46
0.83 6.22 | 1.83 11.55 | 2.83 3.77 | 3.83 2.31
1.00 10.04 | 2.00 8.56 | 3.00 3.40 | 4.00 2.17

| CALIB |

| NASHYD (0101) | Area (ha)= 14.50  Curve Number  (CN)= 81.0

|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= 0.31
NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

---- TRANSFORMED HYETOGRAPH ----

TIME RAIN TIME RAIN TIME RAIN | TIME RAIN

I

hrs  mm/hr |  hrs  mm/hr |'  hrs  mm/hr | hrs  mm/hr
0.083 2.55 | 1.083 26.33 | 2.083 6.80 | 3.08 3.10
0.167 2.55 | 1.167 26.33 | 2.167 6.80 | 3.17 3.10
0.250 2.97 | 1.250 106.82 | 2.250 5.65 | 3.25 2.85
0.333 2.97 | 1.333 106.82 | 2.333 5.65 | 3.33 2.85
0.417 3.58 | 1.417 35.10 | 2.417 4.84 | 3.42 2.64
0.500 3.58 | 1.500 35.10 | 2.500 4.84 | 3.50 2.64
0.583 4.53 | 1.583 17.60 | 2.583 4.23 | 3.58 2.46
0.667 4.53 | 1.667 17.60 | 2.667 4.23 | 3.67 2.46
0.750 6.22 | 1.750 11.55 | 2.750 3.77 | 3.75 2.31
0.833 6.22 | 1.833 11.55 | 2.833 3.77 | 3.83 2.31
0.917 10.04 | 1.917 8.56 | 2.917 3.40 | 3.92 2.17
1.000 10.04 | 2.000 8.56 | 3.000 3.40 | 4.00 2.17

Unit Hyd Qpeak (cms)= 0.799

PEAK FLOW (cms)=  0.315 (i)
TIME TO PEAK (hrs)= 1.833
RUNOFF VOLUME (mm)= 16.320
TOTAL RAINFALL (mm)= 46.683
RUNOFF COEFFICIENT = 0.350

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



| NASHYD (0104) | Area (ha)= 52.00 Curve Number (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
-------------------- U.H. Tp(hrs)=  ©.53

Unit Hyd Qpeak (cms)= 1.675

PEAK FLOW (cms)=  0.770 (i)
TIME TO PEAK (hrs)=  2.250
RUNOFF VOLUME (mm)= 16.423
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = ©.352

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

| CALIB |
| NASHYD (0105) | Area (ha)= 46.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)= 1.402

PEAK FLOW (cms)=  ©.654 (i)
TIME TO PEAK (hrs)=  2.333
RUNOFF VOLUME (mm)=  16.430
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = ©.352

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

| CALIB |
| NASHYD (0102) | Area (ha)= 16.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

———————————————————— U.H. Tp(hrs)=  ©.39
Unit Hyd Qpeak (cms)= 0.727

PEAK FLOW (cms)=  0.307 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)=  16.374
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = .351

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



CALIB |

NASHYD (e103) | Area (ha)= 13.00 Curve Number (CN)= 81.0
ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
———————————————————— U.H. Tp(hrs)= 0.34

Unit Hyd Qpeak (cms)= ©.653

PEAK FLOW (cms)=  ©.265 (i)
TIME TO PEAK (hrs)=  1.917
RUNOFF VOLUME (mm)=  16.344
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = ©.350

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

| ADD HYD (@011) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0102): 16.60 0.307 2.00 16.37

+ ID2= 2 (90103): 13.00 0.265 1.92 16.34

ID = 3 (0011): 29.60 0.571 2.00 16.36

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

>k >k >k 5k 5k 5k 5k ok 3k >k >k >k %k %k >k 5k 5k 5k 5k %k %k %k %k %k %k k %k

** SIMULATION NUMBER: 4 **
sk koK K K K K K o oK ok ok ok ok ok ok kKK K K K K K Rk

| CHICAGO STORM | IDF curve parameters: A=1574.382
| Ptotal= 54.74 mm | B= 9.025
-------------------- C= 0.860

used in:  INTENSITY = A / (t + B)~C

Duration of storm = 4.00 hrs

Storm time step = 10.00 min

Time to peak ratio = .33
TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN

hrs  mm/hr |  hrs  mm/hr |'  hrs  mm/hr |  hrs  mm/hr

0.17 2.75 | 1.17 32.16 | 2.17 7.84 | 3.17 3.39
0.33 3.24 | 1.33 124.99 | 2.33 6.43 | 3.33 3.10
0.50 3.95 | 1.50 43.04 | 2.50 5.45 | 3.50 2.86
0.67 5.8 | 1.67 21.33 | 2.67 4.73 | 3.67 2.65
0.83 7.12 | 1.83 13.73 | 2.83 4.17 | 3.83 2.47



1.00 11.86 | 2.00 10.01 | 3.00 3.74 | 4.00 2.32

| CALIB |
| NASHYD (e101) | Area (ha)= 14.50  Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.31

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  mwm/hr |  hrs  mm/hr
0.083 2.75 | 1.e83 32.16 | 2.083 7.84 | 3.08 3.39
0.167 2.75 | 1.167 32.16 | 2.167 7.84 | 3.17 3.39
0.250 3.24 | 1.250 124.99 | 2.250 6.43 | 3.25 3.10
9.333 3.24 | 1.333 124.99 | 2.333 6.43 | 3.33 3.10
0.417 3.95 | 1.417 43.04 | 2.417 5.45 | 3.42 2.86
0.500 3.95 | 1.500 43.04 | 2.500 5.45 | 3.50 2.86
0.583 5.08 | 1.583 21.33 | 2.583 4.73 | 3.58 2.65
0.667 5.08 | 1.667 21.33 | 2.667 4.73 | 3.67 2.65
0.750 7.12 | 1.756 13.73 | 2.750 4.17 | 3.75 2.47
0.833 7.12 | 1.833 13.73 | 2.833 4.17 | 3.83 2.47
0.917 11.86 | 1.917 19.@1 | 2.917 3.74 | 3.92 2.32
1.000 11.86 | 2.000 10.01 | 3.000 3.74 | 4.00 2.32

Unit Hyd Qpeak (cms)= 0.799

PEAK FLOW (cms)=  ©.434 (i)
TIME TO PEAK (hrs)= 1.833
RUNOFF VOLUME (mm)= 21.679
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.396

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

| CALIB |
| NASHYD (0104) | Area (ha)= 52.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  ©.53
Unit Hyd Qpeak (cms)= 1.675

PEAK FLOW (cms)=  1.050 (i)
TIME TO PEAK (hrs)=  2.250



RUNOFF VOLUME (mm)=21.816
TOTAL RAINFALL (mm)= 54.736
RUNOFF COEFFICIENT = 0.399

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

| CALIB |
| NASHYD (0105) | Area (ha)= 46.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)= 1.402

PEAK FLOW (cms)=  0.892 (i)
TIME TO PEAK (hrs)=  2.250
RUNOFF VOLUME (mm)= 21.825
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.399

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

| CALIB |
| NASHYD (0102) | Area (ha)= 16.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

———————————————————— U.H. Tp(hrs)=  0.39
Unit Hyd Qpeak (cms)= 0.727

PEAK FLOW (cms)=  0.421 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)= 21.751
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.397

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

| CALIB |
| NASHYD (0103) | Area (ha)= 13.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= 0.34
Unit Hyd Qpeak (cms)= ©0.653

PEAK FLOW (cms)=  ©.364 (i)



TIME TO PEAK (hrs)= 1.917
RUNOFF VOLUME (mm)=21.711
TOTAL RAINFALL (mm)=54.736
RUNOFF COEFFICIENT = 0.397

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

| ADD HYD  (@011) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0102): 16.60 0.421 2.00 21.75

+ ID2= 2 (@103): 13.00 0.364 1.92 21.71

ID = 3 (0011): 29.60 0.783 1.92 21.73

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

>k >k >k 3k 5k 5k 5k 5k 5k 3k 3k >k >k %k %k %k >k 5k 5k 5k 5k %k %k %k %k %k k %

** SIMULATION NUMBER: 7 **
kK KK K K K R oK oK oK oK ok ok kKKK K K K K R R oK

| CHICAGO STORM | IDF curve parameters: A=2619.363
| Ptotal= 79.36 mm | B= 10.500
-------------------- C= o.884

used in:  INTENSITY = A / (t + B)AC

Duration of storm = 4.00 hrs
Storm time step = 10.00 min
Time to peak ratio = .33
TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN
hrs  mm/hr |  hrs  mm/hr |'  hrs  mm/hr |  hrs  mm/hr
0.17 3.61 | 1.17 48.51 | 2.17 11.13 | 3.17 4.52
0.33 4.31 | 1.33 181.39 | 2.33 9.00 | 3.33 4.11
0.50 5.33 | 1.50 65.14 | 2.50 7.54 | 3.50 3.76
0.67 6.99 | 1.67 31.96 | 2.67 6.47 | 3.67 3.47
0.83 10.05 | 1.83 20.19 | 2.83 5.66 | 3.83 3.22
1.00 17.30 | 2.00 14.45 | 3.00 5.03 | 4.00 3.01
| CALIB |
| NASHYD (0101) | Area (ha)= 14.50 Curve Number (CN)= 81.0
I

ID= 1 DT= 5.0 min | Ia (mm)= 6.00 # of Linear Res.(N)= 1.50



-------------------- U.H. Tp(hrs)= .31
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 3.61 | 1.083 48.51 | 2.083 11.13 | 3.e8 4.52
0.167 3.61 | 1.167 48.51 | 2.167 11.13 | 3.17 4.52
0.250 4.31 | 1.250 181.39 | 2.250 9.00 | 3.25 4.11
0.333 4.31 | 1.333 181.39 | 2.333 9.00 | 3.33 4.11
0.417 5.33 | 1.417 65.14 | 2.417 7.54 | 3.42 3.76
0.500 5.33 | 1.500 65.14 | 2.500 7.54 | 3.50 3.76
0.583 6.99 | 1.583 31.96 | 2.583 6.47 | 3.58 3.47
0.667 6.99 | 1.667 31.96 | 2.667 6.47 | 3.67 3.47
0.750 10.05 | 1.750 20.19 | 2.750 5.66 | 3.75 3.22
0.833 10.05 | 1.833 20.19 | 2.833 5.66 | 3.83 3.22
0.917 17.30 | 1.917 14.45 | 2.917 5.03 | 3.92 3.01
1.000 17.30 | 2.000 14.45 | 3.000 5.03 | 4.00 3.01

Unit Hyd Qpeak (cms)= ©.799

PEAK FLOW (cms)=  0.841 (i)
TIME TO PEAK (hrs)=  1.833
RUNOFF VOLUME (mm)= 40.019
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©0.504

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

| CALIB |
| NASHYD (0104) | Area (ha)= 52.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

———————————————————— U.H. Tp(hrs)=  ©.53
Unit Hyd Qpeak (cms)= 1.675

PEAK FLOW (cms)=  2.013 (i)
TIME TO PEAK (hrs)=  2.167
RUNOFF VOLUME (mm)= 40.272
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.507

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



CALIB |

NASHYD (0105) | Area (ha)= 46.00 Curve Number (CN)= 81.0
ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
———————————————————— U.H. Tp(hrs)= 0.56

Unit Hyd Qpeak (cms)=  1.402

PEAK FLOW (cms)=  1.705 (i)
TIME TO PEAK (hrs)=  2.167
RUNOFF VOLUME (mm)= 40.288
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.508

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

| CALIB |
| NASHYD (0102) | Area (ha)= 16.60  Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= ©.39
Unit Hyd Qpeak (cms)= 0.727

PEAK FLOW (cms)=  0.811 (i)
TIME TO PEAK (hrs)= 1.917
RUNOFF VOLUME (mm)= 40.152
TOTAL RAINFALL (mm)= 79.357
RUNOFF COEFFICIENT = 0.506

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

| CALIB |
| NASHYD (0103) | Area (ha)= 13.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= ©.34
Unit Hyd Qpeak (cms)= ©0.653
PEAK FLOW (cms)=  0.704 (i)
TIME TO PEAK (hrs)= 1.833
RUNOFF VOLUME (mm)= 40.078
TOTAL RAINFALL (mm)=79.357
RUNOFF COEFFICIENT = 0.505

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



| ADD HYD  (@011) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0102): 16.60 0.811 1.92 40.15

+ ID2= 2 (0103): 13.00 ©.704 1.83  40.08

ID = 3 (e011): 29.60 1.513 1.92  40.12

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

>k 3k 3k 3k 3k 3k 3k 3k 3k >k k %k %k %k >k 5k 5k 3k 3k %k %k %k %k %k k k %k k

** SIMULATION NUMBER: 15 **

>k 3k 3k 3k 3k 3k 3k 3k 3k >k >k >k %k %k >k 5k 5k 3k 3k %k %k %k %k %k k k %k k

| CHICAGO STORM | IDF curve parameters: A=3048.220
| Ptotal=114.01 mm | B= 10.030
-------------------- C= ©0.888

used in: INTENSITY = A / (t + B)~C

Duration of storm = 24.00 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

0.17 0.57 | 6.17 2.42 | 12.17 2.07 | 18.17 0.86
0.33 0.59 | 6.33 2.68 | 12.33 1.99 | 18.33 0.85
0.50 0.60 | 6.50 3.00 | 12.50 1.91 | 18.50 0.83
0.67 0.61 | 6.67 3.42 | 12.67 1.85 | 18.67 0.82
0.83 0.62 | 6.83 3.97 | 12.83 1.78 | 18.83 0.81
1.00 0.64 | 7.00 4.74 | 13.00 1.72 | 19.00 0.80
1.17 0.65 | 7.17 5.88 | 13.17 1.67 | 19.17 0.79
1.33 0.67 | 7.33 7.72 | 13.33 1.61 | 19.33 0.78
1.50 0.68 | 7.50 11.14 | 13.50 1.56 | 19.50 0.76
1.67 .70 | 7.67 19.26 | 13.67 1.52 | 19.67 0.75
1.83 0.72 | 7.83 54.92 | 13.83 1.48 | 19.83 0.74
2.00 0.74 | 8.00 212.89 | 14.00 1.43 | 20.00 0.73
2.17 0.76 | 8.17 74.08 | 14.17 1.40 | 20.17 0.72
2.33 0.78 | 8.33 35.85 | 14.33 1.36 | 20.33 0.72
2.50 0.80 | 8.50 22.52 | 14.50 1.33 | 20.50 0.71
2.67 0.83 | 8.67 16.06 | 14.67 1.29 | 20.67 0.70
2.83 0.85 | 8.83 12.34 | 14.83 1.26 | 20.83 0.69
3.00 0.88 | 9.00 9.97 | 15.00 1.23 | 21.00 0.68
3.17 0.91 | 9.17 8.33 | 15.17 1.20 | 21.17 0.67
3.33 9.94 | 9.33 7.14 | 15.33 1.18 | 21.33 0.66
3.50 0.97 | 9.50 6.24 | 15.50 1.15 | 21.5@ 0.66



3.67 1.01 | 9.67 5.54 | 15.67 1.13 | 21.67 0.65
3.83 1.5 | 9.83 4.98 | 15.83 1.10 | 21.83 0.64
4.00 1.09 | 10.00 4.52 | 16.00 1.08 | 22.00 0.64
4.17 1.14 | 10.17 4.14 | 16.17 1.06 | 22.17 0.63
4.33 1.19 | 10.33 3.82 | 16.33 1.04 | 22.33 0.62
4.50 1.25 | 10.50 3.54 | 16.50 1.02 | 22.50 0.61
4.67 1.31 | 10.67 3.31 | 16.67 1.00 | 22.67 0.61
4.83 1.38 | 10.83 3.10 | 16.83 0.98 | 22.83 0.60
5.00 1.45 | 11.00 2.92 | 17.00 0.97 | 23.00 0.60
5.17 1.54 | 11.17 2.75 | 17.17 0.95 | 23.17 9.59
5.33 1.64 | 11.33 2.61 | 17.33 9.93 | 23.33 0.58
5.50 1.75 | 11.50 2.48 | 17.50 0.92 | 23.50 0.58
5.67 1.88 | 11.67 2.36 | 17.67 0.90 | 23.67 0.57
5.83 2.03 | 11.83 2.26 | 17.83 0.89 | 23.83 9.57
6.00 2.20 | 12.00 2.16 | 18.00 0.87 | 24.00 0.56
| CALIB |
| NASHYD (0101) | Area (ha)= 14.50  Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
-------------------- U.H. Tp(hrs)= 0.31
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  wmm/hr |  hrs  mm/hr
0.083 0.57 | 6.083 2.42 |12.083 2.07 | 18.08 0.86
0.167 0.57 | 6.167 2.42 |12.167 2.07 | 18.17 0.86
0.250 0.59 | 6.250 2.68 |12.250 1.99 | 18.25 0.85
9.333 0.59 | 6.333 2.68 |12.333 1.99 | 18.33 0.85
0.417 0.60 | 6.417 3.00 |12.417 1.91 | 18.42 0.83
0.500 0.60 | 6.500 3.00 |12.500 1.91 | 18.50 0.83
0.583 0.61 | 6.583 3.42 |12.583 1.85 | 18.58 0.82
0.667 0.61 | 6.667 3.42 |12.667 1.85 | 18.67 0.82
0.750 0.62 | 6.750 3.97 |12.750 1.78 | 18.75 0.81
0.833 0.62 | 6.833 3.97 |12.833 1.78 | 18.83 0.81
0.917 0.64 | 6.917 4.74 |12.917 1.72 | 18.92 0.80
1.000 0.64 | 7.000 4.74 |13.000 1.72 | 19.00 0.80
1.083 0.65 | 7.083 5.88 |13.083 1.67 | 19.08 0.79
1.167 0.65 | 7.167 5.88 |13.167 1.67 | 19.17 0.79
1.250 0.67 | 7.250 7.72 |13.250 1.61 | 19.25 0.78
1.333 0.67 | 7.333 7.72 |13.333 1.61 | 19.33 0.78
1.417 0.68 | 7.417 11.14 |13.417 1.56 | 19.42 0.76
1.500 0.68 | 7.500 11.14 |13.500 1.56 | 19.50 0.76
1.583 .70 | 7.583 19.26 |13.583 1.52 | 19.58 0.75
1.667 0.70 | 7.667 19.26 |13.667 1.52 | 19.67 0.75
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5.917 2.20 |11.917 2.16 |17.917 0.87 | 23.92 0.56
6.000 2.20 |12.000 2.16 |18.000 0.87 | 24.00 0.56

Unit Hyd Qpeak (cms)= ©.799

PEAK FLOW (cms)=  1.206 (i)

TIME TO PEAK (hrs)=  8.417

RUNOFF VOLUME (mm)= 68.822

TOTAL RAINFALL (mm)= 114.013

RUNOFF COEFFICIENT = 0.604

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

| CALIB |
| NASHYD (0104) | Area (ha)= 52.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
-------------------- U.H. Tp(hrs)= ©0.53

Unit Hyd Qpeak (cms)= 1.675

PEAK FLOW (cms)=  2.868 (i)

TIME TO PEAK (hrs)= 8.750

RUNOFF VOLUME (mm)= 69.257

TOTAL RAINFALL (mm)= 114.013

RUNOFF COEFFICIENT = 0.607

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

| CALIB |
| NASHYD (e105) | Area (ha)= 46.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
-------------------- U.H. Tp(hrs)= 0.56

Unit Hyd Qpeak (cms)= 1.402

PEAK FLOW (cms)=  2.427 (i)

TIME TO PEAK (hrs)= 8.833

RUNOFF VOLUME (mm)= 69.285

TOTAL RAINFALL (mm)= 114.013

RUNOFF COEFFICIENT = 0.608

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



| NASHYD (0102) | Area (ha)= 16.60 Curve Number (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50
-------------------- U.H. Tp(hrs)= 0.39

Unit Hyd Qpeak (cms)= 0.727

PEAK FLOW (cms)=  1.162 (i)
TIME TO PEAK (hrs)=  8.500
RUNOFF VOLUME (mm)=  69.051
TOTAL RAINFALL  (mm)= 114.013
RUNOFF COEFFICIENT = ©.606

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

| CALIB |
| NASHYD (0103) | Area (ha)= 13.00 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 1.50

-------------------- U.H. Tp(hrs)= 0.34
Unit Hyd Qpeak (cms)= ©0.653
PEAK FLOW (cms)= 1.010 (i)
TIME TO PEAK (hrs)=  8.500
RUNOFF VOLUME (mm)= 68.924
TOTAL RAINFALL (mm)= 114.013
RUNOFF COEFFICIENT = 0.605

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

| ADD HYD  (@011) |

| 1+ 2= 3 | AREA  QPEAK  TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0102): 16.60 1.162 8.50  69.05

+ ID2= 2 (0103): 13.00 1.010 8.50 68.92

ID = 3 (0011): 29.60 2.172 8.50 68.99

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
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| CHICAGO STORM | IDF curve parameters: A= 538.850
| Ptotal= 25.04 mm | B= 6.331
-------------------- C= 0.809

used in: INTENSITY = A / (t + B)"C

Duration of storm = 4.00 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

0.17 1.53 | 1.17 13.51 | 2.17 3.79 | 3.17 1.83
0.33 1.76 | 1.33 56.25 | 2.33 3.19 | 3.33 1.70
0.50 2.09 | 1.50 17.85 | 2.50 2.77 | 3.50 1.58
0.67 2.60 | 1.67 9.19 | 2.67 2.45 | 3.67 1.48
0.83 3.49 | 1.83 6.19 | 2.83 2.20 | 3.83 1.39
1.00 5.43 | 2.00 4.69 | 3.00 2.00 | 4.00 1.32

| CALIB

| NASHYD (0301) | Area (ha)= 34.48 Curve Number  (CN)= 83.0

|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.40 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= ©0.30

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 1.53 | 1.e83 13.51 | 2.083 3.79 | 3.e8 1.83
0.167 1.53 | 1.167 13.51 | 2.167 3.79 | 3.17 1.83
0.250 1.76 | 1.250 56.25 | 2.250 3.19 | 3.25 1.70
0.333 1.76 | 1.333 56.25 | 2.333 3.19 | 3.33 1.70
0.417 2.09 | 1.417 17.85 | 2.417 2.77 | 3.42 1.58
0.500 2.09 | 1.500 17.85 | 2.500 2.77 | 3.50 1.58
0.583 2.60 | 1.583 9.19 | 2.583 2.45 | 3.58 1.48
0.667 2.60 | 1.667 9.19 | 2.667 2.45 | 3.67 1.48
0.750 3.49 | 1.750 6.19 | 2.750 2.20 | 3.75 1.39
0.833 3.49 | 1.833 6.19 | 2.833 2.20 | 3.83 1.39
0.917 5.43 | 1.917 4.69 | 2.917 2.00 | 3.92 1.32
1.000 5.43 | 2.000 4.69 | 3.000 2.00 | 4.00 1.32

Unit Hyd Qpeak (cms)= 4.390

PEAK FLOW (cms)=  0.562 (i)
TIME TO PEAK (hrs)=  1.667
RUNOFF VOLUME (mm)=  6.863



TOTAL RAINFALL (mm)=25.041
RUNOFF COEFFICIENT 0.274

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

| RESERVOIR (0001) |
| IN= 2---> 0UT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.4440 0.8400
0.0090 0.0971 | 0.4819 0.9554
0.0097 0.1964 | 0.4976 1.0732
0.0104 0.2977 | 0.5724 1.1934
0.0284 0.4016 | 0.6961 1.3159
0.1006 0.5077 | 0.8422 1.4408
0.1995 0.6161 | 1.0038 1.5682
0.3171 0.7269 | 1.1720 1.6980
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0301) 34.480 0.562 1.67 6.86
OUTFLOW: ID= 1 (@0e1l) 34.480 0.010 4.67 6.78

PEAK FLOW REDUCTION [Qout/Qin](%)= 1.76

TIME SHIFT OF PEAK FLOW (min)=180.00

MAXIMUM STORAGE  USED (ha.m.)= 0.2253
| CALIB |
| NASHYD (0302) | Area (ha)= 18.47 Curve Number  (CN)= 83.8
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

———————————————————— U.H. Tp(hrs)= 0.13
Unit Hyd Qpeak (cms)=  5.427

PEAK FLOW (cms)=  ©.501 (i)
TIME TO PEAK  (hrs)=  1.417
RUNOFF VOLUME (mm)=  7.180
TOTAL RAINFALL  (mm)= 25.041
RUNOFF COEFFICIENT 0.287

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

| CALIB |
| NASHYD (0303) | Area (ha)= 6.24 Curve Number  (CN)= 83.9



|ID= 1 DT= 5.0 min | Ia (mm)=  2.30 # of Linear Res.(N)= 3.00
———————————————————— U.H. Tp(hrs)= 0.11

Unit Hyd Qpeak (cms)=  2.167

PEAK FLOW (cms)=  ©0.177 (i)
TIME TO PEAK (hrs)=  1.333
RUNOFF VOLUME (mm)=  7.101
TOTAL RAINFALL  (mm)= 25.041
RUNOFF COEFFICIENT = ©0.284

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

| ADD HYD (@012) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0302): 18.47 0.501 1.42 7.18

+ ID2= 2 (0303): 6.24 0.177 1.33 7.10

ID = 3 (0012): 24.71 0.676 1.42 7.16

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0023) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 2.2000 0.6658
0.0150 0.0677 | 2.7600 0.7476
0.0390 0.1371 | 3.4000 0.8312
0.0990 0.2083 | 4.1400 0.9166
0.2010 0.2812 | 4.9700 1.0038
0.7300 0.3559 | 5.9000 1.0928
0.9970 0.4311 | 6.9300 1.1836
1.3200 0.5076 | 8.0800 1.2762
1.7000 0.5858 | 9.3400 1.3706
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0012) 24.710 0.676 1.42 7.16
OUTFLOW: ID= 1 (0023) 24.710 0.043 4.00 7.11

PEAK  FLOW REDUCTION [Qout/Qin](%)= 6.39
TIME SHIFT OF PEAK FLOW (min)=155.00
MAXIMUM STORAGE  USED (ha.m.)= ©.1421



| CALIB |

| NASHYD (0304) | Area (ha)= 25.17 Curve Number (CN)= 83.4
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00
-------------------- U.H. Tp(hrs)= 0.16

Unit Hyd Qpeak (cms)= 6.009

PEAK FLOW (cms)=  ©0.596 (i)
TIME TO PEAK (hrs)= 1.500
RUNOFF VOLUME (mm)=  7.076
TOTAL RAINFALL  (mm)= 25.041
RUNOFF COEFFICIENT = ©.283

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

| RESERVOIR (0004) |
| IN= 2---> 0UT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1020 0.7140
0.0270 0.1090 | 0.1780 0.7900
0.0380 0.1690 | ©.2800 0.8680
0.0460 0.2310 | 0.4010 0.9470
0.0540 0.2950 | ©.5310 1.0270
0.0600 ©0.3610 | ©.5720 1.1100
0.0660 0.4280 | 0.5910 1.1930
0.0710 0.4970 | 0.6510 1.2770
0.0760 0.5680 | 0.7060 1.3630
0.0810 0.6400 | 0.7560 1.4500
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0304) 25.170 0.596 1.50 7.08
OUTFLOW: ID= 1 (0004) 25.170 0.034 4.08 7.04
PEAK  FLOW REDUCTION [Qout/Qin](%)= 5.72
TIME SHIFT OF PEAK FLOW (min)=155.00
MAXIMUM STORAGE  USED (ha.m.)= 0.1479
| CALIB |
| NASHYD (0305) | Area (ha)= 56.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.56



Unit Hyd Qpeak (cms)=  3.860

PEAK FLOW (cms)=  0.382 (i)
TIME TO PEAK (hrs)=  2.083
RUNOFF VOLUME (mm)=  4.611
TOTAL RAINFALL  (mm)= 25.041
RUNOFF COEFFICIENT = ©.184

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

| RESERVOIR (0005) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1160 0.9850
0.0080 0.0919 | 0.2480 1.0917
0.0170 0.1852 | 0.4170 1.2000
0.0230 0.2800 | 0.6160 1.3098
0.0270 0.3763 | 1.0920 1.5340
0.0310 0.4740 | 1.6550 1.7644
0.0350 0.5732 | 2.2920 2.0012
0.0380 0.6739 | 2.9960 2.2442
0.0410 0.7761 | 3.7610 2.4936
0.0430 0.8798 | 4.5820 2.7496
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©305) 56.600 0.382 2.08 4.61
OUTFLOW: ID= 1 (00e5) 56.600 0.020 5.17 4.56

PEAK  FLOW REDUCTION [Qout/Qin](%)= 5.35
TIME SHIFT OF PEAK FLOW (min)=185.00
MAXIMUM STORAGE  USED (ha.m.)= ©0.2393

>k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k %k %k >k 5k 5k 3k 3k %k %k %k %k %k k k %k k

** SIMULATION NUMBER: 3 *%
kKK KK K K K K K K KK KKK K R Rk

| CHICAGO STORM | IDF curve parameters: A=1183.740
| Ptotal= 46.68 mm | B= 7.641
-------------------- C= 0.838

used in: INTENSITY = A / (t + B)~C

4.00 hrs
10.00 min

Duration of storm
Storm time step



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

0.17 2.55 | 1.17 26.33 | 2.17 6.80 | 3.17 3.10
0.33 2.97 | 1.33 106.82 | 2.33 5.65 | 3.33 2.85
0.50 3.58 | 1.50 35.10 | 2.50 4.84 | 3.50 2.64
0.67 4.53 | 1.67 17.60 | 2.67 4.23 | 3.67 2.46
0.83 6.22 | 1.83 11.55 | 2.83 3.77 | 3.83 2.31
1.00 10.04 | 2.00 8.56 | 3.00 3.40 | 4.00 2.17

| CALIB |

| NASHYD (0301) | Area (ha)= 34.48 Curve Number  (CN)= 83.0

|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.40 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= ©0.30
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 2.55 | 1.083 26.33 | 2.083 6.80 | 3.08 3.10
0.167 2.55 | 1.167 26.33 | 2.167 6.80 | 3.17 3.10
0.250 2.97 | 1.250 106.82 | 2.250 5.65 | 3.25 2.85
0.333 2.97 | 1.333 106.82 | 2.333 5.65 | 3.33 2.85
©.417  3.58 | 1.417 35.10 | 2.417  4.84 | 3.42  2.64
0.500 3.58 | 1.500 35.10 | 2.500 4.84 | 3.50 2.64
0.583 4.53 | 1.583 17.60 | 2.583 4.23 | 3.58 2.46
0.667 4.53 | 1.667 17.60 | 2.667 4.23 | 3.67 2.46
0.750 6.22 | 1.750 11.55 | 2.750 3.77 | 3.75 2.31
0.833 6.22 | 1.833 11.55 | 2.833 3.77 | 3.83 2.31
©.917 10.04 | 1.917  8.56 | 2.917  3.40 | 3.92  2.17
1.000 10.04 | 2.000 8.56 | 3.000 3.40 | 4.00 2.17

Unit Hyd Qpeak (cms)=  4.390

PEAK FLOW (cms)=  1.824 (i)
TIME TO PEAK  (hrs)=  1.667
RUNOFF VOLUME (mm)= 20.354
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = ©0.436

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



| RESERVOIR (0001) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.4440 0.8400
0.0090 0.0971 | 0.4819 0.9554
0.0097 0.1964 | 0.4976 1.0732
0.0104 0.2977 | 0.5724 1.1934
0.0284 0.4016 | 0.6961 1.3159
0.1006 0.5077 | 0.8422 1.4408
0.1995 0.6161 | 1.0038 1.5682
0.3171 0.7269 | 1.1720 1.6980
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©301) 34.480 1.824 1.67 20.35
OUTFLOW: ID= 1 (@e0l) 34.480 0.167 4.00 20.17
PEAK FLOW REDUCTION [Qout/Qin](%)= 9.17
TIME SHIFT OF PEAK FLOW (min)=140.00
MAXIMUM STORAGE USED (ha.m.)= ©.5808
| CALIB |
| NASHYD (0302) | Area (ha)= 18.47 Curve Number  (CN)= 83.8
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= ©0.13
Unit Hyd Qpeak (cms)=  5.427

PEAK FLOW (cms)=  1.612 (i)
TIME TO PEAK (hrs)=  1.417
RUNOFF VOLUME (mm)= 20.934
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = ©.448

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

| CALIB |
| NASHYD (0303) | Area (ha)= 6.24 Curve Number  (CN)= 83.9
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.30 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.11
Unit Hyd Qpeak (cms)=  2.167

PEAK FLOW (cms)=  ©.588 (i)
TIME TO PEAK (hrs)=  1.333



RUNOFF VOLUME (mm)= 20.764
TOTAL RAINFALL (mm)= 46.683
RUNOFF COEFFICIENT = 0.445

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

| ADD HYD  (0012) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0302): 18.47 1.612 1.42 20.93

+ ID2= 2 (0303): 6.24 0.588 1.33 20.76

ID = 3 (0012): 24.71 2.171 1.42 20.89

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0023) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 2.2000 0.6658
0.0150 0.0677 | 2.7600 0.7476
0.0390 0.1371 | 3.4000 0.8312
0.0990 0.2083 | 4.1400 0.9166
0.2010 ©0.2812 | 4.9700 1.0038
0.7300 ©9.3559 | 5.9000 1.0928
0.9970 0.4311 | 6.9300 1.1836
1.3200 0.5076 | 8.0800 1.2762
1.7000 0.5858 |  9.3400 1.3706
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0012) 24.710 2.171 1.42 20.89
OUTFLOW: ID= 1 (0023) 24.710 0.431 2.00 20.84
PEAK  FLOW REDUCTION [Qout/Qin](%)= 19.84
TIME SHIFT OF PEAK FLOW (min)= 35.00
MAXIMUM STORAGE  USED (ha.m.)= 0.3140
| CALIB |
| NASHYD (0304) | Area (ha)= 25.17 Curve Number  (CN)= 83.4
|ID= 1 DT= 5.0 min | 1Ia (mm)= 2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.16



Unit Hyd Qpeak (cms)= 6.009

PEAK FLOW (cms)=  1.948 (i)
TIME TO PEAK  (hrs)=  1.417
RUNOFF VOLUME (mm)= 20.726
TOTAL RAINFALL  (mm)= 46.683
RUNOFF COEFFICIENT = 0.444

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

| RESERVOIR (0004) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1020 0.7140
0.0270 0.1090 | 0.1780 0.7900
0.0380 0.1690 | 0.2800 0.8680
0.0460 0.2310 | 0.4010 0.9470
0.0540 0.2950 | 0.5310 1.0270
0.0600 0.3610 | 0.5720 1.1100
0.0660 0.4280 | 0.5910 1.1930
0.0710 0.4970 | 0.6510 1.2770
0.0760 0.5680 | 0.7060 1.3630
0.0810 0.6400 | 0.7560 1.4500
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©304) 25.170 1.948 1.42 20.73
OUTFLOW: ID= 1 (0004) 25.170 0.068 4.17 20.69

PEAK  FLOW REDUCTION [Qout/Qin](%)= 3.50

TIME SHIFT OF PEAK FLOW (min)=165.00

MAXIMUM STORAGE USED (ha.m.)= 0.4569
| CALIB |
| NASHYD (8305) | Area (ha)= 56.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.56
Unit Hyd Qpeak (cms)=  3.860

PEAK FLOW (cms)=  1.549 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)= 16.507
TOTAL RAINFALL  (mm)= 46.683



RUNOFF COEFFICIENT = 0.354

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

| RESERVOIR (0005) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1160 0.9850
0.0080 0.0919 | 0.2480 1.0917
0.0170 0.1852 | 0.4170 1.2000
0.0230 0.2800 | 0.6160 1.3098
0.0270 0.3763 | 1.0920 1.5340
0.0310 0.4740 | 1.6550 1.7644
0.0350 0.5732 | 2.2920 2.0012
0.0380 0.6739 | 2.9960 2.2442
0.0410 0.7761 | 3.7610 2.4936
0.0430 0.8798 | 4.5820 2.7496
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0305) 56.600 1.549 2.00 16.51
OUTFLOW: ID= 1 (00e5) 56.600 0.044 5.25 16.36
PEAK  FLOW REDUCTION [Qout/Qin](%)= 2.84
TIME SHIFT OF PEAK FLOW (min)=195.00
MAXIMUM STORAGE  USED (ha.m.)= ©0.8813

3k >k >k >k >k 5k 5k 5k 5k ok 3k >k >k >k %k %k %k >k 5k 5k 5k 5k 5k >k %k %k k %k

** SIMULATION NUMBER: 4 **

3k >k >k >k >k 5k 5k 5k ok 5k 3k >k >k >k %k %k >k %k 5k 5k 5k 5k 5k %k %k %k k %k

| CHICAGO STORM | IDF curve parameters: A=1574.382
| Ptotal= 54.74 mm | B= 9.025
-------------------- C= 0.860

used in: INTENSITY = A / (t + B)~C

Duration of storm = 4.00 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
0.17 2.75 | 1.17 32.16 | 2.17 7.84 | 3.17 3.39
0.33 3.24 | 1.33 124.99 | 2.33 6.43 | 3.33 3.10
0.50 3.95 | 1.50 43.04 | 2.50 5.45 | 3.50 2.86



0.67 5.8 | 1.67 21.33 | 2.67 4.73
0.83 7.12 | 1.83 13.73 | 2.83 4.17 | 3.83 2.47
1.00 11.86 | 2.00 10.01 | 3.00 3

| cALIB |
| NASHYD (0301) | Area (ha)= 34.48 Curve Number  (CN)= 83.0
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.40 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= ©.30

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 2.75 | 1.e83 32.16 | 2.083 7.84 | 3.08 3.39
0.167 2.75 | 1.167 32.16 | 2.167 7.84 | 3.17 3.39
0.250 3.24 | 1.250 124.99 | 2.250 6.43 | 3.25 3.10
0.333 3.24 | 1.333 124.99 | 2.333 6.43 | 3.33 3.10
0.417 3.95 | 1.417 43.04 | 2.417 5.45 | 3.42 2.86
0.500 3.95 | 1.500 43.04 | 2.500 5.45 | 3.50 2.86
0.583 5.08 | 1.583 21.33 | 2.583 4.73 | 3.58 2.65
0.667 5.08 | 1.667 21.33 | 2.667 4.73 | 3.67 2.65
0.750 7.12 | 1.756 13.73 | 2.750 4.17 | 3.75 2.47
0.833 7.12 | 1.833 13.73 | 2.833 4.17 | 3.83 2.47
0.917 11.86 | 1.917 10.01 | 2.917 3.74 | 3.92 2.32
1.000 11.86 | 2.000 10.01 | 3.000 3.74 | 4.00 2.32

Unit Hyd Qpeak (cms)= 4.390

PEAK FLOW (cms)=  2.420 (i)
TIME TO PEAK (hrs)= 1.667
RUNOFF VOLUME (mm)= 26.236
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.479

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

| RESERVOIR (0001) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE

-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.4440 0.8400
0.0090 0.0971 | 0.4819 0.9554
0.0097 0.1964 | 0.4976 1.0732



0.0104 0.2977 | 0.5724 1.1934
0.0284 0.4016 | 0.6961 1.3159
0.1006 0.5077 | 0.8422 1.4408
0.1995 0.6161 | 1.0038 1.5682
0.3171 0.7269 | 1.1720 1.6980
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©301) 34.480 2.420 1.67 26.24
OUTFLOW: ID= 1 (@eel) 34.480 0.288 3.25 26.04
PEAK  FLOW REDUCTION [Qout/Qin](%)= 11.92
TIME SHIFT OF PEAK FLOW (min)= 95.00
MAXIMUM STORAGE USED (ha.m.)= 0.6999
| cALIB |
| NASHYD (0302) | Area (ha)= 18.47 Curve Number  (CN)= 83.8
|ID= 1 DT= 5.0 min | 1Ia (mm)= 2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= ©0.13
Unit Hyd Qpeak (cms)=  5.427

PEAK FLOW (cms)=  2.117 (i)
TIME TO PEAK (hrs)=  1.417
RUNOFF VOLUME (mm)= 26.886
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.491

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

| CALIB |
| NASHYD (@303) | Area (ha)= 6.24 Curve Number  (CN)= 83.9
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.30 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.11
Unit Hyd Qpeak (cms)=  2.167
PEAK FLOW (cms)=  0.772 (i)
TIME TO PEAK (hrs)= 1.333
RUNOFF VOLUME (mm)= 26.675

TOTAL RAINFALL (mm)=54.736
RUNOFF COEFFICIENT = 0.487

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



| ADD HYD  (0012) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0302): 18.47 2.117 1.42 26.89

+ ID2= 2 (0303): 6.24 0.772 1.33 26.68

ID = 3 (0012): 24.71 2.851 1.42 26.83

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0023) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 2.2000 0.6658
0.0150 0.0677 | 2.7600 0.7476
0.0390 0.1371 | 3.4000 0.8312
0.0990 0.2083 | 4.1400 0.9166
0.2010 0.2812 | 4.,9700 1.0038
0.7300 0.3559 | 5.9000 1.0928
0.9970 0.4311 | 6.9300 1.1836
1.3200 0.5076 | 8.0800 1.2762
1.7000 0.5858 | 9.3400 1.3706
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©012) 24.710 2.851 1.42 26.83
OUTFLOW: ID= 1 (0023) 24.710 0.772 1.83 26.79
PEAK FLOW REDUCTION [Qout/Qin](%)= 27.09
TIME SHIFT OF PEAK FLOW (min)= 25.00
MAXIMUM STORAGE USED (ha.m.)= 0.3690
| CALIB |
| NASHYD (0304) | Area (ha)= 25.17 Curve Number  (CN)= 83.4
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0@.16
Unit Hyd Qpeak (cms)= 6.009

PEAK FLOW (cms)=  2.567 (i)
TIME TO PEAK (hrs)=  1.417
RUNOFF VOLUME (mm)=  26.651
TOTAL RAINFALL  (mm)= 54.736



RUNOFF COEFFICIENT = 0.487

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

| RESERVOIR (0004) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1020 0.7140
0.0270 0.1090 | 0.1780 0.7900
0.0380 0.1690 | 0.2800 0.8680
0.0460 0.2310 | 0.4010 0.9470
0.0540 0.2950 | 0.5310 1.0270
0.0600 0.3610 | 0.5720 1.1100
0.0660 0.4280 | 0.5910 1.1930
0.0710 0.4970 | 0.6510 1.2770
0.0760 0.5680 | 0.7060 1.3630
0.0810 0.6400 | 0.7560 1.4500
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0304) 25.170 2.567 1.42 26.65
OUTFLOW: ID= 1 (0004) 25.170 0.078 4.17 26.61
PEAK  FLOW REDUCTION [Qout/Qin](%)= 3.04
TIME SHIFT OF PEAK FLOW (min)=165.00
MAXIMUM STORAGE USED (ha.m.)= 0.5959
| cALIB |
| NASHYD (e305) | Area (ha)= 56.60 Curve Number (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)=  3.860

PEAK FLOW (cms)=  2.132 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)=  21.927
TOTAL RAINFALL  (mm)= 54.736
RUNOFF COEFFICIENT = ©.401

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

| RESERVOIR (0005) |



| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1160 0.9850
0.0080 0.0919 | 0.2480 1.0917
0.0170 0.1852 | 0.4170 1.2000
0.0230 0.2800 | 0.6160 1.3098
0.0270 0.3763 | 1.0920 1.5340
0.0310 0.4740 | 1.6550 1.7644
0.0350 0.5732 | 2.2920 2.0012
0.0380 0.6739 | 2.9960 2.2442
0.0410 0.7761 | 3.7610 2.4936
0.0430 0.8798 | 4.5820 2.7496
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0305) 56.600 2.132 2.00 21.93
OUTFLOW: ID= 1 (0005) 56.600 0.242 4.42 21.75
PEAK  FLOW REDUCTION [Qout/Qin](%)= 11.33
TIME SHIFT OF PEAK FLOW (min)=145.00
MAXIMUM STORAGE  USED (ha.m.)= 1.0866

3k 3k >k 3k 3k 3k 3k 3k 3k 3k 3k sk sk >k >k >k >k 5k 5k 3k 3k ok sk sk sk k k ok

** SIMULATION NUMBER: 7 ¥*

3k 3k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k k %k >k >k >k 3k 5k 3k 3k 3k 3k >k k >k k ok

| CHICAGO STORM | IDF curve parameters: A=2619.363
| Ptotal= 79.36 mm | B= 10.500
-------------------- C= 0.884

used in: INTENSITY = A / (t + B)~C

Duration of storm = 4.00 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

0.17 3.61 | 1.17 48.51 | 2.17 11.13 | 3.17 4.52
0.33 4.31 | 1.33 181.39 | 2.33 9.00 | 3.33 4.11
0.50 5.33 | 1.50 65.14 | 2.50 7.54 | 3.50 3.76
0.67 6.99 | 1.67 31.96 | 2.67 6.47 | 3.67 3.47
0.83 10.05 | 1.83 20.19 | 2.83 5.66 | 3.83 3.22
1.00 17.30 | 2.00 14.45 | 3.00 5.03 | 4.00 3.01



CALIB |

NASHYD (0301) | Area (ha)= 34.48 Curve Number (CN)= 83.0
ID= 1 DT= 5.0 min | 1Ia (mm)=  2.40 # of Linear Res.(N)= 3.00
———————————————————— U.H. Tp(hrs)= ©.30

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 3.61 | 1.083 48.51 | 2.083 11.13 | 3.8 4.52
0.167 3.61 | 1.167 48.51 | 2.167 11.13 | 3.17 4.52
0.250 4.31 | 1.250 181.39 | 2.250 9.00 | 3.25 4.11
0.333 4.31 | 1.333 181.39 | 2.333 9.00 | 3.33 4.11
0.417 5.33 | 1.417 65.14 | 2.417 7.54 | 3.42 3.76
0.500 5.33 | 1.500 65.14 | 2.500 7.54 | 3.50 3.76
0.583 6.99 | 1.583 31.96 | 2.583 6.47 | 3.58 3.47
0.667 6.99 | 1.667 31.96 | 2.667 6.47 | 3.67 3.47
0.750 10.05 | 1.750 20.19 | 2.750 5.66 | 3.75 3.22
0.833 10.05 | 1.833 20.19 | 2.833 5.66 | 3.83 3.22
0.917 17.30 | 1.917 14.45 | 2.917 5.03 | 3.92 3.01
1.000 17.30 | 2.000 14.45 | 3.000 5.03 | 4.00 3.01

Unit Hyd Qpeak (cms)=  4.390

PEAK FLOW (cms)=  4.407 (i)
TIME TO PEAK (hrs)=  1.583
RUNOFF VOLUME (mm)= 45.899
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.578

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

| RESERVOIR (@001) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE

-------------------- (cms) (ha.m.) |  (cms) (ha.m.)
0.0000 0.0000 | 0.4440 0.8400
0.0090 0.0971 | 0.4819 0.9554
0.0097 0.1964 | 0.4976 1.0732
0.0104 0.2977 | 0.5724 1.1934
0.0284 0.4016 | 0.6961 1.3159
0.1006 0.5077 | 0.8422 1.4408
9.1995 0.6161 | 1.0038 1.5682
0.3171 0.7269 | 1.1720 1.6980

AREA QPEAK TPEAK R.V.



(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©301) 34.480 4.407 1.58 45.90
OUTFLOW: ID= 1 (0001) 34.480 0.560 3.00 45.69

PEAK FLOW REDUCTION [Qout/Qin](%)= 12.71

TIME SHIFT OF PEAK FLOW (min)= 85.00
MAXIMUM STORAGE USED (ha.m.)= 1.1740
| CALIB |
| NASHYD (0302) | Area (ha)= 18.47 Curve Number  (CN)= 83.8
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.13
Unit Hyd Qpeak (cms)=  5.427

PEAK FLOW (cms)=  3.816 (i)
TIME TO PEAK (hrs)=  1.417
RUNOFF VOLUME (mm)= 46.683
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.588

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

| CALIB |
| NASHYD (0303) | Area (ha)= 6.24 Curve Number  (CN)= 83.9
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.30 # of Linear Res.(N)= 3.00

———————————————————— U.H. Tp(hrs)= ©0.11
Unit Hyd Qpeak (cms)=  2.167
PEAK FLOW (cms)=  1.407 (i)
TIME TO PEAK (hrs)= 1.333
RUNOFF VOLUME (mm)= 46.332

TOTAL RAINFALL (mm)=79.357
RUNOFF COEFFICIENT = ©0.584

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

| ADD HYD (0012) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
-------------------- (ha) (cms) (hrs) (mm)
ID1= 1 (0302): 18.47 3.816 1.42 46.68

+ ID2= 2 (©303): 6.24 1.407 1.33 46.33



ID = 3 (0012): 24.71 5.132 1.42 46.59

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0023) |
| IN= 2---> 0UT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 2.2000 0.6658
0.0150 0.0677 | 2.7600 0.7476
0.0390 0.1371 | 3.4000 0.8312
0.0990 0.2083 | 4.1400 0.9166
0.2010 0.2812 | 4.9700 1.0038
0.7300 0.3559 | 5.9000 1.0928
0.9970 0.4311 | 6.9300 1.1836
1.3200 0.5076 | 8.0800 1.2762
1.7000 0.5858 | 9.3400 1.3706
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0012) 24.710 5.132 1.42 46.59
OUTFLOW: ID= 1 (0023) 24.710 1.701 1.75 46.55
PEAK FLOW REDUCTION [Qout/Qin](%)= 33.14
TIME SHIFT OF PEAK FLOW (min)= 20.00
MAXIMUM STORAGE USED (ha.m.)= 0.5881
| cALIB |
| NASHYD (0304) | Area (ha)= 25.17 Curve Number (CN)= 83.4
|ID= 1 DT= 5.0 min | Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.16
Unit Hyd Qpeak (cms)= 6.009

PEAK FLOW (cms)=  4.677 (i)
TIME TO PEAK (hrs)=  1.417
RUNOFF VOLUME (mm)=  46.403
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.585

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

| RESERVOIR (0004) |



| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1020 0.7140
0.0270 0.1090 | ©.1780 0.7900
0.0380 0.1690 | 0.2800 0.8680
0.0460 0.2310 | 0.4010 0.9470
0.0540 0.2950 | ©.5310 1.0270
0.0600 0.3610 | ©.5720 1.1100
0.0660 0.4280 | ©.5910 1.1930
0.0710 0.4970 | ©.6510 1.2770
0.0760 0.5680 | 0.7060 1.3630
0.0810 0.6400 | 0.7560 1.4500
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (0304) 25.170 4.677 1.42 46.40
OUTFLOW: ID= 1 (0004) 25.170 0.363 2.83 46.36
PEAK  FLOW REDUCTION [Qout/Qin](%)= 7.77
TIME SHIFT OF PEAK FLOW (min)= 85.00
MAXIMUM STORAGE  USED (ha.m.)= 0.9225
| CALIB |
| NASHYD (0305) | Area (ha)= 56.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | Ia (mm)= 6.00 # of Linear Res.(N)= 3.00

———————————————————— U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)=  3.860

PEAK FLOW (cms)=  4.126 (i)
TIME TO PEAK (hrs)=  2.000
RUNOFF VOLUME (mm)= 40.478
TOTAL RAINFALL  (mm)= 79.357
RUNOFF COEFFICIENT = ©.510

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

| RESERVOIR (0005) |
| IN= 2---> 0OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE

-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1160 0.9850
0.0080 0.0919 | 0.2480 1.0917
0.0170 0.1852 | 0.4170 1.2000
0.0230 0.2800 | 0.6160 1.3098



0.0270 0.3763 | 1.0920 1.5340
0.0310 0.4740 | 1.6550 1.7644
0.0350 0.5732 | 2.2920 2.0012
0.0380 0.6739 | 2.9960 2.2442
0.0410 0.7761 | 3.7610 2.4936
0.0430 0.8798 | 4.5820 2.7496
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©305) 56.600 4.126 2.00 40.48
OUTFLOW: ID= 1 (000e5) 56.600 1.204 3.25 40.29
PEAK FLOW REDUCTION [Qout/Qin](%)= 29.18
TIME SHIFT OF PEAK FLOW (min)= 75.00
MAXIMUM STORAGE USED (ha.m.)= 1.5803

3k >k >k >k >k 5k 5k 5k 3k 3k 3k >k >k >k %k %k >k 5k 5k 5k 5k %k %k %k %k k k %k

** SIMULATION NUMBER: 15 **
kK KK K R K oK oK oK oK oK KKK K K K K R R oK oK ok ok

| CHICAGO STORM | IDF curve parameters: A=3048.220
| Ptotal=114.01 mm | B= 10.030
-------------------- C= ©0.888

used in:  INTENSITY = A / (t + B)~C

Duration of storm = 24.00 hrs
Storm time step = 10.00 min
Time to peak ratio = .33

TIME RAIN | TIME RAIN |' TIME RAIN | TIME RAIN
hrs  mm/hr |  hrs  mm/hr |'  hrs  mm/hr |  hrs  mm/hr
0.17 .57 | 6.17 2.42 | 12.17 2.07 | 18.17 0.86
0.33 0.59 | 6.33 2.68 | 12.33 1.99 | 18.33 0.85
0.50 0.60 | 6.50 3.00 | 12.50 1.91 | 18.50 0.83
0.67 0.61 | 6.67 3.42 | 12.67 1.85 | 18.67 0.82
0.83 0.62 | 6.83 3.97 | 12.83 1.78 | 18.83 0.81
1.00 0.64 | 7.00 4.74 | 13.00 1.72 | 19.00 0.80
1.17 0.65 | 7.17 5.88 | 13.17 1.67 | 19.17 0.79
1.33 0.67 | 7.33 7.72 | 13.33 1.61 | 19.33 0.78
1.50 0.68 | 7.50 11.14 | 13.50 1.56 | 19.50 0.76
1.67 0.70 | 7.67 19.26 | 13.67 1.52 | 19.67 0.75
1.83 0.72 | 7.83 54.92 | 13.83 1.48 | 19.83 0.74
2.00 0.74 | 8.00 212.89 | 14.00 1.43 | 20.00 0.73
2.17 0.76 | 8.17 74.08 | 14.17 1.40 | 20.17 0.72
2.33 0.78 | 8.33 35.85 | 14.33 1.36 | 20.33 0.72
2.50 0.80 | 8.50 22.52 | 14.50 1.33 | 20.50 0.71
2.67 0.83 | 8.67 16.06 | 14.67 1.29 | 20.67 0.70
2.83 0.85 | 8.83 12.34 | 14.83 1.26 | 20.83 0.69



3.00 0.88 | 9.00 9.97 | 15.00 1.23 | 21.00 0.68
3.17 0.91 | 9.17 8.33 | 15.17 1.20 | 21.17 0.67
3.33 0.94 | 9.33 7.14 | 15.33 1.18 | 21.33 0.66
3.50 0.97 | 9.50 6.24 | 15.50 1.15 | 21.50 0.66
3.67 1.01 | 9.67 5.54 | 15.67 1.13 | 21.67 0.65
3.83 1.05 | 9.83 4.98 | 15.83 1.10 | 21.83 0.64
4.00 1.09 | 10.00 4.52 | 16.00 1.08 | 22.00 0.64
4.17 1.14 | 10.17 4.14 | 16.17 1.06 | 22.17 0.63
4.33 1.19 | 10.33 3.82 | 16.33 1.04 | 22.33 0.62
4.50 1.25 | 10.50 3.54 | 16.50 1.02 | 22.50 0.61
4.67 1.31 | 10.67 3.31 | 16.67 1.00 | 22.67 0.61
4.83 1.38 | 10.83 3.10 | 16.83 0.98 | 22.83 0.60
5.00 1.45 | 11.00 2.92 | 17.00 0.97 | 23.00 0.60
5.17 1.54 | 11.17 2.75 | 17.17 0.95 | 23.17 0.59
5.33 1.64 | 11.33 2.61 | 17.33 0.93 | 23.33 0.58
5.50 1.75 | 11.50 2.48 | 17.50 9.92 | 23.50 0.58
5.67 1.88 | 11.67 2.36 | 17.67 0.90 | 23.67 0.57
5.83 2.03 | 11.83 2.26 | 17.83 0.89 | 23.83 0.57
6.00 2.20 | 12.00 2.16 | 18.00 0.87 | 24.00 0.56
| CALIB |
| NASHYD (0301) | Area (ha)= 34.48 Curve Number  (CN)= 83.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 2.40 # of Linear Res.(N)= 3.00
———————————————————— U.H. Tp(hrs)= ©.30
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 0.57 | 6.083 2.42 |12.083 2.07 | 18.08 0.86
0.167 0.57 | 6.167 2.42 |12.167 2.07 | 18.17 0.86
0.250 0.59 | 6.250 2.68 |12.250 1.99 | 18.25 0.85
9.333 0.59 | 6.333 2.68 |12.333 1.99 | 18.33 0.85
0.417 0.60 | 6.417 3.00 |12.417 1.91 | 18.42 0.83
0.500 0.60 | 6.500 3.00 |12.500 1.91 | 18.50 0.83
0.583 0.61 | 6.583 3.42 |12.583 1.85 | 18.58 0.82
0.667 0.61 | 6.667 3.42 |12.667 1.85 | 18.67 0.82
0.750 0.62 | 6.750 3.97 |12.750 1.78 | 18.75 0.81
0.833 0.62 | 6.833 3.97 |12.833 1.78 | 18.83 0.81
0.917 0.64 | 6.917 4.74 [12.917 1.72 | 18.92 0.80
1.000 0.64 | 7.000 4.74 |13.000 1.72 | 19.00 0.80
1.083 0.65 | 7.083 5.88 |13.083 1.67 | 19.08 0.79
1.167 0.65 | 7.167 5.88 |13.167 1.67 | 19.17 0.79
1.250 0.67 | 7.250 7.72 |13.250 1.61 | 19.25 0.78
1.333 0.67 | 7.333 7.72 |13.333 1.61 | 19.33 0.78



VTV VUV UVUVUBADMBAMBAEMDRAMDRAMADRAMDPMADRPMNDIMNWWWWWWWWWWWWNNNNNNNNMNNNONMNERERRRRRR

.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
417
.500

PR RRRPRRRRRRBRRRRPRRERPRRERRRRPPRRPOCOODOODODOOD DD DO DD O DODOODOOOOOO®

.68
.68
.70
.70
.72
.72
.74
.74
.76
.76
.78
.78
.80
.80
.83
.83
.85
.85
.88
.88
.91
.91
.94
.94
.97
.97
.01
.01
.05
.05
.09
.09
.14
.14
.19
.19
.25
.25
.31
.31
.38
.38
.45
.45
.54
.54
.64
.64
.75
.75

O ® WV WVWWWWWLWWWLWWLWWWIWO 0000 0000 00 000000 0000 0 NNNNNNN

=R

.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
.250
.333
.417
.500
.583
.667
.750
.833
.917
.000
.083
.167
|11.
|11.
|11.
|11.

250
333
417
500

11.
11.
.26

19.

54.

54.
212,
212.
.08
.07
.85
.85
.52
.52
.06
.06
.34
.34
.97
.97
.33
.33
.14
.14
.24
.24
.54
.54
.98
.98
.52
.52
.14
.14
.82
.82
.54
.54
.31
.31
.10
.10
.92
.92
.75
.75
.61
.61
.48
.48

19

R R RPRRNMNMNNWWNN
NMNNMNOOGODNMNNDUTUD D

NNNMNMNNMNMOMNOMNNWWWWWWWWEARMNMMDMPPAAPUIUIO O NNOKDOWWLLO

14
14

26
92
93
89
88

|13

|13
|13

|15

|15

|15

|15

.417
|13.
|13.
|13.
|13.
.833
.917
|14.
|14.
|14.
|14.
|14.
|14.
|14.
|14.
|14.
|14.
|14.
|14.
.000
|15.
|15.
|15.
|15.
.417
|15.
|15.
|15.
.750
|15.
.917
|16.
|16.
|16.
|16.
|16.
|16.
|16.
|16.
|16.
|16.
|16.
|16.
[17.
|17.
|17.
|17.
|17.
|17.
|17.

500
583
667
750

000
083
167
250
333
417
500
583
667
750
833
917

083
167
250
333

500
583
667

833

000
083
167
250
333
417
500
583
667
750
833
917
000
083
167
250
333
417
500

OO0 OO0 ORRRRRRRRRRERPRRRPRRPRRIRPRREPRRRRERRRRRRRPRRPRPRPRREPRPRPRPRPPRRRRE

.56
.56
.52
.52
.48
.48
.43
.43
.40
.40
.36
.36
.33
.33
.29
.29
.26
.26
.23
.23
.20
.20
.18
.18
.15
.15
.13
.13
.10
.10
.08
.08
.06
.06
.04
.04
.02
.02
.00
.00
.98
.98
.97
.97
.95
.95
.93
.93
.92
.92

19
19
19

19
20
20

20
20

20
21

21
21
21

21
21
22

22
22
22

22
22
23

23

.42
.50
.58
19.
19.
19.

67
75
83

.92
.00
.08
20.
20.
20.

17
25
33

.42
.50
20.
20.
20.
20.

58
67
75
83

.92
.00
21.
21.
21.

08
17
25

.33
.42
.50
21.
21.
21.

58
67
75

.83
.92
.00
22.
22.
22.

08
17
25

.33
.42
.50
22.
22.
22.

58
67
75

.83
.92
.00
23.
23.
23.

08
17
25

.33
23.
23.

42
50

(SR EOECECECECE OO CECECEOE O GGG R R IR R RO RO RORORO RO RO RO RO RO RI RO ORI RO RO RO BEUC BRI

.76
.76
.75
.75
.74
.74
.73
.73
.72
.72
.72
.72
.71
.71
.70
.70
.69
.69
.68
.68
.67
.67
.66
.66
.66
.66
.65
.65
.64
.64
.64
.64
.63
.63
.62
.62
.61
.61
.61
.61
.60
.60
.60
.60
.59
.59
.58
.58
.58
.58



5.583 1.88 |11.583 2.36 |17.583  ©0.90 | 23.58  0.57
5.667  1.88 |11.667  2.36 |17.667  ©.90 | 23.67  ©.57
5.750  2.03 |11.75@  2.26 [17.750  ©.89 | 23.75  ©.57
5.833  2.03 |11.833  2.26 |17.833  ©.89 | 23.83  0.57
5.917  2.20 |11.917  2.16 |17.917  ©.87 | 23.92  0.56
6.000  2.20 |12.000  2.16 |18.000 ©.87 | 24.00  0.56

Unit Hyd Qpeak (cms)=  4.390

PEAK FLOW (cms)=  6.112 (i)
TIME TO PEAK  (hrs)=  8.250
RUNOFF VOLUME (mm)=  76.099
TOTAL RAINFALL  (mm)= 114.013
RUNOFF COEFFICIENT = ©.667

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

| RESERVOIR (©001) |
| IN= 2---> 0OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.4440 0.8400
0.0090 0.0971 | 0.4819 0.9554
0.0097 0.1964 | 0.4976 1.0732
0.0104 0.2977 | 0.5724 1.1934
0.0284 0.4016 | 0.6961 1.3159
0.1006 0.5077 | 0.8422 1.4408
0.1995 0.6161 | 1.0038 1.5682
0.3171 0.7269 | 1.1720 1.6980
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©301) 34.480 6.112 8.25 76.10
OUTFLOW: ID= 1 (0001) 34.480 0.988 9.33 75.77
PEAK FLOW REDUCTION [Qout/Qin](%)= 16.16
TIME SHIFT OF PEAK FLOW (min)= 65.00
MAXIMUM STORAGE USED (ha.m.)= 1.5560
| CALIB |
| NASHYD (0302) | Area (ha)= 18.47 Curve Number  (CN)= 83.8
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= .13

Unit Hyd Qpeak (cms)=  5.427



PEAK FLOW (cms)=  5.189 (i)
TIME TO PEAK (hrs)=  8.083
RUNOFF VOLUME (mm)=  76.924
TOTAL RAINFALL  (mm)= 114.013
RUNOFF COEFFICIENT = 0.675

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

| CALIB |
| NASHYD (0303) | Area (ha)= 6.24 Curve Number  (CN)= 83.9
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.30 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)= 0.11
Unit Hyd Qpeak (cms)= 2.167
PEAK FLOW (cms)=  1.970 (i)
TIME TO PEAK (hrs)=  8.000
RUNOFF VOLUME (mm)= 76.347
TOTAL RAINFALL (mm)= 114.013
RUNOFF COEFFICIENT = 0.670

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

| ADD HYD  (0012) |

| 1+ 2= 3 | AREA QPEAK TPEAK R.V.
———————————————————— (ha) (cms) (hrs) (mm)
ID1= 1 (0302): 18.47 5.189 8.08 76.92

+ ID2= 2 (0303): 6.24 1.970 8.00 76.35

ID = 3 (0012): 24.71 7.082 8.00 76.78

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

| RESERVOIR (0023) |
| IN= 2---> OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE

-------------------- (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 2.2000 0.6658
0.0150 0.0677 | 2.7600 0.7476
0.0390 0.1371 | 3.4000 0.8312
0.0990 0.2083 | 4.1400 0.9166
0.2010 0.2812 | 4.9700 1.0038
0.7300 0.3559 | 5.9000 1.0928



0.9970 0.4311 | 6.9300 1.1836
1.3200 0.5076 | 8.0800 1.2762
1.7000 0.5858 | 9.3400 1.3706
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©012) 24.710 7.082 8.00 76.78
OUTFLOW: ID= 1 (0023) 24.710 2.866 8.33 76.73

PEAK FLOW REDUCTION [Qout/Qin](%)= 40.47
TIME SHIFT OF PEAK FLOW (min)= 20.00
MAXIMUM STORAGE USED (ha.m.)= 0.7648
| CALIB
| NASHYD (0304) | Area (ha)= 25.17 Curve Number  (CN)= 83.4
|ID= 1 DT= 5.0 min | 1Ia (mm)=  2.20 # of Linear Res.(N)= 3.00
-------------------- U.H. Tp(hrs)= 0.16
Unit Hyd Qpeak (cms)= 6.009
PEAK FLOW (cms)=  6.484 (i)
TIME TO PEAK (hrs)=  8.083
RUNOFF VOLUME (mm)= 76.651
TOTAL RAINFALL (mm)= 114.013
RUNOFF COEFFICIENT = 0.672

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

| RESERVOIR (0004) |
| IN= 2---> 0UT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE
-------------------- (cms) (ha.m.)
0.0000 0.0000

0.0270 0.1090

0.0380 0.1690

0.0460 0.2310

0.0540 0.2950

0.0600 0.3610

0.0660 0.4280

0.0710 0.4970

0.0760 0.5680

0.0810 0.6400

AREA QP

(ha) (c

INFLOW : ID= 2 (0304) 25.170

EAK
ms)
6.484

OUTFLOW

(cms)

.1020
.1780
.2800
.4010
.5310
.5720
.5910
.6510
.7060
.7560

OO OO0

TPEAK
(hrs)
8.08

STORAGE

(ha.m.)

.7140
.7900
.8680
.9470
.0270
.1100
.1930
.2770
.3630
.4500

()

PRPRRPRRPRRROO®

R.V.

(mm)
76.65



OUTFLOW: ID= 1 (0004) 25.170 0.593 9.17 76.61

PEAK  FLOW REDUCTION [Qout/Qin](%)= 9.14

TIME SHIFT OF PEAK FLOW (min)= 65.00

MAXIMUM STORAGE USED (ha.m.)= 1.1954
| CALIB |
| NASHYD (0305) | Area (ha)= 56.60 Curve Number  (CN)= 81.0
|ID= 1 DT= 5.0 min | 1Ia (mm)= 6.00 # of Linear Res.(N)= 3.00

-------------------- U.H. Tp(hrs)=  0.56
Unit Hyd Qpeak (cms)= 3.860

PEAK FLOW (cms)=  5.915 (i)
TIME TO PEAK (hrs)=  8.583
RUNOFF VOLUME (mm)=  69.611
TOTAL RAINFALL  (mm)= 114.013
RUNOFF COEFFICIENT = ©.611

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

| RESERVOIR (0005) |
| IN= 2---> 0OUT= 1 |

| DT= 5.0 min | OUTFLOW STORAGE | OUTFLOW STORAGE
———————————————————— (cms) (ha.m.) | (cms) (ha.m.)
0.0000 0.0000 | 0.1160 0.9850
0.0080 0.0919 | 0.2480 1.0917
0.0170 0.1852 | 0.4170 1.2000
0.0230 0.2800 | 0.6160 1.3098
0.0270 0.3763 | 1.0920 1.5340
0.0310 0.4740 | 1.6550 1.7644
0.0350 0.5732 | 2.2920 2.0012
0.0380 0.6739 | 2.9960 2.2442
0.0410 0.7761 | 3.7610 2.4936
0.0430 0.8798 | 4.5820 2.7496
AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)
INFLOW : ID= 2 (©305) 56.600 5.915 8.58 69.61
OUTFLOW: ID= 1 (@ee5) 56.600 2.220 9.58 69.31

PEAK  FLOW REDUCTION [Qout/Qin](%)= 37.54
TIME SHIFT OF PEAK FLOW (min)= 60.00
MAXIMUM STORAGE  USED (ha.m.)= 1.9763
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