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1.0 INTRODUCTION

This report outlines the Stormwater Management Plan (SWMP) for the proposed subdivision owned by
Emscote Limited as shown on the General Site Plans in Appendix A. This development is located near
the intersection of the Bicentennial Highway and Larry Uteck Boulevard (Appendix A). The site has a
Property Identification Number (PID) of 00016576.

This SWMP is intended for use in the planning and construction of the site as noted above. The plan
presents conceptual design considerations for the site that will ultimately meet or exceed the goals and
objectives of the Nova Scotia Department of Environment when the final design is developed. Drainage
calculations and retention ponds are based on preliminary design concepts and site layout. During final
design, drainage areas and related design factors will be revisited to finalize stormwater control
features.

Erosion and sediment control measures discussed in this report shall be implemented in accordance
with the most current version of the Nova Scotia Department of Environment Erosion and
Sedimentation Control Handbook for Construction Sites. It shall be the responsibility of the site works
contractor as well as the owner or their representative to ensure that this is adhered to during all
construction phases.

2.0 WATERSHED DRAINAGE

The project site has three distinct drainage areas. One area drains in a westerly direction and discharges
to a detention pond located near the intersection of Transom Drive and Starboard Drive (refer to
Drawings 10575-D01 through 10575-D03 in Appendix A). A portion of this flow may be diverted to a
detention pond located further north along Starboard Drive. The second drainage area will discharge to
a detention pond located near the intersection of Bosun Run and Fleetview Drive (refer to Drawings
10575-D01 through 10575-D03 in Appendix A). A third drainage area will also discharge to a detention
pond located near the intersection of Bosun Run and Fleetview Drive (refer to Drawings 10575-D01
through 10575-D03 in Appendix A) and generally consists of the CRESCO Holdings Limited lands.

Apartment buildings and their associate property within the main project area will be designed to be self
balanced with regards to stormwater flow using features such as roof storage and on-site detention.
Flow from uncontroiled areas not discharging to a detention pond will be compensated for by increasing
the storage in the proposed detention storage ponds by an equivalent amount of increased stormwater
flow due to any development of the uncontrolled lands.

The project site will undergo cut and fill operations in order to construct roadways. As a result of the
roadway construction, some wetlands will be impacted and will require wetland compensation. To the
extent that is possible, existing on-site wetlands will be maintained and utilized as a part of the overall




storm water management system. Wetlands which are unavoidably lost will be compensated for as per
provincial policy.

The construction of roads in two areas create zones that dam the natural flow of stormwater. These
areas, designated J and N (refer to Drawings 10575-D01 through 10575-D03 in Appendix A), form private
retention ponds. They will drain via a piped collection system which will be sized to pass the five year
storm. The 100 year storm event will be retained and released at the five year flow rate.

In general, stormwater runoff from the developed areas of the site (i.e. areas covered with pavement or
buildings and other facilities) will be collected in a system of street gutters, catch basins and storm
water collection piping, discharged into a detention pond and ultimately discharged back into the
wetlands or watercourses.

A Spill Management Plan and Emergency Response and Contingency Plan will need to be developed and
implemented by all future roadway contractors in order to minimize the chances of a spill reaching any
water body including groundwater. It should also include mitigation measures to minimize impact if a
spill does occur and manages to reach a water body. In order to minimize, contain, and control any
potential releases of hazardous materials, a site-specific Hazardous Waste Spill Management Plan
should also be developed. All construction personnel must be appropriately trained in the handling,
storage, and disposal of hazardous materials (i.e. WHMIS, TDG). Chemical storage and handling will be
done in accordance with the manufacturers’ recommendations and federal and provincial regulations,
where applicable.

3.0 PLAN GOALS AND OBIJECTIVES

This stormwater management plan addresses the potential effects upon water quality and quantity from
within this development on the associated watersheds. The intent of this plan is to adhere to all
relevant policies and objectives for development as set forth in the Department of Environment (and
other regulatory bodies) policies and procedures.

The goal of stormwater management is to preserve the natural hydrologic cycle. At present there are a
number of watershed management plans in this local area, all of which have been reviewed for
compliance with this SWMP. The goal of the SWMP will be realized through objectives that maximize
pollution prevention opportunities and conservation practices to protect water quality and control
water quantity. Objectives for stormwater drainage are as follows:

® To prevent loss of life and to protect structures and property from damage due to major
storm events;

e To provide safe and convenient use of roadways, lot areas, and other improvements during
and following rain and snow events;

* To adequately convey the 100 year stormwater flow from upstream sources;
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* To mitigate the adverse effects of stormwater flows, such as flooding and erosion, onto
downstream areas;

* To preserve natural watercourses;

®* To minimize the long term effects of development on receiving watercourses and on
groundwater, therefore;

e Stormwater management should be an integral part of the overall site design and
development.

4.0 ENVIRONMENTAL SETTING

4.1 WATERCOURSES AND WETLANDS

A watercourse and wetland study has been performed for the site by Terra Firma Consultants (dated
June 14, 2011). This study includes an assessment, delineation and inventory of the number, type and
size of wetlands and water courses present in the various areas, and to identify potential impacts to
these wetlands and water courses as a result of the development of the project.

4.2 GEOLOGY AND SOIL

The area of the property is currently 43.2 Ha (106.8 acres). The footprint for the proposed project which
does not include the construction of the apartment buildings at the northern and southern end of the
property is 27.5 Ha (67.8 acres). The surface geology of the site consists mainly of bedrock with some
overlying glacial till.

4.3 SoiL EROSION

Overall, the project area is considered to have low risk of soil erosion. Any imported soil required for
construction will mostly be limited to topsoil needed for landscaping. Standard erosion and
sedimentation control measures will be employed for all erodible soils (Appendix B: Erosion and
Sediment Minimization Plan).

5.0 CONCEPTUAL STORMWATER MANAGEMENT PLAN FACILITIES

The goal of the stormwater management plan is to minimize and reduce peak flows and contaminant
inputs to nearby watercourses. These goals will be met through implementation of the following two
strategies:

* minimize peak flows by providing retention, and

* reduce contaminant inputs through the use of wet detention ponds.




The overall strategy for the site is to provide an integrated approach to stormwater management, which
is premised on controlling runoff and pollution at the source. Therefore, a hierarchy, or train, of
stormwater management practices shall be implemented on the site and include:

® stormwater lot level controls, which wherever possible will be achieved by directing roof
leader downspouts overland to the natural drainage corridors,

* end-of-pipe stormwater management facilities, wherever necessary, will consist of extended
detention dry ponds, grassed swales, and velocity breaks,

* use of wet retention forebays to serve as storm water quality control and treatment
measures.

5.1  STORMWATER QUANTITY/RATE CONTROL PRACTICES

The goal of the SWMP for stormwater quantity control is to match, as closely as possible, the pre-
development hydrologic conditions to the post-development conditions on areas that drain into
freshwater brooks/rivers. A hierarchical approach to stormwater management shall be utilized. This
process results in a series of stormwater control measures, as opposed to one single end-of-pipe
technology selection.

The Stormwater Drainage Plans, drawings 10575-D01 through 10575-D03 is attached in Appendix A.

The basic design criteria shall be to balance freshwater brooks/rivers in such a manner that pre-
development peak flows closely match post-development peak flows from the five and the 100-year 24-
hour storm events. The closest Atmospheric Canada weather station to this site is CFB Shearwater and
storm event data from this station was used for all hydraulic modeling.

5.1.1 Pre and Post Development Modeling Results

The water quantity and flow rate modeling for the project was performed by Mac Williams Engineering.
The site was modeled using HydroCAD and modeled stormwater runoff rates for specific storm events
based on pre- and post-development scenarios. The pre-development modeling results are summarized
in Appendix C. The pre-development drainage conditions are summarized below:

Balance Coeff. intensity , 5 Year Flow 100 Year
Point or ‘ mm/hr . m/s
Drainage tin/hri | Iftfsed
Area ‘ :
' Syr
A 9.2 0.30
[22.7] [1.83] [2.91] [12.5] [33.0]
B 26.9 0.30 0.50 26.5 39.4 62.6 0.874 2.31
[66.4] [1.55] [2.46] [30.9] [81.7]
C 7.3 - - - - - - ---
{18.0]
D 3.8 -—-- --- --- - --- --- -
[9.5]




Balance Area Coeff, t. intensity 5 Year Flow 100 Year
Pointor ha {ac] mmy/hr m/s Flow
Drainage ~finfhr] : [ft3/sec] m¥/s
Area i [ftaisec]
Syr 100 yr min o Syr { 100yr. Syr 100 yr
E 10.7 0.30 0.50 235 42.1 66.9 0.37 0.983
[26.4] [1.66] [2.63] [13.1] [34.7]
F 9.6 - - - - - - o=
[23.8]
G 7.2 - - - - - - -
[17.9]
H 0.7 - - - - - --- -
[1.7]
Notes:
1. AreaC, D and H represent the headwaters of a catchment area and drains off-site. The drainage

area indicated only represents the area bounded by the property line; the catchment area
extends onto adjacent properties. Portions of these drainage areas are uncontrolled in the post-
development scenario.

Uncontrolled areas are defined as those areas which do not drain to the proposed retention
ponds. Any increase in stormwater flow due to development in the uncontrolled areas is
compensated for within the retention pond design.

Areas C, D, F, G and H are not directly impacting retention pond sizing and pre- and post-
development stormwater flow balancing. Post development, most of these areas are controlled
and their flows are discharged to one of the on-site retention ponds. Those uncontrolled areas
with areas C, D, F, G and H are accounted for as in Note 2. Areas A, B and E are used as balance
points, therefore the entire catchment area is required for analysis.

The post-development modeling results for the one in five year and one in 100 year storm event are also
summarized in Appendix D. Overall, the post-development drainage consists of the following:

Balance | Cont: | Uncont
Pointor | rolled | rolled |-
Drainage | Area | Area |
_Area | hafac] | hafac] |
A - .
B - - - --- - -- - 29.1 82.3
E --- -- --- - - - --- 12.2 33.5
J 0.83 - 0.375 0.625 5.7 92.5 146.6 0.079 207
[2.0] 3.64] | [577] | [2.8] [7.32]
K+L 6.4 --- 0.4 0.65 17 50.4 80.0 0.35 0.931
{15.7] [1.98] | [3.15] [12.4] [32.9]
M 4.2 - 0.64 0.95 14.2 55.7 88.4 0.411 1.089
[10.4] [2.19] | [3.48] [14.52} [38.5]
N 1.3 - 0.3 0.5 8.0 79.4 125.9 0.086 0.22
[3.3] [3.13] | [4.96] [3.03] [7.77]
P 12.2 0.44 0.75 34.0 34.3 54.5 0.508 1.34
(30.1] [1.35] | [2.14] | [18.0] [47.4]
Q - 1.3 0.45 0.75 5 91.2 153.6 0.146 0.41
13.2] [3.59] | 6.05] | [5.17] | [14.52]




Balance | Cont= | “Uncont- Coeff. Intensity 5Year | 100Year
Pointor | rolled rolled [in/hr] Flt;w ’ Figw
Drainage Area .. Area m/s: m/s
Area halacl | ha {ac} [ﬁ:a,/sec] ' ’{&3/sec]
. Syr i 100yr Syr | 100yr Syr 1 100yr
R - 4.7 0.35 0.5 5 91.2 | 1536 0.41 0.99
[11.6] [3.59] | [6.05] | [14.57] | [35.09]
S - 3.1 0.3 .5 5 91.2 153.6 0.23 0.65
(7.6] [3.59] | [6.05] | [8.18] [22.9]
T - 0.71 0.45 0.75 5 91.2 153.6 0.080 0.22
[1.75] [3.59] | [6.05] [2.83]} [7.94]
Q,R,S& - - - - - --- - 0.0868 0.180
T [3.06] [6.38]
Notes:

1. Areaslabels I and O are omitted intentionally from use to avoid confusion with 1 and 0.

2. Areas J and Q are controlled areas but discharges via the collection system to the adjacent

property.

3. Areas R and S are uncontrolled and discharge to adjacent property. Any increase in stormwater
flow due to development in the uncontrolled areas is compensated for within the retention pond

design and discharged to one of the on-site retention ponds.

4. Areas), Q, RandS are modeled conservatively with a time of concentration of 5 minutes for each

area.

5. Row labeled Q, R, S and T is the net increase in runoff rate due to development within the
uncontrolled areas and compensated for within the retention pond design and discharged to one
of the on-site retention ponds.

Stormwater detention ponds will be necessary in order to balance these flows to pre-developed

conditions. The storage requirements are listed below.

Reten?;iop\ Pond

Required Storage _'

L omy
RP4 1,650
[58,300]
RP5 970
[34,300]
KL2 1,300
[45,900]
RP4* 280
(Area J) [9,900]
RP5* 200
(Area N) [7,100]

It should be noted that these values are based on preliminary concept layouts and final detailed design
will be necessary. At that stage, these boundaries and volumes will be revisited in order to ensure
accuracy in relation to layouts and site design. Overall, the boundaries are subject to change and the
main design criteria is the implementation of a stormwater detention pond which is capable of




balancing the one in five and one in 100 year design storms discharging into wetlands and watercourses.

5.1.2 Stormwater Lot-Level Controls

Stormwater lot-level controls involve measures to store and treat stormwater before it reaches
the roadway conveyance system.

The lot controls for this development may include, where possible:
ROOF LEADERS

Wherever possible, roof leaders shall be directed to vegetated areas in order to
recharge groundwater and minimize the volume of water entering the roadway
conveyance system. This control measure is designed to infiltrate stormwater and to
reduce runoff.

The advantages of incorporating roof leader strategies into stormwater management

are:
e Reduced total volume of runoff
e Reduced peak stormwater flows
e Reduction of erosion
e Treatment/removal, and soil saturation, filtration of stormwater pollutants
ROOF STORAGE

It is anticipated that the apartment buildings will have a flat roof construction and
therefore be conducive to roof storage. On flat roofs, rooftop hoppers can be raised,
and downspouts designed, so that water is detained and slowly released. Rooftops will
be used for short term storage, where feasible, and can be designed to support a
maximum of 7.6 cm of rain. This will provide storage time during any storm. There will
be a controlled release downspout to regulate the discharge of stormwater from the
roof to any infiltration areas near each building. To prevent the water depth from
exceeding 7.6 cm, downspouts will include an overflow. Apartment building sites will be
designed to be self balanced with regards to their pre- and post-development flow.

PARKING LOT STORAGE AND CONVEYANCE

Parking lot storage is another Best Management Practice (BMP) for stormwater quantity
control. OQutlet pipes from apartment parking lot storage catch basins can be sized to
control the flow rate from storage into downstream stormwater management
components. The outlet control structures in this situation shall be designed to control
the rate of flow leaving the parking lot, utilizing the parking lot as a storage area when
flows exceed the controlled discharge rate.




5.1.3 Stormwater End of Pipe Controls
End-of-pipe stormwater management facilities have been found to be most suitable for the treatment of
stormwater. They include a retention wet pond system in subwatershed areas M, K and P and an dry
detention pond for subwatershed areas F and J and grassed swales wherever possible. An extended
detention wet pond is a reliable end-of-pipe stormwater management facility for rate control and
quality improvements for the following reasons:

e performance does not depend upon soil characteristics;

o the settling pond prevents re-suspension of particulates;

e the permanent pool minimizes blockage of the outlet;

* extended detention times allow for increased particulate removal.

Overall, the stormwater management system shall be designed to attempt to take advantage of the
natural depressions on the site, where ever possible, in order to provide detention of storm water as
well as the opportunity to recharge the groundwater.

Natural wetlands which are able to be retained are proposed for integration into the overall stormwater
management system. In general, wetlands extend detention time and utilize high surface area to
volume ratios to effectively remove water pollutants. Typically, water is released from a wetland at a
slower rate than the influent water flow rate. The pollutant removal pathways within wetlands include:

e sedimentation;

s adsorption to sediments, vegetation, detritus;
e physical filtration of runoff;

e microbial uptake and transformation;

e uptake by wetland plants;

e extra detention and/or retention.

Hence, wetlands perform a useful function and shall continue to do so as part of the developed stage of
this subdivision. However, the storm water collection and detention system designed for the site has
not directly or indirectly accounted for the presence of wetlands in the pre- and post-development flow
balance analysis.

5.2 STORMWATER QUALITY PRACTICES

5.2.1 Stormwater Retention Systems




Stormwater retention basins will be designed to the latest applicable design standards as issued by
Halifax Water, HRM and Nova Scotia Department of the Environment. Design will accommodate
required levels of both treatment and retention for quality and quantity respectively.

5.2.2 Erosion Control Measures

To prevent deterioration of the freshwater bodies in the area, stormwater runoff shall be treated on the
site. During construction, the erosion and sediment minimization plan shall be followed to minimize
sediment mobilization (see Appendix B). Mobilized sediments will be contained by the use of silt fences,
checkdams and stormwater ponding on individual sites.

Water quality improvements as part of the treatment train approach will be achieved by the
implementation of the following technologies:

GRASSED SWALES

A vegetated swale is a broad, shallow channel that is planted to promote dense vegetation.
Vegetated swales serve a variety of functions including: particulate filtration, infiltration,
stormwater velocity reduction and stormwater conveyance. Vegetated swales are considered to
greatly increase the water quality on a site as well as increase the potential for soil infiltration.

BEST MANAGEMENT PRACTICES FOR LAWN CARE

Building owners will be encouraged to promote a sustainable approach to managing
stormwater, reduce the reliance on fertilizers and pesticides, suggest the best native plant
species for landscaping, educate responsible lawn irrigation practices and offer advice on other
sustainable lawn care practices that can positively impact green areas, while improving the
effectiveness of the stormwater management system.

6.0 PROTECTION MEASURES DURING AND AFTER SITE DEVELOPMENT

Some degree of erosion and sedimentation can be expected from equipment activity and earth moving
on the property during site development. This temporary effect can be minimized by appropriate
erosion and sedimentation prevention and control measures. All personnel shall comply with applicable
environmental laws, regulations, standards and practices, permits, approvals, and requirements of
federal, provincial, and municipal authorities.  Guidelines shall also be enforced throughout the
tender/contract period. Clear and concise guidelines and site specific erosion control plans shall be
provided to all contractors.

For construction projects, there are three categories of erosion and sediment control: runoff controls,
erosion protection, and sediment interception. Runoff controls limit or contain soil movement from the
construction site, minimizing raindrop impact on the soil and reduce runoff volume and runoff
velocities.




Erosion protection measures are used to reduce or eliminate the detachment of soil particles by falling
raindrops or to resist sheet or channel flow. These measures are placed on, or applied to, the soil
surface and are often used in conjunction with runoff control and sediment interception measures.

Soil loss from slopes may occur even with erosion and runoff control measures. [f this soil can enter a
waterbody, mitigative measures will be required to intercept it. Methods used to trap sediment include
vegetated buffer strips, silt fences, filter berms, and sediment traps.

6.1 TEMPORARY PROTECTION MIEASURES

The geology of the site consists mainly of bedrock overlain with some glacial till. As a result, the area is
generally considered to have low risk of soil erosion. Imported soil will be limited to topsoil needed for
some landscaping areas. Standard erosion and sedimentation control measures will be employed for all
erodible soils (see Appendix B).

During construction, an inspection and maintenance program must be adhered to in order to ensure the
effectiveness of the above noted sedimentation and control measures. We recommend a daily
inspection of all measures, especially following precipitation events in order to check for damage.
Damaged erosion control measures must be repaired immediately.

A detailed erosion and sedimentation control plan shall be required from the contractor prior to the
commencement of construction preferably at the subdivision approval stage and should outline the
amount and type of mitigative measures. This plan shall be specific to the contractor’s method of work
and at a minimum should include:

e Silt fences, etc., installed before grubbing operation;

» Silt bags shall be installed in all existing catchbasins or storm pipe intakes adjacent to this
site and maintained during construction;

¢ Clean run-on water controlled/diverted by installation of channels, berms, and grading;
e Exposed soil minimized via rapid cover by mulch, gravel, straw etc.;
e Soil exposure controlled relative to forecasted weather conditions;

e Site grading to low slopes complete with ponding depression areas and shallow ditches to
retain stormwater; and

e Monitoring

The installation of all erosion control measures shall be confirmed on site prior to construction and shall
be at the discretion of the site engineer to determine whether or not additional measures are required,
especially in consideration to the method of construction or unforeseen circumstances.

10




It should also be noted that in an effort to minimize the potential for stormwater erosion as well

as hazardous material contamination, the contractor/owner must ensure compliance with the

following issues:

a)

b)

f)

No mud, debris or other excavation material shall be placed on the streets. Fill
material shall not be stored next to curb. Fill shall be piled within the interior
perimeter of the lot only.

Imported fill material shall be assessed to ensure that the material is not
composed of a high percentage of fines which would be extremely susceptible
to erosion.

All stockpiled fill material, which is erodible, shall be covered with tarps or other
material, to provide some protection from rainfall.

Maintain a gravel driveway entrance during construction to a minimum
thickness of six inches. This surface should minimize tracking of mud onto the
adjacent roadway.

Accidental spills of fuels, lubricants or other chemicals will not be contained by
erosion control measures. Hence, contractor shall exercise considerable caution
when working with hazardous fuels and materials.

Machinery maintenance shall not be performed on this site. Some examples of
machinery maintenance include washing out concrete mixers, changing oil,
greasing, cleaning or spraying equipment or painting equipment, etc.

Any spillage of a hazardous material shall be reported to the Nova Scotia
Department of Environment’s Environmental Emergencies 24 hour service (424-
5620).

6.2 PERMANENT PROTECTION MEASURES

The erosion and sedimentation control plan for permanent stabilization should include:

Stabilization of all disturbed surfaces;

Periodic inspection of erosion and sedimentation control measures to ensure continued
effectiveness.

7.0 STORMWATER FACILITIES MAINTENANCE PROGRAM

The maintenance program to ensure the effectiveness of the erosion and sedimentation control plan
should include:

Removal of silt, debris and excess vegetation in detention ponds.

Inspection of temporary measures to be performed daily (and during precipitation events)
to check for damage. Damaged structures must be repaired.

11




* Environmental protection structures to be maintained (including removal of silt material)
until stabilization of disturbed areas has occurred. The structures shall then be removed
and the area shall be re-graded and stabilized.

e [nspection and maintenance of BMP’s at a minimum quarterly frequency and as site
conditions warrant during the construction phases within each sub-watershed.

8.0 STORMWATER MANAGEMENT SUMMARY

A series of stormwater management facilities are presented to manage the water quantity and quality in
the surface runoff from the sites within this Stormwater Management Plan. Water quantity facilities
such as disconnected roof leaders, retention wet ponds and extended detention dry ponds shall be used
to prevent downstream fiooding and to prevent erosion of off-site watercourses and wetlands. Water
quality shall be enhanced by a treatment train approach to stormwater management. Some of Best
Management Practices facilities that are being considered for use include: a comprehensive erosion and
sediment control program, grassed swales and retention and detention ponds.

The use of the Best Management Practices facilities is intended to meet the following objectives:

e To adequately convey stormwater flow from upstream sources;

* To mitigate the adverse effects of stormwater flows, such as flooding and erosion, onto
downstream areas;

e To prevent flooding of properties and safeguard flood plains;
e To preserve the water quality of lakes and rivers; and

e To preserve groundwater flows.
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APPENDIX A

GENERAL SITE MAPS AND DRAINAGE PLANS PRE- AND
POST-DEVELOPMENT
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Environment’s Erosion and sedimentation Control

Contour interval is 5.0 feet, based on LRIS

Handbook For Construction Sites.
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boundaries shown on this drawing must be
designed using flow control orifices to limit the
stormwater to 1 in 5 year design flows only.
Hence, major storm flows will not be permitted
to enter the storm sewer system and must be
conveyed within either roadway surfaces or

drainage swales.
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. Point A, B, and E must balonce the post—developed flows to pre—developed conditions, through the use of a
Retention Pond. These ponds shall be designed to control the flow to the pre—developed conditions outlined on Dwg.

No. 10575-D01.

. Development tributary to points G & F shall balance post—developed flows to pre—developed conditions, through the
use of storm retention methods on each individual block. These retention methods shall be designed to control the

flow to the pre—developed conditions.

. Uncontrolled areas are defined as those areas which do not drain to the proposed retention pond and yet are over
compensated for within the retention pond design.

. A flow splitting manhole shall be utilized at the intersection of Road C—6 and Starboard Drive to ensure a CA of
8.0 is achieved at the retention pond.
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For storm drainage calculations refer to Mac
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EROSION AND SEDIMENT MINIMIZATION PLAN

CONSTRUCTION SCHEDULE
Environmental Concern

The probability for erosion and sedimentation on construction sites is highest during precipitation events.
Generally speaking, the greatest amounts of precipitation occur during winter and spring months.

The area of the entire property is currently 43.2 Ha (106.8 acres). The footprint for the proposed project
is 27.5 Ha (67.8 acres). The geology of the site consists mainly of bedrock with some overlying glacial till.

Overall, the area is considered to have low risk of soil erosion. Imported soil will mostly be limited to
topsoil needed for landscaping. Standard erosion and sedimentation control measures will be employed
for all erodible soils (Appendix B: Erosion and Sediment Minimization Plan).

CLEARING AND GRUBBING
Environmental Concern

Clearing activities in the vicinity of a watercourse will cause disturbance of the 20m protective vegetative
buffer or riparian zone adjacent to the watercourse and could subsequently lead to erosion of the approach
slopes and sedimentation into and the obstruction of the watercourse. For construction projects, there are
three categories of erosion and sediment control: runoff controls, erosion protection, and sediment
interception.

Runoff controls limit or contain soil movement from the construction site, minimizing raindrop impact on
the soil and reducing runoff volume and runoff velocities. Generic controls considered for this Project are
discussed below.

Erosion protection measures are used to reduce or eliminate the detachment of soil particles by falling
raindrops or to resist sheet or channel flow. These measures are placed on, or applied to, the soil surface
and are often used in conjunction with runoff control and sediment interception measures. Erosion
protection measures to be used as appropriate to this type of construction include:

e gravel sheeting;

e mulches;

e tackifiers;

e erosion control blankets; and
e re-vegetation.

Re-vegetation is generally used only for permanent protection and often requires another form of
temporary protection measure to be successfully established.

The key to managing runoff and stormwater flows is to minimize erosion and sedimentation. Methods for
managing stormwater flows include:



wet and dry ponds for stormwater detention;
infiltration systems;

engineered stormwater systems;

onsite detention facilities; and

constructed wetlands.

Best Management Practices

Before any clearing or grubbing commences, clearing limits, easements, setbacks, sensitive/critical
areas and their buffers, trees and drainage courses will be delineated with flagging tape. This
practice ensures workers can clearly recognize areas to be protected.

No clearing or construction will occur within the protective green/belts/protected sensitive areas as
identified on the construction plans.

To reduce the velocity of runoff, crop residues, plants, and rough soil surfaces are applied to help
spread the flow of water over a greater area and into a thin layer.

Diversion berms are commonly used on slopes to intercept sheet flow on exposed surfaces and to
reroute flow into undisturbed areas. Erosion protection is required at the berm outlets.

Check dams are a temporary measure constructed in ditches, swales, or chutes to reduce hydraulic
gradient and flow velocity, thus minimizing the potential for erosion of the channel.

Sediment traps and swales or dikes (diversion channels) shall be installed around each lot before
construction begins in order to control excavation water and where required to intercept runoff
from sheet flow from entering the disturbed building pad areas. Necessary erosion control
measures such as interception ditches will be completed prior to clearing of each work site.

The work site shall not be cleared nor will topsoil be removed prior to commencement of
construction

Cleared and graded areas shall be limited to minimize the area of exposed soil
Minimal amount of natural vegetation and topsoil shall be removed at each construction site

Building sites being cleared and grubbed shall be stabilized immediately following the completed
excavation.

Muiches consisting of wood chips, stone or commercial anti-erosion mats shall be used to limit
erosion on land, which is cleared of vegetation.

All non-mercantile timber shall be chipped on site and used as temporary protective cover over
exposed and disturbed areas.

Grubbed material, which is not used for fill on-site, shall be disposed offsite in accordance with
Nova Scotia Department of Environment legislation.

The contractor shall maintain a stockpile of erosion control material onsite.

GRADING

Environmental Concern



Grading requirements can tend to be extensive in order to accommodate lot and street construction.
Accordingly, slopes may be contoured in order to allow for the site development. Disturbance of the slopes
may cause instability, which could result in erosion and subsequent sedimentation of nearby watercourses.

Soil loss from slopes may occur even with erosion and runoff control measures. If this soil can enter a
waterbody, mitigative measures will be required to intercept it. Methods used to trap sediment include
vegetated buffer strips, silt fences, filter berms, and sediment traps.

Best Management Practices

e Construction should be sequenced such that each section is to be completed and stabilized before
proceeding to the next section unless overlapping work is approved by the project engineer.

* The contractor shall work continuously until the travelled ways or building pads are completed. If
work is halted for 5 days, temporary stabilization structures and material shall be installed.

* A crushed rock construction entrance shall be established to prevent tracking of mud offsite and
through the new or adjacent roadways.

e Lot grading shall entail completion of each lot driveway first and vehicular travel on the lot shall be
restricted to the driveway. Access to each lot shall be restricted to one driveway location.

e The temporary driveway shall consist of clear stone or gravel to a thickness of 75 to 150mm. If
necessary, filter fabric will be laid under the stone if fines are encountered. This surface will be
maintained during construction.

e Once the building pad is graded, the exposed pad, unless prepared from rock fill, shall be graveled
with clear stone. All exposed soil areas shall be stabilized no more than 5 days upon completion of
the construction.

* Imported fill material shall be assessed to ensure that the material is not composed of a high
percentage of fines.

e Diversions shall be constructed at the top of each fill slope at the end of each work day, as needed.
Diversions will be located at least 0.6 m uphill from the top edge of each fill. The outlet of
diversions, if free of sediment, will be located on undisturbed or stabilized areas when possible.
Otherwise, sediment laden runoff must be diverted to a sediment retention structure.

* Sediment traps, smaller than sediment basins, are more easily installed and moved as grading
progresses, shall be incorporated into the drainage pattern around each building lot. Sediment
traps shall serve areas less than 2 ha (5 acres). These structures shall be placed downslope of the
building lots in order to intercept runoff on relatively level areas or natural depressions.

e Sediment barriers shall be used to treat small areas and include enviro-fencing, straw bales, filter
fabric, gravel and earth berms. Barriers shall be placed below disturbed areas subject to erosion
including along the contour of exposed slopes; at the base of a slope; along a street or at storm
drain inlets. Barriers will not be placed in a drainage way with high volume or high velocity.

* All water pumped from ditches, swales or sumps shall be discharged away from the watercourse
and filtered through a sediment trap, 2 m® (3 yd®) of class B gravel, filter bag, or undisturbed
vegetation to filter out solid material before the water enters the watercourse.
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Silt accumulation along silt fences and swales shall be removed regularly.

Long and steep slopes on the construction site shall be minimized to prevent erosional velocities
from developing. If long slopes are present, they will be benched to interrupt the flow of water and
minimize erosion.

CULVERT INSTALLATIONS IN WATERCOURSES

A 20m buffer zone will be established along all watercourse being retained, by placing geotextile silt
fences on both sides of the channel. Work must be completed in the dry; therefore water shall be
diverted around the construction site.

Diversion channels can consist of a ditch lined with polyethylene liners that are properly placed and
secured. Sandbags or an impermeable dam will be installed at the inlet to divert the flow. Inlet and
outlet protection to prevent erosion and scouring at the ends will be installed.

Unlimited fording of watercourses by construction equipment will not be permitted.

Culverts will be properly designed to handle the increased flows as a result of development and
comply with NSDOEL regulations with respect to the associated Watercourse Alteration Permit.

Side banks of the channel will be stabilized and re-vegetated subsequent to completion of the

culvert installation.

INSPECTION AND ENFORCEMENT

Environmental Concern

Thorough maintenance of all temporary and permanent erosion and sediment control measures will ensure
_ the integrity of the aquatic resources they protect. Monitoring of the site following major rainstorms will
determine that runoff control devices are effective and allow for the removal of accumulated sediment.

Best Management Practices

With respect to sediment control, all work is to be completed to the satisfaction of the project
engineer and owner.

On-site inspection will be an active part of any development and management program. The
effectiveness of control measures will be inspected and monitored during rain events and
maintained and upgraded as necessary or as directed by the Project Engineer or Environmental
Inspectors.

The Contractor and Project Engineer will incorporate a routine end-of-day check to ensure the
integrity of the protection measures.

Monitoring of meteorological conditions and forecasts as a proactive means will be conducted to
minimize the potential for erosion.

RESTORATION AND PERMANENT PROTECTION MEASURES

B-4



The final restoration phase is critical for mitigation long-term impacts to watercourses. The owner shall
incorporate all appropriate mitigating measures to ensure proper restoration of the sites adjacent to any
watercourses which are being maintained and channel of each watercourse.

Environmental Concern

Proper restoration of the watercourses and adjacent areas will minimize post-construction impacts to these
areas. Implementation of permanent protection measures such as a stormwater management plan will
minimize the volume of stormwater constituents into watercourses.

Best Management Practices

o Thessites will be reclaimed immediately to limit sustained erosion.

* Wood chips, vegetative growth or rock facing (riprap) on steep slopes will be restored in all exposed
areas.

e Prompt re-establishment of vegetation will reduce the need for costly remedial measures caused
by erosion damage to slopes.

e The target is to minimize and reduce contaminant input into the freshwater rivers and the Strait of
Canso. This will be met through the implementation of control devices that have proven to reduce
contaminant inputs. The strategy recommended for this site is to provide an integrated approach
to stormwater management that is premised on controlling surface runoff and pollution at the
source. Therefore, a hierarchy, or train, of stormwater management practices may include:

o Stormwater lot level controls, which will be achieved using an overflow catchbasin piping
arrangement, storage upon the roof and parking lots, Stormwater oil/water separation
units; and

o End-of-pipe stormwater management facilities and velocity breaks prior to storm water
entering the natural water courses.

e Stormwater lot level controls involve measures to store and treat stormwater before it reaches the
street conveyance system.

* End-of-pipe stormwater management facilities found to be most suitable for the proposed
industrial development for treatment of the stormwater is an Oil and Grit Separator system for
the following reasons:

- performance does not depend upon soil characteristics;
- no additional disturbance to the natural areas to create retention ponds or artificial wetlands;
- the performance is definable and measurable; and

- maintenance is simple.

HAZARDOUS MATERIAL STORAGE AND HANDLING OF FUELS AND HAZARDOUS MATERIALS

Environmental Concern
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Accidental spills of fuels, lubricants or other chemicals may enter watercourse and eventually reach the
Strait of Canso. Proper storage and handling of these materials should prevent the probability of accidents.

Best Management Practice

e Machinery maintenance will not be performed in or near a watercourse, ditch or storm sewer.
Some examples of maintenance include washing out cement mixers, changing oil, greasing, spray
painting, cleaning of spraying equipment or painting equipment, etc.

e Any hazardous liquid including fuel and lubricants will be stored in a designated area surrounded by
an impervious berm, which would contain a spill of the volume of all stored liguid.

¢ Solid hazardous materials including cement, lime and sulphur should not be stored within 25 m of a
watercourse.

e Any spillage of a hazardous material into any watercourse will be reported to the Nova Scotia
Department of Environments Environmental Emergencies 24 Hour Service (424-5620).

CONTINGENCY PLANNING
Extreme Storm Events

Extreme storm events (usually subtropical storms) can result in extensive erosion due to heavy rainfall
impact and the associated stormwater runoff. Erosion of approach slopes adjacent to watercourses is to be
expected during these events. Watercourse flows can be expected to increase suddenly, possibly exceeding
the capacity of ditches, swales and sediment traps. Throughout the course of construction, the
Environmental Inspectors must be aware of current meteorological predictions and the potential
ramifications. Subject to a review of the construction activities planned for the day and the locations of
these activities, the prediction of storm events will result in the suspension in the vicinity of watercourses
and wetlands.

Excessive runoff can be mitigated or controlled by the use of additional diversion berms, straw-bale check
dams, sediment fences and/or sandbag barriers. Additional sediment interception measures such as
sediment traps can also be constructed quickly. The CONTRACTOR will ensure that, equipment, personnel
and required materials will be available for application as required.

Following extreme storm events, Environmental Inspectors, will conduct environmental monitoring in those
areas deemed at risk. Recommendations regarding erosion control will be made by the Environmental
Inspectors as required.
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Table 1 : Annual Maximum (mm) Maximum annuel (mm)
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vear 5 min 10 min 15 min 30 min 1h 2 h 6h 12 h 24 h

Annee
1955 5.1 7.1 8.8 13.7 19.3 23.a4 27.7 30.7 45.0
1956 4.3 5.6 6.6 8.6 13.5 18.0 35.1 35.1  41.1
1958 3.8 5.1 6.2 10.4 17.3  25.1  43.7 47.5 47.8
1959 5.8 8.7 12.4 17.0 25.4 30.2 59.8 67.6 68.1
1960 5.3 8.1 10,8 16.0 18.3 18.8 25.1 35.3 38.1
1961 4.1 6.1 8.1 8.6 1l4.5 19.68 37.1 4.1 70.9
1962 3.6 5.8 7.1 10.9 3157 27,7 42,7 55.9 71i.6
1963 5.3 7.1 8.4 9.7  16.0 23.1 48,7 64.0 7.6
1964 1.2 13,0 15,0 17.5 17.8 31i.5 68.8 75.2 75.2
1965 5.3 8.y 1.7 14.0 20.6 28.2 55.6 58.9 61.2
1566 8.1 8.3 10.7 11.7 13.0 18.0 23.5 42.9 432
1967 8.4 15.0 16.8 21.3 25.9  30.5 59.4 60.5 87.4
1968 3.6 9.7  13.5 17.¢ 24.1  32.3 38.9 35.6  68.3
1969 5.3 8.2 13.5 17.8 30.2 50.5 65.8 65.8 66.8
1970 6.6 8.4 10.7 16.5 20.1 25.4 51.8 72.9 77.5
1871 12.7  17.0 18.5 20.8 24.6 44.2 B81.0 116.1 196.1
14972 3.6 8.6 11.2 16.0 19.8 24.1 45.0 66.3 72.4
1973 16.2 10.8 11.2 2.2 17.3  22.1  42.7 54.9 62.7
1874 5.6 7.2 8.8 13.2 18.0 23.4 33.3 48.5 49.8
1975 4.8 7.6 8.6 12,2 i8.0 37.1 66.8 67.1 70.6
1976 6.6 10.9 14,0 17.8 29,5 58.9 84.56 84.6 84.6
1877 1i.4 13.0  13.2 17.3 28.4 33.9 30.0 50.0 31.3
15878 4.2 7.5 8.0 9.3 16.1 26,2 52.2 56.4 57.1
1878 5.7 8.¢ 11.6 17.4 26.1  42.8 72.1 75.7 7F6.1
1380 4.1 4.9 7.1 2.9 15.6 23.4 36.8 48.9 50.3
1981 7.5 13.0 14,1 25.5 28.4 37.4 5.4  65.4 66.7
1982 6.3 10.2 13.5 23.% 31.2 39.8 52.5 6.6 98.9
13883 2.5 4.9 6.9 13.6 27.1 4%9.6 94,7 113.0 113.0
1984 5.3 7.3 8.7 17,7 27.B 41.6 61.2 62.7 68.7
1985 8.7 15.6 18.3 24.3 30.3 33.6 52.6 5.3 £3.2
1986 10.6 13.7 15,1 17.8 22.2 298.2 38.3 45.0 46.6
1987 4.8 6.5 8.8 12,1 14,0 21.8 32.8 38,2 41.0
1988 4.3 8.3 11.1 14.4 24.2 27,1 45,1 60.5 78.8
19839 7.8 13,1 15.3 20.8 20.9 30.7 47.2 60.8 60.8
1990 5.1 7.5 8.7 13,0 16.2 24.2 62.8 BE.7 100.0
1991 6.6 7.7 11.0  20.7 22.0  25.6 42.2 5.0 87.1
1992 3.7 5.0 5.4 7.5 12,1 16.0 32.3 38.3 49.¢
1993 6.¢ 10.7 16.0 18.8 21.3 27,7 40.8 51.3 71.5
1984 4.6 6.5 8.3 11.3 19.4 34.3 48.0 64.3 68.B
1995 5.9 9.4 13.7 15.5 26.5 4%.0 82.9 94.2 94.2
19896 6.0 8.4 §.3 13.0 23.4 38.4 68.4 0.2 91.2
1997 5.7 8.6 1i.8 18.0 21.4 28.8 45.0 48.6 48.86
1988 7.1 11.0 13,2 19.0 26.5 36.4 67.9 76.8 87.4
1999 7.2 31.0 16,4 24,3 27.4 28.7 43.0 36.% ©66.5
2000 5.7 9.3 10.9¢ 13.8 18.8 25.8 58.0 72.0 72.2
2001 6.8 10,7 13.7 17.7 22,2 24,8 38.1 57.8 88.6
2002 4.3 5.8 8.6 135 18,0 27.2 43.3 47.9 6.7
2003 3.8 8.3 12,3 150 24.1 31,0 59.1 92.3 103.7
2004 5.2 8.6 12.7 15.0 15.6 20.3 37.6 39.8 52.6
2005 4.0 6.7 9.2 17.1 22,1 26.4 44.8 64.1 91.2
2006 5.3 9.6 12.2 17,7 23.1 3.7 53,6 37.6 57.6
# vrs 51 51 51 51 51 51 S1 51 51

Mean 6.1 9.1 11.4 15.7 21i.4 30.5 51.1  61.6 71,2

std.” Dev. 2.1 2.8 3.2 4.3 5.1 3.2 13.4 17.B 25.6
Ecart-type

. skew. 1.33 0.72 0.29 C.28 ¢.12 1.02 Q.81 1.02 2,57
Dissymétrie

Kurtosis 4.76 3.46 2.62 2.86 2.19 3.97 3.50 4.82 14.46

¥-99.9 indicates missing Data/Données manguartes

warning: annual maximum amount greater than 100-yr return period amount
Avertissement : la quantité maximale annuelle exciede la quantité
pour une période de retour de 100 ans
year Jannée buration,/burée pata/ponnées 100-yr ‘ans
1571 24 h 199.1 151.4
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Table 2a : Return Period Rainfall Amounts (mm)

Quantité de pluie (mm) par période de retour

%wﬁ%%ﬂﬁﬁ*ﬁﬁ%wﬁﬁﬁ**ﬁ%ﬁﬁ%ﬁﬁ%ﬁ%%%ﬁﬂ*%ﬁﬁﬁ%ﬁ&%ﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁw*ﬁﬂ%Wﬁﬁ%ﬁﬁﬁﬁﬁ%%ﬁ*%%%ﬁﬁﬁﬁﬁw

puration/purée 2 5 10 25 50 100  #vears
yr/ans yr/jans yr/ans yr/ans yr/ans yr/ans  Années

5 min 5.7 7.6 8.9 10.5 11.7 12.8 51
10 min 8.7 11.2 12.8 14.9 16.5 18.0 51
15 min 10.9 13.7 15.5 17.8 18.6 21.3 51
30 win 14.9 18.8 21.3 24.5 26.8 29.2 51
1 h 20.6 25.1 28.0 31.8 34.6 37.3 51
2 h 29.0 37.2 42,6 49.4 54.5 58.5 51
6 h 48.5 62.1 71.1 82.5 90.9 99.3 51
12 h 58.6 74.4 84.8 87.8 107.7 117.3 51
24 h 67.0 g3.6 104.5 123.5 137.5 151.4 51

in

3‘ et P —
ﬂﬁ&ﬁﬂﬂﬂ**ﬁ*ﬁﬁﬂﬁﬁﬁﬂ#ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁkéé%#é%w*wﬁﬁﬁ*ﬂ*ﬁﬁWﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ&ﬁﬁﬁﬁﬁ

Table 2b :

Return Period Rainfall rates (mm/h) - 95% Confidence Timits
Intensité de la pluie {mm/h) par période de retour - Limites de confiance de 95%

#ﬁﬁﬁw%ﬁ*%ﬁﬁﬁkﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁ&%ﬁﬁ%ﬁﬁﬁﬁﬁ%ﬁ%ﬁ%ﬁﬁﬂ%ﬁ%%%%&ﬁ#ﬁﬁﬁWW&R%W&%#W@W%%&&%*Q%&%ﬁﬁ%ﬂﬁ

buration/purée 2 5 10 25 50 100  #vears
yr/ans yrjans yrjans yr/ans yr/ans yr/ans  Années|

5 min 68.8 91.6 106.6 125.7 139.8 153.¢6 51
+/- 6.5 +/- 10.9 +/- 14.8 +/~ 19.8 +/~ 23.8 +/- 27.8 51

10 min 52.0C 67.0 77.0 §3.6 98.9 108.1 51
+/- 4.3 +/- 7.2 +/- 9.7 +/- 13.1 +/- 15.7 +/- 18.3 51

15 min 43.5 54.7 62.1 71.4 78.3 85.2 51
+/- 3.2 +/- 5.4 +/- 7.2 +/- 8.8 +/- 11.7 +/- 13.6 51

30 min 258.9 37.5 42.5 48.8 53.6 58.3 51
+/- 2.2 +/- 3.7 +/- 4.9 +/~ 6.7 +/- B.0 +/- 9.3 51

1ih 20.6 25.1 28.0 31.8 34.6 37.3 51
+/- 1.3 +/- 2.2 +/- 2.9 +/- 3.9 +/- 4.7 +/- 5.5 51

2 h 14.5 18.6 21.3 24.7 27.2 26.8 51
+/- 1.2 +/- 2.0 +/- 2.7 +/~ 3.6 +/- 4.3 +/- 5.0 51

€ h 8.1 10.4 i1.9 13.7 15.2 16.5 51
+/- 0.6 +/- 1.1 +/- 1.5 +/- 2.0 +/- 2.4 +/- 2.8 51

iz h 4.8 6.2 7.1 8.2 3.0 9.8 51
+/- 0.4 +/- 0.6 +/- 0.8 +/- 1.1 +/- 1.4 +/- 1.6 51

24 h 2.8 3.7 4.4 5.1 5.7 6.3 51
+/- 0.3 +/- 0.5 +/- 0.6 +/- 0.8 +/- 1.0 +/- 1.1 51

ﬂﬁﬁﬁﬁﬁkw**kﬁﬁﬁﬁﬁﬁﬁﬂQﬁ&kﬁ%kﬂﬁﬁﬁ*ﬂﬁﬁﬁﬁﬁ*ﬁwﬁﬁﬁﬁﬁﬁ&ﬁﬁQﬁﬁ%ﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ#ﬁﬁ&ﬁ&ﬁﬁ%

Table 3 : Interpolation equation / Equation d'interpolation: R = A*TAB

R = Interpolated Rainfall rate (mm/h)/Intensité interpclée de Ta pluie (mm/h)
RR = Rainfall rate ‘mm/h) / “ntensité de la pituie {mm/h>
T = Rainfall duration (h) / purée de la pluie (h)

ﬁkﬁﬁﬁﬁﬁ%ﬁﬂﬁﬁnﬁ%ﬁﬂﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁQQﬁﬁﬁﬁ&#*ﬁﬁkﬂﬁ%ﬁﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁiﬁﬁw#ﬁWﬁﬁkﬁﬁﬁﬁﬁ&ﬁﬁﬁ%*#ﬁ&ﬁ

Statistics/statistiques 2 5 10 25 50 100
yr/ans yr/ans yr/ans yr/ans yr/ans yr/ans

vean of RR/Moyenne de RR ~ 27.2 ~ 35.0 ° 40.1 ~ 46.6 = 51.4 = 56.1
Std. Dev. /Ecart-type (RR) 23.1 30.4 35.3 41.4 45.9 50.4
std. Error/Erreur-type 3.7 3.1 2.8 2.5 2.3 2.2
Coefficient (A) 19.5 25.0 28.6 33.1 36.5 35.8

Exponent /Exposant (B) -0.558 -0.556 -0.555 -0.555 -0.554 -0.554
Error /% erreur moyenne 7.3 5.4 4.9 4.6 4.6 4.7

o
Q

Mean
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APPENDIX D
PRE-DEVELOPMENT AND POST-DEVELOPMENT
MODELING RESULTS FOR DESIGN STORM EVENTS




APPENDIX D-1

5 YEAR RP4 AND RP5

PRE-DEVELOPMENT AND POST-DEVELOPMENT
MODELING RESULTS FOR DESIGN STORM EVENTS




TN
2s\>

PRE-DEVT - SC TOA._ PRE-DEV l scToB

G

SC-1B TO SC-1A RP4- 2 A+B at B (Zero Volume
6R Pond)
VIRTUAL REACH Y
{ as) ki? (35
SC-1ATO RM\D g POSTOEVT-SCTO®
RP4-MAIN DISCHARGE POINT AT
B (ZERO|VOLUME
POND)
< >———4>@ R
SC-2 TO SC RP5-SUB- 2 < > POND/BROOK
11R 6S BETWEEN B & A

< REAC UNCONTROLLED , e
1 OS> x FLOW DIFFERENTIAL 48

\ \D /

SC-1 TORP-5 N POST-DEVT-SCTO A

RP5-MAIN DISCHARGE POINT AT
A (ZERO VOLUME
POND)

Drainage Diagram for storm_post_5yr_rp4_rp5_2011-06-22_kco
Prepared by Mac Williams Engineering Limited, Printed 6/24/2011
HydroCAD® 9.10 s/n 00558 © 2009 HydroCAD Software Solutions LLC
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Area Listing (all nodes)

Area CN Description
(acres) {subcatchment-numbers)
20.690 54 (6S)
2.050 60 (98)
125.830 65 (18, 38)
29.680 66 (25, 4S)
3.240 69 (7S)
10.370 79 (8S)
15.660 80 (108)
207.520 TOTAL AREA
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Soil Listing (all nodes)

Area Sail Subcatchment
(acres) Group Numbers
0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSGD
207.520 Other 1S, 28, 38, 48, 6S, 7S, 8S, 95, 10S

207.520

TOTAL AREA
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Pipe Listing (all nodes)

Line# Node In-Invert  Out-Invert Length Slope n Diam/Width Height Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 3R 236.50 217.00 650.0 0.0300 0.070 48.0 0.0 0.0

2 BR 289.00 260.00 1,400.0 0.0207 0.015 12.0 0.0 0.0

3 11R 249.50 245.00 275.0 0.0164 0.015 24.0 0.0 0.0

4 2P 238.00 237.00 50.0 0.0200 0.012 6.0 0.0 0.0

5 5P 296.50 295.50 150.0 0.0067 0.010 6.0 0.0 0.0

6 7P 236.00 235.00 50.0 0.0200 0.011 12.0 0.0 0.0

7 12P 256.50 250.00 160.0 0.0406 0.015 6.0 0.0 0.0
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Time span=5.00-36.00 hrs, dt=0.02 hrs, 15651 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: PRE-DEV'T-SCTO B Runoff Area=66.400 ac 0.00% Impervious Runoff Depth=0.77"
Tec=26.5 min CN=65 Runoff=30.06 cfs 4.248 af

Subcatchment2S: PRE-DEV'T-SCTOA  Runoff Area=22.700 ac 0.00% Impervious Runoff Depth=0.82"
Tc=19.6 min CN=66 Runoff=12.60 cfs 1.545 af

Subcatchment3S: POST-DEV'T-SC TOB Runoff Area=59.430 ac  0.00% Impervious Runoff Depth=0.77"
Tc=26.5min CN=65 Runoff=26.91 cfs 3.802 af

Subcatchment4S: POST-DEV'T-SCTOA  Runoff Area=6.980 ac  0.00% Impervious Runoff Depth=0.82"
Tc=19.6 min CN=66 Runoff=3.88 cfs 0.475 af

Subcatchment6S: UNCONTROLLEDFLOW Runoff Area=20.690 ac  0.00% Impervious Runoff Depth=0.32"
Tc=5.0 min CN=54 Runoff=3.06 cfs 0.556 af

Subcatchment7S: SC-1B TO SC-1A Runoff Area=3.240 ac  0.00% Impervious Runoff Depth=0.97"
Tc=8.0 min CN=69 Runoff=3.12 cfs 0.262 af

Subcatchment8S: SC-1A TO RP4 Runoff Area=10.370 ac  0.00% Impervious Runoff Depth=1.59"
Te=14.2 min CN=79 Runoff=14.76 cfs 1.373 af

Subcatchment9S: SC-2 TO SC-1 Runoff Area=2.050 ac 0.00% Impervious Runoff Depth=0.54"
Tc=5.7 min CN=60 Runoff=0.91 cfs 0.093 af

Subcatchment10S: SC-1 TO RP-5 Runoff Area=15.660 ac 0.00% Impervious Runoff Depth=1.66"
Tc=17.0 min CN=80 Runoff=21.76 cfs 2.167 af

Reach 3R: POND/BROOKBETWEENB Avg. Flow Depth=2.29' Max Vel=3.88 fps Inflow=29.12 cfs 5.438 af
48.0" Round Pipe n=0.070 L=650.0' S=0.0300'"" Capacity=46.21 cfs Outflow=28.84 cfs 5.438 af

Reach 6R: VIRTUAL REACH Avg. Flow Depth=0.28' Max Vel=4.26 fps Inflow=0.78 cfs 0.262 af
12.0" Round Pipe n=0.015 L=1,400.0' S$=0.0207 '/ Capacity=4.44 cfs Outflow=0.78 cfs 0.262 af

Reach 11R: REACH Avg. Flow Depth=0.25' Max Vel=3.65 fps Inflow=0.82 cfs 0.093 af
24.0" Round Pipe n=0.015 L=275.0' S=0.0164"'"" Capacity=25.08 cfs Outflow=0.81 cfs 0.093 af

Pond 2P: RP4-MAIN Peak Elev=248.53' Storage=0.572 af Inflow=15.41 cfs 1.636 af
6.0" Round Culvert n=0.012 L=50.0' $=0.0200 '/ Outflow=2.37 cfs 1.636 af

Pond 4P: DISCHARGEPOINT AT A (ZERO VOLUME POND) Inflow=39.66 cfs 8.469 af
Primary=39.66 cfs 8.469 af

Pond 5P: RP4-2 Peak Elev=298.03' Storage=0.063 af Inflow=3.12 cfs 0.262 af
6.0" Round Culvert n=0.010 L=150.0" S=0.0067 /' Outflow=0.78 cfs 0.262 af

Pond 7P: RP5-MAIN Peak Elev=239.81' Storage=0.923 af Inflow=25.54 cfs 2.815 af
12.0" Round Culvert n=0.011 L=50.0' S=0.0200 /" Outflow=8.07 cfs 2.556 af
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Pond 8P: DISCHARGEPOINT AT B (ZERO VOLUME POND) Inflow=29.12 cfs 5.438 af

Primary=29.12 cfs 5.438 af

Pond 9P: A+B at B (Zero Volume Pond) Inflow=41.60 cfs 5.793 af
Primary=41.60 cfs 5.793 af

Pond 12P: RP5-SUB-2 Peak Elev=258.58' Storage=0.003 af Inflow=0.91 cfs 0.093 af
6.0" Round Culvert n=0.015 L=160.0" S=0.0406 /" Outflow=0.82 cfs 0.093 af

Total Runoff Area = 207.520 ac Runoff Volume = 14.522 af Average Runoff Depth = 0.84"
100.00% Pervious = 207.520 ac  0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: PRE-DEV'T - SCTO B

Runoff = 30.06 cfs @ 12.44 hrs, Volume= 4,248 af, Depth= 0.77"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type 11l 24-hr Rainfall=3.53"

Area (ac) CN Description
* 66.400 65
66.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)
26.5 Direct Entry,

Subcatchment 1S: PRE-DEV'T-SC TO B
Hydrograph

w0

- Type Ill 24-hr-
RamfaII 3.53"
" Runoff Area=66. 400 ac
~ Runoff Volume=4. 248 af
Runoff Depth=0.77"
- Tc-26.5vm|n

Flow (cfs)

56 7 8 13 14 15 16 17 18 19 20 21 22 23 2 ”31 22 33 34 35 36

Time (hours)
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Summary for Subcatchment 2S: PRE-DEV'T-SCTO A

Runoff = 12.60cfs @ 12.31 hrs, Volume= 1.545 af, Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type lll 24-hr Rainfall=3.53"

Area (ac) CN Description
* 22.700 66
22.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (fuft)  (ft/sec) (cfs)
19.6 Direct Entry,

Subcatchment 2S: PRE-DEV'T - SCTO A

Hydrograph

o o /

By e Syl 24ehr

~_ Rainfall=3.53"

10- .. Runoff Area=22.700 ac

* Runoff Volume=1.545 af
g ] ~----Runoff Depth=0.82"
B T T6=19.6 min

~ CN=66

.

%

Nzt —— 2 7

5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 3S: POST-DEV'T - SCTO B

Runoff = 26.91cfs @ 12.44 hrs, Volume= 3.802 af, Depth= 0.77"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type il 24-hr Rainfall=3.53"

Area (ac) CN Description
* 59.430 65
59.430 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)

26.5 Direct Entry,

Subcatchment 3S: POST-DEV'T-SCTOB

Hydrograph

26 ~ Type lll 24-hr"

244 Ramfall-3 53"

Z Runoff Area"59 430 -ac -
18] Runoff Volume=3.802 af
£ 16 N Runoff Depth—O 77"
& - Te=26.5 min

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 4S: POST-DEV'T-SC TO A

Runoff = 3.88cfs@ 12.31 hrs, Volume= 0.475 af, Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=3.53"

Area (ac) CN Description
* 6.980 66
6.980 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)

19.6 Direct Entry,

Subcatchment 4S: POST-DEV'T-SCTO A
Hydrograph

g S R ’ :
I . ‘ Type 111 24-hr

] C Lo Ralnfall 3 53"

1 e Runoff Area=6.980 ac

" o Runoff Volume=0.475 af

| I A ... Runoff Depth-o 82"

i I A | ~ Tc=19.6 min

A o - . CN=66

Flow (cfs)

0 - T aiaraan it . rpr :
5 6 7 8 8 10 11 12 13 14 15 1% 17 18 19 2'021 22 2;3 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 6S: UNCONTROLLED FLOW DIFFERENTIAL

Runoff = 3.06cfs @ 12.28 hrs, Volume= 0.556 af, Depth= 0.32"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=3.53"

Area(ac) CN Description
* 20.690 54
20.690 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (fuft)  (ft/sec) (cfs)

5.0 Direct Entry,

Subcatchment 6S: UNCONTROLLED FLOW DIFFERENTIAL
Hydrograph

: ' B R
3.06 cfs m

Type 1l 24-hr
: Ralnfall—3 53"
Runoff Area"20 690 ac
.- Runoff Volume=0.556-af -
Runoff Depth-O 32"
Tc=5.0 min
. CN=54

Flow (cfs)

13 14 15 16 17 18 18 20 21 22 23 24
Time (hours)
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Summary for Subcatchment 7S: SC-1B TO SC-1A

This area backs onto the rear lots on unnamed street C-3. 5 year storm to be passed. 100 yr storm to
be stored and released at ~5 year rate

Runoff = 3.12cfs @ 12.13 hrs, Volume= 0.262 af, Depth= 0.97"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type Ill 24-hr Rainfall=3.53"

Area (ac) CN Description
* 3.240 69
3.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) ___ (feet) (fuit) _ (ft/sec) (cfs)

8.0 Direct Entry,

Subcatchment 7S: SC-1B TO SC-1A
' Hydrograph

- y pe il 24hr
Ramfall 3 53"
Runoff Area=3 240 ac

] : ~-eeee--——---Runoff Volume=0.262 af -

£ g | ~ Runoff Depth=0.97"

= : .Tc-58.0=m|r51
. .CN=69

ok A A ————
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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Summary for Subcatchment 8S: SC-1A TO RP4

Runoff = 14.76 cfs @ 12.20 hrs, Volume= 1.373 af, Depth= 1.59"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type lll 24-hr Rainfall=3.53"

Area (ac) CN Description
* 10.370 79
10.370 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftit)  (ft/sec) (cfs)

14.2 Direct Entry,

Subcatchment 8S: SC-1A TO RP4
Hydrograph

= U S Typ e III 2 4-hr
__Rainfall=3.53"
Runoff Area—-10 370 ac-
Runoﬂ’ Volume=1.373 af

I Runoff Depth 1 59"
il CN:79. .ﬁ

Flow {(cfs)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (bours)
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Summary for Subcatchment 9S: SC-2 TO SC-1

SC-2 to SC-1 drains SC-2 into SC-1. The 100 year flood is retained and released at the equivalent 5
year flow rate.

Runoff = 091cfs@ 12.11 hrs, Volume= 0.093 af, Depth= 0.54"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type Ill 24-hr Rainfall=3.53"

Area (ac) CN Description
* 2.050 60
2.050 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) ___ (feet) (ft/ft)  (ft/sec) (cfs)

57 Direct Entry,

Subcatchment 9S: SC-2 TO SC-1
Hydrograph

0.91 cfs

1

Type lll 24-hr

~ Rainfall=3.53"

 Runoff Area=2.050 ac

~ Runoff Volume=0.093 af
g ~ Runoff Depth=0.54"
: " Tc=5.7 min

| CN=GQ

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 10S: SC-1 TO RP-5

SC-1 to RP-5 drains directly to RP-5

Runoff = 2176 cfs @ 12.24 hrs, Volume= 2.167 af, Depth= 1.66"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Type il 24-hr Rainfall=3.53"

Area (ac) CN Description
* 15.660 80
15.660 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftft)  (ft/sec) (cfs)

17.0 Direct Entry,

Subcatchment 10S: SC-1 TO RP-5
Hydrograph

RO S S ~Type Ill 24-hr-
: Ralnfall—3 53" -
Runoff Area =15.660 ac
Runoff Volume=2. 167 af-
Runoff Depth 1.66"-

- Tc=17.0 min-

Flow (cfs)

5 6 7 8 9 10 11 12 13 14 45 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30 31 32 33 34 35 36
Time (hours)
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Summary for Reach 3R: POND/BROOK BETWEEN B & A

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 73.040 ac,
Inflow = 29.12cfs @ 12.44 hrs, Volume=
Outflow = 2884 cfs @ 12.52 hrs, Volume=

0.00% Impervious, Inflow Depth = 0.89"

5.438 af
5.438 af, Atten=1%, Lag= 5.0 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs

Max. Velocity= 3.88 fps, Min. Travel Time= 2.8 min
Avg. Velocity = 1.64 fps, Avg. Travel Time= 6.6 min

Peak Storage= 4,835 cf @ 12.48 hrs
Average Depth at Peak Storage= 2.29'
Bank-Full Depth= 4.00', Capacity at Bank-Full= 46.21 cfs

48.0" Round Pipe

n=0.070 Sluggish weedy reaches w/pools
Length= 650.0" Siope= 0.0300 /'

Inlet Invert= 236.50", Outlet Invert=217.00'

Reach 3R: POND/BROOK BETWEEN B & A

Hydrograph

Flow (cfs)

B Inflow
i3 Outflow

" Inflow Area=73. 040 ac, ,
Avg Flow Depth-2 29" .
Max Vel=3.88 fps
480"
Round Pipe -
n=0.070
- L=650.0"
S"O 0300/
CapaC|ty-46 21 cfsf' )

Time (hours)

56 7 8 9 10 1112 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36
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Summary for Reach 6R: VIRTUAL REACH

Used virtual reach to allow travel time to RP4

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 3.240 ac, 0.00% Impervious, [nflow Depth = 0.97"
Inflow = 0.78cfs @ 12.60 hrs, Volume= 0.262 af
Oufflow = 0.78cfs @ 12.77 hrs, Volume= 0.262 af, Atten= 0%, Lag= 10.4 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 4.26 fps, Min. Travel Time= 5.5 min
Avg. Velocity = 2.30 fps, Avg. Travel Time= 10.1 min

Peak Storage= 257 cf @ 12.68 hrs
Average Depth at Peak Storage= 0.28'
Bank-Full Depth= 1.00", Capacity at Bank-Full= 4.44 cfs

12.0" Round Pipe

n= 0.015 Concrete sewer w/manholes & inlets
Length= 1,400.0' Slope=0.0207 '

Inlet Invert= 289.00', Outlet Invert= 260.00'
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Reach 6R: VIRTUAL REACH

Hydrograph

o |
083
0.75%
I
0654
064 -
0554

Flow (cfs)
o
g

13 14 15 16 17 18 19 20 21 22 23 24 25 2
Time (hours)

>, Inflow Area—3 240 ac
~ MaxVel=4.26fps

7 Round Pipe |
---.n=0,015-

o ‘”mf“%¢n2¢7ﬂr
~ Capacity=4.44 cfs

B inflow
B Outflow

12.0"

1,400.0" -
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Summary for Reach 11R: REACH

Allows for pipe travel time

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 2.050 ac, 0.00% Impervious, Inflow Depth = 0.54"
Inflow = 0.82cfs @ 12.15 hrs, Volume= 0.093 af
Outflow = 0.81cfs@ 12.19 hrs, Volume= 0.093 af, Atten=1%, Lag=2.3 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 3.65 fps, Min. Travel Time= 1.3 min
Avg. Velocity = 1.70 fps, Avg. Travel Time= 2.7 min

Peak Storage= 61 cf @ 12.17 hrs
Average Depth at Peak Storage= 0.25'
Bank-Full Depth= 2.00", Capacity at Bank-Full= 25.08 cfs

24.0" Round Pipe

n= 0.015 Concrete sewer w/manholes & inlets
Length=275.0' Slope= 0.0164"/"

Inlet Invert= 249.50', Outlet Invert= 245.00'
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Reach 11R: REACH
Hydrograph
R SO | ‘ 4 [Binfow
0.9 ] & Outflow
053 _ Inflow Area =2, 050 ac .
o Avg Flow De_pthfo 25"
0.7 ‘ 65 fps..
0.653
o , 240"
R | Round Pipe
g 0453 n"O 015
iy . L=2750"
033 - 8=0.0164 /"
ot CapaC|ty=25 08 cfs;” |

Time (hours)

0 e e —————
5 6 7 8 9 10 11 12 13 14 15 16 17 1i81€92x021 2!22f3 24 25 26 27 28 29 30 31 32 33 34 35 36
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Summary for Pond 2P: RP4-MAIN

Inflow Area = 13.610 ac, 0.00% Impervious, Inflow Depth = 1.44"

Inflow = 15.41cfs @ 12.20 hrs, Volume= 1.636 af

Outflow = 2.37cfs @ 13.65 hrs, Volume= 1.636 af, Atten=85%, Lag=87.0 min
Primary = 2.37cfs @ 13.65 hrs, Volume= 1.636 af

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Peak Elev=248.53' @ 13.65 hrs Surf.Area= 0.114 ac Storage= 0.572 af

Plug-Flow detention time= 106.7 min calculated for 1.635 af (100% of inflow)
Center-of-Mass det. time= 106.6 min ( 965.3 - 858.7 )

Volume Invert  Avail.Storage Storage Description
#1 240.00' 2.931 af 25.00'W x 50.00'L x 20.00'H Prismatoid Z=2.0
Device Routing Invert Outlet Devices
#1  Primary 238.00' 6.0" Round Culvert-5Yr

L=50.0' RCP, sq.cut end projecting, Ke= 0.500
Inlet / Outlet Invert= 238.00' / 237.00' S=0.0200 /" Cc=0.900
n=0.012 Steel, smooth

Primary OutFlow Max=2.37 cfs @ 13.65 hrs HW=248.53' (Free Discharge)
1=Culvert - 5 Yr (Barrel Controls 2.37 cfs @ 12.08 fps)

Pond 2P: RP4-MAIN

Hydrograph .

o | (5aids] - 2 ' | @ Py

1 L - o o IanowArea—13 610 ac

W o B T '; ~ Peak Elev-248 53'j

b N | N Storage—O 572 af
S o Round Culvert_jj_j_
2y n—0 012..

9 : R L—50 o

i', S A s-o 0200 '/""

¥

0

s L s S E A LD R R L e L P s S LL i S e LA B L s T
567891011121314151617181920212223211252627282930313233343536
Time (hours)
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Summary for Pond 4P: DISCHARGE POINT AT A (ZERO VOLUME POND)

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 118.420 ac, 0.00% Impervious, Inflow Depth = 0.86"
Inflow = 39.66 cfs @ 12.52 hrs, Volume= 8.469 af
Primary = 3966 cfs @ 12.52 hrs, Volume= 8.469 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs

Pond 4P: DISCHARGE POINT AT A (ZERO VOLUME POND)
Hydrograph

B Infiow
Primary

Inflow Area=118.420 ac-

Flow (cfs)

Time (hours)
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Summary for Pond 5P: RP4-2

Backyard private retention pond formed by construction of road.

Inflow Area = 3.240 ac, 0.00% Impervious, Inflow Depth= 0.97"

Inflow = 312cfs @ 12.13 hrs, Volume= 0.262 af

Outflow = 0.78 cfs @ 12.60 hrs, Volume= 0.262 af, Atten=75%, Lag=28.1 min
Primary = 0.78cfs @ 12.60 hrs, Volume= 0.262 af

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Peak Elev=298.03' @ 12.60 hrs Surf.Area= 0.122 ac Storage= 0.063 af

Plug-Flow detention time= 25.5 min calculated for 0.262 af (100% of inflow)

Center-of-Mass det. time= 25.5 min ( 899.3 - 873.8)

Volume Invert Avail.Storage Storage Description

#1 297.50'

Device Routing Invert Outlet Devices

0.963 af 50.00'W x 100.00'L x 6.00'H Prismatoid Z=2.0

#1  Primary 296.50' 6.0" Round Culvert
L=150.0' RCP, groove end projecting, Ke= 0.200
Inlet / Outlet Invert= 296.50' / 295.50' S=0.0067 '/' Cc= 0.900
n=0.010 PVC, smooth interior
Primary OutFlow Max=0.78 cfs @ 12.60 hrs HW=298.03' (Free Discharge)
1=Culvert (Barrel Controls 0.78 cfs @ 3.99 fps)
Pond 5P: RP4-2
Hydrograph
- [Bazcs] . ; 1.
~ Peak Elev=298.03'
Storage=0.063 af
- 6.0"
S » - i
g Round Culvert
2 : ¢
& n=0.010
) S $=0.0067 /'

0¥ r———— - ; S 2 Sl
5 6 7 8 9 101112 13 14 15 16 17 18123202122232425262728293031 32 33 34 35 36

Time (hours)
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Summary for Pond 7P: RP5-MAIN
Inflow Area = 38.400 ac, 0.00% Impervious, Inflow Depth= 0.88"
Inflow = 2554 cfs @ 12.24 hrs, Volume= 2.815 af
Outflow = 8.07cfs @ 12.73 hrs, Volume= 2.556 af, Atten=68%, Lag=29.6 min
Primary = 8.07cfs @ 12.73 hrs, Volume= 2.556 af
Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Peak Elev=239.81' @ 12.73 hrs Surf.Area= 0.207 ac Storage= 0.923 af
Plug-Flow detention time= 110.8 min calculated for 2.554 af (91% of inflow)
Center-of-Mass det. time= 65.6 min ( 934.5 - 868.9)
Volume Invert _ Avail.Storage Storage Description
#1 234.00' 1.422 af 50.00'W x 100.00’L x 8.00'H Prismatoid Z=2.0
Device Routing Invert Outlet Devices
#1  Primary 236.00' 12.0" Round Culvert
L=50.0' RCP, groove end projecting, Ke=0.200
Inlet / Outlet Invert= 236.00' / 235.00' S=0.0200 '/ Cc= 0.900
n=0.011 Concrete pipe, straight & clean
Primary OutFlow Max=8.07 cfs @ 12.73 hrs HW=239.81"' (Free Discharge)
1=Culvert (Barrel Controls 8.07 cfs @ 10.27 fps)
Pond 7P: RP5-MAIN
Hydrograph
263 5 B Inflow Area-38 400 ac
| Peak’ Elev-239 81"
223 ]
201 Storage—O 923 af .
18": S 1 2 Oll...
3 :i ,, '"_ Round Culvert
EH “J
2 | S . n...O 011
| C[EOes] . l—'f5_°:°_f.
% | '$=0.0200 '/

e MM - i
56 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Time (hours)
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Summary for Pond 8P: DISCHARGE POINT AT B (ZERO VOLUME POND)

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 73.040 ac, 0.00% Impervious, Inflow Depth = 0.89"
Inflow = 29.12cfs @ 12.44 hrs, Volume= 5.438 af
Primary = 2912 cfs @ 12.44 hrs, Volume= 5.438 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt=0.02 hrs

Pond 8P: DISCHARGE POINT AT B (ZERO VOLUME POND)

Hydrograph

& Inflow
B Primary

o Inflow Area=73040 ac -

Flow (cfs)

0 v ——————————ee——————
5 6 7 8 8 10 1712 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Pond 9P: A+B at B (Zero Volume Pond)

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 89.100 ac, 0.00% Impervious, Inflow Depth= 0.78"
Inflow = 4160cfs @ 12.40 hrs, Volume= 5.793 af
Primary = 4160cfs @ 12.40 hrs, Volume= 5.793 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs

Pond 9P: A+B at B (Zero Volume Pond)
Hydrograph

oy B Inflow

~ Inflow Area=89.100 ac

B Primary

Flow (cfs)

13 14 15 16 17 18 19 20 21 22 23 24 25 26
Time (hours)
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Summary for Pond 12P: RP5-SUB-2

RP5-SUB-2 retention pond holds the 100 year precipitation event while releasing a 5 year rainfall flow
rate. Itis a back yard private retention pond.

Inflow Area = 2.050 ac, 0.00% Impervious, Inflow Depth= 0.54"

Inflow = 0.91cfs @ 12.11 hrs, Volume= 0.093 af

Outflow = 0.82cfs @ 12.15 hrs, Volume= 0.093 af, Atten=9%, Lag= 2.5 min
Primary = 0.82cfs @ 12.15 hrs, Volume= 0.093 af

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.02 hrs
Peak Elev=258.58' @ 12.15 hrs Surf.Area= 0.036 ac Storage= 0.003 af

Plug-Flow detention time= 2.4 min calculated for 0.093 af (100% of inflow)
Center-of-Mass det. time= 2.4 min ( 910.0 - 907.5)

Volume Invert  Avail.Storage Storage Description
#1 258.50' 1.201 af 150.00'W x 10.00'L x 10.00'H Prismatoid Z=2.0
Device Routing Invert Outlet Devices
#1  Primary 256.50' 6.0" Round Culvert

L= 160.0' RCP, groove end projecting, Ke=0.200
Iniet / Outlet Invert= 256.50' / 250.00' S=0.0406'/' Cc= 0.900
n= 0.015 Concrete sewer w/manholes & inlets

Primary OutFlow Max=1.05 cfs @ 12.15 hrs HW=258.58" (Free Discharge)
T -1=Culvert (Barrel Controls 1.05 cfs @ 5.37 fps)
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Pond 12P: RP5-SUB-2
Hydrograph
B Inflow
1- Primary

Flow (cfs)

oM
56 7 8 9 1011 12 1

Time (hours)

Inflow Area=2;050 ac
Peak Elev=258.58"
Storage=0.003 af

Round Culvert

$=0.0406 '/

3 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

6.0"

'n=0.015
L=160.0'




APPENDIX D-2

5 YEAR KL2

PRE-DEVELOPMENT AND POST-DEVELOPMENT
MODELING RESULTS FOR DESIGN STORM EVENTS



SCTO KLZ\A
RP-KL2 \A

R

VIRTUAL REACH

POST-DEVJ -SCTOE PRE-DEVT-SCTOE

AV

DISCHARGE AT E
(ZERO VOLUME
POND)

Reach A Link

Drainage Diagram for storm_post_5yr_rpKL2_2011-06-23_kco
Prepared by Mac Williams Engineering Limited, Printed 6/24/2011
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
35.680 66 (1S, 29)
30.200 70 (4S8)
65.880 TOTAL AREA
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Soil Listing (all nodes)

Area Sail Subcatchment

(acres) Group Numbers

0.000 HSG A

0.000 HSGB

0.000 HSGC

0.000 HSGD
65.880 Other 1S, 28, 48
65.880 TOTAL AREA
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Pipe Listing (all nodes)
Line# Node In-Invert Out-Invert Length  Slope n Diam/Width Height Fill
Number (feet) (feet) (feet) (ft/t) (inches) (inches) (inches)
1 5R 240.00 200.00 1,050.0 0.0381 0.070 192.0 0.0 0.0
2 12P 250.00 249.00 50.0 0.0200 0.011 18.0 0.0 0.0
3 12P 253.00 249.00 50.0 0.0800 0.011 12.0 0.0 0.0
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Time span=5.00-36.00 hrs, dt=0.05 hrs, 621 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: PRE-DEVT-SCTOE Runoff Area=26.400 ac  0.00% Impervious Runoff Depth=0.82"
Tc=23.5min CN=66 Runoff=13.63 cfs 1.797 af

Subcatchment2S: POST-DEVT-SCTOE Runoff Area=9.280 ac 0.00% Impervious Runoff Depth=0.82"
Tc=23.5min CN=66 Runoff=4.79 cfs 0.632 af

Subcatchment4S: SC TO KL2 Runoff Area=30.200 ac 0.00% Impervious Runoff Depth=1.03"
Tc=34.0 min CN=70 Runoff=17.88 cfs 2.584 af

Reach 5R: VIRTUAL REACH Avg. Flow Depth=0.82' Max Vel=2.74 fps Inflow=10.78 cfs 2.582 af
192.0" Round Pipe n=0.070 L=1,050.0' S$S=0.0381'" Capacity=2,099.23 cfs Outflow=10.71 cfs 2.581 af

Pond 3P: DISCHARGEAT E (ZERO VOLUME POND) Inflow=12.22 cfs 3.213 af
Primary=12.22 cfs 3.213 af

Pond 12P: RP-KL2 Peak Elev=252.81' Storage=0.498 af Inflow=17.88 cfs 2.584 af
Outflow=10.78 cfs 2.582 af

Total Runoff Area = 65.880 ac Runoff Volume = 5.012 af Average Runoff Depth = 0.91"
100.00% Pervious = 65.880 ac  0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: PRE-DEVT - SC TO E

Runoff = 13.63cfs @ 12.38 hrs, Volume= 1.797 af, Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type lll 24-hr Rainfall=3.53"

Area (ac) CN Description
* 26.400 66
26.400 100.00% Pervious Area

Tec Length Slope Velocity Capacity Description
(min) __ (feet) (ft/it)  (ft/sec) (cfs)

23.5 Direct Entry,

Subcatchment 1S: PRE-DEVT -SC TOE

Hydrograph

:i: B S S

| T e Type III 24-hr

12} . Rainfall=3.53"

" Runoff Area-26 400 ac-
~ 1 "Runoff Volume=1.797 af -
£ o} j Runoff Depth—O 82“ -
£ - Te=23.5min.

: o CN—66

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)



e
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Summary for Subcatchment 2S: POST-DEVT - SCTO E

Runoff = 4.79cfs @ 12.38 hrs, Volume= 0.632 af, Depth= 0.82"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type Il 24-hr Rainfall=3.53"

Area (ac) CN Description

* 9.280 66

9.280 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/t)  (ft/sec) (cfs)

23.5 Direct Entry,

Subcatchment 2S: POST-DEVT -SC TO E

Hydrograph

§ sy s R o bredes

] o _ Type Il 24-hr

4 . Rai n-f-aﬁ“=3-- 53"

: - - Runoff Area=9.280 ac

, ... Runoff Volume=0.632 af
g - Runoff Depth=0.82"
Tc=23.5 min

2 CN=66

14

5 6 7 8 9 101112 13 14 15 1% 17 18 19 Zb 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 4S: SC TO KL2

Runoff = 17.88cfs @ 12.52 hrs, Volume= 2.584 af, Depth= 1.03"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type lll 24-hr Rainfall=3.53"

Area (ac) CN Description
* 30.200 70
30.200 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftift)  (ft/sec) (cfs)

34.0 Direct Entry,

Subcatchment 4S: SC TO KL2

Hydrograph

19 [17.88¢cfs |- -

1: : R Ramfall-3 53"

! ‘ _. Runoff Area=30 200 ac .
R Runoff Volume=2.584 af -
I | Runoff Depth"1 03"
g o . Tc—34 0 mm

64" : : : : ; ;

4

2

1

0

5 6 7 8 9 10 1112 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Reach 5R: VIRTUAL REACH
[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 30.200 ac, 0.00% Impervious, Inflow Depth > 1.03"
inflow = 10.78 cfs @ 12.91 hrs, Volume= 2.582 af
Outflow = 10.71cfs @ 13.10 hrs, Volume= 2.581 af, Atten=1%, Lag= 11.4 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.74 fps, Min. Travel Time= 6.4 min
Avg. Velocity = 1.28 fps, Avg. Travel Time= 13.7 min

Peak Storage= 4,108 cf @ 12.99 hrs
Average Depth at Peak Storage= 0.82'
Bank-Full Depth= 16.00', Capacity at Bank-Full= 2,099.23 cfs

192.0" Round Pipe

n=0.070 Sluggish weedy reaches w/pools
Length= 1,050.0' Slope=0.0381"/"

Inlet Invert= 240.00", Outlet invert= 200.00'

Reach 5R: VIRTUAL REACH
Hydrograph

12 - [n78efs }- - g L PO SN P B isflow |
| S T KZ =T n N S Inflow Area=30.200 ac -
10 ‘ -w-so Avg.-Flow Depth=0.82" -
9 oo .. Max Vel=2- 74 fps .
aw D SN0 S S T 1929" .
5 7- --Round Fi-pe" .
;:' 6~f R R ¢ 070 )
= N - $=0.0381 "
o  Capacity=2,099.23 cfs
o]

56 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 o8
Time (hours)

33 34 35 36
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Summary for Pond 3P: DISCHARGE AT E (ZERO VOLUME POND)
[40] Hint: Not Described (Outflow=Inflow)
Inflow Area = 39.480 ac, 0.00% Impervious, Inflow Depth > 0.98"
Inflow = 1222 cfs @ 13.01 hrs, Volume= 3.213 af
Primary = 12.22 cfs @ 13.01 hrs, Volume= 3.213 af, Atten= 0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs

Pond 3P: DISCHARGE AT E (ZERO VOLUME POND)

Hydrograph
: . O A B ‘ S S R SRS EEEE Ch s g‘:%";’ry
10

Flow (cfs)

56 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36
Time (hours)
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Summary for Pond 12P: RP-KL2

Inflow Area = 30.200 ac, 0.00% Impervious, Inflow Depth= 1.03"

Inflow = 17.88cfs @ 12.52 hrs, Volume= 2.584 of

Outflow = 10.78 cfs @ 12.91 hrs, Volume= 2.582 af, Atten=40%, Lag=23.1 min
Primary = 10.78 cfs @ 12.91 hrs, Volume= 2.582 af

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Peak Elev=252.81' @ 12.91 hrs Surf.Area= 0.189 ac Storage= 0.498 af

Plug-Flow detention time= 41.5 min calculated for 2.582 af (100% of inflow)
Center-of-Mass det. time= 41.0 min ( 935.6 - 894.7 )

Volume Invert  Avail.Storage Storage Description
#1 250.00' 2.097 af 60.00'W x 120.00'L x 10.00'H Prismatoid Z=1.0
Device Routing Invert Outlet Devices
#1  Primary 250.00' 18.0" Round Culvert

L=50.0' RCP, mitered to conform to fill, Ke= 0.700
Inlet / Outlet Invert= 250.00' / 249.00' S=0.0200'/" Cc=0.900
n=0.011 Concrete pipe, straight & clean

#2  Primary 253.00' 12.0" Round Culvert
L=50.0'" RCP, mitered to conform to fill, Ke= 0.700
Inlet / Outlet Invert= 253.00' / 249.00' S=0.0800'/" Cc= 0.900
n=0.011 Concrete pipe, straight & clean

Primary OutFlow Max=10.78 cfs @ 12.91 hrs HW=252.81" (Free Discharge)
1=Culvert (Inlet Controls 10.78 cfs @ 6.10 fps)
2=Culvert ( Controls 0.00 cfs)
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Pond 12P: RP-KL2
Hydrograph

L [ATEseR] | (e
B Inflow Area=30.200 ac
o Peak Elev=252.81"

- Storage=0.498 af -

Flow (cfs)

- a3 a3 a3 a N
O—‘NW&U’U)\IW(DO—\I\J!»AUIG‘)\I(D(DO

56 7 8 8 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36
Time (hours)



APPENDIX D-3

100 YEAR RP4 AND RP5

PRE-DEVELOPMENT AND POST-DEVELOPMENT
MODELING RESULTS FOR DESIGN STORM EVENTS



@ ©

PRE-DEV'T -SC TO PRE-DEVT-SCTOB

@B

SC-1B TO SC-1A RP4-2 A+B at B (Zero Volume
Pond)
- VIRTUAL ESH
SC-IATO Rm\ﬂ 8p> POST-DEV'T - SC TO B
RP4-MAIN DISCHARGE POINT AT

B (ZERO VOLUME

(s8y—— fi =
SC-2TO SCA1 RF’5-SUB-2\ POND/BROOK
63 BETWEENB & A

REAC UNCONTROLLED
FLOW DIFFERENTIAL
SC-1T0 Rp-s\ﬁ D POSTDEVT-SCTOA

RP5-MAIN DISCHARGE POINT AT
A (ZERO VOLUME
POND)
Reach A Drainage Diagram for storm_post_100yr_rp4_rp5_2011-06-23_kcd
Prepared by Mac Williams Engineering Limited, Printed 6/24/2011

HydroCAD® 9.10 s/n 00558 © 2009 HydroCAD Software Solutions LLC
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
20.690 42 (6S)
125.830 60 (18, 38)
29.680 61 (28, 4S)
3.240 65 (78)
15.660 68 (10S)
2.050 74 (9S)
10.370 84 (8S)
207.520 TOTAL AREA
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Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers
0.000 HSG A
0.000 HSG B
0.000 HSGC
0.000 HSG D
207.520  Other 18, 28, 38, 4§, 65, 7S, 8S, 9S, 10S
207.520 TOTAL AREA
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Pipe Listing (all nodes)

Line¥# Node In-Invert  Out-Invert Length  Slope n Diam/Width Height Fill
Number (feet) (feet) (feet) (fuft) (inches) (inches) (inches)

1 3R 236.50 217.00 650.0 0.0300 0.070 108.0 0.0 0.0

2 6R 289.00 260.00 1,400.0 0.0207 0.015 12.0 0.0 0.0

3 1R 249.50 245.00 2750 0.0164 0.015 24.0 0.0 0.0

4 2P 238.00 237.00 50.0 0.0200 0.012 6.0 0.0 0.0

5 2P 242.00 237.00 50.0 0.1000 0.012 8.0 0.0 0.0

6 5P 296.50 295.50 150.0 0.0067 0.010 6.0 0.0 0.0

7 7P 232.00 231.00 50.0 0.0200 0.011 10.0 0.0 0.0

8 7P 236.00 231.00 50.0 0.1000 0.011 15.0 0.0 0.0

9 12P 256.50 250.00 160.0 0.0406 0.015 6.0 0.0 0.0
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Time span=5.00-48.00 hrs, dt=0.02 hrs, 2151 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: PRE-DEV'T-SC TOB  Runoff Area=66.400 ac 0.00% Impervious Runoff Depth=1.90"
Tc=26.5min CN=60 Runoff=82.92 cfs 10.488 af

Subcatchment2S: PRE-DEV'T-SC TOA  Runoff Area=22.700 ac 0.00% Impervious Runoff Depth=1.98"
Tc=19.6 min CN=61 Runoff=33.82 cfs 3.743 af

Subcatchment3S: POST-DEV'T-SC TOB Runoff Area=59.430 ac  0.00% Impervious Runoff Depth=1.90"
Tc=26.5min CN=60 Runoff=74.21 cfs 9.387 af

Subcatchment4S: POST-DEV'T-SCTOA  Runoff Area=6.980 ac 0.00% Impervious Runoff Depth=1.98"
Tc=19.6 min CN=61 Runoff=10.40 cfs 1.151 af

Subcatchment6S: UNCONTROLLEDFLOW Runoff Area=20.690 ac  0.00% Impervious Runoff Depth=0.60"
Tc=5.0 min CN=42 Runoff=6.38 cfs 1.037 af

Subcatchment7S: SC-1B TO SC-1A Runoff Area=3.240 ac  0.00% Impervious Runoff Depth=2.32"
Tc=8.0 min CN=65 Runoff=8.02 cfs 0.627 af

Subcatchment8S: SC-1A TO RP4 Runoff Area=10.370 ac  0.00% Impervious Runoff Depth=4.16"
Tc=14.2 min CN=84 Runoff=38.61 cfs 3.594 af

Subcatchment8S: SC-2 TO SC-1 Runoff Area=2.050 ac 0.00% Impervious Runoff Depth=3.15"
Tc=5.7 min CN=74 Runoff=7.64 cfs 0.538 af

Subcatchment10S: SC-1 TO RP-5 Runoff Area=15.660 ac 0.00% Impervious Runoff Depth=2.59"
Tc=17.0 min CN=68 Runoff=33.70 cfs 3.380 af

Reach 3R: POND/BROOKBETWEEN Avg. Flow Depth=2.76' Max Vel=4.95 fps Inflow=82.30 cfs 13.608 af
108.0" Round Pipe n=0.070 L=650.0' S=0.0300'/" Capacity=401.65cfs Outflow=81.79 cfs 13.608 af

Reach 6R: VIRTUAL REACH Avg. Flow Depth=0.32' Max Vel=4.56 fps Inflow=1.00 cfs 0.627 af
12.0" Round Pipe n=0.015 L=1,400.0' $=0.0207 '/ Capacity=4.44 cfs Outflow=1.00 cfs 0.627 af

Reach 11R: REACH Avg. Flow Depth=0.30' Max Vel=4.13 fps Inflow=1.22 cfs 0.538 af
24.0" Round Pipe n=0.015 L=275.0' S=0.0164"'" Capacity=25.08 cfs Outflow=1.22 cfs 0.538 af

Pond 2P: RP4-MAIN Peak Elev=253.51' Storage=1.317 af Inflow=39.37 cfs 4.221 af
Outflow=8.47 cfs 4.221 af

Pond 4P: DISCHARGE POINT AT A (ZERO VOLUME POND) Inflow=112.28 cfs 19.715 af
Primary=112.28 cfs 19.715 af

Pond 5P: RP4-2 Peak Elev=299.29' Storage=0.229 af Inflow=8.02 cfs 0.627 af
6.0" Round Culvert n=0.010 L=150.0' $=0.0067 '/ Outflow=1.00 cfs 0.627 af

Pond 7P: RP5-MAIN Peak Elev=240.51' Storage=0.786 af Inflow=40.93 cfs 4.955 af
Outflow=22.51 cfs 4.955 af
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Pond 8P: DISCHARGE POINT AT B (ZERO VOLUME POND) Inflow=82.30 cfs 13.608 af

Primary=82.30 cfs 13.608 af

Pond 9P: A+B at B (Zero Volume Pond) Inflow=113.73 cfs 14.231 af
Primary=113.73 c¢fs 14.231 af

Pond 12P: RP5-SUB-2 Peak Elev=261.38' Storage=0.163 af Inflow=7.64 cfs 0.538 af
6.0" Round Culvert n=0.015 L=160.0' $=0.0406 /' Outflow=1.22 cfs 0.538 af

Total Runoff Area = 207.520 ac Runoff Volume = 33.946 af Average Runoff Depth = 1.96"
100.00% Pervious = 207.520 ac  0.00% Impervious = 0.000 ac
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Runoff

Summary for Subcatchment 1S: PRE-DEV'T - SCTO B

82.92cfs @ 12.40 hrs, Volume= 10.488 af, Depth= 1.90"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type lll 24-hr Rainfall=5.96"

Area (ac)

CN Description

*

66.400

60

66.400

Te
(min)

Length
(feet)

100.00% Pervious Area

Slope Velocity Capacity Description
(fft)  (ft/sec) (cfs)

26.5

Flow (cfs)

Direct Entry,
Subcatchment 1S: PRE-DEV'T-SCTO B

Hydrograph

Type 111 24-hr
" Rainfall=5. 96":
Runoff Area—66 400 ac’
Runoff Volume=10. 488 af-
- Runoff Depth=1.90"
--Tc=26.5 min -

272829 303132
Time (hours)

11213141516 171819.20212223 24




storm_post_100yr_rp4_rp5_2011-06-23_kco Type Ill 24-hr Rainfall=5.96"
Prepared by Mac Williams Engineering Limited Printed 6/24/2011
HydroCAD® 9.10 s/n 00558 © 2009 HydroCAD Software Solutions LLC Page 8

Summary for Subcatchment 2S: PRE-DEV'T-SC TO A

Runoff = 33.82cfs @ 12.29 hrs, Volume= 3.743 af, Depth= 1.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=5.96"

Area (ac) CN Description
* 22.700 61
22.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/it)  (ft/sec) (cfs)

19.6 Direct Entry,

Subcatchment 2S: PRE-DEV'T-SCTO A

Hydrograph

o | EmEres)
S0 8 TypeIII24-hr"

o] | I T, _Rainfall=5.96"
28%

{1 8 ; i,; RunoffArea-22700ac,
24 R - AT Runoff Volume-3 743 af .

22

= B ,:,:A, R Runoff Depth=1.98"
W | T°'19.,6”: in-

Flow (cfs)

16
14
103 1o

O N A D

airrgsiag Rdad LS Al s s e o 2 ,é.v.,h Biaisy S oL B s o s ey -
56789 10111213141516171§81£9202122232:12526272829303132333435363‘73'839404142434445464748
Time (hours)
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Summary for Subcatchment 3S: POST-DEV'T - SC TO B

Runoff = 7421 cfs @ 12.40 hrs, Volume= 9.387 af, Depth= 1.90"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type ill 24-hr Rainfall=5.96"

Area (ac) CN Description
* 59.430 60
59.430 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (fuft)  (ft/sec) (cfs)

26.5 Direct Entry,

Subcatchment 3S: POST-DEV'T - SC TO B
Hydrograph

g O R SR S S O e

ol ~Type llt 24-hr-
653 . ________Rainfall=5. 96"_,_.
‘;2 e ;Runoff Area=59 A430-ac-
5] " Runoff Volume=9.387 af
£ ] =1.90"
LI | Tc—26 5 min-
o | - CN=60 f_

o-Meres e M e e i
56789 10111}1)3 1;4151617181920212223234252627282930313233343536373839404142434445464748
Time (hours)
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Summary for Subcatchment 4S: POST-DEV'T - SC TO A

Runoff = 1040 cfs @ 12.29 hrs, Volume= 1.151 af, Depth= 1.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type lll 24-hr Rainfall=5.96"

Area (ac) CN Description
* 6.980 61
6.980 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ftift)  (ft/sec) (cfs)

19.6 Direct Entry,

Subcatchment 4S: POST-DEV'T - SC TO A

Hydrograph
R [ 1040 cfs | o N S T R Type Wl 245k
o] i L Rainfall=5. 96"
% | - Runoff Area=6.980 ac
4 Runoﬁ’ Volume=1.151 af
g o} RN Ru noff Depth=1. 98"' ’
LI SR R Tc-196m|n‘
| : CN 61
o]
24
E
|

56 78 9 10111213 141516 171819 20212223 242526 272829 30 31 3233 3435 36 37 38 30 40414243 444546 47 48
Time (hours)
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Summary for Subcatchment 6S: UNCONTROLLED FLOW DIFFERENTIAL

Runoff = 6.38cfs @ 12.14 hrs, Volume= 1.037 af, Depth=‘ 0.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type 1ll 24-hr Rainfall=5.96"

Area (ac) CN Description
* 20.690 42
20.690 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)

5.0 Direct Entry,

Subcatchment 6S: UNCONTROLLED FLOW DIFFERENTIAL
Hydrograph

Type~~ 11 ..j2.4f_hr.,
Ralnfall‘-5 96"
Runoff Area=20.690 ac
- Runoff Volume=1. .037 af
Runoff Depth-O 60"
o Tc=5.0 min
CN=42

Flow (cfs)

ok rrerT——— :
567 8 91011 12131‘415161‘71‘81r92021222?322125262728293031 323334353637 3839404142434445 464748
Time (hours)
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Summary for Subcatchment 7S: SC-1B TO SC-1A

This area backs onto the rear lots on unnamed street C-3. 5 year storm to be passed. 100 yr storm to
be stored and released at ~5 year rate

Runoff = 8.02cfs @ 12.12 hrs, Volume= 0.627 af, Depth= 2.32"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=5.96"

Area (ac) CN Description
* 3.240 65
3.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft) (ft/sec) (cfs)

8.0 Direct Entry,

Subcatchment 7S: SC-1B TO SC-1A
Hydrograph

B | e Type Wl 24-hr

~ Rainfall=5.96"

Runoff Area=3. 240 ac
Runoff Volume=0. 627 af ,

Runoff Depth"'2 32"

Tc—8 0 min

- CN=65

Flow {(cfs)

0~ s ———— wr— Ll : e
56 7 8 9101112131415 1617181920 21222324 25262728 20303132 3334353637 383940 41 42 43 4445 46 47 48
Time (hours)
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Summary for Subcatchment 8S: SC-1A TO RP4

Runoff = 3861cfs@ 12.19 hrs, Volume= 3.594 af, Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type lll 24-hr Rainfall=5.96"

Area (ac) CN Description
* 10.370 84
10.370 100.00% Pervious Area

Tc Length Siope Velocity Capacity Description
(min) _ (feet) (ft/it)  (ft/sec) (cfs)

14.2 Direct Entry,

Subcatchment 8S: SC-1A TO RP4
Hydrograph

D IR Type HI 24-hr
L Rainfali=5.96"
L Runoff Area=10.370 ac

7 'Runoff Voluime=3.594 af

" Runoff Depth=4.16"
o Te=t42 mine

Flow (cfs)
[\
R

56 7 8 9 10111213 141516 171819 20212223 242526 27 2829 30 31 3233 3435 36 373830 40 41 4243 4445 46 47 48
Time (hours)
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Summary for Subcatchment 9S: SC-2 TO SC-1

SC-2 to SC-1 drains SC-2 into SC-1. The 100 year flood is retained and released at the equivalent 5
year flow rate.

Runoff = 7.64cfs @ 12.09 hrs, Volume= 0.538 af, Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=5.96"

Area (ac) CN Description
* 2.050 74
2.050 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.7 Direct Entry,

Subcatchment 9S: SC-2 TO SC-1

Hydrograph
. Type lll 24-hr
7 | | Rainfall=5.96"
R o Area=2.050 26
£ ] ~ Runoff Depth=3.15"
g« | Tc=5.7 min

Time (hours)
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Summary for Subcatchment 10S: SC-1 TO RP-5

SC-1 to RP-5 drains directly to RP-5

Runoff = 33.70cfs @ 12.24 hrs, Volume= 3.380 af, Depth= 2.59"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Type Il 24-hr Rainfall=5.96"

Area(ac) CN Description
* 15.660 68
15.660 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)

17.0 Direct Entry,

Subcatchment 10S: SC-1 TO RP-5

Hydrograph
36 - 33_ 70 cfs N RS RAREE -
] B Typem 24-hr
zg: - e R Ramfa" 5 96“: .
21 RN Runoff Area=15.660 ac
i‘; '_Bqnoff Volume=3.380 af -
f Runoff Depth-2 59"i

Flow (cfs)
(]
N

- Te=17.0 min"
CN—68

164

2223 242526 272829 3031 3233 343536 3738 30 40 414243 44 45 46 47 48
Time (hours)

7 8 9 10111213 141516171811
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Summary for Reach 3R: POND/BROOK BETWEEN B & A

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 73.040 ac, 0.00% Impervious, Inflow Depth = 2.24"
Inflow = 82.30 cfs @ 12.40 hrs, Volume= 13.608 af
Outflow = 81.79cfs @ 12.47 hrs, Volume= 13.608 af, Atten=1%, Lag= 3.9 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Max. Velocity= 4.95 fps, Min. Travel Time= 2.2 min
Avg. Velocity = 1.86 fps, Avg. Travel Time= 5.8 min

Peak Storage= 10,731 cf @ 12.43 hrs
Average Depth at Peak Storage= 2.76'
Bank-Full Depth= 9.00', Capacity at Bank-Full= 401.65 cfs

108.0" Round Pipe

n=0.070 Sluggish weedy reaches w/pools
Length= 650.0' Slope= 0.0300 '/

Inlet Invert= 236.50", Outlet Invert=217.00'

Reach 3R: POND/BROOK BETWEEN B & A

Hydrograph
e
85
e | % Avg Flow Depth—2 76';»
ot Max VeI-4 95 fps
o | o ~108.0"
g5 Round Pipe
3 4 T n=0.070
" L=650.0"
f a5 6300
Capacuty=401 .65 cfs -

5678 9101112131415161718152‘02‘122 2;125262728293031323334353 73839404142434445464748
Time (hours)
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Summary for Reach 6R: VIRTUAL REACH

Used virtual reach to allow travel time to RP4

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 3.240 ac, 0.00% Impervious, Inflow Depth= 2.32"
Inflow = 1.00cfs @ 13.02 hrs, Volume= 0.627 af
Outflow = 1.00cfs @ 13.17 hrs, Volume= 0.627 af, Atten=0%, Lag= 8.9 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Max. Velocity= 4.56 fps, Min. Travel Time= 5.1 min
Avg. Velocity = 2.97 fps, Avg. Travel Time= 7.9 min

Peak Storage= 306 c¢f @ 13.08 hrs
Average Depth at Peak Storage= 0.32'
Bank-Full Depth= 1.00", Capacity at Bank-Full= 4.44 cfs

12.0" Round Pipe

n= 0.015 Concrete sewer w/manholes & inlets
Length= 1,400.0' Slope= 0.0207 /"

Inlet Invert= 289.00', Outlet Invert= 260.00'
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Flow (cfs)

Reach 6R: VIRTUAL REACH

Hydrograph

B Inflow
B Outflow

Inflow Area=3.240 ac
Avg. Flow Depth=0.32'
Max Vel=4.56 fps

- 12.0"

Round Pipe

- n=0.015
L=1,400.0'
$=0.0207 /"
Capacity=4.44 cfs

Time (hours)
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Summary for Reach 11R: REACH

Allows for pipe travel time

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 2.050 ac, 0.00% Impervious, Inflow Depth= 3.15"
Inflow = 1.22cfs @ 12.59 hrs, Volume= 0.538 af
Outflow = 1.22cfs @ 12.62 hrs, Volume= 0.538 af, Atten= 0%, Lag= 2.0 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Max. Velocity= 4.13 fps, Min. Travel Time= 1.1 min
Avg. Velocity = 2.55 fps, Avg. Travel Time= 1.8 min

Peak Storage= 81 cf @ 12.60 hrs
Average Depth at Peak Storage= 0.30'
Bank-Full Depth= 2.00', Capacity at Bank-Full= 25.08 cfs

24.0" Round Pipe

n= 0.015 Concrete sewer w/manholes & inlets
Length= 275.0' Slope=0.0164 """

Inlet Invert= 249.50', Outlet Invert= 245.00'
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Reach 11R: REACH
Hydrograph
: : 8 Inflow

Flow (cfs)

Inflow Area=2.050 ac
Avg. Flow Depth=0.30'
Max Vel=4.13 fps

- 240"

Round Pipe

' n=0,015

L=275.0'
$=0.0164'"
Capacity=25.08 cfs

0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48
T

@ Outflow
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Summary for Pond 2P: RP4-MAIN

Inflow Area = 13.610 ac, 0.00% Impervious, Inflow Depth= 3.72"

Inflow = 39.37cfs @ 12.19 hrs, Volume= 4.221 af

Outflow = 8.47cfs @ 12.76 hrs, Volume= 4.221 af, Atten=78%, Lag= 34.3 min
Primary = 8.47cfs @ 12.76 hrs, Volume= 4.221 af

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Peak Elev=253.51' @ 12.76 hrs Surf.Area= 0.189 ac Storage= 1.317 af

Plug-Flow detention time= 62.4 min calculated for 4.219 af (100% of inflow)
Center-of-Mass det. time= 62.4 min ( 895.7 - 833.3)

Volume Invert  Avail.Storage Storage Description
#1 240.00' 2.931 af 25.00'W x 50.00'L x 20.00'H Prismatoid Z=2.0
Device Routing Invert Qutlet Devices
#1  Primary 238.00" 6.0" Round Culvert-5Yr

L=50.0" RCP, sqg.cut end projecting, Ke= 0.500
Inlet / Outlet Invert= 238.00' / 237.00" S=0.0200"/" Cc=0.900
n=0.012 Steel, smooth

#2  Primary 242.00" 8.0" Round Culvert-5Yr
L=50.0" RCP, sq.cut end projecting, Ke= 0.500
Inlet / Outlet Invert= 242.00' / 237.00' 8= 0.1000"/" Cc=0.900
n=0.012 Steel, smooth

Primary OutFlow Max=8.47 cfs @ 12.76 hrs HW=253.51' (Free Discharge)
1=Culvert - 5 Yr (Barrel Controls 2.86 cfs @ 14.55 fps)
2=Culvert - 5 Yr (Inlet Controls 5.62 cfs @ 16.09 fps)
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Pond 2P: RP4-MAIN
_ Hydrograph

B Inflow
Primary

" Inflow Area=13.610 ac -
. PeakElev=253.51"

- Storage=1.317 af

Flow (cfs)
N
N

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Pond 4P: DISCHARGE POINT AT A (ZERO VOLUME POND)

[40] Hint: Not Described (Outflow=Infiow)

Inflow Area = 118.420 ac, 0.00% Impervious, Inflow Depth= 2.00"
Inflow 112.28 cfs @ 12.46 hrs, Volume= 19.715 af
Primary 112.28 cfs @ 12.46 hrs, Volume= 19.715 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs

Pond 4P: DISCHARGE POINT AT A (ZERO VOLUME POND)
Hydrograph

B Inflow
B Primary

1254 - R e T B
1004 -
954,
90+
854 .7
803 -
ICY R

65%F -
60§ -’
554 -
st S A B
3%/ - [
25 ] LA N
204
158 -
104

Flow (cfs)

hE”

10 12 14 16 18 20 22 24
Time (hours)
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Summary for Pond 5P: RP4-2

Backyard private retention pond formed by construction of road.

Inflow Area = 3.240 ac, 0.00% Impervious, Inflow Depth= 2.32"
Inflow 8.02cfs @ 12.12 hrs, Volume= 0.627 af

Outflow
Primary

1.00cfs @ 13.02 hrs, Volume= 0.627 af

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Peak Elev=299.29' @ 13.02 hrs Surf.Area= 0.141 ac Storage= 0.229 af

Plug-Flow detention time= 95.9 min calculated for 0.627 af (100% of inflow)
Center-of-Mass det. time= 95.9 min ( 948.3 - 852.4 )

Volume Invert _ Avail.Storage _Storage Description

1.00cfs @ 13.02 hrs, Volume= 0.627 af, Atten= 88%, Lag= 53.9 min

#1 297.50° 0.963 af 50.00'W x 100.00'L x 6.00'H Prismatoid Z=2.0

Device Routing invert Outlet Devices

#1  Primary 296.50' 6.0" Round Culvert

L=150.0' RCP, groove end projecting, Ke= 0.200

inlet / Outlet Invert= 296.50' / 295.50"' S=
n=0.010 PVC, smooth interior

Primary OutFlow Max=1.00 cfs @ 13.02 hrs HW=299.29' (Free Discharge)
1=Culvert (Barrel Controls 1.00 cfs @ 5.08 fps)

Pond 5P: RP4-2
Hydrograph

0.0067 /'

Cc=0.900

Flow (cfs)

18 20 22 24 26 28 30 32

Time (hours)

101214

Inflow Area 3 240 ac
- Peak Elev=299. 29"
Storage=0 229 af
. 6.0
Round Culvert
- n=0,010
L=150.0"
$=0.0067 /"

A Inflow
[ Primary

34 36 38 40 42 44 45 48
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Summary for Pond 7P: RP5-MAIN

Inflow Area = 38.400 ac, 0.00% Impervious, Inflow Depth = 1.55"

Inflow = 4093 cfs @ 12.24 hrs, Volume= 4.955 af

Outflow = 2251 cfs @ 12.55 hrs, Volume= 4.955 af, Atten=45%, Lag= 18.6 min
Primary = 22.51cfs @ 12.55 hrs, Volume= 4.955 aof

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Peak Elev=240.51' @ 12.55 hrs Surf.Area= 0.171 ac Storage= 0.786 af

Plug-Flow detention time= 16.1 min calculated for 4.953 af (100% of inflow)
Center-of-Mass det. time= 16.1 min ( 888.9 - 872.8 )

Volume Invert  Avail.Storage Storage Description
#1 234.00' 1.491 af 33.00'W x 100.00'L x 10.00'H Prismatoid Z=2.0
Device Routing invert Outlet Devices
#1  Primary 232.00' 10.0" Round Culvert

L=50.0" RCP, groove end projecting, Ke= 0.200
Inlet / Outlet Invert= 232.00' / 231.00' S=0.0200 /' Cc= 0.900
n= 0.011 Concrete pipe, straight & clean

#2  Primary 236.00' 15.0" Round Culvert
L=50.0'" RCP, groove end projecting, Ke= 0.200
Inlet / Outlet Invert= 236.00'/ 231.00' S=0.1000"/" Cc=0.900
n=0.011 Concrete pipe, straight & clean

Primary OutFlow Max=22.50 cfs @ 12.55 hrs HW=240.51' (Free Discharge)
1=Culvert (Barrel Controls 7.95 cfs @ 14.57 fps)
2=Culvert (Inlet Controls 14.56 cfs @ 11.86 fps)
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Pond 7P: RP5-MAIN
Hydrograph

[@eses]

_Inflow Area=38.400 ac
B . PeakElev=240.51"
o | ... Storage=0.786 af

B Infiow
Primary

Flow (cfs)
N
=

e PN .1i8””;. i
Time (hours)
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Summary for Pond 8P: DISCHARGE POINT AT B (ZERO VOLUME POND)

[40] Hint: Not Described (Outflow=Inflow)
Inflow Area = 73.040 ac, 0.00% Impervious, Inflow Depth = 2.24"

Inflow = 82.30cfs @ 12.40 hrs, Volume= 13.608 af
Primary = 82.30cfs @ 12.40 hrs, Volume= 13.608 af, Atten= 0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs

Pond 8P: DISCHARGE POINT AT B (ZERO VOLUME POND)
Hydrograph

N R, e g Infiow
0 - T8230 ofs B e e e | (BLPmary
Tl TTemE ~ Inflow Area=73.040 ac
704 .
8594 i
604
__55
8 504’
ILE R
u"g. 40" )
353" R
254 " -
204
154
104 |
53
RE

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48
Time (hours)
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Summary for Pond 9P: A+B at B (Zero Volume Pond)

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 89.100 ac, 0.00% Impervious, Inflow Depth= 1.92"
Inflow = 113.73cfs @ 12.37 hrs, Volume= 14.231 af
Primary = 113.73cfs @ 12.37 hrs, Volume= 14.231 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs

Pond 9P: A+B at B (Zero Volume Pond)
Hydrograph

e o . = . | EEe
¢ B iivic Inflow Area=89.100 ac

110,,, ) - ) E B - wm e e e ; - R

1054 - o , S

100+

95+
904 -
85¢
80 .
753 -
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653 - I~
559" R -
s0d . f---- i : T
35-‘: E . .
303 .
25
204 -
154"
104 -
53
-4
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Summary for Pond 12P: RP5-SUB-2

RP5-SUB-2 retention pond holds the 100 year precipitation event while releasing a 5 year rainfall flow
rate. Itis a back yard private retention pond.

Inflow Area = 2.050 ac, 0.00% Impervious, Inflow Depth= 3.15"

Inflow = 764 cfs@ 12.09 hrs, Volume= 0.538 af

Outflow = 1.22c¢fs @ 12.59 hrs, Volume= 0.538 af, Atten=84%, Lag= 30.1 min
Primary = 1.22cfs @ 12.59 hrs, Volume= 0.538 af

Routing by Stor-Ind method, Time Span= 5.00-48.00 hrs, dt= 0.02 hrs
Peak Elev=261.38' @ 12.59 hrs Surf.Area= 0.080 ac Storage= 0.163 af

Plug-Flow detention time= 41.4 min calculated for 0.538 af (100% of inflow)
Center-of-Mass det. time= 41.4 min ( 870.2 - 828.8 )

Volume Invert  Avail.Storage Storage Description
#1 258.50' 1.201 af 150.00'W x 10.00°L x 10.00'H Prismatoid Z=2.0
Device Routing Invert Outlet Devices
#1  Primary 256.50' 6.0" Round Culvert

L= 160.0' RCP, groove end projecting, Ke=0.200
Iniet / Outlet Invert= 256.50' / 250.00' S=0.0406'"" Cc= 0.900
n=0.015 Concrete sewer w/manholes & inlets

Primary OutFlow Max=1.22 c¢fs @ 12.59 hrs HW=261.38"' (Free Discharge)
1=Culvert (Barrel Controls 1.22 cfs @ 6.23 fps)
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Pond 12P: RP5-SUB-2
Hydrograph

B Inflow
Primary

__Peak Elev=261.38"
Storage=0.163 af
" Round Culvert

$=0.0406 """

Flow (cfs)

12 14 16 18 20 22 24
Time (hours)




APPENDIX D-4

100 YEAR KL2

PRE-DEVELOPMENT AND POST-DEVELOPMENT
IMODELING RESULTS FOR DESIGN STORM EVENTS
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Drainage Diagram for storm_post_100yr_rpKL2_2011-06-23_kco
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
35.680 61 (18, 2S)
30.200 68 (38)
65.880 TOTAL AREA
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Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers

0.000 HSG A

0.000 HSG B

0.000 HSGC

0.000 HSG D
65.880  Other 18, 2S, 38
65.880 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node In-Invert  Out-invert Length  Slope n Diam/Width Height Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 1R 240.00 200.00 1,050.0 0.0381 0.070 192.0 0.0 0.0

2 1P 248.00 247.00 50.0 0.0200 0.011 15.0 0.0 0.0

3 1P 250.00 249.00 50.0 0.0200 0.011 15.0 0.0 0.0
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Time span=5.00-36.00 hrs, dt=0.05 hrs, 621 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: PRE-DEVT-SCTOE Runoff Area=26.400 ac 0.00% Impervious Runoff Depth=1.98"
Tc=23.5min CN=61 Runoff=36.44 cfs 4.353 af

Subcatchment2S: POST-DEVT-SC TOE Runoff Area=9.280 ac  0.00% Impervious Runoff Depth=1.98"
Tec=23.5 min CN=61 Runoff=12.81 cfs 1.530 af

Subcatchment3S: SC TO KL2 Runoff Area=30.200 ac 0.00% Impervious Runoff Depth=2.59"
Tc=34.0 min CN=68 Runoff=48.17 cfs 6.519 af

Reach 1R: VIRTUAL REACH Avg. Flow Depth=1.32' Max Vel=3.71 fps Inflow=29.21 cfs 6.519 af
192.0" Round Pipe n=0.070 L=1,050.0' S=0.0381'"/" Capacity=2,099.23 cfs Outflow=29.11 cfs 6.519 af

Pond 1P: RP-KL2 Peak Elev=257.50" Storage=1.046 af Inflow=48.17 cfs 6.519 af
Outflow=29.21 cfs 6.519 af

Pond 2P: DISCHARGEAT E (ZERO VOLUME POND) Inflow=33.47 cfs 8.049 af
Primary=33.47 cfs 8.049 af

Total Runoff Area = 65.880 ac Runoff Volume = 12.402 af Average Runoff Depth = 2.26"
100.00% Pervious = 65.880 ac  0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: PRE-DEVT -SC TO E

Runoff = 36.44 cfs @ 12.35 hrs, Volume= 4.353 af, Depth= 1.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type Ill 24-hr Rainfall=5.96"

Area (ac) CN Description
* 26.400 61
26.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (f/ft) _ (ft/sec) (cfs)

23.5 Direct Entry,

Subcatchment 1S: PRE-DEVT -SC TO E
Hydrograph

= : .| 36.44 cfs : : : :

B - ~Typelll 24-hr f:
s P EEEEEERTURT | EE T Ramfall—s 96“
» B I Runoff Area=26.400 ac
ii BE - o | Run Off Volum e= 4 353 af )

ol R o Tc-23 5 min
Wl & -~ CN=61

10 : : ‘

Flow (cfs)

OoON B D

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Subcatchment 2S: POST-DEVT - SC TO E

Runoff = 12.81 cfs @ 12.35 hrs, Volume= 1.630 af, Depth= 1.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type Il 24-hr Rainfall=5.96"

Area (ac) CN Description
* 9.280 61
9.280 100.00% Pervious Area

Tc Length Siope Velocity Capacity Description
(min) __ (feet) (fuft)  (ft/sec) (cfs)

23.5 Direct Entry,

Subcatchment 2S: POST-DEVT -SC TOE

Hydrograph
::: e
2 = Type Ill 24-hr
| ~Rainfall=5.96"
104 3 | Runoff Arg_q-fp .280 ac
| Runoff Volume=1.530 af
£ - Runoff Depth=1.98"
£, Tc=23.5 min

5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Time (hours)
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Summary for Subcatchment 3S: SC TO KL2

Runoff = 48.17 cfs @ 12.49 hrs, Volume= 6.519 af, Depth= 2.59"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Type lIl 24-hr Rainfall=5.96"

Area (ac) CN Description
* 30.200 68
30.200 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)

34.0 Direct Entry,

Subcatchment 3S: SC TO KL2

Hydrograph
505 i S TS S
o] SR N Type ||| 24-hr---
o) Ramfall-5 96"
11 _ Runoff Area=30.200 ac
% Runoff Volume=6.519 af
£ Runoff Depth=2.59"
£ =  Tc=34.0 min_
20 CN 68

0 . .
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2§1 22 213 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)
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Summary for Reach 1R: VIRTUAL REACH

[62] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 30.200 ac, 0.00% Impervious, Inflow Depth = 2.59"
Inflow = 29.21cfs@ 12.86 hrs, Volume= 6.519 af
Outflow = 29.11cfs @ 13.00 hrs, Volume= 6.519 af, Atten=0%, Lag= 8.3 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.71 fps, Min. Travel Time= 4.7 min
Avg. Velocity = 1.76 fps, Avg. Travel Time= 9.9 min

Peak Storage= 8,251 ¢f @ 12.92 hrs
Average Depth at Peak Storage= 1.32'
Bank-Full Depth= 16.00', Capacity at Bank-Full= 2,099.23 cfs

192.0" Round Pipe

n=0.070 Sluggish weedy reaches w/pools
Length= 1,050.0' Slope= 0.0381 "'

Inlet Invert= 240.00', Outlet Invert= 200.00"

Reach 1R: VIRTUAL REACH

Hydrograph

22 i m L SERREL glf]?ﬂvzw

(e Inflow Area=30.200 ac

zg . Avg Flow Depth-1 32"

24} ~ Max Vel=3.71 fps

22; ': o 192 0"
g o ~ Round Pipe -
S n=0.070
g L=1,050.0"

109 S=0.0381 '

2 ] __Capacity=2,099.23 cfs

23

o

56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36
Time (hours)
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Summary for Pond 1P: RP-KL2

Inflow Area = 30.200 ac, 0.00% Impervious, Inflow Depth= 2.59"

Inflow = 48.17 cfs @ 12.49 hrs, Volume= 6.519 af

Outflow = 29.21cfs @ 12.86 hrs, Volume= 6.519 af, Atten=39%, Lag=22.1 min
Primary = 29.21cfs @ 12.86 hrs, Volume= 6.519 af

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs
Peak Elev=257.50' @ 12.86 hrs Surf.Area= 0.170 ac Storage= 1.046 af

Plug-Flow detention time= 11.9 min calculated for 6.508 af (100% of inflow)
Center-of-Mass det. time= 11.8 min ( 881.1 - 869.3 )

Volume Invert  Avail.Storage Storage Description
#1 250.00' 1.500 af 40.00'W x 120.00'L x 10.00’H Prismatoid Z=1.0
Device Routing Invert Outlet Devices
#1  Primary 248.00' 15.0" Round Culvert

L=50.0' RCP, mitered to conform to fill, Ke= 0.700
Inlet / Outlet Invert= 248.00' / 247.00' S=0.0200 /" Cc=0.900
n= 0.011 Concrete pipe, straight & clean

#2  Primary 250.00" 15.0" Round Culvert
L=50.0' RCP, mitered to conform to fill, Ke= 0.700
Inlet / Outlet Invert= 250.00' / 249.00' S=0.0200 /' Cc= 0.900
n=0.011 Concrete pipe, straight & clean

Primary OutFlow Max=29.20 cfs @ 12.86 hrs HW=257.50' (Free Discharge)
1=Culvert (Inlet Controls 15.53 cfs @ 12.65 fps)
2=Culvert (inlet Controls 13.67 cfs @ 11.14 fps)
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Pond 1P: RP-KL2
Hydrograph

B iInflow
B Primary

| 4817 cfs

504

RS Inflow Area=30. 200 ac
e e St orag e=1 .046 af ,,,,,,

45

Flow (cfs)
NON W
o a o
NN U R

-
o
[ W

10}

0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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Summary for Pond 2P: DISCHARGE AT E (ZERO VOLUME POND)

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 39.480 ac, 0.00% Impervious, Inflow Depth = 2.45"
Inflow = 33.47cfs @ 12.80 hrs, Volume= 8.049 af
Primary = 33.47cfs @ 12.80 hrs, Volume= 8.049 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-36.00 hrs, dt= 0.05 hrs

Pond 2P: DISCHARGE AT E (ZERO VOLUME POND)
Hydrograph

H Inflow
A Primary

"~ _Inflow Area=39.480 ac _

Flow (cfs)
N
o
FTTIETY

56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time (hours)




APPENDIX D-5

HAND CALCULATIONS

PRE-DEVELOPMENT AND POST-DEVELOPMENT
MODELING RESULTS FOR DESIGN STORM EVENTS
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EnScoTE

short puration Rainfall Intensit

Environment canada/Environnement Canada

ponnées sur 1'intensité,

de pluie de courte durée

y-Duration-fFrequency Data

1a durée et la fréquence des chutes

Gumbel - Method of moments/Méthode des moments

2010/04/13

SHEARWATER A

ratitude: 44 38'N

Years/Années :

Longitude: 63 30'w

1955 - 2006

NS

8205090

Elevation/Altitude: 50 m

# Years/Années :

51

ﬂ***'{l*ii(k1(ki*‘Rﬁﬁ)\'i'l’i*i('k*‘ki*l’(i‘kl'l'iﬁ**iﬂi’tﬂ**ﬁkiiﬁ*k**'k*‘l*ﬁ*'ﬂ*ﬁt‘*iﬁ'**ﬁ**’(*'i**w*l’

TabTe 1 : Annual Maximum (mm)/Maximum annuel (mm)

ﬂ*’k*"!*ﬁi*YtW'H*‘kilW**i*'ﬁ***ﬁI‘lﬂ'*?***Ii'kl‘lﬁ***\P*ﬁw#*ﬂ**ﬂi*ﬁ**ﬂﬁﬁl'ﬁ*‘*iﬁ*‘l**ﬁ*'**"tﬁtﬁ*i*

Year
Année
1855
1956
1958
1959
1960
1961
1962
1963

Années
Mean

Ecart-type
Skew.
Dissymétrie
Kurtosis

5 min 10 min 15 min 30 min

WhRWHH WM W-

= [
OVINQINREUIFHVW_R VWS W

-

[

[
CSWUNNANBVRHEOBWK

WONOWEBSNNHEFNOOVAONOHRWOANWUWURNNEOORANMND WS

VMBENUVEBERANNNDONEAWR VI B &

6.1
2.1
1.33
4.76

~
[y

= -
OCPNELOVMEBWNVOROUL
OHOMBE NG

e

[

o

[y
WRNMWWNNABAQWRPLNWO NN

" o

1=
VORI UVOWVBRERFRBWUNROWVSNY

[
QNOWOUNWOORPBVNNONVPWUuNOWONOWOUOUOUMOWOROHBNO O

9.1
2.8
0.72
3.46

8.

[
£
WNWOBONUVURPBREWNOUHHAONORVNNUNUVUNRNNORHHEROO Y

11.8

0.29
2.62

13.7
8.6

[y
°
ES

4.3
0.28
2.86

1h

19.3
13.5
17.3
25.4
18.3
14.5
15.7
16.0
17.8
20.6
13.0
25.9
24.1
30.2
20.1
24.6
19.8
17.3
18.0
19.0
29.5
28.4
16.1
26.1
15.6
28.4
31.2
27.1
27.8
30.3
22.2
14.0
24.2
20.9
16.2
22.0
12.1
21.3
19.4
26.5
23.4
21.4
26.5
27.4
18.8
22.2
18.0

0.12
2.19

2 h

30.5

9.2
1.02
3.97

“-89.9 Indicates Missing bata/Données manquantes

warning: annual maximum am

Avertissement

Year /année

1871

ount greater than_100
: 1a quantité maximale annuelle e
pour une période de retour de 1

puration/bpurée
24 h

6 h

27.7
35.1
43.7
59.9
25.1
37.1
42.7
46.7
68.8
55.6
33.5
59.4
38.9
65.8
51.8
81.0
45.0
42.7
33.3
66.8
84.6
50.0
52.2
72.1
36.8
52.4
52.5
94.7
61.2
52.6
38.3
32.8
45.1
47.2
62.8
42.2
32.3
40.8
49.0
82.9
69.4
45.0
67.9
43.0
58.0
39.1

~yr return period
xcéde la quantité
00 ans

Data/Données
199.1

12h 24 h
30.7 45.0
35.1  41.1
47.5 47.8
67.6 68.1
35.3 38.1
54.1 70.9
55.9 71.6
64.0 67.6
75.2 75.2
58.9 61.2
42.9 43.2
60.5 87.4
55.6 68.3
65.8 66.8
72.9 77.5
116.1 199.1
66. 3 72.4
54.9 62.7
48.5 49.8
67.1 70.6
84.6 84.6
50.0 51.3
56.4 57.1
75.7 76.1
48.9 50.3
65.4 66.7
66.6 98.9
113.0 113.0
62.7 68.7
59.3 63.2
45.0 46.6
38.2 41.0
60.5 79.8
60.6 60.6
86.7 100.0
59.0 87.1
38.3 48.0
51.3 71.5
64,3 68.8
94.2 94,2
70.2 91.2
48.6 4B.6
76.8 87.4
56.9 66.5
72.0 72.2
57.8 88.6
47.9 56.7
92.3 103.7
39.8 52.6
64.1 91.3
57.6 57.6
51 51
61.6 71.2
17.8 25.6
1.02 2.57
4.82 14.46
amount
100-yr/ans

151.4

20!0/05/23
Kzs
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Table 2a : Return Period rRainfall Amounts (mm)
Quantité de pluie (mm) par période de retour

#Wﬂ***#ﬂ**#ﬂﬂﬁﬂﬂﬂﬁﬁWWW#Rw*#wﬂ***w##*ﬂﬁk#WﬂwW*wwﬁﬂ*ﬁ*k*wW**W*ﬁ***ﬂw*ﬂ**i*ﬂﬁkﬁk**#

buration/Durée 2 5 10 25 50 100  #vears
yr/ans yr/ans yr/ans yr/ans yr/ans yr/ans  Années

5 min 5.7 7.6 8.9 10.5 11.7 12.8 51
10 min 8.7 11.2 12.8 14.9 16.5 18.0 51
15 min 10.9 13.7 15.5 17.9 19.6 21.3 51
30 min 14.9 18.8 21.3 24.5 26.8 29.2 51
1h 20.6 25.1 28.0 31.8 34.6 37.3 51
2 h 29.0 37.2 42.6 49.4 54.5 58.5 51
6 h 48.5 62.1 71.1 82.5 80.9 99, 3 51
12 h 58.6 74.4 84.8 87.8 107.7 117.3 51
24 h 67.0 B9.6 104.5 123.5 137.5 151.4 51

i»

3 il 5 ¢ -
www*k&ﬂtkwtw*wwwww*w#wawww##w*wéé*ﬁ/w‘}*w-kwﬁww&w#wuftﬂﬁﬁ#t*##**'ﬁw'ﬁw'ktwt Ve v Ve W KRR

Table 2b :

Return Period Rainfall Rates (mm/h) - 95% cConfidence 1jmits
Intensité de la pluie (mm/h) par période de retour - Limites de confiance de 95%

W****Wﬁ#t*ﬂ***ﬁﬁﬁ*#ﬂ**#*ﬁﬂ**w*#*ﬁ**ﬂﬁ**iﬁﬁ*ﬁﬁ*Wﬁw*ﬁﬂ#*********ﬂ*#**ﬂ**ﬂ*kk*kk**ﬂ

buration/burée 2 5 10 25 50 100  #Years
yr/ans yr/ans yr/ans yr/ans yr/ans yr/ans  Années|

3 min 68.8 91.6 106.6 125.7 139.8 153.9 51
+/- 6.5 +/- 10.9 +/- 14.8 +/- 18.9 +/- 23.8 +/- 27.8 51

10 min 32.0 67.0 7.0 89.6 98.9 108.1 51
+/~ 4.3 +/- 7.2 +/- 9.7 +/- 13.1 +/- 15.7 +/- 18.3 51

15 min 43.5 54.7 62.1 71.4 78.3 85.2 51
+/- 3.2 +/- 5.4 +/- 7.2 +/- 9.8 +/- 11.7 +/- 13.86 51

30 min 29.9 37.5 42.5 48.9 53.6 58.3 51
+/- 2.2 +/- 3.7 +/- 4.9 +/- 6.7 +/- 8.0 +/- 9.3 51

ih 20.6 25.1 28.0 31.8 34.6 37.3 51
+/- 1.3 +/- 2.2 +/- 2.8 +/- 3.9 +/- 4.7 +/- 5.5 51

h 14.5 18.6 21.3 24.7 27.2 25.8 51
+/- 1.2 +/- 2.0 +/- 2.7 +/- 3.6 +/- 4.3 +/- 5.0 51

6 h 8.1 10.4 11.9 13.7 15.2 16.5 51
+/- 0.6 +/- 1.1 +/- 1.5 +/- 2.0 +/- 2.4 +/- 2.8 51

12 h 4.9 6.2 7.1 8.2 8.0 9.8 51
+/- 0.4 +/- 0.6 +/- 0.8 +/- 1.1 +/- 1.4 +/- 1.6 51

24 h 2.8 3.7 4.4 5.1 5.7 6.3 51
+/- 0.3 +/- 0.5 +/- 0.6 +/- 0.8 +/- 1.0 +/~ 1.1 51

w#wwwwwﬁ#ﬁ*##ﬂ*ﬂ*ﬁWWﬂ#ﬁ*ﬂﬂi**ﬁ#ﬁ#*###ﬂ*#ﬂﬁﬂk*ﬁﬁ#ﬁﬂw*ﬁﬂ*i**ﬁﬂﬁﬂ*#**ﬂwﬁﬁﬂWW*W**W#W

Table 3 : Interpolation Equation / Equation d'interpolation: R = A*TAB

R = Interpolated Rajnfall rate {mm/h)/Intensité interpolée de 1a pluie (mm/h)
RR = Rainfall rate ‘mm/h) / ~ntensité de la pluie (mm/h
T = Rainfall duration (h) / pburée de 1a pluie Ch)

kﬁ#WﬁkWﬂ*ﬁﬂﬂ*ﬁﬁﬂ*ﬁ*ﬁ#*ﬂwﬂﬁwﬂﬁﬂkw*ﬁ#*ﬂ*ﬁ#*twﬂﬁw#kﬁ*ﬁ*ﬁw*#ﬁﬁﬁﬁﬁ*ﬁ#*#kkkﬁ**ﬁﬁﬂ##*Wﬂ

Statistics/statistiques 2 5 10 25 50 100
yr/ans yr/ans yr/ans yr/ans yr/ans yr/ans

Mean of RR/Moyenne de RR ~ 27.2 = 35.0 = 40.1 = 46.6 51.4  56.1

std. Dev. /Ecart-type (RR) 23.1 30.4 35.3 41.4 45.9 50.4
std. Error/Erreur-type 3.7 3.1 2.8 2.5 2.3 2.2
Coefficient (A) 19.5 25.0 28.6 33.1 36.5 39.8

Exponent /Exposant (B) -0.558 -0.556 -0.555 -0.555 -0. 554 -0.554

Mean % Error/% erreur moyenne 7.3 5.4 4.9 4.6 4.6 4.7
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