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1.0 Introduction  
 
1.1 General 
 
WMI & Associates Limited was retained by the Jason Redman to prepare a Site 
Servicing and Stormwater Management Report for the proposed commercial 
development located at 1000 William Street, in the Town of Midland.  
 
1.2 Background 
 
The subject site is situated on approximately 0.91 hectares of land between William 
Street and Whitfield Crescent. The general location of this property is illustrated on 
FIG 1 in Appendix A (Site Location Plan) and will be referred to as the “site” within 
the context of this report. The Site Plan for the project has been prepared by WMI & 
Associates Ltd. (dated May 15, 2019) and is included in Appendix A. 
 
The property is legally described as being Part 1 Plan 51R-6958 which is Part of Lot 
100, Concession 2, Town of Midland, and Part of Lot 100, Concession 2, Township of 
Tay, County of Simcoe.  
 
The 0.91ha subject property currently consists of a large gravelled area, a wooded 
area, and the remaining area consists of unimproved land overgrown with vegetation. 
 
It is proposed to construct eight (8) 1-storey self-storage buildings, as well as a gravel 
parking area accessed by a proposed site entrance from the William Street right-of-
way (ROW) that spans east-west through the site to the Whitfield Crescent ROW. 
 
The stormwater management features that have been designed for this site consist of 
an enhanced grass swale and a dry detention basin which will form an integrated 
treatment train approach providing both stormwater quality and quantity control for the 
proposed development. 
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2.0 Pre-Development Condition 
 
2.1 General 
 
All pre-development runoff from the site takes place in the form of overland sheet flow 
over the unimproved land. The elevation drop across the site is approximately 1.75m. 
In general, the site slopes from the northeast to the southwest causing runoff to drain 
primarily to the ditch located within the Whitfield Crescent ROW. All site runoff is 
collected by the existing ditches within the William Street and Whitfield Crescent right-
of-ways (ROWs). One pre-development catchment (PRE = 0.91ha) was used to 
analyze the existing condition.  
 
No external areas contribute runoff to the site. Along the site’s east and north property 
boundaries are an existing ditch and detention pond respectively, which intercept all 
upstream external drainage and bypass it around the subject site. Existing grades 
slope away from the site and as a result, the site is considered to be self-contained.  
 
The pre-development condition drainage boundaries have been confirmed through a 
combination of topographic survey, Simcoe County Interactive Maps GIS topographic 
contours, and a site visit. 
 
Refer to FIG2 in Appendix A for the Pre-Development Drainage Plan. 
 
2.2 Soil Conditions 
 
According to the Soils Map of Simcoe County, Ontario, Soil Survey Report prepared 
for the Department of Agriculture, the subject site consists primarily of Tioga and Vasey 
Sandy Loam. These soil types are within Hydrologic Soil Group ‘A-AB’ and are 
considered to be good draining soils. 
  
A Geotechnical Investigation Report prepared by Cambium Inc., (April 1, 2019) has 
been prepared for the site. Four (4) test-pits were dug on-site and revealed varying 
layers of topsoil, and sand/silty sand fill overtop native clayey silt soils. The report 
concludes that the native clayey silt soils on the site have low permeability, specifically 
estimating the T-time to be greater than 50min/cm (Infiltration rate of 12mm/hr or less).  
 
Out of the four (4) test-pits dug on-site, 3 were observed to have groundwater up to 
1.2m below the ground surface. The Cambium Report states that the groundwater 
encountered in these boreholes is likely perched at the base of the upper sand/silty 
sand fill soils on top of the lower native clayey silt soils due to the native soils’ low 
permeability. Bedrock was not encountered in any of the test-pits. 
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The runoff coefficients and curve numbers associated with the site drainage area were 
determined by calculating weighted values based on corresponding land uses and soil 
type.  The Hydrologic Soil Group was determined in accordance with the Ontario 
Ministry of Transportation (MTO) Soil Classification System. 
 
2.3 Stormwater Management Design Criteria 
 
The stormwater management design for the site will incorporate the policies and 
criteria of a number of agencies, including the Ministry of the Environment 
Conservation and Parks (MECP), Severn Sound Environmental Association (SSEA), 
and the Town of Midland (Town).  Additional design guidance has been provided by 
the Low Impact Development Stormwater Management Planning & Design Guide (LID) 
prepared by the Credit Valley Conservation (CVC) and the Toronto and Region 
Conservation Authority (TRCA), Version 1.0, dated 2010.   
 
The above noted agencies stormwater design criteria for the proposed development 
are summarized below: 
 
• Stormwater quality controls will be provided based on the guidelines described in 

the Ministry of the Environment, Stormwater Management Planning and Design 
Manual dated March 2003 and the Low Impact Development Stormwater 
Management Planning & Design Guide (LID) prepared by the Credit Valley 
Conservation (CVC) and the Toronto and Region Conservation Authority (TRCA), 
Version 1.0, dated 2010.  Following the Ministry of Environment Conservation and 
Parks (MECP) and LID Guidelines noted above, the stormwater management 
design utilized for the site will provide water quality control at an Enhanced Level 
of Protection (minimum of 80% Total Suspended Solids removal efficiency). 

• Stormwater quantity control will be provided via the use of an on-site dry detention 
basin sized to accommodate the storage volume required to attenuate post-
development peak flows to corresponding pre-development target rates or less for 
each of the 2-100 year design storm events. The dry detention basin will include 
an outlet structure consisting of a weir incorporated into a concrete headwall which 
will control all outflows from the site to the Whitfield Crescent ROW. 

• Stormwater quality control will be provided via the use of a dry detention basin with 
an enhanced grass swale upstream for pre-treatment. This proposed treatment 
train approach is premised on the stormwater being both filtrated as well as 
infiltrated into the in-situ soils while the vegetation will also provide nutrient uptake 
and evapotranspiration benefits. 

• The Ministry of Transportation Rainfall Intensity-Duration-Frequency (IDF) Lookup 
data, was used to determine the peak design flows and runoff volumes for each of 
the design storm events analyzed. 
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• Erosion and Sediment Control measures will be implemented prior to and during 
the construction of the development and maintained until the site is stabilized.  

 
 
3.0 Post-Development Condition 
 
3.1 General  
 
With the intention of maintaining pre-development peak flow rates and water quality, 
post-development drainage patterns have generally been kept consistent with that of 
the pre-development condition. Due to the increase in impervious area in the post-
development condition, an integrated treatment train of Low Impact Development Best 
Management Practices (LID BMP’s) have been proposed to fully address stormwater 
quality control and water balance. In the post-development condition, the site remains 
as a single catchment, referred to as POST (0.91ha).  
 
3.2 Post-Development Drainage 
 
The site will be comprised of eight (8) 1-storey buildings (slab on grade), as well as a 
gravel parking area accessed by the site entrances located at the eastern property line 
from the William Street right-of-way (ROW). A proposed site exit is located at the 
western property line onto the Whitfield Crescent right-of-way (ROW). Stormwater will 
be captured and conveyed by the proposed LIDs on-site via overland sheet flow. The 
site will be graded to provide positive drainage towards each of the proposed LIDs.  
 
An enhanced grass swale located along the southern property line is proposed to 
convey flows from the gravel parking area to a dry detention basin located in the 
southwest corner of the site. The enhanced grass swale will provide filtration and 
evapotranspiration benefits, as well as nutrient uptake and opportunity for infiltration 
into the in-situ soils. The enhanced grass swale will run perpendicular to the direction 
of overland flow to intercept runoff and provide maximum quality control and water 
balance benefits opportunity prior to being discharged to the dry detention basin 
downstream.   
 
The dry detention basin will be designed to provide further stormwater quality control 
and at-source groundwater recharge for water balance purposes as well as an outlet 
structure that will provide stormwater quantity control.  
 
Refer to FIG3 (Post-Development Drainage Plan) and SGR (Site Servicing and 
Grading Plan) in Appendix A. 
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4.0 Hydrologic Analysis 
 
4.1 Pre-Development Condition Results 
 
Using the site drainage area as illustrated on FIG2 and the Rational Method, the total 
flows were determined for the 2, 5, 10, 25, 50 & 100-year design storm events.  These 
flows are summarized in Table 1 below. The stormwater management design 
calculations including the Rational Method peak flow values can be found in Appendix 
B. 
 
Table 1:  Pre-Development Peak Flows 

Catchment Area 
(ha) 

Pre-Development Peak Flows 

2 yr. 
m³/s 

5 yr. 
m³/s 

10 yr. 
m³/s 

25 yr. 
m³/s 

50 yr. 
m³/s 

100 yr. 
m³/s 

PRE 0.91 0.035 0.047 0.055 0.071 0.086 0.098 
 
 
4.2 Post-Development Condition Results 
 
The post-development peak flows are summarized in Table 2 below. 
 
Table 2:  Post-Development Uncontrolled Peak Flows 

Catchment Area 
(ha) 

Post-Development Uncontrolled Peak Flows 

2 yr. 
m³/s 

5 yr. 
m³/s 

10 yr. 
m³/s 

25 yr. 
m³/s 

50 yr. 
m³/s 

100 yr. 
m³/s 

POST 0.91 0.118 0.158 0.184 0.238 0.271 0.299 
 
By comparing Tables 1 and 2 for the total site drainage area, it is evident that the post-
development peak flows exceed the pre-development levels. Attenuation of post-
development peak flows to pre-development levels or less will be provided as 
discussed in Section 5.0 below.  
 
The corresponding calculation of the flow rates using the Rational Method can be found 
in Appendix B. 
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5.0 Stormwater Quantity Control 
 
The table below (Table 3) summarizes the storage volume requirements for the 
stormwater management basin (dry detention basin) and the corresponding inflow-
outflows and estimated water levels. The storage volumes were determined using the 
Modified Rational Method and the calculations can be found in Appendix B. 
 
Table 3: Dry Detention Basin Characteristics 

Storm Event 
(Year) 

Dry Detention Basin 
Post-Development Controlled Peak Flows (m3/s) & Storage 

Volumes (m3) 

Drainage 
Area 
(ha) 

Inflow  
(m3/s) 

(Table 2) 

Outflow 
(m3/s) 

Storage  
Provided  

(m3) 
 

Estimated Water 
Levels 

(m) 

2 

0.91 

0.118 0.027 100.54 185.32 

5 0.158 0.041 124.10 185.39 

10 0.184 0.050 139.93 185.43 

25 0.238 0.071 170.12 185.51 

50 0.271 0.084 189.66 185.56 

100 0.299 0.095 204.43 185.59 
 
The proposed dry detention basin has been designed to incorporate stormwater 
quantity control as well as provide additional quality control prior to releasing runoff to 
the existing stormwater outlet (the existing ditch within in the Whitfield Crescent ROW).  
 
Details of the proposed dry detention basin are summarized below: 

• The site's internal grading has been designed such that during a 100-year design 
storm event, all stormwater runoff is safely conveyed overland towards the 
proposed dry detention basin.  The enhanced grass swale has been designed to 
safely convey the site’s major system flows to the dry detention basin prior to being 
attenuated and released to the existing stormwater outlet.  

• The dry detention basin consists of 3:1 (H:V) side slopes, a maximum depth of 
1.0m and a total storage capacity of 368.3m3. 

• The proposed dry detention basin will consist of a concentrated flow overland inlet 
stemming directly from the enhanced grass swale at its eastern limit. This proposed 
overland inlet will convey all contributing design storm peak flows up to and 
including the 100-year design storm from the enhanced grass swale into the dry 
detention basin. This inlet will be lined with filter cloth and rip-rap for erosion 
protection.  

• The basin has been shaped to run parallel to the southern property line, and the 
site’s internal grading will be such that any overland sheet flow not directed to the 
enhanced grass swale swale will be directed towards and captured by the 
elongated basin.  



1000 William St, Midland 
Site Servicing & Stormwater Management Report 
Revised September 2019 
 
 

7 
 

• Runoff will be pre-treated prior to entering the dry detention basin by the proposed 
enhanced grass swale. 

• The outlet structure will cause runoff to pool within the basin as it attenuates post-
development peak flows. This design will utilize the full volume provided within the 
basin and force runoff to contact the entire base area before being released to the 
existing outlet. Runoff contacting the base area will experience the full potential of 
the quality control benefits via vegetative filtration, evapotranspiration, and nutrient 
uptake. Moreover, the pooling of runoff in the basin will allow further sedimentation 
of suspended solids as intended prior to runoff being released to the site’s outlet. 

• The proposed dry detention basin is designed to attenuate the stormwater runoff 
generated by the development prior to releasing it to the site outlet. A triangular 
shaped sharp-crested weir formed into the face of a concrete headwall is proposed 
to control the 2-100 year design storm peak flows directed into the dry detention 
basin.  The triangular sharp-crested weir will be a total of 0.17m wide and have a 
crest elevation of 184.90m.  The side slopes of the weir will be 1:6 (H:V). This outlet 
configuration has been designed to provide sufficient stormwater attenuation within 
the dry detention basin to control the post-development peak flows to the 
corresponding pre-development target rates or less for each of the 2-100 year 
design storm events. 

• The dry detention basin will have a minimum bottom width of 170m2 in an effort to 
provide at-source groundwater recharge for water balance purposes.  

 
Refer to Appendix A for the engineering drawing set detailing the proposed dry 
detention basin, as well as Appendix B for supporting calculations and design details 
of the basin. 
 
 
6.0 Stormwater Quality Control 
 
6.1 Total Suspended Solids Removal Initiatives 
 
In determining the best approach to provide quality control for the proposed 
development, various factors were considered, as follows:   
 
• Existing land characteristics and uses (soils, topography, treatment area, location, 

etc.);  

• Local requirements and maintenance considerations with regard to quality control; 

• Facility feasibility & proximity to a suitable stormwater outlet. 

• Utilizing an 'integrated treatment train' approach to treat stormwater runoff; 

• Ability to utilize landscaped areas for nutrient uptake and evapotranspiration 
benefits; 
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Based on the above noted factors, the application of a dry detention basin with an 
enhanced grass swale upstream for pre-treatment has been chosen as the preferred 
means of providing a complete treatment train approach capable of filtration, nutrient 
uptake, infiltration and evapotranspiration benefits of all stormwater runoff generated 
on-site. 
 
Referencing the LID & MOE Guidelines, the site’s impervious area (rooftops and gravel 
parking lot) is directed to Low Impact Development Best Management Practices (LID 
BMP) capable of providing quality control benefits. An 'Enhanced' Level of Protection, 
as defined in the MOE's Stormwater Management Planning & Design Manual will be 
achieved through filtration practices.  
 
The dry detention basin is proposed to capture and release all stormwater runoff from 
the property and has been designed based on the same principles of an enhanced 
grass swale (as suggested in the LID Manual). Enhanced grass swales are considered 
advantageous as they can be integrated into the various landscape features proposed 
throughout a site. From a performance perspective they are beneficial in that they can 
function adequately when graded into areas of varying slope and will provide 
exceptional capture due to the longitudinal dimension and location of the swales with 
respect to the proposed site grading and corresponding overland runoff’s 
perpendicular direction of flow. The design of an enhanced grass swale is highly 
conducive to providing optimal capture of a site’s stormwater runoff while facilitating a 
reduction in flow velocity prior to discharging to the site outlet. The dry detention basin, 
meeting the requirements of an enhanced grass swale, is outlined in Section 5.0 and 
will continue to provide treatment of all stormwater generated on the property by means 
of vegetative filtration, nutrient uptake and evapotranspiration. 
 
An enhanced grass swale upstream of the dry detention basin is proposed to capture 
flows from the parking area and convey them to the basin. The gravel parking lot has 
been graded to allow runoff to flow into inverted crown drive aisles which will convey 
runoff into the proposed enhanced grass swale and downstream dry detention basin. 
The enhanced grass swale has been sized to convey flows from its contributing area 
(50% of the site) up to and including the 100-year storm event with 0.05m (20%) 
freeboard. The enhanced grass swale has been sized in accordance with the 
guidelines outlined in the LID Manual, including a 0.75m bottom width, 3:1 side-slopes, 
and a channel slope allowing the 25mm design storm velocity to not exceed 0.50m/s 
(0.42m/s) or a flow depth of greater than 100mm. Refer to Appendix B for additional 
details. 
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Flows from the gravel parking area will enter the dry detention basin from both the 
enhanced grass swale and directly from the western half of the gravel parking area. 
Runoff generated on the building rooftops is considered to be ‘clean’ and free of 
contaminants. Since over a third of the site area (38%) consists of building rooftops, 
the contaminant load over the site will be much less than what the total impervious 
area on site suggests. This reduced loading will allow the proposed LIDs to be more 
effective at treating stormwater from a quality control perspective.   
 
Both the enhanced grass swale and dry detention basin proposed on-site will provide 
similar filtration and evapotranspiration benefits, as well as nutrient uptake and 
opportunity for infiltration into the in-situ soils. Based on the information provided in the 
LID Guide, the median pollutant mass removal rates of enhanced grass swales are 
considered to be 76% for total suspended solids, 55% for total phosphorus and 50% for 
total nitrogen based on available performance studies. 
 
Considering the above treatment train of an enhanced grass swale and a dry detention 
basin, a minimum of 80% Total Suspended Solids (TSS) removal efficiency is 
considered to be achievable on-site, as enhanced grass swales alone have been found 
to provide 76% TSS removal efficiency as per the LID guide. 
 
Refer to Drawing SGR (Site Servicing and Grading Plan), Drawing DS1 (Details 
Sheet) located in Appendix A as well as to the supporting calculations provided in 
Appendix B for additional details related to the stormwater management design. 
 
6.2 Total Phosphorous Removal Initiatives 
 
Phosphorus removal initiatives are also proposed for the subject site.  
 
The various BMPs proposed for the site which will provide phosphorus loading 
reduction benefits are the enhanced grass swale and the dry detention basin. These 
stormwater management features will retain pollutants and nutrients, such as 
phosphorus, during minor rainfall events as they have been designed to accept the all 
of the site’s runoff.  
 
As noted in Section 4.4 of the LID Manual, any stormwater that is infiltrated or 
evaporated by LIDs prevents pollutants in the stormwater (such as phosphorus) from 
leaving the site. Moreover, the contaminated stormwater continues to be treated as it 
is infiltrated by the native soils. Both the enhanced grass swale and dry detention basin 
will provide opportunity for infiltration into the native soils, as well as filtration, nutrient 
uptake and evapotranspiration benefits. 
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6.3 Water Balance Initiatives 
 
As noted in the Hydrogeological Study and Water Balance Analysis prepared by Ian 
D. Wilson & Associates Ltd. (April 24, 2019), the predominant underlying native clayey 
silt soils on-site are considered to have a low permeability (considering their infiltration 
rate - determined to be 12mm/hr based on the T-time of 50min/cm as stated in the 
Geotechnical Investigation Report prepared by Cambium Inc., dated April 1, 2019), 
whereas the upper soils (sand/silty sand fill) exhibit a higher percolation rate of 
60mm/hr (T-time = 10min/cm).  
The Wilson report concludes that based on the conservative T-time of 50min/cm for 
the native clayey silt soils, LID measures with a total site footprint of 170m2 are required 
to meet the on-site water balance requirements.  
 
The proposed enhanced grass swale provides a total site footprint of 25m2 
(approximately). Additionally, the proposed dry detention basin provides a total site 
footprint of 170m2 within its base area. These features exceed the minimum 
requirements for water balance on-site as indicated above. 
 
 
7.0 Sediment and Erosion Controls 
 
In accordance with Town policy, effective erosion and sediment controls must be 
established prior to construction commencement and maintained until the site has 
been stabilized. Exposure of the soil during construction should be minimized to avoid 
erosion and sedimentation. The site’s erosion potential may be mitigated through the 
use of sound erosion and sedimentation control measures.  The following measures 
shall be carried out prior to construction and maintained until disturbed areas have 
regained a significant grass cover:  
 
Topsoil Stripping: Topsoil stripping will be reduced as much as possible on-site.  Where 
grading is necessary, the exposed soil will be stabilized by seeding immediately upon 
being set to grade. Should topsoil stockpiling be required, the stockpiles will be kept 
at manageable levels for grass/weed cutting purposes.   
 
Silt Fence:  Silt fence will be placed along the down slope of all excavated material and 
along the perimeter of the site to prevent sediment transport.  Periodic inspections and 
repairs to the silt fence should be performed regularly, as well as after every rainfall event. 
 
Mud Mat:  Mud tracking from construction traffic must be controlled through the use of  
a mud-mat consisting of clear stone located at the site's construction entrances/ exits. 
 
Vegetated Buffers: Existing grassland vegetation/wooded and lawn areas along the 
development limits are to be maintained wherever possible.  These areas will provide 
a natural barrier to filter potentially sediment-laden overland flow before it is released 
from the site. 
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Conveyance Protection:  Straw bale check dams will be placed within all swales 
immediately after being constructed and should be removed only after the area has 
been fully stabilized.   
 
Finally, the Site Engineer will be responsible for completing routine inspections of the 
sediment and erosion control structures throughout the construction phase of the 
development, particularly after rainfall events. All damaged or clogged control devices 
or fencing must be repaired immediately. 
 
 
8.0 Water Servicing 
 
The proposed water servicing is detailed on the Site Servicing and Grading Plan (SGR) 
provided in Appendix A. 
 
Based on the record information provided by the Town of Midland, there is an existing 
150mmø watermain located in the east boulevard of William Street as well as a 
250mmø watermain located in the west boulevard of Whitfield Crescent. There’s also 
an existing water service located on William Street that will be used to service the 
proposed office space.  
 
The size of the existing water service is unknown and will need to be verified 
during/prior to construction.  It is assumed that the existing water service is 19mmø. 
Based on this assumption it has been confirmed that a 19mmø water service is more 
than adequate to accommodate the proposed single powder room within the office 
space. The water service will be complete with a shut-off valve located at the property 
line.  
 
In terms of fire protection there’s an existing fire hydrant in front of the site along 
William Street as well as an existing fire hydrant along Whitfield Crescent at the rear 
of the site. An additional fire hydrant is proposed within the site between Building ‘D’ 
and Building ‘B’. 
 
The Town of Midland has provided fire hydrant flow data for both hydrants located on 
William Street and Whitfield Crescent. The Town records indicate a static pressure of 
100psi in the existing 150mmø watermain on William Street with a flow of 87.9 L/s and 
a residual pressure of 78psi. The Town records for the existing 250mmø watermain on 
Whitfield Crescent has a static pressure of 100psi with a flow of 94.7 L/s and a residual 
pressure of 78psi. It has been determined that a 150mmø fire service connected to the 
existing 250mmø watermain on Whitfield Crescent is adequate to provided fire 
protection within the proposed development.  
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9.0 Wastewater Servicing 
 
There is an existing 200mmø sanitary sewer along the east boulevard of the William 
Street ROW as well as an existing 150mmø sanitary lateral at property line. It is 
proposed to connect to the existing 150mmø lateral to service the proposed office 
space as shown on the Site Servicing and Grading Plan (SGR) provided in Appendix 
A. 
 
 
10.0 Utilities & Electrical Servicing  
 
Existing bell, hydro, gas and cable services are all present at the property frontage 
based on visual inspection. The servicing drawings are in the process of being 
circulated to the utility agencies to confirm that existing services are adequate.  
Considering the area and the location of the existing developments within the William 
Street ROW, we do not anticipate any issues with utility servicing.  The site plan has 
been provided to Walker’s Electric 2000 to determine the electrical servicing 
requirements for the development.  
 
 
11.0 Summary and Conclusions 
 
This Site Servicing and Stormwater Management Report demonstrates how the 
proposed development can be integrated into the existing community, without 
imposing any adverse stormwater/servicing impacts. Specifically, we note the 
following: 
 
• Stormwater quantity control will be provided via the use of an on-site dry detention 

basin sized to accommodate the storage volume required to attenuate post-
development peak flows to corresponding pre-development target rates or less. 
The dry detention basin will include an outlet structure consisting of a weir 
incorporated into a concrete headwall which will control runoff prior to being 
discharged off-site. 

• Stormwater quality control will be provided via an integrated treatment train which 
will help minimize any negative impacts the proposed development may have on 
the existing quality of stormwater runoff. An 'Enhanced' Level of Protection, as 
defined in the MOE's Stormwater Management Planning & Design Manual, will be 
provided through the use of a dry detention basin with an enhanced grass swale 
upstream for pre-treatment. This approach is premised on the stormwater being 
both filtrated as well as infiltrated into the in-situ soils while the vegetation will also 
provide nutrient uptake and evapotranspiration benefits which will all inherently 
provide additional water balance and phosphorus loading reduction benefits.   
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• The use of silt fencing, existing vegetated buffers, straw bale check dams, and a 
construction mud mat will ensure downstream stormwater quality is maintained 
during construction. 

• Site servicing will be provided via water (domestic and fire supply) and sanitary 
service connections to existing infrastructure within the adjacent Whitfield Crescent 
and William Street ROWs.  Similarly, utility and electrical servicing will be provided 
from the Whitfield Crescent and William Street ROWs as well. 

The site servicing and stormwater management design as described above, can be 
constructed and maintained as a functional method of servicing the site as well as 
treating all stormwater run-off generated by the proposed development.  This Site 
Servicing and Stormwater Management Report and the associated engineering design 
drawings are based on information provided at the time of their preparation and are 
considered only applicable to the proposed works as described in this report.  Any 
changes subsequent to the report and drawings date of issuance should be reviewed 
by WMI & Associates Ltd. to ensure applicability of the design contained within the 
documents. 
 
Based on the above, we request that this report be received by the Town in support of 
detailed design and ultimately the construction of the proposed self-storage 
development. 
 
Respectfully submitted, 
 
WMI & Associates Limited 
 

 
 
 
 

Benjamin Daniels, B.Eng.    Jeremy W. Lightheart, P.Eng. 
 
\\WMI-SERVER\wmi-server\Data\Projects\2019\19-532\Design\Reports\Issue_3\190906_SWM_Report.docx 
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APPENDIX B

 
STORMWATER MANAGEMENT 

CALCULATIONS



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William Street Prepared By: BD

A-AB B-BC C-D
0 - 5% grade 0.22 0.35 0.55
5 - 10% grade 0.30 0.45 0.60
10 - 30% grade 0.40 0.65 0.70
0 - 5% grade 0.10 0.28 0.40
5 - 10% grade 0.15 0.35 0.45
10 - 30% grade 0.22 0.40 0.55
0 - 5% grade 0.08 0.25 0.35
5 - 10% grade 0.12 0.30 0.42
10 - 30% grade 0.18 0.35 0.52

Lakes and Wetlands 0.05 0.05 0.05
Impervious Area (i.e. buildings, roads, parking lot, etc.) 0.95 0.95 0.95
Gravel (not used for proposed parking or storage areas) 0.40 0.50 0.60

Single Family 0.30 0.40 0.50
Multiple (i.e. semi, townhouse, apartment, etc.) 0.50 0.60 0.70
Light 0.55 0.65 0.75
Heavy 0.65 0.75 0.85

Commercial 0.60 0.70 0.80
Unimproved Areas 0.10 0.20 0.30

< 2% grade 0.05 0.11 0.17
2 - 7% grade 0.10 0.16 0.22
> 7% grade 0.15 0.25 0.35

Ref:

<<< Elements Requiring Input Information

PRE-DEVELOPMENT CONDITION

A-AB B-BC C-D
0 - 5% grade
5 - 10% grade
10 - 30% grade
0 - 5% grade
5 - 10% grade
10 - 30% grade
0 - 5% grade 0.225
5 - 10% grade
10 - 30% grade

Lakes and Wetlands
Impervious Area (i.e. buildings, roads, parking lot, etc.)
Gravel (not used for proposed parking or storage areas) 0.455

Single Family
Multiple (i.e. semi, townhouse, apartment, etc.)
Light
Heavy

Commercial
Unimproved Areas 0.230

< 2% grade
2 - 7% grade
> 7% grade

Total Area (ha) = 0.91 Runoff Coefficient, C = 0.25

Land Cover

Land Cover Hydrologic Soil Groups

Cultivated Land

Pasture Land

Woodlot or Cutover

Residential

Industrial

Lawn

Runoff Coefficient Numbers - Adapted from Design Chart 1.07, Ontario Ministry of Transportation, "MTO Drainage 
Management Manual", MTO. (1997)

Lawn

Cultivated Land

Pasture Land

Woodlot or Cutover

Industrial

RUNOFF COEFFICIENT CALCULATIONS
"C" SPREADSHEET

RUNOFF COEFFICIENT NUMBERS

Residential

Hydrologic Soil Groups



POST-DEVELOPMENT CONDITION

A-AB B-BC C-D
0 - 5% grade
5 - 10% grade
10 - 30% grade
0 - 5% grade
5 - 10% grade
10 - 30% grade
0 - 5% grade
5 - 10% grade
10 - 30% grade

Lakes and Wetlands
Impervious Area (i.e. buildings, roads, parking lot, etc.) 0.796
Gravel (not used for proposed parking or storage areas)

Single Family
Multiple (i.e. semi, townhouse, apartment, etc.)
Light
Heavy

Commercial
Unimproved Areas

< 2% grade 0.114
2 - 7% grade
> 7% grade

Total Area (ha) = 0.91 Runoff Coefficient, C = 0.84
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Residential

Industrial

Lawn

Land Cover Hydrologic Soil Groups

Cultivated Land

Pasture Land

Woodlot or Cutover



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William Street Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) TC = Time of Concentration, (min)

2-year C2 = C I25mm = (mm/hr)
5-year C5 = C

10-year C10 = C where, C = Runoff Coefficient
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C

Catchment A TC C Q25mm Q2 Q5 Q10 Q25 Q50 Q100

I.D. (ha) (min.) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
PRE 0.91 15.0 0.25 0.011 0.035 0.047 0.055 0.071 0.086 0.098

POST 0.91 15.0 0.84 0.089 0.118 0.158 0.184 0.238 0.271 0.299

RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year
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360

Runoff Coefficient Equations Rainfall Intensity Equation (25mm storm event)

(43 x C) + 5.9
Based on MTO Drainage Manual (1984), page BD-4 Based on the MOE SWMP Manual (2003), Eq'n 4.9

For storms having a return period of more than 10 years, the 
Runoff Coefficient, C, will be increased as shown above up to a 
maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (TC / 60)B

http://www.mto.gov.on.ca/IDF_Curves/terms.shtml


WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 13-May-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 2-year 0.91 0.84 0.84 15 5 0.027

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 55.6 0.118 106.26 24.30 81.96
20 45.5 0.097 115.87 28.35 87.52
25 38.9 0.083 123.93 32.40 91.53
30 34.3 0.073 130.92 36.45 94.47
35 30.8 0.065 137.13 40.50 96.63
40 28.0 0.059 142.76 44.55 98.21
45 25.8 0.055 147.91 48.60 99.31
50 24.0 0.051 152.68 52.65 100.03
55 22.4 0.048 157.12 56.70 100.42

DESIGN STORM DURATION >>> 60 21.1 0.045 161.29 60.75 100.54 100.54
65 20.0 0.042 165.22 64.80 100.42
70 18.9 0.040 168.95 68.85 100.10
75 18.1 0.038 172.49 72.90 99.59
80 17.3 0.037 175.88 76.95 98.93
85 16.5 0.035 179.12 81.00 98.12
90 15.9 0.034 182.22 85.05 97.17
95 15.3 0.032 185.21 89.10 96.11
100 14.8 0.031 188.10 93.15 94.95
105 14.3 0.030 190.88 97.20 93.68
110 13.8 0.029 193.57 101.25 92.32
115 13.4 0.028 196.18 105.30 90.88
120 13.0 0.028 198.71 109.35 89.36
125 12.6 0.027 201.16 113.40 87.76
130 12.3 0.026 203.55 117.45 86.10
135 12.0 0.025 205.88 121.50 84.38
140 11.7 0.025 208.14 125.55 82.59
145 11.4 0.024 210.35 129.60 80.75
150 11.1 0.024 212.51 133.65 78.86
155 10.9 0.023 214.62 137.70 76.92
160 10.6 0.023 216.68 141.75 74.93
165 10.4 0.022 218.70 145.80 72.90

Max. Storage Required
VRunoff - VReleased
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- The 2-year post-development peak flow is attenuated to the 2-year pre-development target rate of 0.035m3/s or less.

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

360

Runoff Coefficient Equations Runoff Volume
Based on MTO Drainage Manual (1984), page BD-4

Released Volume
QReleased x (td + TC)/2

MODIFIED RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year

2-year Design Storm



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 5-year 0.91 0.84 0.84 15 5 0.041

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 74.3 0.158 142.02 36.90 105.12
20 60.8 0.129 154.87 43.05 111.82
25 52.0 0.110 165.63 49.20 116.43
30 45.8 0.097 174.97 55.35 119.62
35 41.1 0.087 183.28 61.50 121.78
40 37.4 0.079 190.79 67.65 123.14
45 34.5 0.073 197.68 73.80 123.88

DESIGN STORM DURATION >>> 50 32.0 0.068 204.05 79.95 124.10 124.10
55 30.0 0.064 209.99 86.10 123.89
60 28.2 0.060 215.56 92.25 123.31
65 26.7 0.057 220.82 98.40 122.42
70 25.3 0.054 225.80 104.55 121.25
75 24.1 0.051 230.54 110.70 119.84
80 23.1 0.049 235.06 116.85 118.21
85 22.1 0.047 239.39 123.00 116.39
90 21.2 0.045 243.54 129.15 114.39
95 20.5 0.043 247.54 135.30 112.24
100 19.7 0.042 251.39 141.45 109.94
105 19.1 0.040 255.11 147.60 107.51
110 18.5 0.039 258.71 153.75 104.96
115 17.9 0.038 262.19 159.90 102.29
120 17.4 0.037 265.57 166.05 99.52
125 16.9 0.036 268.85 172.20 96.65
130 16.4 0.035 272.05 178.35 93.70
135 16.0 0.034 275.15 184.50 90.65
140 15.6 0.033 278.18 190.65 87.53
145 15.2 0.032 281.14 196.80 84.34
150 14.9 0.032 284.02 202.95 81.07
155 14.5 0.031 286.84 209.10 77.74
160 14.2 0.030 289.59 215.25 74.34
165 13.9 0.030 292.29 221.40 70.89

Max. Storage Required
VRunoff - VReleased
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- The 5-year post-development peak flow is attenuated to the 5-year pre-development target rate of 0.047m3/s or less.

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

360

Runoff Coefficient Equations Runoff Volume
Based on MTO Drainage Manual (1984), page BD-4

Released Volume
QReleased x (td + TC)/2

MODIFIED RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year

5-year Design Storm



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 10-year 0.91 0.84 0.84 15 5 0.050

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 86.4 0.184 165.19 45.00 120.19
20 70.7 0.150 180.13 52.50 127.63
25 60.5 0.128 192.64 60.00 132.64
30 53.2 0.113 203.51 67.50 136.01
35 47.8 0.102 213.17 75.00 138.17
40 43.5 0.092 221.92 82.50 139.42

DESIGN STORM DURATION >>> 45 40.1 0.085 229.93 90.00 139.93 139.93
50 37.3 0.079 237.33 97.50 139.83
55 34.9 0.074 244.24 105.00 139.24
60 32.8 0.070 250.72 112.50 138.22
65 31.0 0.066 256.84 120.00 136.84
70 29.4 0.063 262.63 127.50 135.13
75 28.1 0.060 268.14 135.00 133.14
80 26.8 0.057 273.40 142.50 130.90
85 25.7 0.055 278.44 150.00 128.44
90 24.7 0.052 283.27 157.50 125.77
95 23.8 0.051 287.92 165.00 122.92
100 23.0 0.049 292.40 172.50 119.90
105 22.2 0.047 296.72 180.00 116.72
110 21.5 0.046 300.91 187.50 113.41
115 20.8 0.044 304.96 195.00 109.96
120 20.2 0.043 308.89 202.50 106.39
125 19.6 0.042 312.71 210.00 102.71
130 19.1 0.041 316.42 217.50 98.92
135 18.6 0.040 320.04 225.00 95.04
140 18.1 0.039 323.56 232.50 91.06
145 17.7 0.038 327.00 240.00 87.00
150 17.3 0.037 330.35 247.50 82.85
155 16.9 0.036 333.63 255.00 78.63
160 16.5 0.035 336.83 262.50 74.33
165 16.2 0.034 339.96 270.00 69.96

Max. Storage Required
VRunoff - VReleased
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- The 10-year post-development peak flow is attenuated to the 10-year pre-development target rate of 0.055m3/s or less.

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

360

Runoff Coefficient Equations Runoff Volume
Based on MTO Drainage Manual (1984), page BD-4

Released Volume
QReleased x (td + TC)/2

MODIFIED RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year

10-year Design Storm



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 25-year 0.91 0.84 0.92 15 5 0.071

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 101.7 0.238 213.84 63.90 149.94
20 83.2 0.194 233.18 74.55 158.63
25 71.2 0.166 249.38 85.20 164.18
30 62.7 0.146 263.45 95.85 167.60
35 56.3 0.131 275.96 106.50 169.46

DESIGN STORM DURATION >>> 40 51.2 0.120 287.27 117.15 170.12 170.12
45 47.2 0.110 297.64 127.80 169.84
50 43.8 0.102 307.23 138.45 168.78
55 41.0 0.096 316.17 149.10 167.07
60 38.6 0.090 324.56 159.75 164.81
65 36.5 0.085 332.48 170.40 162.08
70 34.7 0.081 339.98 181.05 158.93
75 33.0 0.077 347.11 191.70 155.41
80 31.6 0.074 353.92 202.35 151.57
85 30.3 0.071 360.44 213.00 147.44
90 29.1 0.068 366.69 223.65 143.04
95 28.0 0.065 372.71 234.30 138.41
100 27.0 0.063 378.51 244.95 133.56
105 26.1 0.061 384.11 255.60 128.51
110 25.3 0.059 389.53 266.25 123.28
115 24.5 0.057 394.77 276.90 117.87
120 23.8 0.056 399.86 287.55 112.31
125 23.1 0.054 404.81 298.20 106.61
130 22.5 0.053 409.61 308.85 100.76
135 21.9 0.051 414.29 319.50 94.79
140 21.3 0.050 418.85 330.15 88.70
145 20.8 0.049 423.30 340.80 82.50
150 20.3 0.048 427.64 351.45 76.19
155 19.9 0.046 431.88 362.10 69.78
160 19.4 0.045 436.03 372.75 63.28
165 19.0 0.044 440.09 383.40 56.69

Max. Storage Required
VRunoff - VReleased
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- The 25-year post-development peak flow is attenuated to the 25-year pre-development target rate of 0.071m3/s or less.

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

360

Runoff Coefficient Equations Runoff Volume
Based on MTO Drainage Manual (1984), page BD-4

Released Volume
QReleased x (td + TC)/2

MODIFIED RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year

25-year Design Storm



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 50-year 0.91 0.84 0.95 15 5 0.084

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 113.1 0.271 244.34 75.60 168.74
20 92.5 0.222 266.45 88.20 178.25
25 79.1 0.190 284.96 100.80 184.16
30 69.6 0.167 301.03 113.40 187.63
35 62.5 0.150 315.33 126.00 189.33

DESIGN STORM DURATION >>> 40 57.0 0.137 328.26 138.60 189.66 189.66
45 52.5 0.126 340.11 151.20 188.91
50 48.7 0.117 351.07 163.80 187.27
55 45.6 0.109 361.28 176.40 184.88
60 42.9 0.103 370.87 189.00 181.87
65 40.6 0.097 379.91 201.60 178.31
70 38.5 0.092 388.48 214.20 174.28
75 36.7 0.088 396.64 226.80 169.84
80 35.1 0.084 404.42 239.40 165.02
85 33.6 0.081 411.86 252.00 159.86
90 32.3 0.078 419.01 264.60 154.41
95 31.1 0.075 425.89 277.20 148.69
100 30.0 0.072 432.51 289.80 142.71
105 29.0 0.070 438.91 302.40 136.51
110 28.1 0.067 445.10 315.00 130.10
115 27.2 0.065 451.10 327.60 123.50
120 26.4 0.063 456.91 340.20 116.71
125 25.7 0.062 462.56 352.80 109.76
130 25.0 0.060 468.05 365.40 102.65
135 24.3 0.058 473.40 378.00 95.40
140 23.7 0.057 478.61 390.60 88.01
145 23.2 0.056 483.69 403.20 80.49
150 22.6 0.054 488.65 415.80 72.85
155 22.1 0.053 493.50 428.40 65.10
160 21.6 0.052 498.24 441.00 57.24
165 21.2 0.051 502.88 453.60 49.28

Max. Storage Required
VRunoff - VReleased

\\WMI-SERVER\wmi-server\Data\Projects\2019\19-532\Design\Storm\1.0_Issue_1\[4.0_Modified_Rational_Method_Calcs(A,B).xlsx]100YR

- The 50-year post-development peak flow is attenuated to the 50-year pre-development target rate of 0.086m3/s or less.

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

100-year

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

360

Runoff Coefficient Equations Runoff Volume
Based on MTO Drainage Manual (1984), page BD-4

Released Volume
QReleased x (td + TC)/2

MODIFIED RATIONAL METHOD CALCULATIONS

2-year 5-year 10-year 25-year 50-year

50-year Design Storm



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 30-Apr-19 Project No.: 19-532

Project: 1000 William St, Midland Prepared By: BD

<<< Elements Requiring Input Information

Rainfall Intensity-Duration-Frequency Coefficients from: http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

A = 21.1 A = 28.2 A = 32.8 A = 38.6 A = 42.9 A = 47.2
B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699 B = -0.699

Q = (m3/s) I2-100 = (mm/hr)

where, C = Runoff Coefficient where, A = Rainfall IDF Coefficient
I = Rainfall Intensity, (mm/hr) B = Rainfall IDF Coefficient
A = Drainage Area, (ha) td = Storm Duration, (min)

VRunoff = QRunoff x td (m3)

2-year C2 = C
5-year C5 = C where, QRunoff = Runoff Peak Flow Rate, (m3/sec)

10-year C10 = C td = Storm Duration, (sec)
25-year C25 = 1.10 x C
50-year C50 = 1.20 x C

100-year C100 = 1.25 x C VReleased = (m3)

where, QReleased = Max. Release Rate, (m3/sec)
td = Storm Duration, (sec)
TC = Time of Concentration, (sec)

VStorage = (m3)
VRunoff = Runoff Volume, (m3)

VReleased = Released Volume, (m3)

Catchment Storm Area Runoff Coeff. Runoff Coeff. Time of Conc. Storm Time Release Rate
I.D. Event A (ha) C CMOD TC (min.) Step (min.) (m3/s)

POST 100-year 0.91 0.84 0.95 15 5 0.095

NOTES:

Storm Rainfall Runoff Peak Runoff Released Storage Max. Storage
Duration Intensity Flow Rate Volume Volume Volume Required
td (min.) (mm/hr) (m3/s) (m3) (m3) (m3) (m3)

15 124.4 0.299 268.84 85.50 183.34
20 101.7 0.244 293.15 99.75 193.40
25 87.0 0.209 313.52 114.00 199.52
30 76.6 0.184 331.21 128.25 202.96

DESIGN STORM DURATION >>> 35 68.8 0.165 346.93 142.50 204.43 204.43
40 62.7 0.150 361.16 156.75 204.41
45 57.7 0.139 374.20 171.00 203.20
50 53.6 0.129 386.25 185.25 201.00
55 50.2 0.120 397.50 199.50 198.00
60 47.2 0.113 408.04 213.75 194.29
65 44.6 0.107 417.99 228.00 189.99
70 42.4 0.102 427.42 242.25 185.17
75 40.4 0.097 436.39 256.50 179.89
80 38.6 0.093 444.95 270.75 174.20
85 37.0 0.089 453.15 285.00 168.15
90 35.6 0.085 461.01 299.25 161.76
95 34.2 0.082 468.57 313.50 155.07
100 33.0 0.079 475.86 327.75 148.11
105 31.9 0.077 482.90 342.00 140.90
110 30.9 0.074 489.71 356.25 133.46
115 30.0 0.072 496.31 370.50 125.81
120 29.1 0.070 502.71 384.75 117.96
125 28.3 0.068 508.92 399.00 109.92
130 27.5 0.066 514.97 413.25 101.72
135 26.8 0.064 520.85 427.50 93.35
140 26.1 0.063 526.58 441.75 84.83
145 25.5 0.061 532.18 456.00 76.18
150 24.9 0.060 537.63 470.25 67.38
155 24.3 0.058 542.97 484.50 58.47
160 23.8 0.057 548.18 498.75 49.43
165 23.3 0.056 553.28 513.00 40.28

100-year Design Storm

- The 100-year post-development peak flow is attenuated to the 100-year pre-development target rate of 0.098m3/s or less.

MODIFIED RATIONAL METHOD CALCULATIONS

50-year

\\WMI-SERVER\wmi-server\Data\Projects\2019\19-532\Design\Storm\1.0_Issue_1\[4.0_Modified_Rational_Method_Calcs(A,B).xlsx]100YR

360

For storms having a return period of more than 10 years, the Runoff Coefficient, C, 
will be increased as shown above up to a maximum coefficient of 0.95.

Runoff Coefficient Equations
Based on MTO Drainage Manual (1984), page BD-4

Rational Method Formula Rainfall Intensity Equation (2-100 year storm events)
  C x I x A  A x (td/60)B

2-year 5-year 10-year 25-year

VRunoff - VReleased

QReleased x (td + TC)/2
Released Volume

Runoff Volume

Max. Storage Required

100-year



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 13-May-19 Project No.: 19-532

Project: 1000 William St Prepared By: BD

<<< Elements Requiring Input Information

Required Permanent Pool Volume = 0.0 m3

Provided Permanent Pool Volume = m3

Bottom Elevation, Base = 184.90 m
Normal Water Level Elevation, NWL = 184.90 m (for dry facilities, NWL is assumed at Base)

Top Elevation, Top = 185.90 m

Stage-Storage Information:
Incremental Total Total Storage

Description Elevation Stage Area Area Total Avg. Storage Storage Volume Above
1 2 Area Area Volume Volume NWL

(m) (m) (m2) (m2) (m2) (m2) (m3) (m3) (m3)
Base 184.90 0.00 170.73 170.7 - - 0.0 0.0
Top 185.90 1.00 565.91 565.9 368.3 368.3 368.3 0.0

^
Only increments of 0.01m are valid

Determining the Water Surface Elevation of a known Storage Volume: Determining the Storage Volume at a known Water Surface Elevation:

Total Storage Active Storage Total Storage Active Storage
Incl. P.P. Only Incl. P.P. Only

Storage Volume = W.S. Elevation =
W.S. Elevation = Storage Volume =

Storage Volume = 100.54
W.S. Elevation = 185.32

Storage Volume = 124.1
W.S. Elevation = 185.39

Storage Volume = 139.93
W.S. Elevation = 185.43

Storage Volume = 170.12
W.S. Elevation = 185.51

Storage Volume = 189.66
W.S. Elevation = 185.56

Storage Volume = 204.43
W.S. Elevation = 185.59

Storage Volume =
W.S. Elevation =

STAGE-STORAGE CALCULATIONS
SWM FACILITY DESIGN SPREADSHEET

\\WMI-SERVER\wmi-server\Data\Projects\2019\19-532\Design\Storm\1.0_Issue_1\[5.0_SWM_Facility_Design.xlsx]Stage-Storage

50-year

Description

25-year

10-year

5-year

2-year

Extended 
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100-year

Regional



WMI & Associates Limited
119 Collier Street, Barrie, Ontario  L4M 1H5

p (705) 797-2027  f (705) 797-2028

Date: 13-May-19 Project No.: 19-532

Project: 1000 William St Prepared By: BD

<<< Elements Requiring Input Information

Rectangular Broad- & Sharp-Crested Weirs Submerged Sharp-Crested Weirs
Q = CWLH3/2   (m3/s) Q = COAO(2gH)1/2   (m3/s) Q = CWLH3/2 (m3/s) Q = COAO(2gH)1/2 (m3/s)

Triangular Broad-Crested Weirs
where,      Q = Flow through unsubmerged where,      Q = Flow through submerged orifice (m3/s) Q = 1.225H5/2tan(Theta/2)   (m3/s) where,    Q = Flow through submerged weir

orifice (m3/s) CO = Orifice Discharge Coefficient Triangular Sharp-Crested Weirs opening (m3/s)
CW = Weir Coefficient AO = Cross-sectional area of orifice (m2) Q = 0.581(8/15)(2g)1/2tan(Theta/2)H5/2   (m3/s) CO = Orifice Discharge Coefficient

H = Head/Depth of water acting on g = Gravitational acceleration (9.81m2/s) Trapezoidal Broad- & Sharp-Crested Weirs AO = Cross-sectional area of opening (m2)
weir measured from above the For circular vertical orifice, QTRAPEZOIDAL = QRECTANGULAR + QTRIANGULAR   (m3/s) g = Gravitational acceleration (9.81m2/s)
crest/invert of orifice (m) H = Head/Depth of water acting on orifice H = Head/Depth of water acting on orifice

L = Length of weir (m) measured from centroid of the opening (m) where,      Q = Flow through unsubmerged weir (m3/s) measured from centroid of the
D = Diameter of Pipe/Orifice (m) For circular horizontal orifice, CW = Weir Coefficient opening (m)

For circular vertical weir, H = Head/Depth of water acting on orifice (1.65 for Broad-Crested) 
L = Wetted Perimeter measured from above the invert (m) (1.80 for Sharp-Crested)
L = D x cos-1((D/2 - H)/(D/2)) H = Head/Depth of water acting on weir

For circular horizontal weir, measured from above the crest (m)
L = Circumference L = Length of weir measured perpendicular
L = 3.14 x D to flow direction (m)

Theta/2 = Angle of side slope measured from vertical
axis (degrees)

g = Gravitational acceleration (9.81m2/s)

NOTES: Orifice Flow Notes

Weir Flow Notes
- Orifice control is only applicable if the weir opening is submerged and not exposed to atmospheric pressure for all ranges of water elevations.
- For all Weir Types, orifice control occurs when the water surface elevation is equal to or greater than the crown/top of the opening.

STAGE-STORAGE-DISCHARGE (S-S-D) CALCULATIONS
SWM FACILITY

Unsubmerged Orifice (Weir Flow) Submerged Orifice (Orifice Flow)

\\WMI-SERVER\wmi-server\Data\Projects\2019\19-532\Design\Storm\1.0_Issue_1\[6.0_Detailed_S-S-D_Table.xlsx]S-S-D Table

- Vertical Orifice Flow calculations assume weir flow up to the centroid/center of orifice and then orifice flow above the crown/top of the orifice.  Between the centroid and crown of the orifice is a flow transition stage from weir to orifice 
flow and is calculated based on a linear interpolation between the known weir flow at the centroid of the orifice and the known orifice flow at the crown.
- Horizontal Orifice Flow calculations assume weir flow up to one-quarter of the orifices diameter (0.25xD) and then orifice flow above three-quarters of the orifices diameter (0.75xD).  Between (0.25xD) and (0.75xD) exists a flow 
transition stage which is calculated based on a linear interpolation between the known weir flow at (0.25xD) and the known orifice flow at (0.75xD).

Unsubmerged Weir (Weir Flow) Submerged Weir (Orifice Flow)



Starting Water Elevation, m = 184.90
Incremental Depth, m = 0.02

Elevation Area Area Total Storage
Orifice 1 Orifice 2 Orifice 3 Weir 1 Weir 2 Weir 3 1 2 Area Volume

Triangular (m) (m2) (m2) (m2) (m3)
Orifice Type = Sharp-Crested 184.90 170.73 170.7 0.0

Orifice Invert Elev., m = 184.90  = Weir Crest Elev., m 185.90 565.91 565.9 368.3
Incremental Depth, m = 0.02 0.02 0.02 0.02 0.02 0.02  = Incremental Depth, m

Water Elev. @ Inflow, m =  = Weir Openings Crown Elev., m (if appl.)
Orifice Diameter, m =  = Weir Length, m

Centroid of Orifice, m = 1.80  = Weir Coefficient
Orifice Area, m2 = 0.17  = Side Slope (H:1)

Orifice Coefficient = 10  = Theta/2, Degrees
Weir Coefficient =  = Centroid of Orifice, m (if appl.)

 = Orifice Area, m2 (if appl.)
 = Orifice Coefficient (if appl.)

NOTES:

^
Only increments of 0.01m are valid

Description Elevation Orifice 1 Orifice 2 Orifice 3 Weir 1 Weir 2 Weir 3 Total Total
Flow Flow Flow Flow Flow Flow Flow Storage Volume

(m) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3)
Base 184.90 0.000 0.0000 0.0

184.92 0.000 0.0000 3.5
184.94 0.000 0.0001 7.1
184.96 0.000 0.0002 10.8
184.98 0.000 0.0004 14.6
185.00 0.001 0.0007 18.5
185.02 0.001 0.0012 22.6
185.04 0.002 0.0017 26.8
185.06 0.002 0.0024 31.1
185.08 0.003 0.0032 35.6
185.10 0.004 0.0042 40.2
185.12 0.005 0.0053 45.0
185.14 0.007 0.0066 49.8
185.16 0.008 0.0080 54.9
185.18 0.010 0.0097 60.1
185.20 0.012 0.0115 65.4
185.22 0.014 0.0135 70.9
185.24 0.016 0.0157 76.5
185.26 0.018 0.0181 82.3
185.28 0.021 0.0208 88.3
185.30 0.024 0.0236 94.4
185.32 0.027 0.0267 100.7 2-year storm (Q=0.027m3/s, V=100.54m3 at 185.32m)
185.34 0.030 0.0300 107.1
185.36 0.033 0.0335 113.8
185.38 0.037 0.0372 120.6 5-year storm (Q=0.041m3/s, V=124.10m3 at 185.39m)
185.40 0.041 0.0412 127.6
185.42 0.045 0.0455 134.7
185.44 0.050 0.0500 142.1 10-year storm (Q=0.050m3/s, V=139.93m3 at 185.43m)
185.46 0.055 0.0548 149.6
185.48 0.060 0.0598 157.4
185.50 0.065 0.0651 165.3
185.52 0.071 0.0706 173.4 25-year storm (Q=0.071m3/s, V=170.12m3 at 185.51m)
185.54 0.076 0.0765 181.7
185.56 0.083 0.0826 190.2 50-year storm (Q=0.084m3/s, V=189.66m3 at 185.56m)
185.58 0.089 0.0890 199.0
185.60 0.096 0.0957 207.9 100-year storm (Q=0.095m3/s, V=204.43m3 at 185.59m)
185.62 0.103 0.1026 217.0
185.64 0.110 0.1099 226.4
185.66 0.117 0.1175 235.9
185.68 0.125 0.1254 245.7
185.70 0.134 0.1336 255.7
185.72 0.142 0.1421 265.9
185.74 0.151 0.1509 276.3
185.76 0.160 0.1600 287.0
185.78 0.170 0.1695 297.9
185.80 0.179 0.1793 309.0

Freeboard 185.82 0.189 0.1894 320.4
185.84 0.200 0.1999 332.0
185.86 0.211 0.2107 343.9
185.88 0.222 0.2218 356.0

Top 185.90 0.233 0.2333 368.3

 = Weir Type

Notes



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.030

Channel Slope 0.50 %

Normal Depth 0.25 m

Left Side Slope 3.0 H:V

Right Side Slope 3.0 H:V

Bottom Width 0.75 m

Results

Discharge 0.261 m³/s

Flow Area 0.38 m²

Wetted Perimeter 2.33 m

Hydraulic Radius 0.16 m

Top Width 2.25 m

Critical Depth 0.18 m

Critical Slope 1.83 %

Velocity 0.70 m/s

Velocity Head 0.02 m

Specific Energy 0.27 m

Froude Number 0.55

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 m

Length 0.00 m

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 m

Profile Description

Profile Headloss 0.00 m

Downstream Velocity Infinity m/s

Upstream Velocity Infinity m/s

Normal Depth 0.25 m

Critical Depth 0.18 m

Channel Slope 0.50 %

Worksheet for Enhanced Grass Swale
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GVF Output Data

Critical Slope 1.83 %

Messages

Notes

Enhanced grass swale over-sized to accomodate a 0.75m bottom width for filtration purposes. 

Conveyance capacity (0.261cu.m/s) exceeds 100-year peak flows from the contributing site area (50%) 

(0.299cu.m/s) x 50% = 0.150cu.m/s

Worksheet for Enhanced Grass Swale
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.030

Channel Slope 0.50 %

Normal Depth 0.25 m

Left Side Slope 3.0 H:V

Right Side Slope 3.0 H:V

Bottom Width 0.75 m

Normal Depth (m) Discharge (m³/s) Velocity (m/s) Flow Area (m²)
Wetted Perimeter

(m) Top Width (m)

0.00 0.00 0.00 0.75 0.75

0.01 0.001 0.11 0.01 0.81 0.81

0.02 0.003 0.16 0.02 0.88 0.87

0.03 0.005 0.21 0.03 0.94 0.93

0.04 0.009 0.25 0.03 1.00 0.99

0.05 0.013 0.29 0.05 1.07 1.05

0.06 0.018 0.32 0.06 1.13 1.11

0.07 0.023 0.35 0.07 1.19 1.17

0.08 0.030 0.37 0.08 1.26 1.23

0.09 0.037 0.40 0.09 1.32 1.29

0.10 0.044 0.42 0.11 1.38 1.35

0.11 0.053 0.45 0.12 1.45 1.41

0.12 0.062 0.47 0.13 1.51 1.47

0.13 0.072 0.49 0.15 1.57 1.53

0.14 0.083 0.51 0.16 1.64 1.59

0.15 0.095 0.53 0.18 1.70 1.65

0.16 0.108 0.55 0.20 1.76 1.71

0.17 0.121 0.56 0.21 1.83 1.77

0.18 0.135 0.58 0.23 1.89 1.83

0.19 0.151 0.60 0.25 1.95 1.89

0.20 0.167 0.62 0.27 2.01 1.95

0.21 0.184 0.63 0.29 2.08 2.01

0.22 0.202 0.65 0.31 2.14 2.07

Rating Table for Enhanced Grass Swale
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Rating Table for Enhanced Grass Swale
Input Data

Normal Depth (m) Discharge (m³/s) Velocity (m/s) Flow Area (m²)
Wetted Perimeter

(m) Top Width (m)

0.23 0.221 0.67 0.33 2.20 2.13

0.24 0.241 0.68 0.35 2.27 2.19

0.25 0.261 0.70 0.38 2.33 2.25
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.030

Channel Slope 0.50 %

Normal Depth 0.25 m

Left Side Slope 3.0 H:V

Right Side Slope 3.0 H:V

Bottom Width 0.75 m

Discharge 0.261 m³/s

Cross Section Image

Cross Section for Enhanced Grass Swale
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44° 43' 45" N, 79° 51' 14" W (44.729167,-79.854167)

Retrieved: Mon, 08 Apr 2019 18:31:25 GMT

Location summary

These are the locations in the selection.

IDF Curve: 44° 43' 45" N, 79° 51' 14" W (44.729167,-79.854167)

Results

An IDF curve was found.

Coordinate: 44.729167, -79.854167
IDF curve year: 2010

Map data ©2019 Google
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Coefficient summary

IDF Curve: 44° 43' 45" N, 79° 51' 14" W (44.729167,-79.854167)

Retrieved: Mon, 08 Apr 2019 18:31:25 GMT

Data year: 2010
IDF curve year: 2010

Return period 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

A 21.2 28.2 32.8 38.6 42.9 47.2

B -0.699 -0.699 -0.699 -0.699 -0.699 -0.699

Statistics

Rainfall intensity (mm hr-1)

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 120.4 74.2 55.9 34.4 21.2 13.1 6.1 3.7 2.3

5-yr 160.2 98.7 74.3 45.8 28.2 17.4 8.1 5.0 3.1

10-yr 186.3 114.8 86.4 53.2 32.8 20.2 9.4 5.8 3.6

25-yr 219.2 135.1 101.7 62.7 38.6 23.8 11.0 6.8 4.2

50-yr 243.7 150.1 113.1 69.6 42.9 26.4 12.3 7.6 4.7

100-yr 268.1 165.1 124.4 76.6 47.2 29.1 13.5 8.3 5.1

Rainfall depth (mm)

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 10.0 12.4 14.0 17.2 21.2 26.1 36.4 44.8 55.2

5-yr 13.3 16.4 18.6 22.9 28.2 34.7 48.4 59.6 73.4

10-yr 15.5 19.1 21.6 26.6 32.8 40.4 56.2 69.3 85.4

25-yr 18.3 22.5 25.4 31.3 38.6 47.6 66.2 81.5 100.5

50-yr 20.3 25.0 28.3 34.8 42.9 52.9 73.6 90.6 111.7

100-yr 22.3 27.5 31.1 38.3 47.2 58.2 80.9 99.7 122.9
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APPENDIX C

HYDROGEOLOGICAL STUDY AND 
WATER BALANCE CALCULATIONS/ 
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