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1.0 INTRODUCTION 

1.1 General 

Highfield Land Management Inc. is currently in the process of developing Ascension, a mixed use 
residential development within Rocky View County.  LGN Consulting Engineering Ltd. (LGN) was retained 
to prepare a Staged Master Drainage Plan report (SMDP) for the above noted development.  The SMDP 
outlines the drainage concept to accommodate the runoff generated by the sub-catchments within the 
Ascension development and offsite lands flowing through the proposed development. It also provides 
design information for the associated stormwater management facility (SWMF or Pond). 

The following reports have set the guidelines for stormwater management for land development in the 
Bearspaw area: 

• Worley Parsons; Bearspaw – Glenbow Master Drainage Plan; June 2010. 

• ISL Engineering and Land Services, Rocky View County; Glenbow Ranch ASP Master Drainage 
Plan; January 2017. 

• Kerr Wood Leidal Associates Ltd; Haskayne Master Drainage Plan; November 2017. 

This SMDP complies with all the criteria's set by the above noted reports.  Information on the type, size 
and performance characteristics of the SWMF is also presented and, in combination with the drainage 
concept for the area, forms the basis for future development within the study area.  As required by Rocky 
View County and Alberta Environment and Sustainable Resource Development (Alberta ESRD), this 
analysis evaluates the control of discharge of stormwater runoff and stormwater quality enhancement prior 
to discharge to the receiving water body. 

1.2 Study Area 

The study area is located in Rocky View County, immediately west of the City of Calgary, south of 
Highway 1A.  Is bound by Highway 1A on the north, 12 Mile Coulee Road and the Community of Tuscany 
on the east, Blueridge country residential development on the south and undeveloped lands on the west.  
The site is located within the E ½ Sec. 19-25-2-W5M and currently is being cultivated. 

Figure 1 shows the location of the proposed development relative to Rocky View County and the City of 
Calgary, Figure 2 shows the Study Area relative to the existing surrounding communities, Figure 3 shows 
the proposed Land Use Concept Plan provided by b&a Planning Group (b&a). 

1.3 Topography 

The site naturally drains from north to south and towards the natural drainage course at the centre of the 
site. Elevations range from 1245 m (±) at the north to 1182 (±) at the south.  The natural drainage course 
enters the site on the north as a low grass swale and exists the site as a steep narrow ravine with slopes 
ranging from 15 – 25 %; Figure 4 shows the existing contours and drainage pattern.   

1.4 Scope of Analysis 

Rocky View County requires an SMDP in support of a land development Concept Plan.  The SMDP 
addresses a component of the area included in a major storm catchment.  The SMDP involves a more 
detailed hydrologic and hydraulic assessment of the storm drainage of a development area, particularly for 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County 
 
 

LGN Consulting Engineering Ltd.  2 

the definition of SWMFs in terms of layouts and elevations. This information is addressed in concept in the 
overall Master Drainage Plan for a larger area, and in detail for the smaller component area of the SMDP. 

The location, shape and hydraulic characteristics of the SWMF for the Ascension development are 
defined in this report.  The anticipated volume control and water quality enhancement for the SWMF under 
ultimate development conditions is also assessed.  All these must meet Alberta ESRD and Rocky View 
County requirements. 

Activities performed in preparation of this analysis: 

• Outline pre-development subcatchment boundaries. 

• Hydrologic model to establish pre-development flows and wetland hydroperiods. 

• Establish post-development drainage boundaries and catchment areas draining to each SWMF. 

• Hydrologic modeling to estimate the runoff and water quality from the study catchment area 
utilizing both single and continuous computer simulation modeling. 

• Hydraulic modeling to estimate stormwater storage volume required and anticipated operation of 
the SWMF. 

• Estimate anticipated annual average volume discharge and 

• Preparation of draft and final reports. 

This analysis is an office study based on data and reports by others.  No detailed field survey was 
undertaken by LGN.  The land use distribution and location of the SWMFs has been defined by the 
Concept Plan provided by b&a (Figure 3) 

The study addresses overall surface water runoff in the study area to assess the operation of the SWMF 
presented in this report.  No structural or hydrogeological engineering considerations, assessment of 
subsurface drainage conditions, the underground piped drainage system or the drainage of individual 
development lots was undertaken by this study. 
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2.0 Pre-development Hydrologic Assessment 

2.1 Methodology 

A pre-development analysis of the study area was conducted to establish key stormwater management 
conditions and targets in support of the proposed development, and will provide the basis for evaluating 
the impacts of post-development discharges to potential natural drainage connections and pre-
development drainage courses in the study area. The key stormwater conditions to be established are the 
maximum unit release rate for the development area in terms of L/s/ha and the volumetric release rate in 
terms of average mm/year. 

The following basic steps were taken in the analysis: 

∗ Gather and review relevant background data. 

∗ Review City Guidelines and Province Guidelines for appropriate modeling parameters. 

∗ Establish potential overland flow paths. 

∗ Compile results for appropriate reporting tables and graphs. 

2.2 Data Sources 

The following key sources of information were used: 

∗ Topographical data prepared using 2015 LiDAR was utilized to determine sub-catchment boundaries 
for significant pre-development drainage courses and their surface drainage connections, as well as to 
estimate sub-catchment slopes, flow lengths, and widths; this information was necessary for 
hydrologic modeling. 

∗ Land cover data was determine from site visits. 

∗ The Green amp infiltration parameters used in the pre-development PCSWMM model were obtained 
from the Haskayne Master Drainage Plan. 

2.3 Pre-development Study Area 

The pre-development catchment area is 154.20 ha of land that is mainly being used as agricultural land.  
Based on contours generated from a topographical data, the pre-development study area was divided into 
4 subcatchments; three discharging into the natural drainage course and the fourth one into the existing 
wetland.  The land cover imperviousness values utilized are in the Table below: 

Table 1 - Land Cover Imperviousness Values 

Land Cover Type Percent Imperviousness 
(%) 

Vegetated and/or Cultivated 0 
Buildings 100 
Gravel Roads 50 
Wetlands at HWL 100 

Figure 5 illustrates the pre-development subcatchments and Table 2 lists the model subcatchments and 
parameters used in the model.  
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Table 2 – Pre-development Sub-Catchment Parameters 

Model ID - Land Use Area 
(ha) 

Imperviousness 
(%) 

Length 
(m)  

Width 
(m) 

Slope 
(%) 

A1 - Agricultural 67.83 2 412 1646 5 
A2 - Agricultural 35.07 0 311 1128 9 
A3 - Agricultural 23.46 0 500 469 10 
B – Agricultural* 27.84 4 430 647 9 
Total 154.20     

∗ Catchment to Existing Wetland  

The length of each subcatchment was determined by measuring the longest runoff route before runoff is 
intercepted by the natural drainage course.  

2.4 Drainage Patterns 

The Biophysical Impact Assessment (Westhoff, 2017) identified a watercourse within the Project Site.  
Following is Section 3.8, Watercourse out of this report: 

“We identify a watercourse within the Project Site (Figure 5). The watercourse bisects the Site flowing from 
the north and exiting along the southwest boundary. The watercourse is classified as “Transitional” based 
on field observations of a well-defined, non-vegetated channel and flowing water observed on October 12 
and November 1, 2016. In a typical transitional watercourse, the banks and non-vegetated channel are 
well defined, with channel width greater than 0.4 m to 0.7 m; the channel carries flow year round but may 
freeze in winter or dry up during a drought year (Alberta Environment and Sustainable Resource 
Development 2012). 

There are two smaller ravines that meet the central watercourse on its northern boundary. No surface 
water was observed in the ravines during field surveys; however, there are small isolated patches of 
wetland vegetation in each ravine. No hydric soils were observed associated with these areas. The ravines 
are classified as ephemeral watercourses based on field observations and review of historical photographs 
(Alberta Environment and Sustainable Resource Development 2012). 

The watercourse and both small ravines have been left mostly undisturbed in all the photographs 
reviewed. There was historical disturbance of the watercourse between approximately 1977 and 1981. 
Two dugouts were created along with berms transecting the watercourse and a small culvert was installed 
in the berm located between the dugouts.  Bearspaw Village Road crosses the central watercourse, 
southwest of the Site; a culvert is present at this crossing.” 

2.5 Climate Data and Design Storm 

Hourly precipitation and temperature data for the period 1960 to 2014 (55 years) for the City of Calgary 
were utilized for modeling.  The data was provided by the City of Calgary, Development Approvals.  
Continuous simulation over the 55 years of historic climate data for the City of Calgary was utilized in the 
stormwater models to estimate runoff volume and peak flow targets from pre-development conditions.  
PC-SWMM utilizes the hourly time step of the existing data; reporting was provided using an hourly time 
step. 
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The City of Calgary 1:100yr 24hr synthetic design storm with a Chicago distribution was used for the 
single event model analysis.  The distribution parameters a, b, & c in the City of Calgary Stormwater 
Management and Design Manual (2011) are 663.1, 1.87, 0.712 respectively.  The time to peak, r, is set to 
0.3. 

2.6 Model Development 

The PCSWMM model was utilized to assess the hydrological importance of pre-development potential 
surface drainage connections, determine pre-development flow-duration relationships, and to determine 
the 1:100yr pre-development peak flow rate. 

Stormwater runoff calculation parameters used for this study area are based on known site conditions and 
are consistent with City of Calgary guidelines.  A summary of the common input parameters used in each 
model are: 

• Land cover GIS layer for area weighted imperviousness values for sub-catchment boundaries. 

• Green-Ampt Infiltration Parameters used in the pre-development analysis were obtained from the 
approved Haskayne Master Drainage Plan, November 2017 and listed in Table 3. 

Table 3 – Sandy Loam Infiltration Parameters 

 Value Units 
Parameter Subcatchment ID A1 A2 A3 B  
Suction Head (Ψ) 126 270.53 270.69 213.88 mm 
Hydraulic Conductivity (K) 0.99 1 0.99 1.68 mm/hr. 
Initial Moisture Deficit (IMD) 21 21 0.25 0.29 % 

• Depression Storage Parameters:  Pervious Surfaces 7.5 mm, Impervious Surfaces 2 mm. 

• Manning 'n' Values:  Pervious Areas 0.3, Impervious Areas 0.014. 

2.7 PCSWMM Peak Runoff Rate 

The pre-development peak runoff rate was determined running a single event analysis with the City of 
Calgary Chicago Design Storm for the 1:100 year 24 hour storm event.  

The natural drainage course was modelled as an irregular channel with two (2) representative cross-
section extracted from cross-sections and profile generated by a field survey.  The runoff from sub-
catchments A1 to A3 was routed through the natural channel.  Runoff from sub-catchment B was routed 
through the existing wetland.  See Appendix B for the PCSWMM model schematic and output files. 

2.8 Model Results 

This section describes key results of the hydrological analysis.  The sub-sections below discuss two 
primary aspects of the results, namely, drainage courses and overland flow paths. 

The results are reflective of the most accurate modeling capabilities readily available from the PC-SWMM 
modeling software using currently available topography, soil texture, geotechnical, and land cover data for 
the study area.   
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Pre-development Peak Runoff Rate 

The PC-SWMM model was utilized to obtain the peak runoff rate during a 1:100 year 24 hour single event 
utilizing a Calgary Chicago Design Storm.  The results are tabulated below: 

Table 4 - Peak Flow Results 

Natural Channel 
ID 

Single Event 24h-100y 
(m3/s) 

OF-3 2.295 
OF-W 0.253 

TOTAL 2.548 

Pre-development Runoff Volume 

The average annual runoff volume was calculated as shown in Table 5.  The total site produced a total of 
1,668,911 m3 over the 55 years of analysis.   

Table 5 - PCSWMM Runoff Volume Results 

Sub-
catchment ID 

Area 
(ha) 

Total Volume 
(m3) 

Average Annual  
Runoff Volume (m3) 

Average Annual 
Runoff Volume (mm) 

A1 to A3 126.36 1,535,975 27,927 22 
B 27.84 132,936 2,417 9 

TOTAL 154.20 1,668,911 30,344 20 

2.9 Potential Surface Drainage Connections 

The identified drainage course was modeled to determine the hydrologic significance.  The continuous 
simulation analysis results indicate that the flow generated by rainfall is discharged overland to the natural 
conveyance channel, this is observed during the entire simulation period. 

2.10 Summary of Findings for the Existing Conditions 

The major findings of the pre-development hydrological analysis are: 

∗ The estimated 1:100yr 24hr existing peak runoff release rate from the study area is 2.548 m3/s; 
equivalent to an over all 16.52 L/s/ha release rate for the site. 

∗ Based on a 55 year analysis period (1960-2014), the average annual runoff from the study area is 
found to be 20 mm based on the PCSWMM model results. 
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3.0 PROPOSED DRAINAGE STRATEGIES AND DESIGN CRITERIA 

3.1 Related Reports 

The following reports are associated with the area: 

• Worley Parsons; Bearspaw – Glenbow Master Drainage Plan; June 2010. 

• Exp Services Inc.; Geotechnical Investigation Report; November 2016. 

• Westhoff Engineering Resources Inc.; Biophysical Impact Assessment; July 2017. 

• Kerr Wood Leidal Associates Ltd; Haskayne Master Drainage Plan; November 2017. 

• Stantec Consulting Ltd.; Haskayne Staged Master Drainage Plan; May 2019. 

• IBI Group; Morton Development Staged Master Drainage Plan; July 2020. 

3.2 Drainage Strategies 

The analysis is based on the following assumptions: 

• Post-development peak and runoff volume discharge must not exceed pre-development levels. 

• The entire development area will be drained using the Dual Drainage Concept (minor/major 
system). 

• The drainage system is to convey the entire stormwater runoff to the regional SWMFs identified in 
this report. 

• The detailed overland drainage design by others must ensure the safe conveyance through the 
development of the overland flows generated by the 100-year event. 

• Any ponding of stormwater runoff on the streets or individual development lots must be 
acceptable by the approving authorities. 

• Back of lots adjacent to any MR or ER lands must drain as sheet flow to prevent erosion.  

3.3 Geotechnical Considerations 

Exp Engineering Services Inc. completed a Geotechnical Investigation for the Hawkwood Lands (now 
known as Ascension) and reported that: 

“The subsurface soil conditions encountered were generally found to consist of topsoil overlying lacustrine 
clay and/or clay till atop bedrock.”  

“Topsoil-like materials were encountered in all the boreholes, with thicknesses between 0.1 m to 0.6 m.  
The term “topsoil” in this report refers to a surficial soil layer with high organic content, and does not have 
any implications whatsoever as to the quality or suitability for re-use as a growing medium. The topsoil 
was generally described as having trace to some silt and sandy. The topsoil thicknesses have been 
determined at the borehole locations only. These thicknesses may not necessarily be representative 
across the project site as they may vary significantly between relatively widely spaced borehole locations. 
Additional shallow test locations would be needed to more accurately assess the topsoil thicknesses.”  
Copy of the geotechnical report is included in Appendix A. 
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A further Grain Size Distribution analysis identified the following topsoil composition: 

Table 6 - Topsoil Composition 

 BH16-3 BH16-9 BH16-11 BH16-18 BH16-20 MW16-6 Average 
Clay 14 11 14 6 6 11 10 
Silt 33 29 24 23 17 41 28 
Sand 53 60 62 71 77 48 62 
Soil Type Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam 

 

The soil infiltration parameters used in the model for the Sandy Loam soil were obtained from the Soil 
Water Characteristics Chart by the USDA Agricultural Research Service and Table 3-12 of the City of 
Calgary Stormwater Management and Design Manual (2011).  Copy of the USDA chart is attached in 
Appendix C.   Infiltration parameters used in the PCSWMM computer model are listed in Table 7. 

Table 7 – Sandy Loam Infiltration Parameters 

Parameter Value Units 
Hydraulic Conductivity (K) 27.08 mm/hr. 
Suction Head (Ψ) 110 mm 
Porosity Fraction (Φ) 0.396  
Field Capacity Fraction (FC) 0.175  
Wilting Point Fraction (WP) 0.081  
Initial Moisture Deficit (IMD) 24.6 % 

3.4 Design characteristics for the Major and Minor Systems 

The discharge criterion for the study area has been established by the Bearspaw - Glenbow Master 
Drainage Plan report and is as follows: 

• Maximum Allowable Release Rate to Weed Lake: 

o 1:100 year 0.99 L/s/ha  

• Runoff Volume Control: 

o The majority of rainfall should be retained on site through the use of LID and best 
management practices (BMP) techniques. 

o The average annual amount of rainfall discharged to the Bow River should not exceed. 

50 mm.  

To reduce the runoff volume discharge, the following BMPs are proposed: 

• 400 mm of topsoil in all landscaped areas, including public and private sites. 

• All roof downspouts to be directed to pervious areas prior to discharging into an impervious area. 

• Convey as much is possible runoff from hard surfaces via pervious areas before entering the 
minor system. 
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Minor System 

The minor system is the underground piping system and must quickly and efficiently remove rainfall runoff 
below its design capacity.  The following are the pertinent design criteria: 

• The storm system must be designed as a separate system from the sanitary. 

• During detailed design of the surface drainage system by others it must be ascertained that the 
100-year maximum hydraulic grade line in the overall system is acceptable.  Surcharge to surface 
is strictly prohibited. 

• ICDs are required to control flows into the pipe system. 

• It is recommended that the minor system be designed for a unit area release rate of 115 L/s/ha for 
Multi-family and commercial sites and 70 L/s/ha for the residential.  

Major System 

The major stormwater drainage system includes all overland drainage routes (roads, lanes, ditches, 
swales, etc.).  This system is the path for the runoff to follow when the capacity of the minor (piped) 
system has been exceeded; therefore, it must be designed to convey runoff from extreme rainfall events 
that exceed the capacity of the minor system.  Failure to properly plan and design the major system will 
most likely result in flooding and damage of both private and public property. 

The design and analysis of the overland drainage system must conform to the Alberta ESRD guidelines 
which have been adopted by most municipalities.  Some of the pertinent guidelines are the following: 

• The major drainage system must be designed as an overland system and shall be analysed with 
respect to the 1:100 year return period event, including the SWMFs. 

• The grading of the streets and the layout of the major system shall be designed to provide a 
continuous escape route.  Adjacent properties must be protected from possible flooding by these 
flows. 

• The maximum depth of flow at the curbside gutter should be less than 0.30 m. 

• Standing water at low points (traplows) should be less than 0.5 m. 

• The velocities and depths of flow for the overland drainage system shall not exceed the values 
outlined in Table 8. 

Table 8 - Permissible Depths and Velocities for Overland Flows 

    Water Velocity 
(m/s) 

Permissible Depth 
(m) 

0.5 0.80 
1.0 0.32 
2.0 0.21 
3.0 0.09 

• Spillover elevations should be no higher than 0.5 m above the lowest point in the traplow. 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County 
 
 

LGN Consulting Engineering Ltd.  10 

• Where the overland escape route for a traplow is via a public road, the minimum building 
openings must be 0.3 m higher than the 1:100 year water level in adjacent traplows or the 
spillover elevation, whichever is higher. 

• If the overland escape route is via PUL, MR or utility right-of-way, the lowest opening elevation 
must be set at 0.5 m above the spill elevation or the 1:100 year water level, whichever is higher. 

• If the overland escape route is not along a public road or paved public pathway, a concrete swale 
will be required. 

3.5 Source Control Best Management Practices 

In the interest of an environmentally sensitive development, there are a range of alternative storm 
servicing concepts that can be considered in new developments.  These concepts require additional area 
for stormwater facilities and/or implementation of some of the concepts outlined in The City of Calgary, 
Water Resources, Stormwater Source Control Practices Handbook (November 2007). 

To reduce the runoff volume discharge from the new development, the following BMPs were included in 
the PCSWMM model: 

• Increased topsoil depth - 400 mm of topsoil for all landscaped areas in the lots, road pervious 
areas and MR; 

• All roof drainage from single family houses and garages to be directed to landscaped areas prior 
to draining to streets or lanes.  Items like wide splash pads should be used to ensure that the roof 
drainage is properly distributed over the landscaped areas, for a sample see image below. 

 

3.6 Stormwater Quality Enhancement 

Alberta ESRD and Rocky View County have a stormwater quality enhancement requirement for all new 
developments.  This requirement is to remove 85% of the sediment washoff from a development area, of 
particles greater than 50 µm in size prior to discharge.  This stormwater quality requirement will be met 
using forebays and Oil/Grit separators (OGS), more details are provided in Section 5.8 of this report. 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County 
 
 

LGN Consulting Engineering Ltd.  11 

3.7 Biophysical Impact Assessment 

A biophysical impact assessment for the development area was prepared by Westhoff Engineering 
Resources Inc.   Following is Westhoff’s report Executive Summary: 

"Highfield Land Management is proposing The Ascension Lands development in Rocky View County 
(SW/SE-19-25-2 W5M). Westhoff Engineering Resources Inc. (Westhoff) was retained to prepare a 
Biophysical Impact Assessment (BIA) for The Ascension Lands. The BIA describes existing environmental 
conditions, the potential impacts of the development, and mitigation measures to reduce these impacts. 
The significance of identified impacts is also evaluated along with the potential for cumulative effects. The 
information presented in the BIA is directly applicable to required provincial referrals and applications 
under the Water Act and Public Lands Act. 

Existing Conditions 

The Project Site is located within the Parkland Natural Region and Foothills Parkland Natural Subregion. 
The native grassland associated with the Foothills Parkland Natural Subregion is no longer represented 
within the Site, although patches of native vegetation remain along a central watercourse. 

Terrain conditions within the Project Site are variable with rolling uplands, several wetlands and a natural 
watercourse running through the centre of the Site. The watercourse enters the Site in the north as a low 
open swale and then develops into a relatively steep narrow ravine as it drains south and west, where it 
leaves the Site. Slopes are relatively steep (15- 25% or greater) along the southern portion of the 
watercourse and in two associated ravines on its north boundary. Dunvargan soils consisting of Orthic 
Black and Rego Black Chernozems are dominant throughout, with Orthic Humic Gleysols found in low 
lying areas. 

A total of four naturally occurring wetlands are identified within the Project Site: two Temporary, one 
swamp, and one Permanent Shallow Open Water wetland. The central creek is classified as Transitional 
watercourse and the two smaller associated ravines are classified as ephemeral watercourses. Road 
construction has impacted Wetland 1, located along the southern boundary, and Wetland 4, located along 
the central watercourse. Wetlands 2 and 3 appear to be undisturbed. 

A range of wildlife species have the potential to occur within the Project Site. We recorded incidental 
observations of 22 species during field surveys; two are listed provincially as Sensitive. Wildlife are likely 
to use the central watercourse valley as a natural route for travelling from the Site to areas west, including 
the Bow River Valley. However, there are considerable barriers to wildlife movement on the north and 
east boundaries due to Bow Valley Trail and 12 Mile Coulee Road. 

We applied provincial Environmentally Significant Areas (ESA) criteria to evaluate natural features on the 
landscape. The central watercourse and associated wetland and riparian zone is considered an ESA 
because it is a natural watercourse and because it provides natural habitat conditions for wildlife. None of 
the remaining wetlands meet the provincial criteria for Aquatic ESAs. 

Potential Impacts and Mitigations 

The potential impacts of the proposed development were assessed with reference to a concept for 
development provided to Westhoff by Brown & Associates Planning Group on June 21, 2017. 

Potential Impacts include: 

• loss of soil from compaction, removal, erosion and/or admixing; 

• sediment runoff to adjacent wetlands, watercourses and surrounding areas; 

• accidental spills of fuels, chemicals, and other potentially hazardous materials; 
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• loss or alteration of vegetation, including native plant communities; 

• loss of 2 out of 4 naturally occurring wetlands; 

• local loss of portions of Wetland 4 at road crossings; 

• potential changes in the hydrology of Wetland 1 and Wetland 4; 

• potential impacts to the central watercourse due to the introduction of stormwater, including bank 
erosion and possible reduction in water quality; 

• damage, disturbance, and/or loss of individual wildlife species and their residence; and 

• changes in local wildlife diversity. 

The following mitigation measures will be implemented to reduce, eliminate, or control the potential 
negative impacts of the proposed development. 

• Erosion and Sediment Control (ESC) Plan to limit or control deleterious substances leaving the Site 
or entering area water bodies; 

• Environmental Protection Plan (EPP) to manage potential environmental impacts resulting from 
construction; 

• Landscape and Weed Management Program to reduce post-development impacts to native plant 
communities and wildlife habitat; 

• Setbacks applied to both the central watercourse and Wetland 1 for the purposes of pollution 
prevention and slope stability; 

• Stormwater management strategies to mitigate for potential impacts to the central watercourse and 
Wetland 1; 

• A Wetland Management Plan to document the detailed approach to mitigating potential impacts to 
Wetlands 1 and 4; 

• In-lieu payment to the Province (wetland replacement), as per the Alberta Wetland Mitigation 
Directive, for Wetlands 2 and 3; 

• Land Owner’s Manual to educate area residents on what they can do to maintain the health of natural 
open spaces over the long-term and how to avoid conflicts with wildlife; and 

• A monitoring program to document the implementation and success of the ESC Plan and EPP. 

Ideally, stripping and grading will be completed outside the critical time period for many wildlife species: 
approximately April 1 to August 31. If stripping and grading within the critical time period cannot be 
avoided, on-site monitoring will be conducted to avoid impacting wildlife and wildlife residences, in 
particular active breeding sites. 

Residual Impacts and Significance 

We predicted that the proposed development will have residual impacts after mitigation measures are 
implemented. These residual impacts are the loss of upland plant communities, wetlands and associated 
wildlife habitat, and the loss of individual wildlife species. 

At the time this BIA was prepared, there was no formal process, or available provincial or municipal 
criteria, for determining what qualifies as a significant residual loss of native plant communities. As per the 
Bearspaw Area Structure Plan, (adopted June 1994), native plant communities are not automatically 
acquired and/or protected from development. The current concept plan retains and integrates a 
considerable portion of the natural plant communities and associated topography within the area. 
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The proposed development will result in the permanent loss of 2 of the 4 wetlands. Wetland replacement 
is one of multiple accepted approaches to managing loss of wetlands on both provincial and municipal 
scales. We conclude this residual impact is not significant provided wetland loss is off-set through wetland 
replacement applying accepted provincial standards. 

Wildlife fatalities are a residual impact of the development, particularly as a result of stripping and grading. 
In general, we would consider a significant residual impact on wildlife to be the damage or loss of a listed 
species. Stripping and grading is expected to occur outside of the breeding season when less mobile 
juveniles are present: April 1 to August 31. We anticipate the fatality risk of listed species outside the 
breeding season to be low. Therefore, no significant residual impacts to wildlife are expected. 

Wildlife fatalities are a residual impact of the development, particularly as a result of stripping and grading. 
In general, we would consider a significant residual impact on wildlife to be the damage or loss of a listed 
species. Stripping and grading is expected to occur outside of the breeding season when less mobile 
juveniles are present: April 1 to August 31. We anticipate the fatality risk of listed species outside the 
breeding season to be low. Therefore, no significant residual impacts to wildlife are expected. 

Cumulative Effects 

We considered the potential for cumulative effects on wetlands and water resources resulting from the 
proposed development. To date, the cumulative effects of development on wetlands have been mitigated 
primarily through the Province’s replacement program, as will be the case for this Project. Overall, we 
anticipate that the cumulative effects of past, current and future land use and activity in this region will be 
managed through the retention of wetlands within the Project Site coupled with the application of 
provincially approved wetland replacement measures. 

We identify water resources when describing potential cumulative effects even though project-related 
impacts on water were not assessed in the BIA. The Bow River Basin Council identifies most significant 
challenges in this sub-basin are the effective flow management of the Bow River downstream of the 
Bearspaw Dam and management of stormwater runoff. We anticipate the potential local impacts on water 
will be addressed through other studies pertaining to stormwater management. Provided best 
management practices are implemented that meet available municipal and provincial standards, the 
proposed development is not expected to contribute to cumulative adverse effects on water resources in 
the sub-basin as a whole." 
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4.0 POST-DEVELOPMENT HYDROLOGIC AND HYDRAULIC ANALYSIS 

The City of Calgary Stormwater Management & Design Manual (2011) requires that the major drainage 
system, including storage facilities be designed to accommodate the runoff resulting from a 1:100 year 
return period storm event.  For this design, there are two approaches to the simulation of runoff 
characteristics, a single storm event and continuous events model.   

Single Storm Event Analysis 

The Single Storm Event Analysis is the most common stormwater management analysis method and is 
based on a single storm event which could be a real historic storm or a theoretical design storm.  The 
precipitation input to the single event simulation model is obtained using the Calgary Intensity Duration 
Frequency (IDF) curve and the “Chicago Storm” distribution to shape the design hyetograph.  For this 
SMDP study, a storm with 24 hours duration and 5 minute rainfall increments was used.  

Continuous Simulation 

Continuous simulation modelling for a drainage area allows for a continuous analysis of runoff over an 
extended period of time, typically several years.  The model results include time series of flow or water 
levels, storage volumes, etc.  These results allow a probabilistic analysis to determine frequency of 
occurrences and capacity requirements for the stormwater ponds. 

The continuous simulation was performed using precipitation data recorded at the Calgary International 
Airport for the period of 1960 – 2014 (inclusive).  The output of the continuous simulation modelling is 
peak storage volumes for each year analysed in the model.  Following, a frequency analysis of these 
annuals maximum storage series is carried out to estimate the volume required for a 1:100 year return 
frequency.  Other parameters also used in the model are presented in Appendix C. 

4.1 Computer Model 

There are various computer models used and accepted in Calgary, they include SWMHYMO (Single 
Storm Event), QHM, EPA SWMM, XP-SWMM, PCSWMM and the Water Balance Spreadsheet for the 
City of Calgary (WBSCC). 

The analysis of both events for this study was performed using the PCSWMM 2019 computer model 
software Version 7.2.2785 Professional.  PCSWMM is software developed by Computer Hydraulics 
International and is a comprehensive, GIS-based, spatial decision support system for urban drainage and 
watershed modeling.  Integrating the US EPA SWMM5 engine Version 5.1.013, it accounts for various 
hydrologic processes that produce runoff from urban and rural areas.  PCSWMM also contains a flexible 
set of hydraulic modeling capabilities used to route runoff, rainfall-dependent infiltration/inflow, and/or 
external inflows through the drainage system network of pipes, channels, storage/treatment units and 
diversion structures.  

Figure 6 shows the Regional Storm Plan and Figure 7 shows the preliminary internal storm minor system. 

4.2 Post-development Subcatchments 

The land use composition of the study area is listed in Table 9 and the proposed development land use 
composition is presented in Figure 3. 
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Table 9 – Land Use Breakdown & Imperviousness 

Land Use Area 
(ha) 

Imperviousness 
(%)  

To Dry Pond 
Single Family lots 3.27 47 
Front of Lots 0.66 76 
Back of Lots 0.58 25 
Roads 1.49 79 
Municipal Reserve (MR) 1.19 5 
Environmental Reserve (ER) 1.12 0 
Dry Pond at HWL 0.19 100 
Sub-Total 8.50 43 

To Existing Wetland 
MR 0.32 5 
ER 0.69 0 
Country Residential Road 0.33 25 
Wetland @ HWL 1.13 100 
Sub-Total 2.47 50 

To East Pond 
Country Residential (OS-1)* 3.78 6 
Country Residential (OS-2)* 1.74 9 
Single Family lots 34.02 51 
Front of Lots 4.88 76 
Back of Lots 0.89 25 
Multi-family 1.14 65 
Commercial 19.37 85 
Roads 18.50 79 
MR 6.73 5 
ER 1.07 0 
Pond at HWL 2.44 42 
Sub-Total 94.56 59 

Existing Areas 
North (Ex-1 37.79 4 
Middle (Ex-2) 5.79 8 
South (Ex-3) 13.52 2 
Sub-Total 57.10 4 
Study Area Total 162.63 38 

∗ Flow Through Areas 

The above noted imperviousness is based on the City of Calgary Stormwater Management and Design 
Manual (2011). 

Because of the size of the catchment and to simplify the analysis, the contributing catchment was divided 
into 13 subcatchments.  Table 10 lists the model subcatchments and the parameters used in the 
computer model. 
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Table 10 – Post-development Sub-Catchment Shape Parameters 

Sub-Catchment 
Model ID 

Area 
(ha) 

Length 
(m)  

Width 
(m) 

Slope 
(%) 

To Dry Pond 
SF-1 8.50 125 680 3.0 

To Wet Pond 
SF-2 13.35 125 1068 3.0 
OS-1* 3.78 100 378 5.0 
OS-2* 1.74 50 347 5.0 
SF-3 45.78 125 3662 5.0 

Comm-MF 26.03 125 2082 2.0 
Pond-ER 3.89 40 973 2.0 
Sub-Total 94.57    

To Existing Wetland 
Wetland-ER 2.47 120 206 2.0 

Directly to Natural Drainage Course 
Ex-1 37.79 412 917 5.0 
Ex-2 5.79 100 579 3.0 
Ex-3 13.52 100 1352 8.0 

Sub-Total 57.10    
Total Study Area 162.64    

∗ Areas that Flow Through the SWMF 

The length of each subcatchment was determined by measuring the longest runoff route before runoff is 
intercepted; for example, the drainage length of 125 m was established by adding the average depth of a 
lot (35 m) and the distance along the road between catchbasin (90 m).   

4.3 Infiltration 

The SWMM computer model describes rainfall infiltration from the pervious area of a subcatchment into 
the unsaturated upper soil zone using three different methods: 

• Horton Infiltration 

• Green-Ampt infiltration 

• Curve Number infiltration 

The method used in this study is the Green-Ampt Infiltration.  Infiltration in the lots and roads pervious 
surface was estimated based on the proposed BMP (400 mm of absorbent landscape).  The infiltration 
parameters for the BMP are listed in Table 7. 

The pond was assumed to be lined; therefore no infiltration was accounted for in the analysis.  Infiltration 
in the lots and roads is estimated based on the BMP used in the site.  BMP infiltration parameters are 
presented in Appendix C. 

The latest version of PCSWMM 2019 used in this runoff analysis contains a Time Pattern Editor that 
provides the ability to adjust different parameters to reflect seasonal variations.  This feature was used to 
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represent frozen ground conditions during the winter months, November to April.  During these months a 
multiplier of 0.05 was applied to the soil conductivity; for the other months of the year, the multiplier is 1.0, 
representing normal conditions. 

4.4 Snow Melt 

The PCSWMM software simulates snowmelt using the Snow Pack routine along with temperature, 
evaporation and wind data.  Snowmelt was part of the computer runoff analysis presented in this report; 
the analysis used temperature data provided by the City of Calgary.  The other parameters used in the 
runoff analysis are presented in Appendix C. 

4.5 Evaporation 

Water surface evaporation is part of the SWMF discharges, however, was not included in the single event 
model simulation, and it was conservatively assumed that the water level at the start of the simulation was 
at the Normal Water Level (NWL).  

Evaporation 

The Monthly evaporation provided in the City of Calgary Stormwater Management & Design Manual 
(2011) was converted to daily average evaporation to be used in the PSCWMM model.  The daily average 
evaporation data is presented in Appendix C. 

4.6 Storage Routing 

Storage Routing is a command used to simulate the effects of reservoir (pond, traplow) routing.  The 
routing is conducted with the storage-discharge stage data method where solution is based on the 
conservation of mass.  This command requires that the user provide the outflow-storage relationship of 
the reservoir.  Tables 11 and 12 summarizes the storage-discharge rating for the proposed SWMFs and 
Table 13 summarizes the storage rating for the existing wetland.  

Table 11 – Proposed Dry Pond - Storage Rating Data 

Stage Elevation* 
(m) 

Area 
(m2) 

Total Storage 
(m3) 

ICD Discharge 
Rate (L/s) 

Bottom 1,170.00 1,053 0 0 
 1,170.25 1,175 278 3.26 
 1,170.50 1,301 588 4.76 

 1,170.75 1,432 930 5.89 
 1,171.00 1,568 1,305 6.83 

 1,171.25 1,707 1,714 7.66 
HWL 1,171.50 1,868 2,161 8.41 

* Elevations to be confirmed during detail design 
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Table 12 – Proposed Constructed Wetland - Storage Rating Data 

Stage Elevation* 
(m) 

Area 
(m2) 

Total Storage 
(m3) 

Active Storage
(m3) 

ICD Discharge 
Rate (m3/s) 

Bottom 1,192.50 1,265 0 0 0 
 1,193.00 1,897 790 0 0 
 1,193.50 3,556 2,028 0 0 
 1,194.00 5,728 4,440 0 0 
 1,194.50 7,250 7,681 0 0 

 1,195.00 8,882 11,711 0 0 
 1,195.50 11,112 16,645 0 0 

NWL 1,196.00 15,788 23,352 0 0 
 1,196.50 18,721 32,081 8,729 0.120 

 1,197.00 20,588 41,907 18,555 0.188 
 1,197.50 22,493 52,676 29,325 0.237 
HWL 1,198.00 24,432 64,407 41,055 0.278 

* Elevations to be confirmed during detail design 

Table 13 – Existing Wetland Storage Rating Data 

Stage Elevation 
(m) 

Area 
(m2) 

Total Storage 
(m3) 

Bottom 1,197.50 1,018 0 
 1,197.75 7,072 1,011 
 1,198.00 8,482 2,956 
 1,198.25 9,674 5,225 
Spill Level 1,198.50 11,306 7,848 

4.7 Sediment Removal Analysis 

Water Quality modeling requires input data for pollutant built-up, pollutant washoff and pond settling 
velocities.  Tables 14 and 15 summarize the build-up and washoff parameters used in this SMDP; these 
were taken from the Glenmore Reservoir Stormwater Quality Improvement Study (J N MacKenzie, May 
1992).  Table 16 lists the sediment particle size distribution and settling velocities that are contained within 
the City of Calgary Stormwater Management and Design Manual (September 2011). 

Table 14 - Pollutant Build-up Parameters 

Parameter Impervious Areas Pervious Areas 
Build-up Method Power Linear Power Linear 
Equivalent Initial Accumulation Period 30 Days 30 Days 
Maximum Accumulation 0.20 kg/m2 0.20 kg/m2 
Built-up 0.00055 kg/m2 per Day 0.00055 kg/m2 per Day 

 

Table 15 - Pollutant Washoff Parameters 

Parameter Impervious Areas Pervious Areas 
Washoff Method Build-up/Washoff Build-up/Washoff 
Washoff Coefficient 6000 per m3 3000 per m3 
Washoff Exponent 1.2 1.2 
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Table 16 - Settling Velocity Data 

Fraction Number Particle Size 
(μm) 

Size 
Classification 

Size Fraction 
(%) 

Settling Velocity 
(m/s) 

1 ≤10 Fine silt 23 0.00000592 
2 10-20 Medium silt 9 0.0000473 
3 20-50 Medium silt 13 0.000283 
4 50-150 Coarse silt 23 0.00195 
5 ≥150 Fine sand 32 0.0124 

 

Schematic diagram and Input and Output files for the PCSWMM continuous simulation are included in 
Appendix C.  

4.8 Water for Wetland to be retained 
To provide water to the wetland to be retained, runoff will be diverted prior to entering the SWMF from the 
minor system via a flow splitter.  During detail design the splitter structure and the appropriate filtration will 
be designed to ensure the quality of the water entering the existing wetland. 
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5.0 DESIGN DETAILS 

The ponds proposed to control the discharge of run off generated by the proposed development are in 
accordance with the City of Calgary Stormwater Management & Design Manual (2011) and Alberta 
Environment Stormwater Management Guidelines. 

The first pond is a Dry Pond, which will service 8.50 ha of land that because of the topography of the site 
could not be directed by gravity into the main pond. 

The main pond is a wet pond, which will provide discharge control for the remaining of the development.  
This pond will be finished as a constructed wetland, in a way that blends with the existing wetland and th 
natural drainage course. 

In the dry pond the entire storage is active and available for discharge rate (quantity) control.  In the 
constructed wetland, the storage below NWL is not available for discharge rate control; it is only significant 
in terms of water quality with respect to turnover rate and the pond’s ability to improve the quality of the 
receiving runoff.  The storage above the NWL is referred to as active storage and is the available capacity 
to control of discharges to the receiving outlet. 

Water quality control for the discharge from the dry pond will be achieved by an OGS unit installed in the 
pond outlet pipe.  Water quality for the discharge from the constructed wetland will be achieved by the 
pond itself, in two stages.  Primary treatment, sediment removal for particles greater than 50 um within the 
forebays and secondary treatment in the constructed wetland portion. 

5.1 Pond Layout 

The proposed Wet Ponds were sized to retain runoff for up to the 1:100 year storm event from the 
drainage catchment being serviced.  The ponds will discharge into the existing natural drainage course at 
a rate based on the unit discharge rate described in Section 3.4 of this report.  Tables 17 and 18 
summarize the characteristics of the proposed SWMFs.  

Table 17 – Dry Pond Characteristics 

Parameter Value Unit 
General Contributing Catchment Area 8.50 ha 
 Side Slopes below NWL 5H:1V  
 Side Slopes between NWL & HWL 5H:1V  
 Side Slopes above HWL 4H:1V max  
Elevation Pond Bottom Elevation 1,170.00 m 
 HWL Elevation 1,171.50 m 
 1:100 Year Elevation 1,171.36 m 
 Freeboard Elevation 1,171.66 m 
Depth Pond Depth Below HWL 1.50 m 
Area Area at Bottom 1,053 m2 
 Area at HWL 1,868 m2 
Volume Active Storage Capacity (Bottom to HWL) 2,161 m3 
 1:100 Year Active Volume (Single Event) 1,854 m3 
 1:100 Year Active Volume (Continuous simulation) 1,901 m3 
Discharge Maximum Discharge @ HWL 8.4 l/s 
 Preliminary ICD radius 28.8 mm 
 1:100 Year Discharge 8 l/s 

* Active Volume above NWL 
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Table 18 – Constructed Wetland Characteristics 

Parameter Value Unit 
General Contributing Catchment Area 89.04 ha 
 Side Slopes below UNWL Varies  
 Side Slopes between UNWL & HWL Varies  
 Side Slopes above HWL 4H:1V max  
Elevation Pond Bottom Elevation 1,192.50 m 
 NWL Elevation 1.196.00 m 
 HWL Elevation 1,198.00 m 
 1:100 Year Elevation 1,197.40 m 
 Freeboard Elevation 1,198.30 m 
Depth Pond Depth Below HWL 3.50 m 
 Active Fluctuation Depth above HWL 2.00 m 
Area Area at Bottom 1,265 m2 
 Area at NWL 15,788 m2 
 Area at HWL 24,432 m2 
Volume Permanent Pool below NWL 23,352 m3 
 Permanent Pool Required for water quality 22,260 m3 
 Active Storage Capacity (NWL to HWL) 41,055 m3 
 1:100 Year Active Volume (Single Event) 25,252* m3 
 1:100 Year Active Volume (Continuous simulation) 27,118* m3 
Discharge Maximum Allowable Discharge from proposed development 88.2 l/s 
 Flow through from offsite lands 190 l/s 
 Maximum Discharge at HWL 278.2 l/s 
 Preliminary ICD radius 156.6 mm 
 1:100 Year Discharge 228 l/s 

* Active Volume above NWL 

Figure 15 illustrates the maximum and minimum water levels expected for the proposed SWMFs as 
determined by the continuous simulation (PCSWMM).  Figure 17 presents a comparison of the maximum 
and minimum water levels for the existing wetland under pre-development and post-development 
conditions, it also shows the depth duration exceedance under both pre and post development conditions.  

5.2 Outlet Control Structure 

The Dry Pond outlet piping is proposed to be located at the south end of the pond.  The outlet pipe 
connects the pond to the outlet control structure which will discharge to the natural watercourse.  The 
Constructed Wetland outlet piping is proposed to be located at the west side of the pond.  The outlet pipe 
connects the pond to the outlet control structure which will also discharge to the natural watercourse. 

The outlet control structures are intended to control the pond discharge to the allowable rate described in 
Section 3.4.  Preliminary design proposes a two-chamber system, with a weir wall at the HWL and 
discharge controlled by an orifice plate.  The preliminary ICD sizes for ultimate conditions are presented in 
Tables 17 and 18. 

5.3 Emergency Overflow 

The overland escape route for the Dry Pond is located at the south end of the pond directed to natural 
drainage course.  The overland escape route for the Constructed Wetland is located at the west side of 
the pond, also directed to natural watercourse.  
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Final pond details (i.e. shape, escape route, control structure, etc.) will be established during pond detail 
design.  Figures 9 and 10 show preliminary pond design and cross section for the proposed Dry Pond 
and Figures 12 and 13 show preliminary pond design and cross section for the proposed Constructed 
Wetland.  Figures 11 and 14 show preliminary outlet control structure designs for each pond. 

5.4 Frequency of Ponding 

The frequency distribution analysis was based on the application of the “Frequency Analysis Procedure 
Manual” and spreadsheet DFASCC_v1.2 provided by Water Resources.  Figure 16 illustrates the most 
appropriate frequency distribution of storage volumes for the proposed SWMFs based on the frequency 
analysis of the continuous simulation results (PCSWMM).  The Frequency Analysis is included in 
Appendix D.  Table 19 summarize the modeled frequency of Total Storage volumes.  

Table 19 – Frequency of Total Storage Volumes 

Return Period 
(Years) 

Storage Volume (m3) 
Dry Pond Constructed Wetland 

2 577 30,800 
5 830 32,300 
10 1,010 34,400 
20 1,200 37,300 
50 1,450 40,700 

100 1,650 46,000 

The maximum volume calculated by the continuous simulation for the proposed Ponds is higher than the 
single event and the 1:100 year volume estimated by the Frequency Analysis; therefore, the maximum 
volume from the PCSWMM model should be used for design purposes.  

5.5 Post-development Peak Runoff Rate 

The PC-SWMM model was utilized to obtain the peak runoff rate during a 1:100 year 24 hour single event 
utilizing a Calgary Chicago Design Storm.  The results are tabulated below: 

Table 20 - Peak Flow Results 

Natural Channel 
ID 

Single Event 24h-100y 
(m3/s) 

OF-3 0.996 
OF-W 0.041 

TOTAL 1.037 

A graphical comparison of pre vs post development flows in the natural drainage course is presented in 
Figure 18.  

5.6 Runoff Volume Discharges 

Table 21 summarizes the target runoff volume discharge and estimated average annual runoff volume 
resulting from the PCSWMM continuous simulation analysis presented in this report; total discharge 
volume (55 years) is 746,366 m3. 
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Table 21 - Average Annual Runoff Volumes 

Catchment Total Area 
(ha) 

Target Avg. Annual 
Runoff 

Estimated Avg. Annual 
Runoff 

Volume 
(m3) 

Depth 
(mm) 

Volume 
(m3) 

Depth 
(mm) 

Ascension 162.63 81,314 50 86,367 53 

The above Table shows that the volume control target established by the Bearspaw – Glenbow Master 
Drainage Plan and listed in Section 3.4 is met. 

5.7 Water Balance 

Table 22 presents the PCSWMM model Water Balance as Total Precipitation and losses. 

Table 22 – Water Balance 

 Depth (mm) 
Total Precipitation 22903.400 
Evaporation Loss 8688.759 
Infiltration Loss 10850.831 
Surface Runoff 3449.780 
Snow Cover 2.600 
Surface Storage 15.987 
Continuity Error (%) -0.424 

5.8 Oil/Grit Separator 

Water quality requirements for subcatchment SF-1 will be achieved by an OGS unit installed in the first 
manhole upstream of the Dry Pond inlet.  Appendix E contains information on the proposed OGS unit 
that will meet the water quality requirements imposed by the City of Calgary and Alberta Environment. 

5.9 Storm Pond Sediment Removal 

Ascension, will be met by the forebay that will be incorporated in the proposed Constructed Wetland.  
Water quality improvement by the proposed pond was modelled with the PCSWMM computer software; 
Tables 23 summarize the results of the sediment removal simulation for the various size fractions, as 
determined by the PCSWMM model.  The results meet the Alberta Environment and Rocky View County 
target objective which is 85% removal of particles greater than 50 µm. 

Table 23 - Pond Sediment Removal Efficiency 

Particle size (µm) % Removed 
< 10 79.4 

10 - 20 89.8 
20 - 50 97.2 

  50 - 150 99.6 
> 150 99.9 
Totals 94.0 

Forebay Sizing 
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The size of the forebay for the Stormwater Detention Facility is based on the calculations presented in the 
City of Calgary Stormwater Management & Design Manual, for minimum forebay length (based on settling 
and dispersion) and for minimum bottom width.  Tables 24 and 25 provide the sizing of the sedimentation 
forebays for the west and east inlet into the Constructed Wetland that meets the City of Calgary criteria. 

Table 24 - West Inlet Forebay Sizing 

Sedimentation Forebay Characteristics 
Forebay Side Slopes below NWL 5 H to 1V 
Forebay Length at NWL 70 
Forebay Width at NWL 55 
Effective Forebay Width at NWL (m) 19 
Forebay Depth @ NWL (m) 3.5 
Maximum flow rate from pond (m3/s) 0.094 94.56 ha @ 0.99 L/s/ha 
Design settling velocity for 50 μm (m/s) 0.00195
Maximum inlet flow rate (m3/s) 4.525 64.64 ha @ 70 L/s/ha 
Design velocity in forebay (m/s) 0.5 

Hydraulic Design Criteria 
Calculated  Required

Forebay length at NWL (m) 70.0 to be greater than or equal to 68.1 
Forebay bottom width (m) 19.0 to be greater than or equal to 8.5 

Effective Forebay cross-section area @ NWL (m2) 66.5 
Forebay cross-section velocity (m/s) 0.001 to be less than or equal to 0.15 

Calculated Length/Width Ratio 102.1 to be greater than or equal to 2.0 
Calculated Hydraulic Parameters 

Minimum Forebay Settling Length (m) 68 
Minimum Forebay Dispersion Length (m) 21 

Minimum Bottom Width (m) 9 
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Table 25 – East inlet Forebay Sizing 

Sedimentation Forebay Characteristics 
Forebay Side Slopes below NWL 5 H to 1V 
Forebay Length at NWL 75 
Forebay Width at NWL 55 
Effective Forebay Width at NWL (m) 19 
Forebay Depth @ NWL (m) 3.5 
Maximum flow rate from pond (m3/s) 0.094 94.56 ha @ 0.99 L/s/ha 
Design settling velocity for 50 μm (m/s) 0.00195
Maximum inlet flow rate (m3/s) 2.993 26.03 ha @ 115 L/s/ha 
Design velocity in forebay (m/s) 0.5 

Hydraulic Design Criteria 
Calculated  Required

Forebay length at NWL (m) 75.0 to be greater than or equal to 55.4 
Forebay bottom width (m) 19.0 to be greater than or equal to 6.9 

Effective Forebay cross-section area @ NWL (m2) 66.5 
Forebay cross-section velocity (m/s) 0.001 to be less than or equal to 0.15 

Calculated Length/Width Ratio 117.2 to be greater than or equal to 2.0 
Calculated Hydraulic Parameters 

Minimum Forebay Settling Length (m) 55 
Minimum Forebay Dispersion Length (m) 14 

Minimum Bottom Width (m) 7 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

This study has concluded that: 

• The Sandy Loam topsoil as identified in Geotechnical Investigation for the Hawkwood Lands (now 
known as Ascension), exp Engineering Services Inc., is well suited for the BMP measures 
suggested in this report. 

• The stormwater management facilities proposed in this report, will control the peak discharge from 
the Ascension development to 228 L/s, which is well within the allowable 278 L/s as stipulated in 
the Bearspaw – Glenbow Master Drainage Plan, Worley Parsons; June 2010. 

• Because the peak discharge into the Natural Drainage course has been reduced from existing 
conditions, negative impact in the natural channel is no expected.   

• The Best Management Practices suggested in this report will reduce the runoff volume discharge 
from Ascension to the receiving natural watercourse, to an average annual of 53 mm; therefore 
meeting the 50 mm average annual volume control discharge stipulated in the Bearspaw – 
Glenbow Master Drainage Plan, Worley Parsons; June 2010. 

• Water quality targets will be achieved by the proposed forebays in the Constructed Wetland and 
the oil/grit separator to be installed in the first manhole upstream of the Dry Pond inlet.   They will 
meet the required levels of TSS removal by AENV and Rocky View County. 

Recommendations 

It is recommended that: 

• 400 mm of topsoil be placed on all landscaped areas, public and private. 

• The BMPs presented in this study be implemented in each stage of development to ensure a 
runoff volume reduction. 

• Since the Staged Master Drainage Plan is based on preliminary information, a pond report be 
prepared at detailed design and submitted to the approving agencies.  The pond report should 
detail pond design components, including the Inlet Control Device, Outlet Control Structures and 
computer simulation modeling to verify the performance and operation of the ultimate stormwater 
management facility. 

• The analysis presented in this report is accepted by the approving agencies. 
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Figure 2 - Study Area 
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Figure 9 – Dry Pond Design  
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Figure 10 – Dry Pond Preliminary Cross-Section
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Figure 11 - West Pond Preliminary Outlet Control Structure 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County 
 
 

LGN Consulting Engineering Ltd.  33 

 
Figure 12 – Constructed Wetland Preliminary Design 
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Figure 13 - East Pond Preliminary Plan and Cross-section
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Figure 14 - East Pond Preliminary Outlet Control Structure 
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Figure 15 - SWMFs Annual Water Levels 
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Figure 16 - SWMFs Frequency Distribution 
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Figure 17 - Pre vs Post-development Wetland hydroperiods
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Figure 18 - Pre vs Post-development Flows in Natural Drainage Course
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To reduce the amount of data in the input file, the following sections have been excluded in this Appendix: 
• Coordinates 
• Vertices 
• Polygons 

 
  
[TITLE] 
Ascension Pre-development 
Single Event 
Calgary 24h-100y 
 
 
[OPTIONS] 
;;Options            Value 
;;------------------ ------------ 
FLOW_UNITS           CMS 
INFILTRATION         GREEN_AMPT 
FLOW_ROUTING         DYNWAVE 
LINK_OFFSETS         DEPTH 
MIN_SLOPE            0 
ALLOW_PONDING        NO 
SKIP_STEADY_STATE    NO 
START_DATE           08/25/2020 
START_TIME           00:00:00 
REPORT_START_DATE    08/25/2020 
REPORT_START_TIME    00:00:00 
END_DATE             08/28/2020 
END_TIME             00:00:00 
SWEEP_START          01/01 
SWEEP_END            12/31 
DRY_DAYS             0 
REPORT_STEP          00:05:00 
WET_STEP             00:05:00 
DRY_STEP             00:30:00 
ROUTING_STEP         5 
RULE_STEP            00:00:00 
INERTIAL_DAMPING     PARTIAL 
NORMAL_FLOW_LIMITED  BOTH 
FORCE_MAIN_EQUATION  H-W 
VARIABLE_STEP        0.75 
LENGTHENING_STEP     0 
MIN_SURFAREA         0 
MAX_TRIALS           8 
HEAD_TOLERANCE       0.0015 
SYS_FLOW_TOL         5 
LAT_FLOW_TOL         5 
MINIMUM_STEP         0.5 
THREADS              4 
 
[EVAPORATION] 
;;Type          Parameters 
;;------------- ---------- 
CONSTANT     0 
DRY_ONLY     NO 
 
[RAINGAGES] 
;;               Rain      Time   Snow   Data       
;;Name           Type      Intrvl Catch  Source     
;;-------------- --------- ------ ------ ---------- 
Calgary_24h_100y INTENSITY 0:05   1.0    TIMESERIES Calgary_24h_100y 
 
[SUBCATCHMENTS] 
;;                                                 Total    Pcnt.             Pcnt.    Curb     Snow     
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope    Length   Pack     
;;-------------- ---------------- ---------------- -------- -------- -------- -------- -------- -------- 
A1               Calgary_24h_100y J1               67.8322  2        1646.413 4        0                         
A2               Calgary_24h_100y J2               35.0722  0        1127.723 9        0                         
A3               Calgary_24h_100y J3               23.4569  0        469.138  10       0                         
B                Calgary_24h_100y Ex-Wetland       27.8421  4.1      647.491  9        0                         
 
[SUBAREAS] 
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo    PctRouted  
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
A1               0.014      0.3        2          7.5        0          PERVIOUS   100        
A2               0.014      0.3        2          7.5        0          OUTLET     
A3               0.014      0.3        2          7.5        0          OUTLET     
B                0.014      0.3        2          7.5        100        OUTLET     
 
[INFILTRATION] 
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;;Subcatchment   Suction    HydCon     IMDmax     
;;-------------- ---------- ---------- ---------- 
A1               126        0.99       0.21       
A2               270.53     1          0.21       
A3               270.69     0.99       0.25       
B                213.88     1.68       0.29       
 
[AQUIFERS] 
;;               Por-   Wilt   Field  Hyd    Cond   Tens   Upper  Lower  Lower  Bottom Water  Upper  Upper 
;;Name           osity  Point  Capac  Cond   Slope  Slope  Evap   Evap   Loss   Elev   Table  Moist  Evap Pat 
;;-------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------------ 
AquiferEast      0.453  0.185  0.307  3.663  0.1    0.1    0.5    0.1    0.15   0.0    2      0.307         
AquiferWest      0.453  0.185  0.307  3.663  0.1    0.1    0.5    0.1    0.044  0.0    2      0.307         
 
[GROUNDWATER] 
;;Subcatchment   Aquifer          Node             Elev   A1     B1     A2     B2     A3     Depth  Elev   Ebot   Wgr   Umc    
;;-------------- ---------------- ---------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --
---- 
A1               AquiferWest      J1               3      0.6    1.9    0      0      0      0      2      *      *      *      
A2               AquiferWest      J2               3      0.6    1.9    0      0      0      0      2      *      *      *      
A3               AquiferWest      J3               3      0.6    1.9    0      0      0      0      2      *      *      *      
B                AquiferEast      Ex-Wetland       3      0.35   3.1    0      0      0      0      2      *      *      *      
 
[JUNCTIONS] 
;;               Invert     Max.       Init.      Surcharge  Ponded     
;;Name           Elev.      Depth      Depth      Depth      Area       
;;-------------- ---------- ---------- ---------- ---------- ---------- 
J1               1192       2          0          100        0          
J2               1186       2          0          100        0          
J3               1166.5     2          0          100        0          
UpCulv           1155.74    2          0          100        0          
 
[OUTFALLS] 
;;               Invert     Outfall      Stage/Table      Tide 
;;Name           Elev.      Type         Time Series      Gate Route To         
;;-------------- ---------- ------------ ---------------- ---- ---------------- 
OF-3             1153.47    FREE                          NO                    
OF-W             1197.5     FREE                          NO                    
 
[STORAGE] 
;;               Invert   Max.     Init.    Storage    Curve                               Evap.    
;;Name           Elev.    Depth    Depth    Curve      Params                              Frac.    Infiltration parameters 
;;-------------- -------- -------- -------- ---------- -------- -------- -------- -------- -------- ----------------------- 
Ex-Wetland       1197.5   1        0.3      TABULAR    Wetland                    0        0        
 
[CONDUITS] 
;;               Inlet            Outlet                      Manning    Inlet      Outlet     Init.      Max.       
;;Name           Node             Node             Length     N          Offset     Offset     Flow       Flow       
;;-------------- ---------------- ---------------- ---------- ---------- ---------- ---------- ---------- ---------- 
1                Ex-Wetland       OF-W             18.6       0.015      0.3        0          0          0          
;Natural Channel 
C1               J1               J2               146.45     0.01       0          0          0          0          
;Natural Channel 
C2_1             J2               J3               352.28     0.01       0          0          0          0          
;Natural Channel 
C2_2             J3               UpCulv           305.17     0.01       0          0          0          0          
ExCulvert        UpCulv           OF-3             77.33      0.022      0          0          0          0          
 
[XSECTIONS] 
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    
;;-------------- ------------ ---------------- ---------- ---------- ---------- ---------- 
1                CIRCULAR     0.45             0          0          0          1                     
C1               IRREGULAR    Section18        0          0          0          1                     
C2_1             IRREGULAR    Section6         0          0          0          1                     
C2_2             IRREGULAR    Section6         0          0          0          1                     
ExCulvert        CIRCULAR     0.63             0          0          0          1                     
 
[TRANSECTS] 
 
NC 0.35     0.35     0.07     
X1 Section18        8        72.899   74.312   0.0       0.0       0.0      0.0      0.0      
GR 1189.24  65.507   1188.46  69.488   1188.22  72.899   1187.75  73.041   1187.74  73.839   
GR 1188.19  74.312   1188.47  75.614   1189.37  79.324   
 
NC 0.35     0.35     0.07     
X1 Section6         8        83.111   83.945   0.0       0.0       0.0      0.0      0.0      
GR 1177.03  80.013   1176.29  81.881   1176.24  83.111   1175.8   83.269   1175.8   83.745   
GR 1176.26  83.945   1176.47  85.422   1177.79  86.958   
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[LOSSES] 
;;Link           Inlet      Outlet     Average    Flap Gate  SeepageRate 
;;-------------- ---------- ---------- ---------- ---------- ---------- 
 
[CURVES] 
;;Name           Type       X-Value    Y-Value    
;;-------------- ---------- ---------- ---------- 
OGS              Rating     0          0          
OGS                         0.25       0.0066     
OGS                         0.5        0.0098     
OGS                         0.75       0.0122     
OGS                         1          0.0142     
 
R33              Rating     0          0          
R33                         0.25       0.0043     
R33                         0.5        0.0062     
R33                         0.75       0.0077     
R33                         1          0.009      
R33                         1.25       0.0101     
R33                         1.5        0.0111     
 
R96              Rating     0          0          
R96                         0.25       0.0303     
R96                         0.5        0.0492     
R96                         0.75       0.0626     
R96                         1          0.0736     
R96                         1.25       0.0831     
R96                         1.5        0.0917     
 
Wetland          Storage    0          1018       
Wetland                     0.25       7072       
Wetland                     0.5        8482       
Wetland                     0.75       9674       
Wetland                     1          11306      
 
[TIMESERIES] 
;;Name           Date       Time       Value      
;;-------------- ---------- ---------- ---------- 
;Calgary_24h_100y design storm, rain interval = 5 minutes, rain units = mm/hr. 
Calgary_24h_100y            0:00       0          
Calgary_24h_100y            0:05       1.094      
Calgary_24h_100y            0:10       1.103      
. 
. 
. 
Calgary_24h_100y            23:50      1.085      
Calgary_24h_100y            23:55      1.081      
Calgary_24h_100y            24:00      1.077      
 
[REPORT] 
INPUT      YES 
CONTROLS   NO 
SUBCATCHMENTS ALL 
NODES ALL 
LINKS ALL 
 
[TAGS] 
 
[MAP] 
DIMENSIONS       -19799.6330607589 5666764.72393014 -17942.8048367753 5668793.47605977 
UNITS            Meters 
 
[COORDINATES] 
;;Node           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[VERTICES] 
;;Link           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[POLYGONS] 
;;Subcatchment   X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[SYMBOLS] 
;;Gage           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.013) 
  -------------------------------------------------------------- 
 
  Ascension Pre-development  
  Single Event  
  Calgary 24h-100y  
   
   
  ************* 
  Element Count 
  ************* 
  Number of rain gages ...... 1 
  Number of subcatchments ... 4 
  Number of nodes ........... 7 
  Number of links ........... 5 
  Number of pollutants ...... 0 
  Number of land uses ....... 0 
   
   
  **************** 
  Raingage Summary 
  **************** 
                                                      Data       Recording 
  Name                 Data Source                    Type       Interval  
  ------------------------------------------------------------------------ 
  Calgary_24h_100y     Calgary_24h_100y               INTENSITY    5 min. 
   
   
  ******************** 
  Subcatchment Summary 
  ******************** 
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet               
  ----------------------------------------------------------------------------------------------------------- 
  A1                        67.83   1646.41      2.00    4.0000 Calgary_24h_100y     J1                   
  A2                        35.07   1127.72      0.00    9.0000 Calgary_24h_100y     J2                   
  A3                        23.46    469.14      0.00   10.0000 Calgary_24h_100y     J3                   
  B                         27.84    647.49      4.10    9.0000 Calgary_24h_100y     Ex-Wetland           
   
   
  ************ 
  Node Summary 
  ************ 
                                           Invert      Max.    Ponded    External 
  Name                 Type                 Elev.     Depth      Area    Inflow   
  ------------------------------------------------------------------------------- 
  J1                   JUNCTION           1192.00      2.00       0.0 
  J2                   JUNCTION           1186.00      2.00       0.0 
  J3                   JUNCTION           1166.50      2.00       0.0 
  UpCulv               JUNCTION           1155.74      2.00       0.0 
  OF-3                 OUTFALL            1153.47      0.63       0.0 
  OF-W                 OUTFALL            1197.50      0.45       0.0 
  Ex-Wetland           STORAGE            1197.50      1.00       0.0 
   
   
  ************ 
  Link Summary 
  ************ 
  Name             From Node        To Node          Type            Length    %Slope Roughness 
  --------------------------------------------------------------------------------------------- 
  1                Ex-Wetland       OF-W             CONDUIT           18.6    1.6131    0.0150 
  C1               J1               J2               CONDUIT          146.4    4.1004    0.0700 
  C2_1             J2               J3               CONDUIT          352.3    5.5439    0.0700 
  C2_2             J3               UpCulv           CONDUIT          305.2    3.5281    0.0700 
  ExCulvert        UpCulv           OF-3             CONDUIT           77.3    2.9367    0.0220 
   
   
  ********************* 
  Cross Section Summary 
  ********************* 
                                        Full     Full     Hyd.     Max.   No. of     Full 
  Conduit          Shape               Depth     Area     Rad.    Width  Barrels     Flow 
  --------------------------------------------------------------------------------------- 
  1                CIRCULAR             0.45     0.16     0.11     0.45        1     0.31 
  C1               Section18            1.63    10.77     0.20    13.82        1    10.53 
  C2_1             Section6             1.99     8.68     0.21     6.94        1    10.22 
  C2_2             Section6             1.99     8.68     0.21     6.94        1     8.15 
  ExCulvert        CIRCULAR             0.63     0.31     0.16     0.63        1     0.71 
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  **************** 
  Transect Summary 
  **************** 
 
  Transect Section18 
  Area:   
              0.0021     0.0047     0.0075     0.0103     0.0133  
              0.0165     0.0198     0.0232     0.0267     0.0304  
              0.0342     0.0381     0.0422     0.0464     0.0511  
              0.0572     0.0652     0.0751     0.0868     0.1004  
              0.1159     0.1332     0.1520     0.1717     0.1923  
              0.2139     0.2363     0.2597     0.2840     0.3091  
              0.3352     0.3622     0.3901     0.4190     0.4487  
              0.4793     0.5109     0.5434     0.5767     0.6110  
              0.6462     0.6823     0.7194     0.7573     0.7961  
              0.8359     0.8763     0.9171     0.9584     1.0000  
  Hrad:   
              0.1322     0.2706     0.3943     0.5064     0.6094  
              0.7050     0.7944     0.8788     0.9590     1.0356  
              1.1091     1.1800     1.2485     1.3210     1.4092  
              1.4583     1.4527     1.4120     1.3526     1.2861  
              1.2195     1.1566     1.1062     1.0681     1.0387  
              1.0157     0.9977     0.9835     0.9724     0.9637  
              0.9570     0.9520     0.9483     0.9458     0.9443  
              0.9436     0.9437     0.9444     0.9456     0.9473  
              0.9495     0.9520     0.9548     0.9580     0.9614  
              0.9651     0.9731     0.9817     0.9907     1.0000  
  Width:  
              0.0607     0.0639     0.0671     0.0703     0.0735  
              0.0767     0.0799     0.0831     0.0863     0.0895  
              0.0927     0.0959     0.0990     0.1039     0.1246  
              0.1692     0.2137     0.2582     0.3027     0.3472  
              0.3917     0.4362     0.4603     0.4820     0.5038  
              0.5256     0.5474     0.5691     0.5909     0.6127  
              0.6344     0.6562     0.6780     0.6997     0.7215  
              0.7433     0.7650     0.7868     0.8086     0.8303  
              0.8521     0.8739     0.8956     0.9174     0.9392  
              0.9609     0.9708     0.9805     0.9903     1.0000  
 
  Transect Section6 
  Area:   
              0.0023     0.0047     0.0072     0.0099     0.0127  
              0.0157     0.0188     0.0221     0.0255     0.0291  
              0.0328     0.0387     0.0493     0.0618     0.0760  
              0.0920     0.1097     0.1285     0.1479     0.1680  
              0.1888     0.2102     0.2323     0.2551     0.2786  
              0.3027     0.3276     0.3530     0.3792     0.4060  
              0.4335     0.4614     0.4896     0.5179     0.5464  
              0.5752     0.6041     0.6333     0.6627     0.6923  
              0.7221     0.7522     0.7824     0.8128     0.8435  
              0.8744     0.9055     0.9368     0.9683     1.0000  
  Hrad:   
              0.1677     0.3004     0.4104     0.5047     0.5878  
              0.6627     0.7312     0.7949     0.8546     0.9113  
              0.9653     0.9750     0.8867     0.8151     0.7601  
              0.7176     0.6850     0.6662     0.6567     0.6532  
              0.6536     0.6568     0.6620     0.6685     0.6760  
              0.6843     0.6931     0.7023     0.7118     0.7215  
              0.7317     0.7449     0.7585     0.7725     0.7866  
              0.8010     0.8154     0.8299     0.8444     0.8588  
              0.8733     0.8877     0.9021     0.9163     0.9305  
              0.9446     0.9586     0.9725     0.9863     1.0000  
  Width:  
              0.0731     0.0776     0.0822     0.0867     0.0913  
              0.0958     0.1004     0.1049     0.1095     0.1140  
              0.1186     0.2711     0.3653     0.4201     0.4748  
              0.5296     0.5788     0.5999     0.6211     0.6422  
              0.6633     0.6845     0.7056     0.7267     0.7479  
              0.7690     0.7901     0.8113     0.8324     0.8535  
              0.8733     0.8800     0.8866     0.8933     0.9000  
              0.9066     0.9133     0.9200     0.9266     0.9333  
              0.9400     0.9467     0.9533     0.9600     0.9667  
              0.9733     0.9800     0.9867     0.9933     1.0000  
   
   
  ********************************************************* 
  NOTE: The summary statistics displayed in this report are 
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  based on results found at every computational time step,   
  not just on results from each reporting time step. 
  ********************************************************* 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CMS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    RDII ................... NO 
    Snowmelt ............... NO 
    Groundwater ............ YES 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... NO 
  Infiltration Method ...... GREEN_AMPT 
  Flow Routing Method ...... DYNWAVE 
  Surcharge Method ......... EXTRAN 
  Starting Date ............ 08/25/2020 00:00:00 
  Ending Date .............. 08/28/2020 00:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 00:05:00 
  Wet Time Step ............ 00:05:00 
  Dry Time Step ............ 00:30:00 
  Routing Time Step ........ 5.00 sec 
  Variable Time Step ....... YES 
  Maximum Trials ........... 8 
  Number of Threads ........ 1 
  Head Tolerance ........... 0.001500 m 
   
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     hectare-m            mm 
  **************************     ---------       ------- 
  Total Precipitation ......        13.827        89.667 
  Evaporation Loss .........         0.000         0.000 
  Infiltration Loss ........         9.160        59.402 
  Surface Runoff ...........         4.675        30.320 
  Final Storage ............         0.003         0.018 
  Continuity Error (%) .....        -0.081 
   
   
  **************************        Volume         Depth 
  Groundwater Continuity         hectare-m            mm 
  **************************     ---------       ------- 
  Initial Storage ..........       187.049      1213.000 
  Infiltration .............         9.160        59.402 
  Upper Zone ET ............         0.000         0.000 
  Lower Zone ET ............         0.000         0.000 
  Deep Percolation .........         0.488         3.164 
  Groundwater Flow .........         8.201        53.185 
  Final Storage ............       187.520      1216.054 
  Continuity Error (%) .....        -0.000 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        hectare-m      10^6 ltr 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......         4.675        46.748 
  Groundwater Inflow .......         8.201        82.015 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........        12.866       128.664 
  Flooding Loss ............         0.000         0.000 
  Evaporation Loss .........         0.000         0.000 
  Exfiltration Loss ........         0.000         0.000 
  Initial Stored Volume ....         0.137         1.372 
  Final Stored Volume ......         0.175         1.751 
  Continuity Error (%) .....        -0.216 
   
   
  *************************** 
  Time-Step Critical Elements 
  *************************** 
  Link 1 (35.55%) 
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  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  Link C2_2 (2) 
  Link C2_1 (2) 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :     3.06 sec 
  Average Time Step           :     4.67 sec 
  Maximum Time Step           :     5.00 sec 
  Percent in Steady State     :     0.00 
  Average Iterations per Step :     2.27 
  Percent Not Converging      :     3.13 
   
   
  *************************** 
  Subcatchment Runoff Summary 
  *************************** 
   
  -------------------------------------------------------------------------------------------------------------------------
----- 
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  
Runoff 
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   
Coeff 
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS 
  -------------------------------------------------------------------------------------------------------------------------
----- 
  A1                        89.67       0.00       0.00      54.47       1.75      35.21      35.21       23.88     1.92   
0.393 
  A2                        89.67       0.00       0.00      62.12       0.00      27.66      27.66        9.70     1.31   
0.308 
  A3                        89.67       0.00       0.00      65.21       0.00      24.53      24.53        5.75     0.62   
0.274 
  B                         89.67       0.00       0.00      63.11       3.68      22.96      26.64        7.42     0.91   
0.297 
   
   
  ******************* 
  Groundwater Summary 
  ******************* 
   
  ----------------------------------------------------------------------------------------------------- 
                                            Total    Total  Maximum  Average  Average    Final    Final 
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water 
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table 
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m 
  ----------------------------------------------------------------------------------------------------- 
  A1                      54.47     0.00     2.15    51.48     0.41     0.31     2.04     0.31     2.01 
  A2                      62.12     0.00     2.16    59.25     0.32     0.31     2.04     0.31     2.00 
  A3                      65.21     0.00     2.16    62.34     0.23     0.31     2.04     0.31     2.00 
  B                       63.11     0.00     7.74    41.99     0.16     0.31     2.15     0.31     2.09 
   
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max    Reported 
                                   Depth    Depth      HGL   Occurrence   Max Depth 
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters 
  --------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.62    37.87  1229.87     0  08:12       36.99 
  J2                   JUNCTION     0.98    43.63  1229.63     0  08:12       42.75 
  J3                   JUNCTION     2.33    61.12  1227.62     0  08:12       60.26 
  UpCulv               JUNCTION     3.57    69.34  1225.08     0  08:12       68.52 
  OF-3                 OUTFALL      0.27     0.63  1154.10     0  07:33        0.63 
  OF-W                 OUTFALL      0.14     0.40  1197.90     0  09:33        0.40 
  Ex-Wetland           STORAGE      0.44     0.71  1198.21     0  09:33        0.71 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
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  ------------------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total        Flow 
                                  Lateral    Total  Time of Max      Inflow      Inflow     Balance 
                                   Inflow   Inflow   Occurrence      Volume      Volume       Error 
  Node                 Type           CMS      CMS  days hr:min    10^6 ltr    10^6 ltr     Percent 
  ------------------------------------------------------------------------------------------------- 
  J1                   JUNCTION     2.241    2.241     0  07:45        58.8        58.8      -0.157 
  J2                   JUNCTION     1.492    3.690     0  07:40        30.5        89.4      -0.080 
  J3                   JUNCTION     0.750    4.381     0  07:41        20.4         110      -0.141 
  UpCulv               JUNCTION     0.000    3.960     0  08:12           0         110       0.046 
  OF-3                 OUTFALL      0.000    3.960     0  08:12           0         110       0.000 
  OF-W                 OUTFALL      0.000    0.337     0  09:33           0        18.7       0.000 
  Ex-Wetland           STORAGE      0.918    0.918     0  07:15        19.1        20.5       0.002 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  Surcharging occurs when water rises above the top of the highest conduit. 
  --------------------------------------------------------------------- 
                                               Max. Height   Min. Depth 
                                   Hours       Above Crown    Below Rim 
  Node                 Type      Surcharged         Meters       Meters 
  --------------------------------------------------------------------- 
  J1                   JUNCTION        1.34         36.237        0.000 
  J2                   JUNCTION        2.16         41.638        0.000 
  J3                   JUNCTION        4.17         59.126        0.000 
  UpCulv               JUNCTION        9.89         67.346        0.000 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  No nodes were flooded. 
   
   
  ********************** 
  Storage Volume Summary 
  ********************** 
   
  -------------------------------------------------------------------------------------------------- 
                         Average     Avg  Evap Exfil       Maximum     Max    Time of Max    Maximum 
                          Volume    Pcnt  Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow 
  Storage Unit           1000 m3    Full  Loss  Loss       1000 m3    Full    days hr:min        CMS 
  -------------------------------------------------------------------------------------------------- 
  Ex-Wetland               2.475      32     0     0         4.800      61       0  09:33      0.337 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ----------------------------------------------------------- 
                         Flow       Avg       Max       Total 
                         Freq      Flow      Flow      Volume 
  Outfall Node           Pcnt       CMS       CMS    10^6 ltr 
  ----------------------------------------------------------- 
  OF-3                  98.48     0.519     3.960     109.923 
  OF-W                  97.30     0.085     0.337      18.740 
  ----------------------------------------------------------- 
  System                97.89     0.604     0.337     128.664 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 
                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CMS  days hr:min     m/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  1                    CONDUIT     0.337     0  09:33      2.25    1.07    0.89 
  C1                   CHANNEL     2.239     0  07:47      1.05    0.21    1.00 
  C2_1                 CHANNEL     3.631     0  07:41      0.80    0.36    1.00 
  C2_2                 CHANNEL     3.960     0  08:12      1.13    0.49    1.00 
  ExCulvert            CONDUIT     3.960     0  08:12     12.70    5.59    1.00 
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  *************************** 
  Flow Classification Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------- 
                      Adjusted    ---------- Fraction of Time in Flow Class ----------  
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  Inlet  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   Ctrl   
  ------------------------------------------------------------------------------------- 
  1                       1.00   0.00  0.00  0.00  0.03  0.96  0.00  0.00  0.26  0.00 
  C1                      1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.96  0.00 
  C2_1                    1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.93  0.00 
  C2_2                    1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.17  0.00 
  ExCulvert               1.00   0.01  0.00  0.00  0.26  0.74  0.00  0.00  0.17  0.00 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  ---------------------------------------------------------------------------- 
                                                           Hours        Hours  
                         --------- Hours Full --------   Above Full   Capacity 
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited 
  ---------------------------------------------------------------------------- 
  1                           0.01      0.01      0.01      2.19         0.01 
  C1                          1.34      1.34      2.70      0.01         0.01 
  C2_1                        2.16      2.16      4.17      0.01         0.01 
  C2_2                        4.17      4.17      9.89      0.01         0.01 
  ExCulvert                   0.01     14.88      0.01     15.03         0.01 
   
 
  Analysis begun on:  Tue Aug 25 08:44:15 2020 
  Analysis ended on:  Tue Aug 25 08:44:16 2020 
  Total elapsed time: 00:00:01 
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To reduce the amount of data in the input file, the following sections have been excluded in this Appendix: 
• Coordinates 
• Vertices 
• Polygons 

 
  
[TITLE] 
Ascension Pre-development 
Continuous Simulation 
Calgary 1960-2014 
 
 
[OPTIONS] 
;;Options            Value 
;;------------------ ------------ 
FLOW_UNITS           CMS 
INFILTRATION         GREEN_AMPT 
FLOW_ROUTING         DYNWAVE 
LINK_OFFSETS         DEPTH 
MIN_SLOPE            0 
ALLOW_PONDING        NO 
SKIP_STEADY_STATE    NO 
START_DATE           01/01/1960 
START_TIME           01:00:00 
REPORT_START_DATE    01/01/1960 
REPORT_START_TIME    01:00:00 
END_DATE             12/31/2014 
END_TIME             23:00:00 
SWEEP_START          01/01 
SWEEP_END            12/31 
DRY_DAYS             0 
REPORT_STEP          01:00:00 
WET_STEP             00:15:00 
DRY_STEP             01:00:00 
ROUTING_STEP         60 
RULE_STEP            00:00:00 
INERTIAL_DAMPING     PARTIAL 
NORMAL_FLOW_LIMITED  BOTH 
FORCE_MAIN_EQUATION  H-W 
VARIABLE_STEP        0.75 
LENGTHENING_STEP     0 
MIN_SURFAREA         0 
MAX_TRIALS           8 
HEAD_TOLERANCE       0.0015 
SYS_FLOW_TOL         5 
LAT_FLOW_TOL         5 
MINIMUM_STEP         0.5 
THREADS              4 
 
[EVAPORATION] 
;;Type          Parameters 
;;------------- ---------- 
MONTHLY      0.10   0.39   1.12   2.40   3.61   4.57   4.99   4.00   2.24   0.99   0.27   0.07   
DRY_ONLY     NO 
[TEMPERATURE] 
TIMESERIES   YYC-Temp60-14 
WINDSPEED    MONTHLY    14.8 14.6 15.0 16.5 16.6 15.6 14.0 13.2 14.1 14.6 13.7 14.9 
SNOWMELT               2 0.5 0.6 1200 50.0 0.0 
ADC          IMPERVIOUS 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
ADC          PERVIOUS   0.10 0.35 0.53 0.66 0.75 0.82 0.87 0.92 0.95 0.98 
 
[RAINGAGES] 
;;               Rain      Time   Snow   Data       
;;Name           Type      Intrvl Catch  Source     
;;-------------- --------- ------ ------ ---------- 
YYC-Pre60-14     INTENSITY 1:00   1.0    FILE       "D:\__LGN\PCSWMM\STA.3031093 2014.dat" STA.3031093 MM    
 
[SUBCATCHMENTS] 
;;                                                 Total    Pcnt.             Pcnt.    Curb     Snow     
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope    Length   Pack     
;;-------------- ---------------- ---------------- -------- -------- -------- -------- -------- -------- 
A1               YYC-Pre60-14     J1               67.8322  2        1646.413 4        0        Snowpack         
A2               YYC-Pre60-14     J2               35.0722  0        1127.723 9        0        Snowpack         
A3               YYC-Pre60-14     J3               23.4569  0        469.138  10       0        Snowpack         
B                YYC-Pre60-14     Ex-Wetland       27.8421  4.1      647.491  9        0        Snowpack         
 
[SUBAREAS] 
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo    PctRouted  
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
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A1               0.014      0.3        2          7.5        0          PERVIOUS   100        
A2               0.014      0.3        2          7.5        0          OUTLET     
A3               0.014      0.3        2          7.5        0          OUTLET     
B                0.014      0.3        2          7.5        100        OUTLET     
 
[INFILTRATION] 
;;Subcatchment   Suction    HydCon     IMDmax     
;;-------------- ---------- ---------- ---------- 
A1               126        0.99       0.21       
A2               270.53     1          0.21       
A3               270.69     0.99       0.25       
B                213.88     1.68       0.29       
 
[AQUIFERS] 
;;               Por-   Wilt   Field  Hyd    Cond   Tens   Upper  Lower  Lower  Bottom Water  Upper  Upper 
;;Name           osity  Point  Capac  Cond   Slope  Slope  Evap   Evap   Loss   Elev   Table  Moist  Evap Pat 
;;-------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------------ 
AquiferEast      0.453  0.185  0.307  3.663  0.1    0.1    0.5    0.1    0.15   0.0    2      0.307         
AquiferWest      0.453  0.185  0.307  3.663  0.1    0.1    0.5    0.1    0.044  0.0    2      0.307         
 
[GROUNDWATER] 
;;Subcatchment   Aquifer          Node             Elev   A1     B1     A2     B2     A3     Depth  Elev   Ebot   Wgr   Umc    
;;-------------- ---------------- ---------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --
---- 
A1               AquiferWest      J1               3      0.6    1.9    0      0      0      0      *      *      *      *      
A2               AquiferWest      J2               3      0.6    1.9    0      0      0      0      *      *      *      *      
A3               AquiferWest      J3               3      0.6    1.9    0      0      0      0      *      *      *      *      
B                AquiferEast      Ex-Wetland       3      0.35   3.1    0      0      0      0      *      *      *      *      
 
[SNOWPACKS] 
Snowpack         PLOWABLE   0.05       0.2        0.0        0.10       0.00       0.00       0.3        
Snowpack         IMPERVIOUS 0.05       0.2        0.0        0.10       0.00       0.00       25         
Snowpack         PERVIOUS   0.05       0.2        0.0        0.10       0.00       0.00       25         
Snowpack         REMOVAL    25         0.0        0.0        0.5        0.0        0.0         
 
[JUNCTIONS] 
;;               Invert     Max.       Init.      Surcharge  Ponded     
;;Name           Elev.      Depth      Depth      Depth      Area       
;;-------------- ---------- ---------- ---------- ---------- ---------- 
J1               1192       2          0          100        0          
J2               1186       2          0          100        0          
 
[OUTFALLS] 
;;               Invert     Outfall      Stage/Table      Tide 
;;Name           Elev.      Type         Time Series      Gate Route To         
;;-------------- ---------- ------------ ---------------- ---- ---------------- 
OF-3             1153.47    FREE                          NO                    
OF-W             1197.5     FREE                          NO                    
 
[STORAGE] 
;;               Invert   Max.     Init.    Storage    Curve                               Evap.    
;;Name           Elev.    Depth    Depth    Curve      Params                              Frac.    Infiltration parameters 
;;-------------- -------- -------- -------- ---------- -------- -------- -------- -------- -------- ----------------------- 
Ex-Wetland       1197.5   1        0.3      TABULAR    Wetland                    0        1        
;Junction 
J3               1166.5   2        0        FUNCTIONAL 1000     0        0        150      0        
;Junction 
UpCulv           1155.74  2        0        FUNCTIONAL 1000     0        0        200      0        
 
[CONDUITS] 
;;               Inlet            Outlet                      Manning    Inlet      Outlet     Init.      Max.       
;;Name           Node             Node             Length     N          Offset     Offset     Flow       Flow       
;;-------------- ---------------- ---------------- ---------- ---------- ---------- ---------- ---------- ---------- 
;Culvert 
1                Ex-Wetland       OF-W             18.6       0.015      0.3        0          0          0          
;Natural Channel 
C1               J1               J2               146.45     0.01       0          0          0          0          
;Natural Channel 
C2_1             J2               J3               352.28     0.01       0          0          0          0          
;Natural Channel 
C2_2             J3               UpCulv           305.17     0.01       0          0          0          0          
;Culvert 
ExCulvert        UpCulv           OF-3             77.33      0.022      0          0          0          0          
 
[XSECTIONS] 
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    
;;-------------- ------------ ---------------- ---------- ---------- ---------- ---------- 
1                CIRCULAR     0.45             0          0          0          1                     
C1               IRREGULAR    Section18        0          0          0          1                     



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County  PCSWMM Input File 
 
 

LGN Consulting Engineering Ltd.  3 

C2_1             IRREGULAR    Section6         0          0          0          1                     
C2_2             IRREGULAR    Section6         0          0          0          1                     
ExCulvert        CIRCULAR     0.63             0          0          0          1                     
 
[TRANSECTS] 
 
NC 0.35     0.35     0.07     
X1 Section18        8        72.899   74.312   0.0       0.0       0.0      0.0      0.0      
GR 1189.24  65.507   1188.46  69.488   1188.22  72.899   1187.75  73.041   1187.74  73.839   
GR 1188.19  74.312   1188.47  75.614   1189.37  79.324   
 
NC 0.35     0.35     0.07     
X1 Section6         8        83.111   83.945   0.0       0.0       0.0      0.0      0.0      
GR 1177.03  80.013   1176.29  81.881   1176.24  83.111   1175.8   83.269   1175.8   83.745   
GR 1176.26  83.945   1176.47  85.422   1177.79  86.958   
 
[LOSSES] 
;;Link           Inlet      Outlet     Average    Flap Gate  SeepageRate 
;;-------------- ---------- ---------- ---------- ---------- ---------- 
 
[CURVES] 
;;Name           Type       X-Value    Y-Value    
;;-------------- ---------- ---------- ---------- 
OGS              Rating     0          0          
OGS                         0.25       0.0066     
OGS                         0.5        0.0098     
OGS                         0.75       0.0122     
OGS                         1          0.0142     
 
R33              Rating     0          0          
R33                         0.25       0.0043     
R33                         0.5        0.0062     
R33                         0.75       0.0077     
R33                         1          0.009      
R33                         1.25       0.0101     
R33                         1.5        0.0111     
 
R96              Rating     0          0          
R96                         0.25       0.0303     
R96                         0.5        0.0492     
R96                         0.75       0.0626     
R96                         1          0.0736     
R96                         1.25       0.0831     
R96                         1.5        0.0917     
 
Wetland          Storage    0          1018       
Wetland                     0.25       7072       
Wetland                     0.5        8482       
Wetland                     0.75       9674       
Wetland                     1          11306      
 
[TIMESERIES] 
;;Name           Date       Time       Value      
;;-------------- ---------- ---------- ---------- 
YYC-Temp60-14    FILE "D:\__LGN\PCSWMM\TEMPERATURE DATA 1960-2014.dat" 
 
[REPORT] 
INPUT      YES 
CONTROLS   NO 
SUBCATCHMENTS ALL 
NODES ALL 
LINKS ALL 
 
[ADJUSTMENTS] 
;;Parameter    Subcatchment     Monthly Adjustments 
;;------------ ---------------- -------------------------------- 
CONDUCTIVITY                    0.05   0.05   0.05   0.05   1.0    1.0    1.0    1.0    1.0    1.0    0.05   0.05   
 
[TAGS] 
 
[MAP] 
DIMENSIONS       -19799.6333      5666764.724      -17942.8047      5668793.476      
UNITS            Meters 
 
[COORDINATES] 
;;Node           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[VERTICES] 
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;;Link           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[POLYGONS] 
;;Subcatchment   X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[SYMBOLS] 
;;Gage           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.013) 
  -------------------------------------------------------------- 
 
  Ascension Pre-development  
  Continuous Simulation  
  Calgary 1960-2014  
   
   
  ************* 
  Element Count 
  ************* 
  Number of rain gages ...... 1 
  Number of subcatchments ... 4 
  Number of nodes ........... 7 
  Number of links ........... 5 
  Number of pollutants ...... 0 
  Number of land uses ....... 0 
   
   
  **************** 
  Raingage Summary 
  **************** 
                                                      Data       Recording 
  Name                 Data Source                    Type       Interval  
  ------------------------------------------------------------------------ 
  YYC-Pre60-14         D:\__LGN\PCSWMM\STA.3031093 2014.dat 
   
   
  ******************** 
  Subcatchment Summary 
  ******************** 
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet               
  ----------------------------------------------------------------------------------------------------------- 
  A1                        67.83   1646.41      2.00    4.0000 YYC-Pre60-14         J1                   
  A2                        35.07   1127.72      0.00    9.0000 YYC-Pre60-14         J2                   
  A3                        23.46    469.14      0.00   10.0000 YYC-Pre60-14         J3                   
  B                         27.84    647.49      4.10    9.0000 YYC-Pre60-14         Ex-Wetland           
   
   
  ************ 
  Node Summary 
  ************ 
                                           Invert      Max.    Ponded    External 
  Name                 Type                 Elev.     Depth      Area    Inflow   
  ------------------------------------------------------------------------------- 
  J1                   JUNCTION           1192.00      2.00       0.0 
  J2                   JUNCTION           1186.00      2.00       0.0 
  OF-3                 OUTFALL            1153.47      0.63       0.0 
  OF-W                 OUTFALL            1197.50      0.45       0.0 
  Ex-Wetland           STORAGE            1197.50      1.00       0.0 
  J3                   STORAGE            1166.50      2.00       0.0 
  UpCulv               STORAGE            1155.74      2.00       0.0 
   
   
  ************ 
  Link Summary 
  ************ 
  Name             From Node        To Node          Type            Length    %Slope Roughness 
  --------------------------------------------------------------------------------------------- 
  1                Ex-Wetland       OF-W             CONDUIT           18.6    1.6131    0.0150 
  C1               J1               J2               CONDUIT          146.4    4.1004    0.0700 
  C2_1             J2               J3               CONDUIT          352.3    5.5439    0.0700 
  C2_2             J3               UpCulv           CONDUIT          305.2    3.5281    0.0700 
  ExCulvert        UpCulv           OF-3             CONDUIT           77.3    2.9367    0.0220 
   
   
  ********************* 
  Cross Section Summary 
  ********************* 
                                        Full     Full     Hyd.     Max.   No. of     Full 
  Conduit          Shape               Depth     Area     Rad.    Width  Barrels     Flow 
  --------------------------------------------------------------------------------------- 
  1                CIRCULAR             0.45     0.16     0.11     0.45        1     0.31 
  C1               Section18            1.63    10.77     0.20    13.82        1    10.53 
  C2_1             Section6             1.99     8.68     0.21     6.94        1    10.22 
  C2_2             Section6             1.99     8.68     0.21     6.94        1     8.15 
  ExCulvert        CIRCULAR             0.63     0.31     0.16     0.63        1     0.71 
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  **************** 
  Transect Summary 
  **************** 
 
  Transect Section18 
  Area:   
              0.0021     0.0047     0.0075     0.0103     0.0133  
              0.0165     0.0198     0.0232     0.0267     0.0304  
              0.0342     0.0381     0.0422     0.0464     0.0511  
              0.0572     0.0652     0.0751     0.0868     0.1004  
              0.1159     0.1332     0.1520     0.1717     0.1923  
              0.2139     0.2363     0.2597     0.2840     0.3091  
              0.3352     0.3622     0.3901     0.4190     0.4487  
              0.4793     0.5109     0.5434     0.5767     0.6110  
              0.6462     0.6823     0.7194     0.7573     0.7961  
              0.8359     0.8763     0.9171     0.9584     1.0000  
  Hrad:   
              0.1322     0.2706     0.3943     0.5064     0.6094  
              0.7050     0.7944     0.8788     0.9590     1.0356  
              1.1091     1.1800     1.2485     1.3210     1.4092  
              1.4583     1.4527     1.4120     1.3526     1.2861  
              1.2195     1.1566     1.1062     1.0681     1.0387  
              1.0157     0.9977     0.9835     0.9724     0.9637  
              0.9570     0.9520     0.9483     0.9458     0.9443  
              0.9436     0.9437     0.9444     0.9456     0.9473  
              0.9495     0.9520     0.9548     0.9580     0.9614  
              0.9651     0.9731     0.9817     0.9907     1.0000  
  Width:  
              0.0607     0.0639     0.0671     0.0703     0.0735  
              0.0767     0.0799     0.0831     0.0863     0.0895  
              0.0927     0.0959     0.0990     0.1039     0.1246  
              0.1692     0.2137     0.2582     0.3027     0.3472  
              0.3917     0.4362     0.4603     0.4820     0.5038  
              0.5256     0.5474     0.5691     0.5909     0.6127  
              0.6344     0.6562     0.6780     0.6997     0.7215  
              0.7433     0.7650     0.7868     0.8086     0.8303  
              0.8521     0.8739     0.8956     0.9174     0.9392  
              0.9609     0.9708     0.9805     0.9903     1.0000  
 
  Transect Section6 
  Area:   
              0.0023     0.0047     0.0072     0.0099     0.0127  
              0.0157     0.0188     0.0221     0.0255     0.0291  
              0.0328     0.0387     0.0493     0.0618     0.0760  
              0.0920     0.1097     0.1285     0.1479     0.1680  
              0.1888     0.2102     0.2323     0.2551     0.2786  
              0.3027     0.3276     0.3530     0.3792     0.4060  
              0.4335     0.4614     0.4896     0.5179     0.5464  
              0.5752     0.6041     0.6333     0.6627     0.6923  
              0.7221     0.7522     0.7824     0.8128     0.8435  
              0.8744     0.9055     0.9368     0.9683     1.0000  
  Hrad:   
              0.1677     0.3004     0.4104     0.5047     0.5878  
              0.6627     0.7312     0.7949     0.8546     0.9113  
              0.9653     0.9750     0.8867     0.8151     0.7601  
              0.7176     0.6850     0.6662     0.6567     0.6532  
              0.6536     0.6568     0.6620     0.6685     0.6760  
              0.6843     0.6931     0.7023     0.7118     0.7215  
              0.7317     0.7449     0.7585     0.7725     0.7866  
              0.8010     0.8154     0.8299     0.8444     0.8588  
              0.8733     0.8877     0.9021     0.9163     0.9305  
              0.9446     0.9586     0.9725     0.9863     1.0000  
  Width:  
              0.0731     0.0776     0.0822     0.0867     0.0913  
              0.0958     0.1004     0.1049     0.1095     0.1140  
              0.1186     0.2711     0.3653     0.4201     0.4748  
              0.5296     0.5788     0.5999     0.6211     0.6422  
              0.6633     0.6845     0.7056     0.7267     0.7479  
              0.7690     0.7901     0.8113     0.8324     0.8535  
              0.8733     0.8800     0.8866     0.8933     0.9000  
              0.9066     0.9133     0.9200     0.9266     0.9333  
              0.9400     0.9467     0.9533     0.9600     0.9667  
              0.9733     0.9800     0.9867     0.9933     1.0000  
   
   
  ********************* 
  Rainfall File Summary 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County           PCSWMM Report File 
 
 

LGN Consulting Engineering Ltd.  3 

  ********************* 
  Station    First        Last         Recording   Periods    Periods    Periods 
  ID         Date         Date         Frequency  w/Precip    Missing    Malfunc. 
  ------------------------------------------------------------------------------- 
  STA.3031093 01/01/1960   12/31/2014      60 min    482136          0          0 
 
   
  ********************************************************* 
  NOTE: The summary statistics displayed in this report are 
  based on results found at every computational time step,   
  not just on results from each reporting time step. 
  ********************************************************* 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CMS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    RDII ................... NO 
    Snowmelt ............... YES 
    Groundwater ............ YES 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... NO 
  Infiltration Method ...... GREEN_AMPT 
  Flow Routing Method ...... DYNWAVE 
  Surcharge Method ......... EXTRAN 
  Starting Date ............ 01/01/1960 01:00:00 
  Ending Date .............. 12/31/2014 23:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 01:00:00 
  Wet Time Step ............ 00:15:00 
  Dry Time Step ............ 01:00:00 
  Routing Time Step ........ 60.00 sec 
  Variable Time Step ....... YES 
  Maximum Trials ........... 8 
  Number of Threads ........ 1 
  Head Tolerance ........... 0.001500 m 
   
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     hectare-m            mm 
  **************************     ---------       ------- 
  Initial Snow Cover .......         0.000         0.000 
  Total Precipitation ......      3531.782     22903.400 
  Evaporation Loss .........       301.967      1958.236 
  Infiltration Loss ........      3056.091     19818.574 
  Surface Runoff ...........       191.616      1242.618 
  Snow Removed .............         0.000         0.000 
  Final Snow Cover .........         0.401         2.600 
  Final Storage ............         0.001         0.009 
  Continuity Error (%) .....        -0.518 
   
   
  **************************        Volume         Depth 
  Groundwater Continuity         hectare-m            mm 
  **************************     ---------       ------- 
  Initial Storage ..........       187.049      1213.000 
  Infiltration .............      3056.091     19818.574 
  Upper Zone ET ............      2847.136     18463.508 
  Lower Zone ET ............         0.000         0.000 
  Deep Percolation .........       247.891      1607.556 
  Groundwater Flow .........         0.000         0.000 
  Final Storage ............       148.105       960.451 
  Continuity Error (%) .....         0.000 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        hectare-m      10^6 ltr 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......       191.360      1913.621 
  Groundwater Inflow .......         0.000         0.000 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........       166.890      1668.919 
  Flooding Loss ............         0.192         1.916 
  Evaporation Loss .........        24.427       244.268 
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  Exfiltration Loss ........         0.000         0.000 
  Initial Stored Volume ....         0.137         1.372 
  Final Stored Volume ......         0.087         0.875 
  Continuity Error (%) .....        -0.051 
   
   
  *************************** 
  Time-Step Critical Elements 
  *************************** 
  Link 1 (11.00%) 
   
   
  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  All links are stable. 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :     1.61 sec 
  Average Time Step           :    55.97 sec 
  Maximum Time Step           :    60.00 sec 
  Percent in Steady State     :     0.00 
  Average Iterations per Step :     2.00 
  Percent Not Converging      :     0.01 
   
   
  *************************** 
  Subcatchment Runoff Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------------------------------------------
------ 
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  
Runoff 
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   
Coeff 
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS 
  ------------------------------------------------------------------------------------------------------------------------
------ 
  A1                     22903.40       0.00    2446.13   19285.00     292.54    1312.59    1312.59      890.36     4.20   
0.057 
  A2                     22903.40       0.00    1883.81   19958.99       0.00    1177.49    1177.49      412.97     3.13   
0.051 
  A3                     22903.40       0.00    1755.90   20244.75       0.00    1008.75    1008.75      236.62     1.62   
0.044 
  B                      22903.40       0.00    1033.78   20582.59     838.95     512.27    1351.22      376.21     1.88   
0.059 
   
   
  ******************* 
  Groundwater Summary 
  ******************* 
   
  ----------------------------------------------------------------------------------------------------- 
                                            Total    Total  Maximum  Average  Average    Final    Final 
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water 
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table 
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m 
  ----------------------------------------------------------------------------------------------------- 
  A1                   19285.00 18251.95  1276.72     0.00     0.00     0.27     0.18     0.30     0.45 
  A2                   19958.99 18790.44  1413.78     0.00     0.00     0.27     0.20     0.30     0.45 
  A3                   20244.75 18822.86  1658.51     0.00     0.00     0.27     0.23     0.30     0.51 
  B                    20582.59 18264.34  2614.73     0.00     0.00     0.29     0.11     0.30     0.08 
   
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max    Reported 
                                   Depth    Depth      HGL   Occurrence   Max Depth 
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters 
  --------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.01    97.19  1289.19  17322  19:04       59.26 
  J2                   JUNCTION     0.01   102.00  1288.00  17322  19:04       64.93 
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  OF-3                 OUTFALL      0.01     0.63  1154.10  2028  17:24        0.63 
  OF-W                 OUTFALL      0.00     0.42  1197.92  17322  21:05        0.42 
  Ex-Wetland           STORAGE      0.22     0.93  1198.43  17322  21:05        0.93 
  J3                   STORAGE      0.02   118.40  1284.90  17322  19:04       81.93 
  UpCulv               STORAGE      0.02   123.77  1279.51  17322  19:04       89.44 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
   
  ------------------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total        Flow 
                                  Lateral    Total  Time of Max      Inflow      Inflow     Balance 
                                   Inflow   Inflow   Occurrence      Volume      Volume       Error 
  Node                 Type           CMS      CMS  days hr:min    10^6 ltr    10^6 ltr     Percent 
  ------------------------------------------------------------------------------------------------- 
  J1                   JUNCTION     4.200    6.037  17322  19:01         889         889      -0.028 
  J2                   JUNCTION     3.130    7.189  17322  19:00         412     1.3e+03      -0.284 
  OF-3                 OUTFALL      0.000    5.812  17322  19:04           0    1.54e+03       0.000 
  OF-W                 OUTFALL      0.000    0.413  17322  21:05           0         133       0.000 
  Ex-Wetland           STORAGE      1.876    1.876  17322  19:00         376         377       0.001 
  J3                   STORAGE      1.623    7.873  17322  18:58         236    1.54e+03      -0.054 
  UpCulv               STORAGE      0.000    8.235  17322  18:58           0    1.54e+03       0.248 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  Surcharging occurs when water rises above the top of the highest conduit. 
  --------------------------------------------------------------------- 
                                               Max. Height   Min. Depth 
                                   Hours       Above Crown    Below Rim 
  Node                 Type      Surcharged         Meters       Meters 
  --------------------------------------------------------------------- 
  J1                   JUNCTION        2.13         95.561        0.000 
  J2                   JUNCTION        2.59        100.010        0.000 
  J3                   STORAGE         8.93        116.408        0.000 
  UpCulv               STORAGE        25.40        121.776        0.000 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  Flooding refers to all water that overflows a node, whether it ponds or not. 
  -------------------------------------------------------------------------- 
                                                             Total   Maximum 
                                 Maximum   Time of Max       Flood    Ponded 
                        Hours       Rate    Occurrence      Volume     Depth 
  Node                 Flooded       CMS   days hr:min    10^6 ltr    Meters 
  -------------------------------------------------------------------------- 
  J2                      0.46     2.611   17322  19:04       1.916   100.000 
   
   
  ********************** 
  Storage Volume Summary 
  ********************** 
   
  -------------------------------------------------------------------------------------------------- 
                         Average     Avg  Evap Exfil       Maximum     Max    Time of Max    Maximum 
                          Volume    Pcnt  Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow 
  Storage Unit           1000 m3    Full  Loss  Loss       1000 m3    Full    days hr:min        CMS 
  -------------------------------------------------------------------------------------------------- 
  Ex-Wetland               0.845      11    64     0         7.052      90    17322  21:05      0.414 
  J3                       0.010       1     0     0         2.000     100    9386  10:47      8.235 
  UpCulv                   0.008       0     0     0         2.000     100    1647  19:04      5.812 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ----------------------------------------------------------- 
                         Flow       Avg       Max       Total 
                         Freq      Flow      Flow      Volume 
  Outfall Node           Pcnt       CMS       CMS    10^6 ltr 
  ----------------------------------------------------------- 
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  OF-3                   7.44     0.083     5.812    1535.975 
  OF-W                   8.59     0.008     0.413     132.936 
  ----------------------------------------------------------- 
  System                 8.02     0.092     0.413    1668.911 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 
                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CMS  days hr:min     m/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  1                    CONDUIT     0.413  17322  21:05      2.62    1.32    0.97 
  C1                   CHANNEL     4.120  17322  19:01      0.96    0.39    1.00 
  C2_1                 CHANNEL     6.297  17322  18:58      1.69    0.62    1.00 
  C2_2                 CHANNEL     8.235  17322  18:58      1.62    1.01    1.00 
  ExCulvert            CONDUIT     5.812  17322  19:04     18.64    8.21    1.00 
   
   
  *************************** 
  Flow Classification Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------- 
                      Adjusted    ---------- Fraction of Time in Flow Class ----------  
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  Inlet  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   Ctrl   
  ------------------------------------------------------------------------------------- 
  1                       1.00   0.89  0.00  0.00  0.01  0.11  0.00  0.00  0.00  0.00 
  C1                      1.00   0.94  0.01  0.00  0.04  0.00  0.00  0.00  1.00  0.00 
  C2_1                    1.00   0.83  0.12  0.00  0.05  0.00  0.00  0.00  0.99  0.00 
  C2_2                    1.00   0.01  0.82  0.00  0.17  0.00  0.00  0.00  0.99  0.00 
  ExCulvert               1.00   0.01  0.00  0.00  0.91  0.08  0.00  0.00  0.00  0.00 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  ---------------------------------------------------------------------------- 
                                                           Hours        Hours  
                         --------- Hours Full --------   Above Full   Capacity 
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited 
  ---------------------------------------------------------------------------- 
  1                           0.01      3.92      0.01      4.76         0.01 
  C1                          2.13      2.13      3.05      0.01         0.01 
  C2_1                        2.59      2.59      8.93      0.01         0.01 
  C2_2                        8.85      8.93     25.40      0.01         0.01 
  ExCulvert                   0.01     99.79      0.01    113.51         0.01 
   
 
  Analysis begun on:  Tue Aug 25 11:18:31 2020 
  Analysis ended on:  Tue Aug 25 11:20:11 2020 
  Total elapsed time: 00:01:40 
 



 

LGN Consulting Engineering Ltd. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

PCSWMM 
Post-development Analysis 

 
• Input Parameters 

• Schematic 
• Input and Report Files 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County  PCSWMM Input Parameters 
 
 

LGN Consulting Engineering Ltd.  1 

 
Catchment Parameters Used in the PCSWMM Model 

Catchment 
ID 

Area 
(ha) 

Imp 
(%) 

Imp. 
(ha) 

Imp. 
Directly 

Connected 
(%) 

Imp. 
Directly 

Connected 
(ha) 

Imp. 
Routed to 
Perv. (%) 

Imp. Routed 
through 

Perv. (ha) 

Com-MF 26.03 82.8 21.56 71.1 15.34 28.9 6.22 
Ex-1 * 37.79 3.7 1.41 76.9 1.08 23.1 0.33 
Ex-2 * 5.79 8.0 0.47 0.0 0.00 100.0 0.47 
Ex-3 * 13.52 2.1 0.28 0.0 0.00 100.0 0.28 

OS-1 ** 3.78 6.1 0.23 0.0 0.00 100.0 0.23 
OS-2 ** 1.74 9.2 0.16 0.0 0.00 100.0 0.16 

Pond-ER 3.89 41.7 1.62 97.4 1.58 2.6 0.04 
SF-1 8.50 42.6 3.62 55.5 2.01 44.5 1.61 
SF-2 13.35 55.3 7.38 51.6 3.81 48.4 3.57 
SF-3 45.78 53.3 24.39 53.1 12.94 46.9 11.45 

Wetland-ER 2.47 49.7 1.23 92.0 1.13 8.0 0.10 
Total 162.64 38.3 62.35 60.8 37.89 39.2 24.46 

 
* Exiting Areas (Natural Drainage Course)   

** Flow through Areas 



Post-development PCSWMM Schematic
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To reduce the amount of data in the input file, the following sections have been excluded in this Appendix: 
• Coordinates 
• Vertices 
• Polygons 

 
  
[TITLE] 
Ascension Post-Development 
400 mm Sandy Loam 
Single Event 
Calgary 24h-100y 
 
 
[OPTIONS] 
;;Options            Value 
;;------------------ ------------ 
FLOW_UNITS           CMS 
INFILTRATION         GREEN_AMPT 
FLOW_ROUTING         DYNWAVE 
LINK_OFFSETS         DEPTH 
MIN_SLOPE            0 
ALLOW_PONDING        NO 
SKIP_STEADY_STATE    NO 
START_DATE           08/22/2020 
START_TIME           00:00:00 
REPORT_START_DATE    08/22/2020 
REPORT_START_TIME    00:00:00 
END_DATE             08/25/2020 
END_TIME             00:00:00 
SWEEP_START          01/01 
SWEEP_END            12/31 
DRY_DAYS             0 
REPORT_STEP          00:05:00 
WET_STEP             00:05:00 
DRY_STEP             00:30:00 
ROUTING_STEP         5 
RULE_STEP            00:00:00 
INERTIAL_DAMPING     PARTIAL 
NORMAL_FLOW_LIMITED  BOTH 
FORCE_MAIN_EQUATION  H-W 
VARIABLE_STEP        0.75 
LENGTHENING_STEP     0 
MIN_SURFAREA         0 
MAX_TRIALS           8 
HEAD_TOLERANCE       0.0015 
SYS_FLOW_TOL         5 
LAT_FLOW_TOL         5 
MINIMUM_STEP         0.5 
THREADS              4 
 
[EVAPORATION] 
;;Type          Parameters 
;;------------- ---------- 
CONSTANT     0 
DRY_ONLY     NO 
 
[RAINGAGES] 
;;               Rain      Time   Snow   Data       
;;Name           Type      Intrvl Catch  Source     
;;-------------- --------- ------ ------ ---------- 
Calgary_24h_100y INTENSITY 0:05   1.0    TIMESERIES Calgary_24h_100y 
 
[SUBCATCHMENTS] 
;;                                                 Total    Pcnt.             Pcnt.    Curb     Snow     
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope    Length   Pack     
;;-------------- ---------------- ---------------- -------- -------- -------- -------- -------- -------- 
;Commercial-MF 
Com-MF           Calgary_24h_100y Wet-Pond         26.0265  100      2082.12  2        0                         
;Natural Drainage Course 
Ex-1             Calgary_24h_100y J1               37.7858  3.7      917.131  5        0                         
;Natural Drainage Course 
Ex-2             Calgary_24h_100y OF-1             5.7895   8        578.95   3        0                         
;Natural Drainage Course 
Ex-3             Calgary_24h_100y J3               13.52    2        1352     8        0                         
;Offsite Areas 
OS-1             Calgary_24h_100y OS-2             3.7839   6        378.39   5        0                         
;Offsite Areas 
OS-2             Calgary_24h_100y SF-2             1.7365   9        347.3    5        0                         
;Pond Area 
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Pond-ER          Calgary_24h_100y Wet-Pond         3.8906   41.7     972.65   2        0                         
;Residential 
SF-1             Calgary_24h_100y Dry-Pond         8.4971   100      679.768  3        0                         
;Residential 
SF-2             Calgary_24h_100y Wet-Pond         13.3461  100      1067.688 3        0                         
;Residential 
SF-3             Calgary_24h_100y Wet-Pond         45.7774  100      3662.192 5        0                         
;Wetland Area 
Wetland-ER       Calgary_24h_100y Ex-Wetland       2.4733   49.7     206.108  2        0                         
 
[SUBAREAS] 
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo    PctRouted  
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
Com-MF           0.015      0.25       1.6        3.2        0          PERVIOUS   29         
Ex-1             0.014      0.3        2          7.5        0          PERVIOUS   100        
Ex-2             0.014      0.3        2          7.5        0          PERVIOUS   100        
Ex-3             0.014      0.3        2          7.5        0          PERVIOUS   100        
OS-1             0.014      0.3        2          7.5        0          PERVIOUS   100        
OS-2             0.014      0.3        2          7.5        0          PERVIOUS   100        
Pond-ER          0.015      0.25       1.6        3.2        0          PERVIOUS   3          
SF-1             0.015      0.25       1.6        3.2        0          PERVIOUS   44         
SF-2             0.015      0.25       1.6        3.2        0          PERVIOUS   48         
SF-3             0.015      0.25       1.6        3.2        0          PERVIOUS   47         
Wetland-ER       0.015      0.25       1.6        3.2        0          PERVIOUS   8          
 
[INFILTRATION] 
;;Subcatchment   Suction    HydCon     IMDmax     
;;-------------- ---------- ---------- ---------- 
Com-MF           110        14.15      0.246      
Ex-1             110        14.15      0.246      
Ex-2             110        14.15      0.246      
Ex-3             110        14.15      0.246      
OS-1             110        14.15      0.246      
OS-2             110        14.15      0.246      
Pond-ER          110        14.15      0.246      
SF-1             110        14.15      0.246      
SF-2             110        14.15      0.246      
SF-3             110        14.15      0.246      
Wetland-ER       110        14.15      0.246      
 
[LID_CONTROLS] 
;;               Type/Layer Parameters 
;;-------------- ---------- ---------- 
SandyLoam        BC 
SandyLoam        SURFACE    5          0.2        0.41       2          5          
SandyLoam        SOIL       400        0.396      0.175      0.081      27.08      7          110        
SandyLoam        STORAGE    0.0001     0.75       0.5        0          
SandyLoam        DRAIN      0          0.5        6          6          0          0                     
 
[LID_USAGE] 
;;Subcatchment   LID Process      Number  Area       Width      InitSatur  FromImprv  ToPerv     Report File                 
Drain to          FromPerv 
;;-------------- ---------------- ------- ---------- ---------- ---------- ---------- ---------- --------------------------
- ---------------- ---------------- 
Com-MF           SandyLoam        1       44639      0          0          29         0          *                           
*                0 
SF-1             SandyLoam        1       48806      0          0          44         0          *                           
*                0 
SF-2             SandyLoam        1       59639      0          0          48         0          *                           
*                0 
SF-3             SandyLoam        1       213860     0          0          47         0          *                           
*                0 
 
[JUNCTIONS] 
;;               Invert     Max.       Init.      Surcharge  Ponded     
;;Name           Elev.      Depth      Depth      Depth      Area       
;;-------------- ---------- ---------- ---------- ---------- ---------- 
J1               1205.5     0          0          0          0          
J2               1202.5     0          0          0          0          
J3               1166.5     5.327      0          0          0          
OF-1             1192       1.69       0          0          0          
OF-2             1155.74    3          0          0          0          
 
[OUTFALLS] 
;;               Invert     Outfall      Stage/Table      Tide 
;;Name           Elev.      Type         Time Series      Gate Route To         
;;-------------- ---------- ------------ ---------------- ---- ---------------- 
OF-3             1153.47    FREE                          NO                    
OF-W             1197       FREE                          NO                    
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[STORAGE] 
;;               Invert   Max.     Init.    Storage    Curve                               Evap.    
;;Name           Elev.    Depth    Depth    Curve      Params                              Frac.    Infiltration parameters 
;;-------------- -------- -------- -------- ---------- -------- -------- -------- -------- -------- ----------------------- 
Dry-Pond         1170     1.5      0        TABULAR    Dry-Pond                   0        0        
Ex-Wetland       1197.5   1.5      0.3      TABULAR    Wetland                    0        0        
Wet-Pond         1192.5   5.5      3.5      TABULAR    Wet-Pond                   0        0        
 
[CONDUITS] 
;;               Inlet            Outlet                      Manning    Inlet      Outlet     Init.      Max.       
;;Name           Node             Node             Length     N          Offset     Offset     Flow       Flow       
;;-------------- ---------------- ---------------- ---------- ---------- ---------- ---------- ---------- ---------- 
;Culvert 
1                Ex-Wetland       OF-W             18.6       0.015      0.3        0          0          0          
;Culvert 
2                J1               J2               67.687     0.017      0          0          0          0          
;Natural Channel 
3                J2               OF-1             291.26     0.01       0          0          0          0          
;Natural Channel 
C2_1             OF-1             J3               498.745    0.01       0          0          0          0          
;Natural Channel 
C2_2             J3               OF-2             305.17     0.01       0          0          0          0          
;Culvert 
ExCulvert        OF-2             OF-3             77.33      0.017      0          0          0          0          
 
[OUTLETS] 
;;               Inlet            Outlet           Outflow    Outlet           Qcoeff/                     Flap 
;;Name           Node             Node             Height     Type             QTable           Qexpon     Gate 
;;-------------- ---------------- ---------------- ---------- ---------------- ---------------- ---------- ---- 
ICD-E            Wet-Pond         OF-1             3.5        TABULAR/HEAD     R156.6                      NO   
ICD-W            Dry-Pond         OF-2             0          TABULAR/HEAD     R28.8                       NO   
 
[XSECTIONS] 
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    
;;-------------- ------------ ---------------- ---------- ---------- ---------- ---------- 
1                CIRCULAR     0.45             0          0          0          1                     
2                CIRCULAR     0.6              0          0          0          1                     
3                IRREGULAR    Section18        0          0          0          1                     
C2_1             IRREGULAR    Section18        0          0          0          1                     
C2_2             IRREGULAR    Section6         0          0          0          1                     
ExCulvert        CIRCULAR     0.63             0          0          0          1                     
 
[TRANSECTS] 
 
NC 0.35     0.35     0.07     
X1 Section18        8        72.899   74.312   0.0       0.0       0.0      0.0      0.0      
GR 1189.24  65.507   1188.46  69.488   1188.22  72.899   1187.75  73.041   1187.74  73.839   
GR 1188.19  74.312   1188.47  75.614   1189.37  79.324   
 
NC 0.35     0.35     0.07     
X1 Section6         8        83.111   83.945   0.0       0.0       0.0      0.0      0.0      
GR 1177.03  80.013   1176.29  81.881   1176.24  83.111   1175.8   83.269   1175.8   83.745   
GR 1176.26  83.945   1176.47  85.422   1177.79  86.958   
 
[LOSSES] 
;;Link           Inlet      Outlet     Average    Flap Gate  SeepageRate 
;;-------------- ---------- ---------- ---------- ---------- ---------- 
 
[CURVES] 
;;Name           Type       X-Value    Y-Value    
;;-------------- ---------- ---------- ---------- 
R156.6           Rating     0          0          
R156.6                      0.093      0.0626     
R156.6                      0.343      0.12       
R156.6                      0.593      0.1578     
R156.6                      0.843      0.1881     
R156.6                      1.093      0.2142     
R156.6                      1.343      0.2374     
R156.6                      1.593      0.2586     
R156.6                      1.8434     0.2781     
R156.6                      2.143      0.2999     
 
R28.8            Rating     0          0          
R28.8                       0.221      0.0033     
R28.8                       0.471      0.0048     
R28.8                       0.721      0.0059     
R28.8                       0.971      0.0068     
R28.8                       1.221      0.0077     
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R28.8                       1.4712     0.0084     
R28.8                       1.771      0.0092     
 
Dry-Pond         Storage    0          1052.764   
Dry-Pond                    0.25       1174.707   
Dry-Pond                    0.5        1301.147   
Dry-Pond                    0.75       1432.084   
Dry-Pond                    1          1567.517   
Dry-Pond                    1.25       1707.447   
Dry-Pond                    1.5        1868.381   
 
Wetland          Storage    0          1018       
Wetland                     0.25       7072       
Wetland                     0.5        8482       
Wetland                     0.75       9674       
Wetland                     1          11306      
 
Wet-Pond         Storage    0          1265.308   
Wet-Pond                    0.25       1576.948   
Wet-Pond                    0.5        1897.202   
Wet-Pond                    0.75       2226.072   
Wet-Pond                    1          3555.796   
Wet-Pond                    1.25       5008.793   
Wet-Pond                    1.5        5728.093   
Wet-Pond                    1.75       6475.087   
Wet-Pond                    2          7249.775   
Wet-Pond                    2.25       8052.157   
Wet-Pond                    2.5        8882.233   
Wet-Pond                    2.75       9740.003   
Wet-Pond                    3          11112.413  
Wet-Pond                    3.25       13375.288  
Wet-Pond                    3.5        15788.106  
Wet-Pond                    3.75       17662.38   
Wet-Pond                    4          18721.113  
Wet-Pond                    4.25       19649.843  
Wet-Pond                    4.5        20588.121  
Wet-Pond                    4.75       21535.948  
Wet-Pond                    5          22493.323  
Wet-Pond                    5.25       23460.247  
Wet-Pond                    5.5        24432.341  
 
[TIMESERIES] 
;;Name           Date       Time       Value      
;;-------------- ---------- ---------- ---------- 
;Calgary_24h_100y design storm, rain interval = 5 minutes, rain units = mm/hr. 
Calgary_24h_100y            0:00       0          
Calgary_24h_100y            0:05       1.094      
Calgary_24h_100y            0:10       1.103      
. 
. 
. 
Calgary_24h_100y            23:50      1.085      
Calgary_24h_100y            23:55      1.081      
Calgary_24h_100y            24:00      1.077      
 
[REPORT] 
INPUT      YES 
CONTROLS   NO 
SUBCATCHMENTS ALL 
NODES ALL 
LINKS ALL 
 
[TAGS] 
 
[MAP] 
DIMENSIONS       -19800.5545345242 5666764.72393014 -17906.5841223704 5668793.47605977 
UNITS            Meters 
[COORDINATES] 
;;Node           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
[VERTICES] 
;;Link           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
[POLYGONS] 
;;Subcatchment   X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 [SYMBOLS] 
;;Gage           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.013) 
  -------------------------------------------------------------- 
 
  Ascension Post-Development  
  400 mm Sandy Loam  
  Single Event  
   
   
  ************* 
  Element Count 
  ************* 
  Number of rain gages ...... 1 
  Number of subcatchments ... 11 
  Number of nodes ........... 10 
  Number of links ........... 8 
  Number of pollutants ...... 0 
  Number of land uses ....... 0 
   
   
  **************** 
  Raingage Summary 
  **************** 
                                                      Data       Recording 
  Name                 Data Source                    Type       Interval  
  ------------------------------------------------------------------------ 
  Calgary_24h_100y     Calgary_24h_100y               INTENSITY    5 min. 
   
   
  ******************** 
  Subcatchment Summary 
  ******************** 
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet               
  ----------------------------------------------------------------------------------------------------------- 
  Com-MF                    26.03   2082.12    100.00    2.0000 Calgary_24h_100y     Wet-Pond             
  Ex-1                      37.79    917.13      3.70    5.0000 Calgary_24h_100y     J1                   
  Ex-2                       5.79    578.95      8.00    3.0000 Calgary_24h_100y     OF-1                 
  Ex-3                      13.52   1352.00      2.00    8.0000 Calgary_24h_100y     J3                   
  OS-1                       3.78    378.39      6.00    5.0000 Calgary_24h_100y     OS-2                 
  OS-2                       1.74    347.30      9.00    5.0000 Calgary_24h_100y     SF-2                 
  Pond-ER                    3.89    972.65     41.70    2.0000 Calgary_24h_100y     Wet-Pond             
  SF-1                       8.50    679.77    100.00    3.0000 Calgary_24h_100y     Dry-Pond             
  SF-2                      13.35   1067.69    100.00    3.0000 Calgary_24h_100y     Wet-Pond             
  SF-3                      45.78   3662.19    100.00    5.0000 Calgary_24h_100y     Wet-Pond             
  Wetland-ER                 2.47    206.11     49.70    2.0000 Calgary_24h_100y     Ex-Wetland           
 
 
  ******************* 
  LID Control Summary 
  ******************* 
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv 
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated 
  --------------------------------------------------------------------------------------------------- 
  Com-MF           SandyLoam            1    44639.00        0.00       17.15       29.00        0.00 
  SF-1             SandyLoam            1    48806.00        0.00       57.44       44.00        0.00 
  SF-2             SandyLoam            1    59639.00        0.00       44.69       48.00        0.00 
  SF-3             SandyLoam            1   213860.00        0.00       46.72       47.00        0.00 
   
   
  ************ 
  Node Summary 
  ************ 
                                           Invert      Max.    Ponded    External 
  Name                 Type                 Elev.     Depth      Area    Inflow   
  ------------------------------------------------------------------------------- 
  J1                   JUNCTION           1205.50      0.60       0.0 
  J2                   JUNCTION           1202.50      1.63       0.0 
  J3                   JUNCTION           1166.50      5.33       0.0 
  OF-1                 JUNCTION           1192.00      1.69       0.0 
  OF-2                 JUNCTION           1155.74      3.00       0.0 
  OF-3                 OUTFALL            1153.47      0.63       0.0 
  OF-W                 OUTFALL            1197.00      0.45       0.0 
  Dry-Pond             STORAGE            1170.00      1.50       0.0 
  Ex-Wetland           STORAGE            1197.50      1.50       0.0 
  Wet-Pond             STORAGE            1192.50      5.50       0.0 
   
   
  ************ 
  Link Summary 
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  ************ 
  Name             From Node        To Node          Type            Length    %Slope Roughness 
  --------------------------------------------------------------------------------------------- 
  1                Ex-Wetland       OF-W             CONDUIT           18.6    4.3051    0.0150 
  2                J1               J2               CONDUIT           67.7    4.4365    0.0170 
  3                J2               OF-1             CONDUIT          291.3    3.6074    0.0700 
  C2_1             OF-1             J3               CONDUIT          498.7    5.1195    0.0700 
  C2_2             J3               OF-2             CONDUIT          305.2    3.5281    0.0700 
  ExCulvert        OF-2             OF-3             CONDUIT           77.3    2.9367    0.0170 
  ICD-E            Wet-Pond         OF-1             OUTLET       
  ICD-W            Dry-Pond         OF-2             OUTLET       
   
   
  ********************* 
  Cross Section Summary 
  ********************* 
                                        Full     Full     Hyd.     Max.   No. of     Full 
  Conduit          Shape               Depth     Area     Rad.    Width  Barrels     Flow 
  --------------------------------------------------------------------------------------- 
  1                CIRCULAR             0.45     0.16     0.11     0.45        1     0.51 
  2                CIRCULAR             0.60     0.28     0.15     0.60        1     0.99 
  3                Section18            1.63    10.77     0.20    13.82        1     9.87 
  C2_1             Section18            1.63    10.77     0.20    13.82        1    11.76 
  C2_2             Section6             1.99     8.68     0.21     6.94        1     8.15 
  ExCulvert        CIRCULAR             0.63     0.31     0.16     0.63        1     0.92 
   
   
   
  **************** 
  Transect Summary 
  **************** 
 
  Transect Section18 
  Area:   
              0.0021     0.0047     0.0075     0.0103     0.0133  
              0.0165     0.0198     0.0232     0.0267     0.0304  
              0.0342     0.0381     0.0422     0.0464     0.0511  
              0.0572     0.0652     0.0751     0.0868     0.1004  
              0.1159     0.1332     0.1520     0.1717     0.1923  
              0.2139     0.2363     0.2597     0.2840     0.3091  
              0.3352     0.3622     0.3901     0.4190     0.4487  
              0.4793     0.5109     0.5434     0.5767     0.6110  
              0.6462     0.6823     0.7194     0.7573     0.7961  
              0.8359     0.8763     0.9171     0.9584     1.0000  
  Hrad:   
              0.1322     0.2706     0.3943     0.5064     0.6094  
              0.7050     0.7944     0.8788     0.9590     1.0356  
              1.1091     1.1800     1.2485     1.3210     1.4092  
              1.4583     1.4527     1.4120     1.3526     1.2861  
              1.2195     1.1566     1.1062     1.0681     1.0387  
              1.0157     0.9977     0.9835     0.9724     0.9637  
              0.9570     0.9520     0.9483     0.9458     0.9443  
              0.9436     0.9437     0.9444     0.9456     0.9473  
              0.9495     0.9520     0.9548     0.9580     0.9614  
              0.9651     0.9731     0.9817     0.9907     1.0000  
  Width:  
              0.0607     0.0639     0.0671     0.0703     0.0735  
              0.0767     0.0799     0.0831     0.0863     0.0895  
              0.0927     0.0959     0.0990     0.1039     0.1246  
              0.1692     0.2137     0.2582     0.3027     0.3472  
              0.3917     0.4362     0.4603     0.4820     0.5038  
              0.5256     0.5474     0.5691     0.5909     0.6127  
              0.6344     0.6562     0.6780     0.6997     0.7215  
              0.7433     0.7650     0.7868     0.8086     0.8303  
              0.8521     0.8739     0.8956     0.9174     0.9392  
              0.9609     0.9708     0.9805     0.9903     1.0000  
 
  Transect Section6 
  Area:   
              0.0023     0.0047     0.0072     0.0099     0.0127  
              0.0157     0.0188     0.0221     0.0255     0.0291  
              0.0328     0.0387     0.0493     0.0618     0.0760  
              0.0920     0.1097     0.1285     0.1479     0.1680  
              0.1888     0.2102     0.2323     0.2551     0.2786  
              0.3027     0.3276     0.3530     0.3792     0.4060  
              0.4335     0.4614     0.4896     0.5179     0.5464  
              0.5752     0.6041     0.6333     0.6627     0.6923  
              0.7221     0.7522     0.7824     0.8128     0.8435  
              0.8744     0.9055     0.9368     0.9683     1.0000  
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  Hrad:   
              0.1677     0.3004     0.4104     0.5047     0.5878  
              0.6627     0.7312     0.7949     0.8546     0.9113  
              0.9653     0.9750     0.8867     0.8151     0.7601  
              0.7176     0.6850     0.6662     0.6567     0.6532  
              0.6536     0.6568     0.6620     0.6685     0.6760  
              0.6843     0.6931     0.7023     0.7118     0.7215  
              0.7317     0.7449     0.7585     0.7725     0.7866  
              0.8010     0.8154     0.8299     0.8444     0.8588  
              0.8733     0.8877     0.9021     0.9163     0.9305  
              0.9446     0.9586     0.9725     0.9863     1.0000  
  Width:  
              0.0731     0.0776     0.0822     0.0867     0.0913  
              0.0958     0.1004     0.1049     0.1095     0.1140  
              0.1186     0.2711     0.3653     0.4201     0.4748  
              0.5296     0.5788     0.5999     0.6211     0.6422  
              0.6633     0.6845     0.7056     0.7267     0.7479  
              0.7690     0.7901     0.8113     0.8324     0.8535  
              0.8733     0.8800     0.8866     0.8933     0.9000  
              0.9066     0.9133     0.9200     0.9266     0.9333  
              0.9400     0.9467     0.9533     0.9600     0.9667  
              0.9733     0.9800     0.9867     0.9933     1.0000  
   
   
  ********************************************************* 
  NOTE: The summary statistics displayed in this report are 
  based on results found at every computational time step,   
  not just on results from each reporting time step. 
  ********************************************************* 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CMS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    RDII ................... NO 
    Snowmelt ............... NO 
    Groundwater ............ NO 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... NO 
  Infiltration Method ...... GREEN_AMPT 
  Flow Routing Method ...... DYNWAVE 
  Surcharge Method ......... EXTRAN 
  Starting Date ............ 08/22/2020 00:00:00 
  Ending Date .............. 08/25/2020 00:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 00:05:00 
  Wet Time Step ............ 00:05:00 
  Dry Time Step ............ 00:30:00 
  Routing Time Step ........ 5.00 sec 
  Variable Time Step ....... YES 
  Maximum Trials ........... 8 
  Number of Threads ........ 1 
  Head Tolerance ........... 0.001500 m 
   
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     hectare-m            mm 
  **************************     ---------       ------- 
  Initial LID Storage ......         1.189         7.311 
  Total Precipitation ......        14.582        89.667 
  Evaporation Loss .........         0.000         0.000 
  Infiltration Loss ........         6.719        41.313 
  Surface Runoff ...........         4.490        27.606 
  Final Storage ............         4.604        28.309 
  Continuity Error (%) .....        -0.258 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        hectare-m      10^6 ltr 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......         4.490        44.896 
  Groundwater Inflow .......         0.000         0.000 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........         4.352        43.525 
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  Flooding Loss ............         0.000         0.000 
  Evaporation Loss .........         0.000         0.000 
  Exfiltration Loss ........         0.000         0.000 
  Initial Stored Volume ....         2.472        24.721 
  Final Stored Volume ......         2.609        26.090 
  Continuity Error (%) .....         0.003 
   
   
  *************************** 
  Time-Step Critical Elements 
  *************************** 
  None 
   
   
  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  All links are stable. 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :     4.50 sec 
  Average Time Step           :     5.00 sec 
  Maximum Time Step           :     5.00 sec 
  Percent in Steady State     :     0.00 
  Average Iterations per Step :     2.00 
  Percent Not Converging      :     0.00 
   
   
  *************************** 
  Subcatchment Runoff Summary 
  *************************** 
   
  -------------------------------------------------------------------------------------------------------------------------
----- 
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  
Runoff 
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   
Coeff 
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS 
  -------------------------------------------------------------------------------------------------------------------------
----- 
  Com-MF                    89.67       0.00       0.00       5.57      73.42       0.00      64.98       16.91     9.99   
0.725 
  Ex-1                      89.67       0.00       0.00      85.55       3.25       4.10       4.10        1.55     0.44   
0.046 
  Ex-2                      89.67       0.00       0.00      81.70       7.02       7.96       7.96        0.46     0.19   
0.089 
  Ex-3                      89.67       0.00       0.00      81.80       1.75       8.06       8.06        1.09     0.53   
0.090 
  OS-1                      89.67       0.00       0.00      79.78       5.26       9.98       9.98        0.38     0.16   
0.111 
  OS-2                      89.67      21.75       0.00      81.98       9.85      29.68      29.68        0.52     0.19   
0.266 
  Pond-ER                   89.67       0.00       0.00      45.01      36.78       8.75      44.42        1.73     0.99   
0.495 
  SF-1                      89.67       0.00       0.00      18.57      37.66       0.00      27.61        2.35     2.49   
0.308 
  SF-2                      89.67       3.86       0.00      14.47      52.84       0.00      35.52        4.74     4.45   
0.380 
  SF-3                      89.67       0.00       0.00      15.11      47.15       0.00      32.48       14.87    15.16   
0.362 
  Wetland-ER                89.67       0.00       0.00      40.60      44.02       8.17      48.67        1.20     0.57   
0.543 
   
 
  *********************** 
  LID Performance Summary 
  *********************** 
 
  -------------------------------------------------------------------------------------------------------------------- 
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity 
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error 
  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           % 
  -------------------------------------------------------------------------------------------------------------------- 
  Com-MF            SandyLoam           213.82      0.00     32.50     74.89      0.00     32.40    139.04       -0.09 
  SF-1              SandyLoam           118.52      0.00     32.33     11.35      0.00     32.40    107.30       -0.04 
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  SF-2              SandyLoam           146.42      0.00     32.37     18.01      0.00     32.40    128.58       -0.08 
  SF-3              SandyLoam           137.10      0.00     32.33     16.03      0.00     32.40    121.19       -0.04 
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max    Reported 
                                   Depth    Depth      HGL   Occurrence   Max Depth 
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters 
  --------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.00     0.28  1205.78     0  07:30        0.28 
  J2                   JUNCTION     0.01     0.40  1202.90     0  07:35        0.40 
  J3                   JUNCTION     0.42     1.02  1167.52     0  07:51        1.02 
  OF-1                 JUNCTION     0.18     0.50  1192.50     0  07:39        0.50 
  OF-2                 JUNCTION     0.17     0.56  1156.30     0  08:04        0.56 
  OF-3                 OUTFALL      0.17     0.59  1154.06     0  08:05        0.59 
  OF-W                 OUTFALL      0.02     0.09  1197.09     0  08:11        0.09 
  Dry-Pond             STORAGE      0.94     1.33  1171.33     0  18:45        1.33 
  Ex-Wetland           STORAGE      0.32     0.39  1197.89     0  08:11        0.39 
  Wet-Pond             STORAGE      4.14     4.82  1197.32     0  14:41        4.82 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
   
  ------------------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total        Flow 
                                  Lateral    Total  Time of Max      Inflow      Inflow     Balance 
                                   Inflow   Inflow   Occurrence      Volume      Volume       Error 
  Node                 Type           CMS      CMS  days hr:min    10^6 ltr    10^6 ltr     Percent 
  ------------------------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.443    0.443     0  07:30        1.55        1.55      -0.023 
  J2                   JUNCTION     0.000    0.443     0  07:30           0        1.55      -0.099 
  J3                   JUNCTION     0.527    1.206     0  07:31        1.09        40.8       0.175 
  OF-1                 JUNCTION     0.190    0.826     0  07:31       0.461        39.7      -0.046 
  OF-2                 JUNCTION     0.000    0.996     0  07:59           0        42.4       0.038 
  OF-3                 OUTFALL      0.000    0.971     0  08:05           0        42.4       0.000 
  OF-W                 OUTFALL      0.000    0.041     0  08:11           0        1.15       0.000 
  Dry-Pond             STORAGE      2.494    2.494     0  07:15        2.35        2.35       0.003 
  Ex-Wetland           STORAGE      0.571    0.571     0  07:15         1.2        2.58       0.000 
  Wet-Pond             STORAGE     30.586   30.586     0  07:15        38.2        61.6       0.000 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  No nodes were surcharged. 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  No nodes were flooded. 
   
   
  ********************** 
  Storage Volume Summary 
  ********************** 
   
  -------------------------------------------------------------------------------------------------- 
                         Average     Avg  Evap Exfil       Maximum     Max    Time of Max    Maximum 
                          Volume    Pcnt  Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow 
  Storage Unit           1000 m3    Full  Loss  Loss       1000 m3    Full    days hr:min        CMS 
  -------------------------------------------------------------------------------------------------- 
  Dry-Pond                 1.241      57     0     0         1.854      86       0  18:45      0.008 
  Ex-Wetland               1.536      11     0     0         2.029      14       0  08:11      0.041 
  Wet-Pond                35.161      55     0     0        48.604      75       0  14:41      0.235 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ----------------------------------------------------------- 
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                         Flow       Avg       Max       Total 
                         Freq      Flow      Flow      Volume 
  Outfall Node           Pcnt       CMS       CMS    10^6 ltr 
  ----------------------------------------------------------- 
  OF-3                  96.91     0.169     0.971      42.377 
  OF-W                  95.90     0.005     0.041       1.148 
  ----------------------------------------------------------- 
  System                96.40     0.173     0.041      43.525 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 
                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CMS  days hr:min     m/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  1                    CONDUIT     0.041     0  08:11      1.94    0.08    0.19 
  2                    CONDUIT     0.443     0  07:30      3.26    0.45    0.57 
  3                    CHANNEL     0.442     0  07:35      0.91    0.04    0.28 
  C2_1                 CHANNEL     0.796     0  07:39      0.74    0.07    0.46 
  C2_2                 CHANNEL     0.989     0  07:59      1.27    0.12    0.39 
  ExCulvert            CONDUIT     0.971     0  08:05      3.35    1.06    0.91 
  ICD-E                DUMMY       0.235     0  14:41 
  ICD-W                DUMMY       0.008     0  18:45 
   
   
  *************************** 
  Flow Classification Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------- 
                      Adjusted    ---------- Fraction of Time in Flow Class ----------  
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  Inlet  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   Ctrl   
  ------------------------------------------------------------------------------------- 
  1                       1.00   0.02  0.00  0.00  0.00  0.97  0.00  0.00  0.17  0.00 
  2                       1.00   0.43  0.54  0.00  0.01  0.03  0.00  0.00  0.90  0.00 
  3                       1.00   0.02  0.41  0.00  0.57  0.00  0.00  0.00  0.90  0.00 
  C2_1                    1.00   0.02  0.00  0.00  0.98  0.00  0.00  0.00  0.96  0.00 
  C2_2                    1.00   0.02  0.00  0.00  0.97  0.00  0.00  0.00  0.01  0.00 
  ExCulvert               1.00   0.02  0.00  0.00  0.00  0.98  0.00  0.00  0.02  0.00 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  ---------------------------------------------------------------------------- 
                                                           Hours        Hours  
                         --------- Hours Full --------   Above Full   Capacity 
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited 
  ---------------------------------------------------------------------------- 
  ExCulvert                   0.01      0.01      0.01      0.35         0.01 
   
 
  Analysis begun on:  Tue Aug 25 10:57:20 2020 
  Analysis ended on:  Tue Aug 25 10:57:20 2020 
  Total elapsed time: < 1 sec 
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To reduce the amount of data in the input file, the following sections have been excluded in this Appendix: 
• Coordinates 
• Vertices 
• Polygons 

 
  
[TITLE] 
Ascension Post-Development 
400 mm Sandy Loam 
Continuous Simulation 
Calgary 1960-2014 
 
 
[OPTIONS] 
;;Options            Value 
;;------------------ ------------ 
FLOW_UNITS           CMS 
INFILTRATION         GREEN_AMPT 
FLOW_ROUTING         DYNWAVE 
LINK_OFFSETS         DEPTH 
MIN_SLOPE            0 
ALLOW_PONDING        NO 
SKIP_STEADY_STATE    NO 
START_DATE           01/01/1960 
START_TIME           01:00:00 
REPORT_START_DATE    01/01/1960 
REPORT_START_TIME    01:00:00 
END_DATE             12/31/2014 
END_TIME             23:00:00 
SWEEP_START          01/01 
SWEEP_END            12/31 
DRY_DAYS             0 
REPORT_STEP          01:00:00 
WET_STEP             00:15:00 
DRY_STEP             01:00:00 
ROUTING_STEP         60 
RULE_STEP            00:00:00 
INERTIAL_DAMPING     PARTIAL 
NORMAL_FLOW_LIMITED  BOTH 
FORCE_MAIN_EQUATION  H-W 
VARIABLE_STEP        0.75 
LENGTHENING_STEP     0 
MIN_SURFAREA         0 
MAX_TRIALS           8 
HEAD_TOLERANCE       0.0015 
SYS_FLOW_TOL         5 
LAT_FLOW_TOL         5 
MINIMUM_STEP         0.5 
THREADS              4 
 
[EVAPORATION] 
;;Type          Parameters 
;;------------- ---------- 
MONTHLY      0.10   0.39   1.12   2.40   3.61   4.57   4.99   4.00   2.24   0.99   0.57   0.07   
DRY_ONLY     NO 
[TEMPERATURE] 
TIMESERIES   YYC-Temp60-14 
WINDSPEED    MONTHLY    14.8 14.6 15.0 16.5 16.6 15.6 14.0 13.2 14.1 14.6 13.7 14.9 
SNOWMELT               0 0.5 0.6 1200 50.0 0.0 
ADC          IMPERVIOUS 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
ADC          PERVIOUS   0.10 0.35 0.53 0.66 0.75 0.82 0.87 0.92 0.95 0.98 
 
[RAINGAGES] 
;;               Rain      Time   Snow   Data       
;;Name           Type      Intrvl Catch  Source     
;;-------------- --------- ------ ------ ---------- 
YYC-Pre60-14     INTENSITY 1:00   1.0    FILE       "D:\__LGN\PCSWMM\STA.3031093 2014.dat" STA.3031093 MM    
 
[SUBCATCHMENTS] 
;;                                                 Total    Pcnt.             Pcnt.    Curb     Snow     
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope    Length   Pack     
;;-------------- ---------------- ---------------- -------- -------- -------- -------- -------- -------- 
;Commercial-MF 
Com-MF           YYC-Pre60-14     Wet-Pond         26.0265  100      2082.12  2        0        Snowpack1        
;Natural Drainage Course 
Ex-1             YYC-Pre60-14     J1               37.7858  3.7      917.131  5        0        Snowpack1        
;Natural Drainage Course 
Ex-2             YYC-Pre60-14     OF-1             5.7895   8        578.95   3        0        Snowpack         
;Natural Drainage Course 



Ascension – Staged Master Drainage Plan 
Bearspaw, Rocky View County  PCSWMM Input File 
 
 

LGN Consulting Engineering Ltd. 

Ex-3             YYC-Pre60-14     J3               13.52    2        1352     8        0        Snowpack         
;Offsite Areas 
OS-1             YYC-Pre60-14     OS-2             3.7839   6        378.39   5        0        Snowpack1        
;Offsite Areas 
OS-2             YYC-Pre60-14     SF-2             1.7365   9        347.3    5        0        Snowpack1        
;Pond Area 
Pond-ER          YYC-Pre60-14     Wet-Pond         3.8906   41.7     972.65   2        0        Snowpack1        
;Residential 
SF-1             YYC-Pre60-14     Dry-Pond         8.4971   100      679.768  3        0        Snowpack1        
;Residential 
SF-2             YYC-Pre60-14     Wet-Pond         13.3461  100      1067.688 3        0        Snowpack1        
;Residential 
SF-3             YYC-Pre60-14     Wet-Pond         45.7774  100      3662.192 5        0        Snowpack1        
;Wetland Area 
Wetland-ER       YYC-Pre60-14     Ex-Wetland       2.4733   49.7     206.108  2        0        Snowpack1        
 
[SUBAREAS] 
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo    PctRouted  
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
Com-MF           0.015      0.25       1.6        3.2        0          PERVIOUS   29         
Ex-1             0.014      0.3        2          7.5        0          PERVIOUS   100        
Ex-2             0.014      0.3        2          7.5        0          PERVIOUS   100        
Ex-3             0.014      0.3        2          7.5        0          PERVIOUS   100        
OS-1             0.014      0.3        2          7.5        0          PERVIOUS   100        
OS-2             0.014      0.3        2          7.5        0          PERVIOUS   100        
Pond-ER          0.015      0.25       1.6        3.2        0          PERVIOUS   3          
SF-1             0.015      0.25       1.6        3.2        0          PERVIOUS   44         
SF-2             0.015      0.25       1.6        3.2        0          PERVIOUS   48         
SF-3             0.015      0.25       1.6        3.2        0          PERVIOUS   47         
Wetland-ER       0.015      0.25       1.6        3.2        0          PERVIOUS   8          
 
[INFILTRATION] 
;;Subcatchment   Suction    HydCon     IMDmax     
;;-------------- ---------- ---------- ---------- 
Com-MF           110        14.15      0.246      
Ex-1             110        14.15      0.246      
Ex-2             110        14.15      0.246      
Ex-3             110        14.15      0.246      
OS-1             110        14.15      0.246      
OS-2             110        14.15      0.246      
Pond-ER          110        14.15      0.246      
SF-1             110        14.15      0.246      
SF-2             110        14.15      0.246      
SF-3             110        14.15      0.246      
Wetland-ER       110        14.15      0.246      
 
[LID_CONTROLS] 
;;               Type/Layer Parameters 
;;-------------- ---------- ---------- 
SandyLoam        BC 
SandyLoam        SURFACE    5          0.2        0.41       2          5          
SandyLoam        SOIL       400        0.396      0.175      0.081      27.08      7          110        
SandyLoam        STORAGE    0.0001     0.75       0.5        0          
SandyLoam        DRAIN      0          0.5        6          6          0          0                     
 
[LID_USAGE] 
;;Subcatchment   LID Process      Number  Area       Width      InitSatur  FromImprv  ToPerv     Report File                 
Drain to          FromPerv 
;;-------------- ---------------- ------- ---------- ---------- ---------- ---------- ---------- --------------------------
- ---------------- ---------------- 
Com-MF           SandyLoam        1       44639      0          0          29         0          *                           
*                0 
SF-1             SandyLoam        1       48806      0          0          44         0          *                           
*                0 
SF-2             SandyLoam        1       59639      0          0          48         0          *                           
*                0 
SF-3             SandyLoam        1       213860     0          0          47         0          *                           
*                0 
 
[SNOWPACKS] 
Snowpack         PLOWABLE   0.05       0.2        0.0        0.10       0.00       0.00       0.3        
Snowpack         IMPERVIOUS 0.05       0.2        0.0        0.10       0.00       0.00       25         
Snowpack         PERVIOUS   0.05       0.2        0.0        0.10       0.00       0.00       25         
Snowpack         REMOVAL    25         0.0        0.0        0.5        0.0        0.0         
Snowpack1        PLOWABLE   0.05       0.2        0.0        0.10       0.00       0.00       0.3        
Snowpack1        IMPERVIOUS 0.05       0.2        0.0        0.10       0.00       0.00       25         
Snowpack1        PERVIOUS   0.05       0.2        0.0        0.10       0.00       0.00       100        
Snowpack1        REMOVAL    25         0.0        0.0        0.5        0.0        0.0         
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[JUNCTIONS] 
;;               Invert     Max.       Init.      Surcharge  Ponded     
;;Name           Elev.      Depth      Depth      Depth      Area       
;;-------------- ---------- ---------- ---------- ---------- ---------- 
J1               1205.5     0          0          0          0          
J2               1202.5     0          0          0          0          
J3               1166.5     5.327      0          0          0          
OF-1             1192       1.69       0          0          0          
OF-2             1155.74    3          0          0          0          
 
[OUTFALLS] 
;;               Invert     Outfall      Stage/Table      Tide 
;;Name           Elev.      Type         Time Series      Gate Route To         
;;-------------- ---------- ------------ ---------------- ---- ---------------- 
OF-3             1153.47    FREE                          NO                    
OF-W             1197       FREE                          NO                    
 
[STORAGE] 
;;               Invert   Max.     Init.    Storage    Curve                               Evap.    
;;Name           Elev.    Depth    Depth    Curve      Params                              Frac.    Infiltration parameters 
;;-------------- -------- -------- -------- ---------- -------- -------- -------- -------- -------- ----------------------- 
Dry-Pond         1170     1.5      0        TABULAR    Dry-Pond                   0        1        
Ex-Wetland       1197.5   1.5      0.3      TABULAR    Wetland                    0        1        
Wet-Pond         1192.5   5.5      3.5      TABULAR    Wet-Pond                   0        1        
 
[CONDUITS] 
;;               Inlet            Outlet                      Manning    Inlet      Outlet     Init.      Max.       
;;Name           Node             Node             Length     N          Offset     Offset     Flow       Flow       
;;-------------- ---------------- ---------------- ---------- ---------- ---------- ---------- ---------- ---------- 
;Culvert 
1                Ex-Wetland       OF-W             18.6       0.015      0.3        0          0          0          
;Culvert 
2                J1               J2               67.687     0.017      0          0          0          0          
;Natural Channel 
3                J2               OF-1             291.26     0.01       0          0          0          0          
;Natural Channel 
C2_1             OF-1             J3               498.745    0.01       0          0          0          0          
;Natural Channel 
C2_2             J3               OF-2             305.17     0.01       0          0          0          0          
;Culvert 
ExCulvert        OF-2             OF-3             77.33      0.017      0          0          0          0          
 
[OUTLETS] 
;;               Inlet            Outlet           Outflow    Outlet           Qcoeff/                     Flap 
;;Name           Node             Node             Height     Type             QTable           Qexpon     Gate 
;;-------------- ---------------- ---------------- ---------- ---------------- ---------------- ---------- ---- 
ICD-E            Wet-Pond         OF-1             3.5        TABULAR/HEAD     R156.6                      NO   
ICD-W            Dry-Pond         OF-2             0          TABULAR/HEAD     R28.8                       NO   
 
[XSECTIONS] 
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    
;;-------------- ------------ ---------------- ---------- ---------- ---------- ---------- 
1                CIRCULAR     0.45             0          0          0          1                     
2                CIRCULAR     0.6              0          0          0          1                     
3                IRREGULAR    Section18        0          0          0          1                     
C2_1             IRREGULAR    Section18        0          0          0          1                     
C2_2             IRREGULAR    Section6         0          0          0          1                     
ExCulvert        CIRCULAR     0.63             0          0          0          1                     
 
[TRANSECTS] 
 
NC 0.35     0.35     0.07     
X1 Section18        8        72.899   74.312   0.0       0.0       0.0      0.0      0.0      
GR 1189.24  65.507   1188.46  69.488   1188.22  72.899   1187.75  73.041   1187.74  73.839   
GR 1188.19  74.312   1188.47  75.614   1189.37  79.324   
 
NC 0.35     0.35     0.07     
X1 Section6         8        83.111   83.945   0.0       0.0       0.0      0.0      0.0      
GR 1177.03  80.013   1176.29  81.881   1176.24  83.111   1175.8   83.269   1175.8   83.745   
GR 1176.26  83.945   1176.47  85.422   1177.79  86.958   
 
[LOSSES] 
;;Link           Inlet      Outlet     Average    Flap Gate  SeepageRate 
;;-------------- ---------- ---------- ---------- ---------- ---------- 
 
[POLLUTANTS] 
;;               Mass   Rain       GW         I&I        Decay      Snow  Co-Pollut.       Co-Pollut. DWF        Init. 
;;Name           Units  Concen.    Concen.    Concen.    Coeff.     Only  Name             Fraction   Concen.    Concen. 
;;-------------- ------ ---------- ---------- ---------- ---------- ----- ---------------- ---------- ---------- ---------- 
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TSS010           MG/L   0          0          0          0          NO    *                0.0        0          0          
TSS020           MG/L   0          0          0          0          NO    *                0.0        0          0          
TSS050           MG/L   0          0          0          0          NO    *                0.0        0          0          
TSS150           MG/L   0          0          0          0          NO    *                0.0        0          0          
TSS500           MG/L   0          0          0          0          NO    *                0.0        0          0          
 
[LANDUSES] 
;;               Cleaning   Fraction   Last       
;;Name           Interval   Available  Cleaned    
;;-------------- ---------- ---------- ---------- 
Commercial       0          0          0          
Park             0          0          0          
Residential      0          0          0          
 
[COVERAGES] 
;;Subcatchment   Land Use         Percent    
;;-------------- ---------------- ---------- 
Com-MF           Commercial       74 
Com-MF           Residential      26 
OS-1             Park             94 
OS-1             Residential      6 
OS-2             Park             91 
OS-2             Residential      9 
Pond-ER          Park             100 
SF-2             Park             3.5 
SF-2             Residential      96.5 
SF-3             Park             13 
SF-3             Residential      87 
 
[LOADINGS] 
;;Subcatchment   Pollutant        Loading    
;;-------------- ---------------- ---------- 
 
[BUILDUP] 
;;LandUse        Pollutant        Function   Coeff1     Coeff2     Coeff3     Normalizer 
;;-------------- ---------------- ---------- ---------- ---------- ---------- ---------- 
Commercial       TSS010           POW        460        1.26       0.95       AREA       
Commercial       TSS020           POW        180        0.493      0.95       AREA       
Commercial       TSS050           POW        260        0.712      0.95       AREA       
Commercial       TSS150           POW        460        1.26       0.95       AREA       
Commercial       TSS500           POW        640        1.753      0.95       AREA       
Park             TSS010           POW        4.8        0.0132     0.95       AREA       
Park             TSS020           POW        2.4        0.00658    0.95       AREA       
Park             TSS050           POW        39.6       0.1085     0.95       AREA       
Park             TSS150           POW        60         0.1644     0.95       AREA       
Park             TSS500           POW        13.2       0.0362     0.95       AREA       
Residential      TSS010           POW        460        1.26       0.95       AREA       
Residential      TSS020           POW        180        0.493      0.95       AREA       
Residential      TSS050           POW        260        0.712      0.95       AREA       
Residential      TSS150           POW        460        1.26       0.95       AREA       
Residential      TSS500           POW        460        1.753      0.95       AREA       
 
[WASHOFF] 
;;                                                                 Cleaning   BMP        
;;Land Use       Pollutant        Function   Coeff1     Coeff2     Effic.     Effic.     
;;-------------- ---------------- ---------- ---------- ---------- ---------- ---------- 
Commercial       TSS010           EMC        41.4       1          0.0        0.0        
Commercial       TSS020           EMC        16.2       1          0.0        0.0        
Commercial       TSS050           EMC        23.4       1          0.0        0.0        
Commercial       TSS150           EMC        41.4       1          0.0        0.0        
Commercial       TSS500           EMC        57.6       1          0.0        0.0        
Park             TSS010           EMC        8          1          0.0        0.0        
Park             TSS020           EMC        4          1          0.0        0.0        
Park             TSS050           EMC        66         1          0.0        0.0        
Park             TSS150           EMC        100        1          0.0        0.0        
Park             TSS500           EMC        22         1          0.0        0.0        
Residential      TSS010           EMC        102        1          0.0        0.0        
Residential      TSS020           EMC        40         1          0.0        0.0        
Residential      TSS050           EMC        58         1          0.0        0.0        
Residential      TSS150           EMC        102        1          0.0        0.0        
Residential      TSS500           EMC        142        1          0.0        0.0        
 
[TREATMENT] 
;;Node           Pollutant        Function   
;;-------------- ---------------- ---------- 
Wet-Pond         TSS010           C=TSS010*exp(-0.00000592*DT/DEPTH) 
Wet-Pond         TSS020           C=TSS020*exp(-0.0000473*DT/DEPTH) 
Wet-Pond         TSS050           C=TSS050*exp(-0.000283*DT/DEPTH) 
Wet-Pond         TSS150           C=TSS150*exp(-0.00195*DT/DEPTH) 
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Wet-Pond         TSS500           C=TSS500*exp(-0.0124*DT/DEPTH) 
 
[CURVES] 
;;Name           Type       X-Value    Y-Value    
;;-------------- ---------- ---------- ---------- 
R156.6           Rating     0          0          
R156.6                      0.093      0.0626     
R156.6                      0.343      0.12       
R156.6                      0.593      0.1578     
R156.6                      0.843      0.1881     
R156.6                      1.093      0.2142     
R156.6                      1.343      0.2374     
R156.6                      1.593      0.2586     
R156.6                      1.8434     0.2781     
R156.6                      2.143      0.2999     
 
R28.8            Rating     0          0          
R28.8                       0.221      0.0033     
R28.8                       0.471      0.0048     
R28.8                       0.721      0.0059     
R28.8                       0.971      0.0068     
R28.8                       1.221      0.0077     
R28.8                       1.4712     0.0084     
R28.8                       1.771      0.0092     
 
Dry-Pond         Storage    0          1052.764   
Dry-Pond                    0.25       1174.707   
Dry-Pond                    0.5        1301.147   
Dry-Pond                    0.75       1432.084   
Dry-Pond                    1          1567.517   
Dry-Pond                    1.25       1707.447   
Dry-Pond                    1.5        1868.381   
 
Wetland          Storage    0          1018       
Wetland                     0.25       7072       
Wetland                     0.5        8482       
Wetland                     0.75       9674       
Wetland                     1          11306      
 
Wet-Pond         Storage    0          1265.308   
Wet-Pond                    0.25       1576.948   
Wet-Pond                    0.5        1897.202   
Wet-Pond                    0.75       2226.072   
Wet-Pond                    1          3555.796   
Wet-Pond                    1.25       5008.793   
Wet-Pond                    1.5        5728.093   
Wet-Pond                    1.75       6475.087   
Wet-Pond                    2          7249.775   
Wet-Pond                    2.25       8052.157   
Wet-Pond                    2.5        8882.233   
Wet-Pond                    2.75       9740.003   
Wet-Pond                    3          11112.413  
Wet-Pond                    3.25       13375.288  
Wet-Pond                    3.5        15788.106  
Wet-Pond                    3.75       17662.38   
Wet-Pond                    4          18721.113  
Wet-Pond                    4.25       19649.843  
Wet-Pond                    4.5        20588.121  
Wet-Pond                    4.75       21535.948  
Wet-Pond                    5          22493.323  
Wet-Pond                    5.25       23460.247  
Wet-Pond                    5.5        24432.341  
 
[TIMESERIES] 
;;Name           Date       Time       Value      
;;-------------- ---------- ---------- ---------- 
YYC-Temp60-14    FILE "D:\__LGN\PCSWMM\TEMPERATURE DATA 1960-2014.dat" 
 
[REPORT] 
INPUT      YES 
CONTROLS   NO 
SUBCATCHMENTS ALL 
NODES ALL 
LINKS ALL 
 
[ADJUSTMENTS] 
;;Parameter    Subcatchment     Monthly Adjustments 
;;------------ ---------------- -------------------------------- 
CONDUCTIVITY                    0.05   0.05   0.05   0.05   1.0    1.0    1.0    1.0    1.0    1.0    0.05   0.05   
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[TAGS] 
 
[MAP] 
DIMENSIONS       -19800.5545345242 5666764.72393014 -17906.5841223704 5668793.47605977 
UNITS            Meters 
 
[COORDINATES] 
;;Node           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[VERTICES] 
;;Link           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[POLYGONS] 
;;Subcatchment   X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
 
[SYMBOLS] 
;;Gage           X-Coord          Y-Coord          
;;-------------- ---------------- ---------------- 
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.013) 
  -------------------------------------------------------------- 
 
  Ascension Post-Development  
  400 mm Sandy Loam  
  Continuous Simulation  
   
   
  ************* 
  Element Count 
  ************* 
  Number of rain gages ...... 1 
  Number of subcatchments ... 11 
  Number of nodes ........... 10 
  Number of links ........... 8 
  Number of pollutants ...... 5 
  Number of land uses ....... 3 
   
   
  ***************** 
  Pollutant Summary 
  ***************** 
                               Ppt.      GW         Kdecay 
  Name                 Units   Concen.   Concen.    1/days    CoPollutant 
  ----------------------------------------------------------------------- 
  TSS010                MG/L      0.00      0.00      0.00 
  TSS020                MG/L      0.00      0.00      0.00 
  TSS050                MG/L      0.00      0.00      0.00 
  TSS150                MG/L      0.00      0.00      0.00 
  TSS500                MG/L      0.00      0.00      0.00 
   
   
  *************** 
  Landuse Summary 
  *************** 
                         Sweeping   Maximum      Last 
  Name                   Interval   Removal     Swept 
  --------------------------------------------------- 
  Commercial                 0.00      0.00      0.00 
  Park                       0.00      0.00      0.00 
  Residential                0.00      0.00      0.00 
   
   
  **************** 
  Raingage Summary 
  **************** 
                                                      Data       Recording 
  Name                 Data Source                    Type       Interval  
  ------------------------------------------------------------------------ 
  YYC-Pre60-14         D:\__LGN\PCSWMM\STA.3031093 2014.dat 
   
   
  ******************** 
  Subcatchment Summary 
  ******************** 
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet               
  ----------------------------------------------------------------------------------------------------------- 
  Com-MF                    26.03   2082.12    100.00    2.0000 YYC-Pre60-14         Wet-Pond             
  Ex-1                      37.79    917.13      3.70    5.0000 YYC-Pre60-14         J1                   
  Ex-2                       5.79    578.95      8.00    3.0000 YYC-Pre60-14         OF-1                 
  Ex-3                      13.52   1352.00      2.00    8.0000 YYC-Pre60-14         J3                   
  OS-1                       3.78    378.39      6.00    5.0000 YYC-Pre60-14         OS-2                 
  OS-2                       1.74    347.30      9.00    5.0000 YYC-Pre60-14         SF-2                 
  Pond-ER                    3.89    972.65     41.70    2.0000 YYC-Pre60-14         Wet-Pond             
  SF-1                       8.50    679.77    100.00    3.0000 YYC-Pre60-14         Dry-Pond             
  SF-2                      13.35   1067.69    100.00    3.0000 YYC-Pre60-14         Wet-Pond             
  SF-3                      45.78   3662.19    100.00    5.0000 YYC-Pre60-14         Wet-Pond             
  Wetland-ER                 2.47    206.11     49.70    2.0000 YYC-Pre60-14         Ex-Wetland           
 
 
  ******************* 
  LID Control Summary 
  ******************* 
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv 
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated 
  --------------------------------------------------------------------------------------------------- 
  Com-MF           SandyLoam            1    44639.00        0.00       17.15       29.00        0.00 
  SF-1             SandyLoam            1    48806.00        0.00       57.44       44.00        0.00 
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  SF-2             SandyLoam            1    59639.00        0.00       44.69       48.00        0.00 
  SF-3             SandyLoam            1   213860.00        0.00       46.72       47.00        0.00 
   
   
  ************ 
  Node Summary 
  ************ 
                                           Invert      Max.    Ponded    External 
  Name                 Type                 Elev.     Depth      Area    Inflow   
  ------------------------------------------------------------------------------- 
  J1                   JUNCTION           1205.50      0.60       0.0 
  J2                   JUNCTION           1202.50      1.63       0.0 
  J3                   JUNCTION           1166.50      5.33       0.0 
  OF-1                 JUNCTION           1192.00      1.69       0.0 
  OF-2                 JUNCTION           1155.74      3.00       0.0 
  OF-3                 OUTFALL            1153.47      0.63       0.0 
  OF-W                 OUTFALL            1197.00      0.45       0.0 
  Dry-Pond             STORAGE            1170.00      1.50       0.0 
  Ex-Wetland           STORAGE            1197.50      1.50       0.0 
  Wet-Pond             STORAGE            1192.50      5.50       0.0 
   
   
  ************ 
  Link Summary 
  ************ 
  Name             From Node        To Node          Type            Length    %Slope Roughness 
  --------------------------------------------------------------------------------------------- 
  1                Ex-Wetland       OF-W             CONDUIT           18.6    4.3051    0.0150 
  2                J1               J2               CONDUIT           67.7    4.4365    0.0170 
  3                J2               OF-1             CONDUIT          291.3    3.6074    0.0700 
  C2_1             OF-1             J3               CONDUIT          498.7    5.1195    0.0700 
  C2_2             J3               OF-2             CONDUIT          305.2    3.5281    0.0700 
  ExCulvert        OF-2             OF-3             CONDUIT           77.3    2.9367    0.0170 
  ICD-E            Wet-Pond         OF-1             OUTLET       
  ICD-W            Dry-Pond         OF-2             OUTLET       
   
   
  ********************* 
  Cross Section Summary 
  ********************* 
                                        Full     Full     Hyd.     Max.   No. of     Full 
  Conduit          Shape               Depth     Area     Rad.    Width  Barrels     Flow 
  --------------------------------------------------------------------------------------- 
  1                CIRCULAR             0.45     0.16     0.11     0.45        1     0.51 
  2                CIRCULAR             0.60     0.28     0.15     0.60        1     0.99 
  3                Section18            1.63    10.77     0.20    13.82        1     9.87 
  C2_1             Section18            1.63    10.77     0.20    13.82        1    11.76 
  C2_2             Section6             1.99     8.68     0.21     6.94        1     8.15 
  ExCulvert        CIRCULAR             0.63     0.31     0.16     0.63        1     0.92 
   
   
   
  **************** 
  Transect Summary 
  **************** 
 
  Transect Section18 
  Area:   
              0.0021     0.0047     0.0075     0.0103     0.0133  
              0.0165     0.0198     0.0232     0.0267     0.0304  
              0.0342     0.0381     0.0422     0.0464     0.0511  
              0.0572     0.0652     0.0751     0.0868     0.1004  
              0.1159     0.1332     0.1520     0.1717     0.1923  
              0.2139     0.2363     0.2597     0.2840     0.3091  
              0.3352     0.3622     0.3901     0.4190     0.4487  
              0.4793     0.5109     0.5434     0.5767     0.6110  
              0.6462     0.6823     0.7194     0.7573     0.7961  
              0.8359     0.8763     0.9171     0.9584     1.0000  
  Hrad:   
              0.1322     0.2706     0.3943     0.5064     0.6094  
              0.7050     0.7944     0.8788     0.9590     1.0356  
              1.1091     1.1800     1.2485     1.3210     1.4092  
              1.4583     1.4527     1.4120     1.3526     1.2861  
              1.2195     1.1566     1.1062     1.0681     1.0387  
              1.0157     0.9977     0.9835     0.9724     0.9637  
              0.9570     0.9520     0.9483     0.9458     0.9443  
              0.9436     0.9437     0.9444     0.9456     0.9473  
              0.9495     0.9520     0.9548     0.9580     0.9614  
              0.9651     0.9731     0.9817     0.9907     1.0000  
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  Width:  
              0.0607     0.0639     0.0671     0.0703     0.0735  
              0.0767     0.0799     0.0831     0.0863     0.0895  
              0.0927     0.0959     0.0990     0.1039     0.1246  
              0.1692     0.2137     0.2582     0.3027     0.3472  
              0.3917     0.4362     0.4603     0.4820     0.5038  
              0.5256     0.5474     0.5691     0.5909     0.6127  
              0.6344     0.6562     0.6780     0.6997     0.7215  
              0.7433     0.7650     0.7868     0.8086     0.8303  
              0.8521     0.8739     0.8956     0.9174     0.9392  
              0.9609     0.9708     0.9805     0.9903     1.0000  
 
  Transect Section6 
  Area:   
              0.0023     0.0047     0.0072     0.0099     0.0127  
              0.0157     0.0188     0.0221     0.0255     0.0291  
              0.0328     0.0387     0.0493     0.0618     0.0760  
              0.0920     0.1097     0.1285     0.1479     0.1680  
              0.1888     0.2102     0.2323     0.2551     0.2786  
              0.3027     0.3276     0.3530     0.3792     0.4060  
              0.4335     0.4614     0.4896     0.5179     0.5464  
              0.5752     0.6041     0.6333     0.6627     0.6923  
              0.7221     0.7522     0.7824     0.8128     0.8435  
              0.8744     0.9055     0.9368     0.9683     1.0000  
  Hrad:   
              0.1677     0.3004     0.4104     0.5047     0.5878  
              0.6627     0.7312     0.7949     0.8546     0.9113  
              0.9653     0.9750     0.8867     0.8151     0.7601  
              0.7176     0.6850     0.6662     0.6567     0.6532  
              0.6536     0.6568     0.6620     0.6685     0.6760  
              0.6843     0.6931     0.7023     0.7118     0.7215  
              0.7317     0.7449     0.7585     0.7725     0.7866  
              0.8010     0.8154     0.8299     0.8444     0.8588  
              0.8733     0.8877     0.9021     0.9163     0.9305  
              0.9446     0.9586     0.9725     0.9863     1.0000  
  Width:  
              0.0731     0.0776     0.0822     0.0867     0.0913  
              0.0958     0.1004     0.1049     0.1095     0.1140  
              0.1186     0.2711     0.3653     0.4201     0.4748  
              0.5296     0.5788     0.5999     0.6211     0.6422  
              0.6633     0.6845     0.7056     0.7267     0.7479  
              0.7690     0.7901     0.8113     0.8324     0.8535  
              0.8733     0.8800     0.8866     0.8933     0.9000  
              0.9066     0.9133     0.9200     0.9266     0.9333  
              0.9400     0.9467     0.9533     0.9600     0.9667  
              0.9733     0.9800     0.9867     0.9933     1.0000  
   
   
  ********************* 
  Rainfall File Summary 
  ********************* 
  Station    First        Last         Recording   Periods    Periods    Periods 
  ID         Date         Date         Frequency  w/Precip    Missing    Malfunc. 
  ------------------------------------------------------------------------------- 
  STA.3031093 01/01/1960   12/31/2014      60 min    482136          0          0 
 
   
  ********************************************************* 
  NOTE: The summary statistics displayed in this report are 
  based on results found at every computational time step,   
  not just on results from each reporting time step. 
  ********************************************************* 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CMS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    RDII ................... NO 
    Snowmelt ............... YES 
    Groundwater ............ NO 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... YES 
  Infiltration Method ...... GREEN_AMPT 
  Flow Routing Method ...... DYNWAVE 
  Surcharge Method ......... EXTRAN 
  Starting Date ............ 01/01/1960 01:00:00 
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  Ending Date .............. 12/31/2014 23:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 01:00:00 
  Wet Time Step ............ 00:15:00 
  Dry Time Step ............ 01:00:00 
  Routing Time Step ........ 60.00 sec 
  Variable Time Step ....... YES 
  Maximum Trials ........... 8 
  Number of Threads ........ 1 
  Head Tolerance ........... 0.001500 m 
   
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     hectare-m            mm 
  **************************     ---------       ------- 
  Initial LID Storage ......         1.189         7.311 
  Initial Snow Cover .......         0.000         0.000 
  Total Precipitation ......      3724.704     22903.400 
  Evaporation Loss .........      1413.024      8688.759 
  Infiltration Loss ........      1764.635     10850.831 
  Surface Runoff ...........       561.026      3449.780 
  Snow Removed .............         0.000         0.000 
  Final Snow Cover .........         0.423         2.600 
  Final Storage ............         2.600        15.987 
  Continuity Error (%) .....        -0.424 
   
   
  **************************        TSS010        TSS020        TSS050        TSS150        TSS500 
  Runoff Quality Continuity             kg            kg            kg            kg            kg 
  **************************    ----------    ----------    ----------    ----------    ---------- 
  Initial Buildup ..........         0.000         0.000         0.000         0.000         0.000 
  Surface Buildup ..........    652371.539    255960.271    387941.702    678489.383    900394.339 
  Wet Deposition ...........         0.000         0.000         0.000         0.000         0.000 
  Sweeping Removal .........         0.000         0.000         0.000         0.000         0.000 
  Infiltration Loss ........        10.873         4.910        52.230        79.812        23.277 
  BMP Removal ..............    362479.244    142211.097    212773.889    372638.929    505793.711 
  Surface Runoff ...........    253448.921     99484.485    154272.963    268959.397    354617.903 
  Remaining Buildup ........     36419.900     14254.188     20789.277     36729.509     39933.742 
  Continuity Error (%) .....         0.002         0.002         0.014         0.012         0.003 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        hectare-m      10^6 ltr 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......       559.857      5598.632 
  Groundwater Inflow .......         0.000         0.000 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........       475.017      4750.218 
  Flooding Loss ............         0.000         0.000 
  Evaporation Loss .........        84.976       849.770 
  Exfiltration Loss ........         0.000         0.000 
  Initial Stored Volume ....         2.472        24.721 
  Final Stored Volume ......         2.385        23.852 
  Continuity Error (%) .....        -0.009 
   
   
  **************************        TSS010        TSS020        TSS050        TSS150        TSS500 
  Quality Routing Continuity            kg            kg            kg            kg            kg 
  **************************    ----------    ----------    ----------    ----------    ---------- 
  Dry Weather Inflow .......         0.000         0.000         0.000         0.000         0.000 
  Wet Weather Inflow .......    251859.549     98860.600    153311.981    267283.113    352395.202 
  Groundwater Inflow .......         0.000         0.000         0.000         0.000         0.000 
  RDII Inflow ..............         0.000         0.000         0.000         0.000         0.000 
  External Inflow ..........         0.000         0.000         0.000         0.000         0.000 
  External Outflow .........     52146.427     10190.968      4402.045      1068.372       200.458 
  Flooding Loss ............         0.000         0.000         0.000         0.000         0.000 
  Exfiltration Loss ........         0.000         0.000         0.000         0.000         0.000 
  Mass Reacted .............    197297.530     88643.681    149000.164    266231.935    352158.170 
  Initial Stored Mass ......         0.000         0.000         0.000         0.000         0.000 
  Final Stored Mass ........         7.528         0.011         0.000         0.000         0.000 
  Continuity Error (%) .....         0.956         0.026        -0.059        -0.006         0.010 
   
   
  *************************** 
  Time-Step Critical Elements 
  *************************** 
  Link ExCulvert (16.81%) 
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  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  All links are stable. 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :     5.00 sec 
  Average Time Step           :    55.27 sec 
  Maximum Time Step           :    60.00 sec 
  Percent in Steady State     :     0.00 
  Average Iterations per Step :     2.00 
  Percent Not Converging      :     0.00 
   
   
  *************************** 
  Subcatchment Runoff Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------------------------------------------
------ 
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  
Runoff 
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   
Coeff 
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS 
  ------------------------------------------------------------------------------------------------------------------------
------ 
  Com-MF                 22903.40       0.00   11531.38    2599.95   12252.46       0.00    8913.02     2319.76     3.32   
0.389 
  Ex-1                   22903.40       0.00     377.89   22517.03     537.12      24.06      24.06        9.09     0.36   
0.001 
  Ex-2                   22903.40       0.00     761.37   22126.07    1165.78      54.59      54.59        3.16     0.18   
0.002 
  Ex-3                   22903.40       0.00     230.62   22645.10     295.41      41.18      41.18        5.57     0.46   
0.002 
  OS-1                   22903.40       0.00     578.15   22314.38     878.54      43.00      43.00        1.63     0.13   
0.002 
  OS-2                   22903.40      93.70     841.61   22068.06    1329.40     139.09     139.09        2.42     0.12   
0.006 
  Pond-ER                22903.40       0.00    3401.46   13462.39    6322.50      66.07    6198.89      241.18     0.39   
0.271 
  SF-1                   22903.40       0.00   16688.61    2700.40    6385.10       0.00    3607.98      306.58     0.64   
0.158 
  SF-2                   22903.40      18.10   15447.04    3205.48    8283.15       0.00    4385.35      585.28     1.27   
0.191 
  SF-3                   22903.40       0.00   15643.12    3085.38    7996.98       0.00    4302.80     1969.72     4.11   
0.188 
  Wetland-ER             22903.40       0.00    4104.44   12041.58    7403.97      60.41    6872.06      169.97     0.24   
0.300 
   
 
  *********************** 
  LID Performance Summary 
  *********************** 
 
  -------------------------------------------------------------------------------------------------------------------- 
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity 
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error 
  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           % 
  -------------------------------------------------------------------------------------------------------------------- 
  Com-MF            SandyLoam         43620.21  27195.88  15158.83   1246.36      0.00     32.40     69.83       -0.04 
  SF-1              SandyLoam         27794.63  23003.15   4701.39     56.27      0.00     32.40     69.83       -0.01 
  SF-2              SandyLoam         31800.76  24420.64   7173.27    174.81      0.00     32.40     69.83       -0.02 
  SF-3              SandyLoam         30948.76  24173.65   6604.36    137.87      0.00     32.40     69.83       -0.01 
   
  **************************** 
  Subcatchment Washoff Summary 
  **************************** 
   
  ------------------------------------------------------------------------------------------ 
                              TSS010        TSS020        TSS050        TSS150        TSS500 
  Subcatchment                    kg            kg            kg            kg            kg 
  ------------------------------------------------------------------------------------------ 
  Com-MF                  111959.511     43854.501     63458.492    111959.511    155814.012 
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  Ex-1                         0.000         0.000         0.000         0.000         0.000 
  Ex-2                         0.000         0.000         0.000         0.000         0.000 
  Ex-3                         0.000         0.000         0.000         0.000         0.000 
  OS-1                        22.181        10.017       106.546       162.811        47.484 
  OS-2                        49.666        21.963       205.284       314.721       100.439 
  Pond-ER                    832.763       415.187      6846.401     10373.697      2284.124 
  SF-1                         0.000         0.000         0.000         0.000         0.000 
  SF-2                     35570.784     13954.260     20582.679     36104.177     49582.982 
  SF-3                    105085.863     41260.538     63385.391    110522.013    146936.786 
  Wetland-ER                   0.000         0.000         0.000         0.000         0.000 
  ------------------------------------------------------------------------------------------ 
  System                  253520.768     99516.465    154584.793    269436.929    354765.827 
   
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max    Reported 
                                   Depth    Depth      HGL   Occurrence   Max Depth 
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters 
  --------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.00     0.25  1205.75  17322  19:00        0.25 
  J2                   JUNCTION     0.00     0.34  1202.84  17322  19:02        0.33 
  J3                   JUNCTION     0.03     0.88  1167.38   473  23:15        0.85 
  OF-1                 JUNCTION     0.01     0.45  1192.45  17322  19:06        0.42 
  OF-2                 JUNCTION     0.01     0.40  1156.14   473  23:18        0.39 
  OF-3                 OUTFALL      0.01     0.39  1153.86   473  23:18        0.39 
  OF-W                 OUTFALL      0.00     0.03  1197.03  17323  10:14        0.03 
  Dry-Pond             STORAGE      0.02     1.36  1171.36  17323  11:02        1.36 
  Ex-Wetland           STORAGE      0.13     0.33  1197.83  17323  10:14        0.33 
  Wet-Pond             STORAGE      3.50     4.97  1197.47  17322  21:24        4.96 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
   
  ------------------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total        Flow 
                                  Lateral    Total  Time of Max      Inflow      Inflow     Balance 
                                   Inflow   Inflow   Occurrence      Volume      Volume       Error 
  Node                 Type           CMS      CMS  days hr:min    10^6 ltr    10^6 ltr     Percent 
  ------------------------------------------------------------------------------------------------- 
  J1                   JUNCTION     0.360    0.360  17322  19:00        9.09        9.09      -0.021 
  J2                   JUNCTION     0.000    0.360  17322  19:00           0        9.09      -0.737 
  J3                   JUNCTION     0.457    1.018  17322  19:01        5.56    4.46e+03       0.011 
  OF-1                 JUNCTION     0.182    0.725  17322  19:01        3.16    4.46e+03      -0.019 
  OF-2                 JUNCTION     0.000    0.659  17322  19:15           0    4.75e+03       0.002 
  OF-3                 OUTFALL      0.000    0.658   473  23:18           0    4.75e+03       0.000 
  OF-W                 OUTFALL      0.000    0.005  17323  10:14           0       0.712       0.000 
  Dry-Pond             STORAGE      0.640    0.640  17322  19:00         306         306      -0.000 
  Ex-Wetland           STORAGE      0.239    0.239  17322  19:00         170         171       0.000 
  Wet-Pond             STORAGE      9.093    9.093  17322  19:00    5.11e+03    5.13e+03      -0.002 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  No nodes were surcharged. 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  No nodes were flooded. 
   
   
  ********************** 
  Storage Volume Summary 
  ********************** 
   
  -------------------------------------------------------------------------------------------------- 
                         Average     Avg  Evap Exfil       Maximum     Max    Time of Max    Maximum 
                          Volume    Pcnt  Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow 
  Storage Unit           1000 m3    Full  Loss  Loss       1000 m3    Full    days hr:min        CMS 
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  -------------------------------------------------------------------------------------------------- 
  Dry-Pond                 0.026       1     5     0         1.902      88    17323  11:02      0.008 
  Ex-Wetland               0.393       3    98     0         1.611      11    17323  10:14      0.006 
  Wet-Pond                23.328      36    13     0        51.933      81    17322  21:24      0.249 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ------------------------------------------------------------------------------------------------------------------------
--------- 
                         Flow       Avg       Max       Total         Total         Total         Total         Total         
Total 
                         Freq      Flow      Flow      Volume        TSS010        TSS020        TSS050        TSS150        
TSS500 
  Outfall Node           Pcnt       CMS       CMS    10^6 ltr            kg            kg            kg            kg            
kg 
  ------------------------------------------------------------------------------------------------------------------------
--------- 
  OF-3                  31.13     0.020     0.658    4749.483     52145.442     10190.861      4402.307      1068.628       
200.524 
  OF-W                   0.41     0.000     0.005       0.712         0.000         0.000         0.000         0.000         
0.000 
  ------------------------------------------------------------------------------------------------------------------------
--------- 
  System                15.77     0.021     0.005    4750.196     52145.442     10190.861      4402.307      1068.628       
200.524 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 
                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CMS  days hr:min     m/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  1                    CONDUIT     0.005  17323  10:14      1.04    0.01    0.07 
  2                    CONDUIT     0.360  17322  19:00      2.92    0.36    0.49 
  3                    CHANNEL     0.336  17322  19:02      0.82    0.03    0.24 
  C2_1                 CHANNEL     0.653  17322  19:06      0.84    0.06    0.40 
  C2_2                 CHANNEL     0.652   473  23:15      1.25    0.08    0.32 
  ExCulvert            CONDUIT     0.658   473  23:18      3.20    0.72    0.63 
  ICD-E                DUMMY       0.248  17322  21:24 
  ICD-W                DUMMY       0.008  17323  11:02 
   
   
  *************************** 
  Flow Classification Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------- 
                      Adjusted    ---------- Fraction of Time in Flow Class ----------  
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  Inlet  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   Ctrl   
  ------------------------------------------------------------------------------------- 
  1                       1.00   0.99  0.00  0.00  0.00  0.01  0.00  0.00  0.00  0.00 
  2                       1.00   1.00  0.00  0.00  0.00  0.00  0.00  0.00  0.98  0.00 
  3                       1.00   0.67  0.32  0.00  0.00  0.00  0.00  0.00  0.98  0.00 
  C2_1                    1.00   0.63  0.04  0.00  0.33  0.00  0.00  0.00  0.99  0.00 
  C2_2                    1.00   0.00  0.63  0.00  0.37  0.00  0.00  0.00  0.92  0.00 
  ExCulvert               1.00   0.00  0.00  0.00  0.63  0.37  0.00  0.00  0.02  0.00 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  No conduits were surcharged. 
   
   
  *************************** 
  Link Pollutant Load Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------------ 
                              TSS010        TSS020        TSS050        TSS150        TSS500 
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  Link                            kg            kg            kg            kg            kg 
  ------------------------------------------------------------------------------------------ 
  1                            0.000         0.000         0.000         0.000         0.000 
  2                            0.000         0.000         0.000         0.000         0.000 
  3                            0.000         0.000         0.000         0.000         0.000 
  C2_1                     5.195e+04     1.017e+04      4466.554      1128.813       215.682 
  C2_2                     5.213e+04     1.019e+04      4407.620      1073.751       201.845 
  ExCulvert                5.215e+04     1.019e+04      4402.307      1068.628       200.524 
  ICD-E                    5.209e+04     1.018e+04      4395.770      1072.038       202.855 
  ICD-W                        0.000         0.000         0.000         0.000         0.000 
   
 
  Analysis begun on:  Wed Aug 26 09:39:40 2020 
  Analysis ended on:  Wed Aug 26 09:42:37 2020 
  Total elapsed time: 00:02:57 
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NOTES

Index Date Value Empirical Probability of Non‐Exceedance Position for linear graph

1 1960 327.1 0.101 0.329

2 1961 965.3 0.917 0.686

3 1962 387.6 0.156 0.364

4 1963 733.8 0.717 0.577

5 1964 722.4 0.681 0.563

6 1965 728 0.699 0.57 Number of Data Entries 55

7 1966 831.8 0.808 0.617 Maximum Value 1900

8 1967 275.3 0.029 0.245 Minimum Value 233

9 1968 635.5 0.536 0.512 Average (Mean) Value 641

10 1969 689.6 0.663 0.557 Median Value 618

11 1970 1086 0.935 0.703 Standard Deviation 298

12 1971 445.1 0.283 0.423 Variance 88900

13 1972 794.3 0.736 0.585 Variation coefficient (Cv) 0.465

14 1973 338.5 0.120 0.342 Skewness coefficient (Cs) 1.78

15 1974 878 0.862 0.647 Kurtosis  7.41

16 1975 232.5 0.011 0.191 *Values assumed to be sample not full population

17 1976 544 0.446 0.482

18 1977 418.1 0.228 0.4

19 1978 844.7 0.826 0.626

20 1979 407.6 0.192 0.383

21 1980 683.3 0.645 0.55 a = 0.4 Cunnane (1978)

22 1981 650 0.572 0.525 k= rank of the even in question (in ascending order)

23 1982 325.8 0.083 0.314 n= 55

24 1983 583.1 0.464 0.488

25 1984 617.6 0.500 0.5

26 1985 1453 0.971 0.755

27 1986 799.9 0.754 0.592

28 1987 456.4 0.301 0.43

29 1988 959 0.880 0.658

30 1989 291.9 0.047 0.275

31 1990 465.5 0.337 0.443

32 1991 458 0.319 0.437

33 1992 814.7 0.790 0.608

34 1993 663.1 0.591 0.531

35 1994 402.6 0.174 0.374

36 1995 375.1 0.138 0.353

37 1996 443 0.264 0.415

38 1997 964.9 0.899 0.671

39 1998 869.5 0.844 0.636

40 1999 676.2 0.627 0.543

41 2000 484.9 0.355 0.45

42 2001 530.8 0.428 0.475

43 2002 292.9 0.065 0.297

44 2003 504.4 0.409 0.469

45 2004 642.5 0.554 0.518

46 2005 1089 0.953 0.725

47 2006 489.9 0.373 0.457

48 2007 1901 0.989 0.809

49 2008 426.9 0.246 0.408

50 2009 414.8 0.210 0.392

51 2010 608 0.482 0.494

52 2011 632.2 0.518 0.506

53 2012 669.4 0.609 0.537

54 2013 813.9 0.772 0.6

55 2014 490.7 0.391 0.463

Hydrologic Data Series Input

Empirical Probability of Non‐Exceedance (Plotting Position) based on: 

F(x(k)) = (k‐a)/ (n‐2a+1),  0 <=a<=0.5

Basic Characteristics

‐ This Spreadsheet is designed for a maximum of 1,000 entries (if more are required then formulas need to be adjusted)

‐ Input dataset must be based on uniform time distribution (i.e.: daily, weekly, monthly, yearly) and must not include multiple values for any of the time steps (duplicates 

highlighted in red)

‐ Input dataset must not have any missing cells of data (cells with "0" will be treated as having a value of 0)

‐ Only positive values should be used 

‐ Please refer to Section 2.2 of the Frequency Analysis Procedure for Stormwater Design Manual for Data Series Characteristics detailed descriptions.

Clear All Input Data
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Test for Trend: Choose Significance Level (alpha): 5%

1) Spearman Rank Order Correlation Coefficient

Spearman Correlation Coefficient: ‐0.006
Probability (P‐Value) that data is not correlated 0.49771

based on z 

When there are no ties in rankings: based on t

Spearman Correlation Coefficient: ‐0.006 T (Adjustment for ties) = 0

t‐distribution value ‐0.042 Standard Normal (z)= ‐0.042

Degrees of freedom  53 P ‐ value 0.483
0.967

Tests for Jump:
2) Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Index number of subsample divide 22

Number of values in sample 1     n1= 22

Number of values in sample 2     n2= 33

Total of Ranking in sample 1         R1= 625 Check Method 2 Test 2

Total of Ranking in sample 2         R2= ua= #VALUE!

U1= 372 354 ub= 354

z=  ‐0.1546

U2= 354 372

U (Minimum of U1 and U2)= 354

Standard Normal (z)= ‐0.155

P ‐ value 0.44

3) Wald‐Wolfowitz Test (The runs test)

Number of data greater than median N+ = 27

Number of data less than median  N‐ = 27

Total number of runs =  29

Mean = 28.0

Variance =  13.2

Standard Normal (z)= 0.1

P ‐ value 0.555

NOTES

No Jump at 0.05 Significance Level

H0= Independent samples drawn from the same population (No Jump)

H0= Data represent sample of single independently distributed random 

variable (No Jump)

No Jump at 0.05 Significance Level

Stationarity

No Significant Trend at 0.05 Significance Level

H0= Data has no trend

No Significant Trend at 0.05 Significance Level

‐ For a detailed description of the Stationarity Tests please refer to Section 2.2.2.1 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ For guidance on choosing the significance level value please refer to Section 2.2.2.6 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ The Wald‐Wolfowits and the Mann‐Whitney tests are valid only if the size of each sample meets or exceeds 20 values (cells will be highlighted in pink)
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Choose Significance Level (alpha): 5%

Mann‐Whitney Test for homogeneity (a.k.a. Mann‐Whitney U test)

Index number of subsample divide 28

Number of values in sample 1     n1= 28

Number of values in sample 2     n2= 27

Total of Ranking in sample 1         R1= 797 eck Method 2

Total of Ranking in sample 1         R2=

U1= 391 354

U2= 365 372

U (Minimum of U1 and U2)= 365

Standard Normal (z)= ‐0.219

P ‐ value 0.41

Terry Test

Index number of subsample divide 28

Total sample size 55

Subsample 1 (m) 28

Subsample 2 (n) 27

Standard Deviation = 3.654

Sum of ranks in first subsample c = 0.335

z =  0.092

P ‐ value 0.54

NOTES

Homogeneity

Sample is Homogeneous at 0.05 Significance Level

H0= There is homogeneity between samples with respect to probability of 

random drawing of a larger observation

Sample is Homogeneous at 0.05 Significance Level

H0= There is homogeneity between samples with respect to probability of 

random drawing of a larger observation
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Choose Significance Level (alpha): 5%

1) Spearman Rank Order Correlation Coefficient

Spearman Correlation Coefficient: ‐0.22

When there are no ties in rankings:

Spearman Correlation Coefficient: ‐0.22

t‐distribution value ‐1.68

Degrees of freedom  53

Student's t=

2) Wald‐Wolfowitz Test 

Statistic R 21700000

Mean  22500000

Variance 3.65E+11

Standard Normal (z)= ‐1.2

2) Anderson Test

Statistic r ‐0.171

Mean ‐0.019

Variance 0.018

Mean =

Standard Normal (z)= ‐1.1

H0= Data is independent

Data is independent at 0.05 Significance Level

Independence

Data is independent at 0.05 Significance Level

Data is independent at 0.05 Significance Level

H0= Data is independent

H0= Data is independent
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Significance Level (alpha):

1) High Outliers Assumption: logarithms of sample are normally distributed

Xh = exp (xmean+KnS)

K(n) =‐3.62201+6.2844N^1/4‐2.49835N^1/2+0.491436N^3/4‐0.037911N

K(n) = ‐0.9043+3.345*SQRT(log(n))‐0.4046log(n) for 5<n<150

Sample Size (n) = 55

K(n) = 2.80

K(n) for 5<n<150 =  2.80

Xh= 1930 <  Any value higher than Xh is considered a high outlier

Maximum Value 1900

High Outliers No High Outliers Present

2) Low Outliers

Xh = exp (xmean‐KnS)

K(n) =‐3.62201+6.2844N^1/4‐2.49835N^1/2+0.491436N^3/4‐0.037911N

K(n) = ‐0.9043+3.345*SQRT(log(n))‐0.4046log(n) for 5<n<150

Sample Size (n) = 55

K(n) = 2.80

K(n) for 5<n<150 =  2.80

Xh= 177 <  Any value lower than Xh is considered a low outlier

Minimum Value 233

Low Outliers No Low Outliers Present

Grubbs and Beck test for Outliers

Outliers
10%
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Choose Significance Level (alpha):

One Time Period Offset

Autocorrelation coefficient offset by one time period r(1) = ‐0.184

t‐distribution values for one time period offset t = ‐1.360

Two Time Periods Offset

Autocorrelation coefficient offset by two time periods r(2) = 0.104

t‐distribution values for two time periods offset t = 0.764

Dependent Dataset

Autocorrelation coefficient

5%

No Serial Correlation at 0.05 Significance Level

Instructions:

Compare the results of the autocorrelation tests for one time period offset and for the two time period offset.  One of the following 2 scenarios will result:

1. The finding for the one period time step is serially correlated, and the finding for the two time step is also serially correlated.  In this case, transposing the data series is 

unlikely to produce an independent data set suitable for frequency analysis.  In this case, other methods, such as the Monte Carlo simulation are necessary.

2. The finding for the one period time step is serially correlated, and the finding for the two time step is NOT serially correlated.  In this case, the data series should be 

transposed to produce an independent data set suitable for frequency analysis.  

No Serial Correlation at 0.05 Significance Level

H0 ‐ The data is not serially correlated 
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NOTES

Normal (Gaussian) type of distributions:

Normal Distribution:

Ascension Dry Pond

Results of the fitting

Normal (Maximum Likelihood)

Number of observations 55

Parameters

mu 640.529091

sigma 298.097063

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 1.75E+03 1.14E+02 1.53E+03 1.97E+03 1

2000 0.9995 1.62E+03 1.03E+02 1.42E+03 1.82E+03 0.94239

1000 0.999 1.56E+03 9.73E+01 1.37E+03 1.75E+03 0.91546

200 0.995 1.41E+03 8.41E+01 1.24E+03 1.57E+03 0.84631

100 0.99 1.33E+03 7.79E+01 1.18E+03 1.49E+03 0.81276

50 0.98 1.25E+03 7.13E+01 1.11E+03 1.39E+03 0.77611

20 0.95 1.13E+03 62 1.01E+03 1.25E+03 0.72114

10 0.9 1.02E+03 54.5 9.16E+02 1.13E+03 0.6723

5 0.8 8.91E+02 46.9 7.99E+02 9.83E+02 0.61315

3 0.6667 7.69E+02 42 6.86E+02 8.51E+02 0.55792

2 0.5 6.41E+02 40.2 5.62E+02 7.19E+02 0.5

1.4286 0.3 4.84E+02 42.9 4.00E+02 5.68E+02 0.4295

1.25 0.2 3.90E+02 46.9 2.98E+02 4.82E+02 0.38685

1.1111 0.1 2.58E+02 54.5 1.52E+02 3.65E+02 0.3277

1.0526 0.05 1.50E+02 62 2.86E+01 2.72E+02 0.27886

1.0204 0.02 2.82E+01 7.13E+01 ‐1.12E+02 1.68E+02 0.22389

1.0101 0.01 ‐5.31E+01 7.79E+01 ‐2.06E+02 9.97E+01 0.18724

1.005 0.005 ‐1.27E+02 8.41E+01 ‐2.92E+02 3.75E+01 0.15369

1.001 0.001 ‐2.81E+02 9.73E+01 ‐4.72E+02 ‐8.99E+01 0.08454

1.0005 0.0005 ‐3.40E+02 1.03E+02 ‐5.42E+02 ‐1.39E+02 0.05761

1.0001 0.0001 ‐4.68E+02 1.14E+02 ‐6.92E+02 ‐2.45E+02 3.8E‐15

Frequency Analysis Results Input

‐ This spreadsheet designed to accept the results of 10 specific Frequency Analysis outputs

‐ The input data must be in the same format as the output table from Hyfran  (either copied and pasted special as text in the top 

left cell of each yellow input box, or manually input as distribution results and hyfran calculated parameters in specified areas. 

‐ Input dataset must be complete (only one method of estimation per distribution type)

‐ Refer to Section 3.3.1 and 3.3.2 of the Frequency Analysis Procedures for Stormwater Design Manual  for guidance when 

choosing methods of estimation 

‐ Refer to Section 3.3.2 Table 3.1 of the Frequency Analysis Procedures for Stormwater Design Manual  for a description of each 

distribution type and its limitations

‐ An additional 11th Frequency Analysis output can be copied into the last input box. This output will be displayed in the visual 

goodness of fit tab, however no numerical goodness of fit tests will be performed on it. 

Paste Normal Distribution Hyfran Output in Cell Below (A15)

Clear All Input Data
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Lognormal Distribution:

Ascension Dry Pond

Results of the fitting

Lognormal (Maximum Likelihood)

Number of observations 55

Parameters

mu 6.370902

sigma 0.425956

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 2.85E+03 4.64E+02 1.94E+03 3.76E+03 1

2000 0.9995 2.37E+03 3.48E+02 1.69E+03 3.06E+03 0.94239

1000 0.999 2.18E+03 3.03E+02 1.59E+03 2.78E+03 0.91546

200 0.995 1.75E+03 2.11E+02 1.34E+03 2.16E+03 0.84631

100 0.99 1.57E+03 1.75E+02 1.23E+03 1.92E+03 0.81276

50 0.98 1.40E+03 1.43E+02 1.12E+03 1.68E+03 0.77611

20 0.95 1.18E+03 1.04E+02 9.74E+02 1.38E+03 0.72114

10 0.9 1.01E+03 7.86E+01 8.55E+02 1.16E+03 0.6723

5 0.8 8.37E+02 5.60E+01 7.27E+02 9.46E+02 0.61315

3 0.6667 7.02E+02 42.2 6.19E+02 7.85E+02 0.55792

2 0.5 5.85E+02 33.6 5.19E+02 6.50E+02 0.5

1.4286 0.3 4.68E+02 28.7 4.11E+02 5.24E+02 0.4295

1.25 0.2 4.08E+02 27.4 3.55E+02 4.62E+02 0.38685

1.1111 0.1 3.39E+02 26.4 2.87E+02 3.90E+02 0.3277

1.0526 0.05 2.90E+02 25.7 2.40E+02 3.40E+02 0.27886

1.0204 0.02 2.44E+02 24.8 1.95E+02 2.92E+02 0.22389

1.0101 0.01 2.17E+02 24.2 1.70E+02 2.64E+02 0.18724

1.005 0.005 1.95E+02 23.5 1.49E+02 2.41E+02 0.15369

1.001 0.001 1.57E+02 21.8 1.14E+02 1.99E+02 0.08454

1.0005 0.0005 1.44E+02 21.1 1.03E+02 1.85E+02 0.05761

1.0001 0.0001 1.20E+02 19.5 8.16E+01 1.58E+02 3.8E‐15

Paste Lognormal Distribution Output from Hyfran in Cell Below (A57)
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Lognormal III Distribution

Ascension Dry Pond

Results of the fitting

3‐parameter lognormal (Maximum Likelihood)

Number of observations 55

Parameters

m 84.246179

mu 6.196658

sigma 0.500457

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 3.24E+03 8.88E+02 1.50E+03 4.98E+03 1

2000 0.9995 2.63E+03 6.14E+02 1.43E+03 3.84E+03 0.94239

1000 0.999 2.39E+03 5.14E+02 1.38E+03 3.40E+03 0.91546

200 0.995 1.87E+03 3.18E+02 1.24E+03 2.49E+03 0.84631

100 0.99 1.66E+03 2.50E+02 1.17E+03 2.15E+03 0.81276

50 0.98 1.46E+03 1.91E+02 1.08E+03 1.83E+03 0.77611

20 0.95 1.20E+03 1.26E+02 9.57E+02 1.45E+03 0.72114

10 0.9 1.02E+03 8.74E+01 8.46E+02 1.19E+03 0.6723

5 0.8 8.33E+02 58.8 7.17E+02 9.48E+02 0.61315

3 0.6667 6.93E+02 44 6.07E+02 7.80E+02 0.55792

2 0.5 5.75E+02 35.3 5.06E+02 6.44E+02 0.5

1.4286 0.3 4.62E+02 28.7 4.06E+02 5.18E+02 0.4295

1.25 0.2 4.07E+02 25.8 3.56E+02 4.57E+02 0.38685

1.1111 0.1 3.43E+02 23.6 2.97E+02 3.89E+02 0.3277

1.0526 0.05 3.00E+02 23.8 2.53E+02 3.47E+02 0.27886

1.0204 0.02 2.60E+02 26.3 2.08E+02 3.12E+02 0.22389

1.0101 0.01 2.38E+02 29 1.81E+02 2.94E+02 0.18724

1.005 0.005 2.20E+02 31.9 1.57E+02 2.82E+02 0.15369

1.001 0.001 1.89E+02 3.86E+01 1.13E+02 2.65E+02 0.08454

1.0005 0.0005 1.79E+02 4.13E+01 9.79E+01 2.60E+02 0.05761

1.0001 0.0001 1.61E+02 4.69E+01 6.86E+01 2.53E+02 3.8E‐15

Paste Lognormal III Distribution Output from Hyfran in Cell Below (A99)
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Exponential and Pearson type of distributions:

Exponential Distribution

Ascension Dry Pond

Results of the fitting

Exponential (Maximum Likelihood)

Number of observations 55

Parameters

alpha 415.585185

m 224.943906

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 4.05E+03 5.20E+02 3.03E+03 5.07E+03 1

2000 0.9995 3.38E+03 4.29E+02 2.54E+03 4.22E+03 0.94239

1000 0.999 3.10E+03 3.90E+02 2.33E+03 3.86E+03 0.91546

200 0.995 2.43E+03 2.99E+02 1.84E+03 3.01E+03 0.84631

100 0.99 2.14E+03 2.60E+02 1.63E+03 2.65E+03 0.81276

50 0.98 1.85E+03 2.20E+02 1.42E+03 2.28E+03 0.77611

20 0.95 1.47E+03 1.69E+02 1.14E+03 1.80E+03 0.72114

10 0.9 1.18E+03 1.29E+02 9.28E+02 1.44E+03 0.6723

5 0.8 8.94E+02 9.03E+01 7.17E+02 1.07E+03 0.61315

3 0.6667 6.82E+02 6.16E+01 5.61E+02 8.02E+02 0.55792

2 0.5 5.13E+02 38.9 4.37E+02 5.89E+02 0.5

1.4286 0.3 3.73E+02 20.6 3.33E+02 4.14E+02 0.4295

1.25 0.2 3.18E+02 13.8 2.91E+02 3.45E+02 0.38685

1.1111 0.1 2.69E+02 9.02 2.51E+02 2.86E+02 0.3277

1.0526 0.05 2.46E+02 7.78 2.31E+02 2.62E+02 0.27886

1.0204 0.02 2.33E+02 7.56 2.19E+02 2.48E+02 0.22389

1.0101 0.01 2.29E+02 7.57 2.14E+02 2.44E+02 0.18724

1.005 0.005 2.27E+02 7.59 2.12E+02 2.42E+02 0.15369

1.001 0.001 2.25E+02 7.62 2.10E+02 2.40E+02 0.08454

1.0005 0.0005 2.25E+02 7.62 2.10E+02 2.40E+02 0.05761

1.0001 0.0001 2.25E+02 7.62 2.10E+02 2.40E+02 3.8E‐15

Paste Exponential Distribution Output from Hyfran in Cell Below (A142)
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Pearson Type III Distribution

Ascension Dry Pond

Results of the fitting

Pearson type III (Maximum Likelihood)

Number of observations 55

Parameters

alpha 0.005243

lambda 2.289413

m 203.839899

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 2.57E+03 3.42E+02 1.90E+03 3.24E+03 1

2000 0.9995 2.23E+03 2.79E+02 1.68E+03 2.78E+03 0.94239

1000 0.999 2.08E+03 2.52E+02 1.58E+03 2.57E+03 0.91546

200 0.995 1.73E+03 1.90E+02 1.35E+03 2.10E+03 0.84631

100 0.99 1.57E+03 1.64E+02 1.25E+03 1.89E+03 0.81276

50 0.98 1.41E+03 1.38E+02 1.14E+03 1.68E+03 0.77611

20 0.95 1.20E+03 1.05E+02 9.91E+02 1.40E+03 0.72114

10 0.9 1.03E+03 8.12E+01 8.68E+02 1.19E+03 0.6723

5 0.8 8.47E+02 59 7.32E+02 9.63E+02 0.61315

3 0.6667 7.09E+02 45.1 6.20E+02 7.97E+02 0.55792

2 0.5 5.79E+02 35.4 5.09E+02 6.48E+02 0.5

1.4286 0.3 4.57E+02 29.2 4.00E+02 5.14E+02 0.4295

1.25 0.2 3.99E+02 26.4 3.47E+02 4.51E+02 0.38685

1.1111 0.1 3.35E+02 22.8 2.91E+02 3.80E+02 0.3277

1.0526 0.05 2.96E+02 19.8 2.57E+02 3.35E+02 0.27886

1.0204 0.02 2.62E+02 1.69E+01 2.29E+02 2.95E+02 0.22389

1.0101 0.01 2.45E+02 1.55E+01 2.15E+02 2.76E+02 0.18724

1.005 0.005 2.33E+02 1.47E+01 2.04E+02 2.62E+02 0.15369

1.001 0.001 2.15E+02 1.45E+01 1.87E+02 2.43E+02 0.08454

1.0005 0.0005 2.10E+02 1.48E+01 1.81E+02 2.39E+02 0.05761

1.0001 0.0001 2.03E+02 1.60E+01 1.72E+02 2.34E+02 3.8E‐15

Paste Pearson III Distribution Output from Hyfran in Cell Below (A184)
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Log‐Pearson Type III Distribution

Ascension Dry Pond

Results of the fitting

Log‐Pearson type III (Méthode SAM)

Number of observations 55

Parameters

alpha 58.673097

lambda 115.567164

m 0.797169

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 3.33E+03 1.30E+03 N/D N/D 1

2000 0.9995 2.67E+03 8.30E+02 N/D N/D 0.94239

1000 0.999 2.41E+03 6.68E+02 N/D N/D 0.91546

200 0.995 1.87E+03 3.77E+02 1.13E+03 2.60E+03 0.84631

100 0.99 1.65E+03 2.83E+02 1.10E+03 2.21E+03 0.81276

50 0.98 1.45E+03 2.06E+02 1.05E+03 1.85E+03 0.77611

20 0.95 1.20E+03 1.28E+02 9.45E+02 1.45E+03 0.72114

10 0.9 1.01E+03 8.61E+01 8.43E+02 1.18E+03 0.6723

5 0.8 8.30E+02 5.79E+01 7.17E+02 9.44E+02 0.61315

3 0.6667 6.96E+02 44.1 6.09E+02 7.82E+02 0.55792

2 0.5 5.77E+02 35.4 5.08E+02 6.47E+02 0.5

1.4286 0.3 4.64E+02 28.5 4.09E+02 5.20E+02 0.4295

1.25 0.2 4.09E+02 25.9 3.58E+02 4.59E+02 0.38685

1.1111 0.1 3.44E+02 24.5 2.95E+02 3.92E+02 0.3277

1.0526 0.05 2.99E+02 25.4 2.49E+02 3.49E+02 0.27886

1.0204 0.02 2.56E+02 28.4 2.01E+02 3.12E+02 0.22389

1.0101 0.01 2.32E+02 31.1 1.71E+02 2.93E+02 0.18724

1.005 0.005 2.12E+02 34 1.45E+02 2.79E+02 0.15369

1.001 0.001 1.77E+02 40.2 9.86E+01 2.56E+02 0.08454

1.0005 0.0005 1.66E+02 42.5 8.24E+01 2.49E+02 0.05761

1.0001 0.0001 1.44E+02 47 5.18E+01 2.36E+02 3.8E‐15

Paste Log Pearson III Distribution Output from Hyfran in Cell Below (A226)
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Extreme Value type of distributions:

EVI (Gumbel) Distribution

Ascension Dry Pond

Results of the fitting

Gumbel (Maximum Likelihood)

Number of observations 55

Parameters

u 513.67314

alpha 210.430426

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 2.45E+03 2.18E+02 2.02E+03 2.88E+03 1

2000 0.9995 2.11E+03 1.82E+02 1.76E+03 2.47E+03 0.94239

1000 0.999 1.97E+03 1.67E+02 1.64E+03 2.29E+03 0.91546

200 0.995 1.63E+03 1.31E+02 1.37E+03 1.89E+03 0.84631

100 0.99 1.48E+03 1.16E+02 1.25E+03 1.71E+03 0.81276

50 0.98 1.33E+03 1.01E+02 1.14E+03 1.53E+03 0.77611

20 0.95 1.14E+03 8.09E+01 9.80E+02 1.30E+03 0.72114

10 0.9 9.87E+02 6.60E+01 8.58E+02 1.12E+03 0.6723

5 0.8 8.29E+02 51.3 7.29E+02 9.30E+02 0.61315

3 0.6667 7.04E+02 40.8 6.24E+02 7.84E+02 0.55792

2 0.5 5.91E+02 33.2 5.26E+02 6.56E+02 0.5

1.4286 0.3 4.75E+02 28.8 4.18E+02 5.31E+02 0.4295

1.25 0.2 4.14E+02 28.4 3.58E+02 4.69E+02 0.38685

1.1111 0.1 3.38E+02 30 2.79E+02 3.97E+02 0.3277

1.0526 0.05 2.83E+02 32.4 2.19E+02 3.46E+02 0.27886

1.0204 0.02 2.27E+02 35.6 1.57E+02 2.96E+02 0.22389

1.0101 0.01 1.92E+02 38 1.18E+02 2.67E+02 0.18724

1.005 0.005 1.63E+02 40.1 8.42E+01 2.41E+02 0.15369

1.001 0.001 1.07E+02 44.5 1.97E+01 1.94E+02 0.08454

1.0005 0.0005 8.69E+01 46.2 ‐3.71E+00 1.77E+02 0.05761

1.0001 0.0001 4.64E+01 49.7 ‐5.09E+01 1.44E+02 3.8E‐15

Paste EV Distribution Output from Hyfran in Cell Below (A269)
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GEV (General Extreme Value) Distribution

Ascension Dry Pond

Results of the fitting

GEV (Maximum Likelihood)

Number of observations 55

Parameters

alpha 197.319684

k ‐0.113518

u 502.419714

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 3.71E+03 1.74E+03 N/D N/D 1

2000 0.9995 2.88E+03 1.04E+03 N/D N/D 0.94239

1000 0.999 2.57E+03 8.16E+02 N/D N/D 0.91546

200 0.995 1.94E+03 4.30E+02 1.09E+03 2.78E+03 0.84631

100 0.99 1.69E+03 3.13E+02 1.08E+03 2.31E+03 0.81276

50 0.98 1.47E+03 2.21E+02 1.04E+03 1.90E+03 0.77611

20 0.95 1.20E+03 1.32E+02 9.41E+02 1.46E+03 0.72114

10 0.9 1.01E+03 86.5 8.39E+02 1.18E+03 0.6723

5 0.8 8.25E+02 57.1 7.13E+02 9.37E+02 0.61315

3 0.6667 6.90E+02 43 6.06E+02 7.74E+02 0.55792

2 0.5 5.76E+02 34.5 5.09E+02 6.44E+02 0.5

1.4286 0.3 4.66E+02 28 4.11E+02 5.21E+02 0.4295

1.25 0.2 4.11E+02 25.9 3.60E+02 4.62E+02 0.38685

1.1111 0.1 3.45E+02 25.4 2.96E+02 3.95E+02 0.3277

1.0526 0.05 2.99E+02 27.3 2.45E+02 3.52E+02 0.27886

1.0204 0.02 2.53E+02 31.3 1.92E+02 3.15E+02 0.22389

1.0101 0.01 2.26E+02 34.8 1.58E+02 2.94E+02 0.18724

1.005 0.005 2.03E+02 3.82E+01 1.28E+02 2.78E+02 0.15369

1.001 0.001 1.60E+02 4.58E+01 7.02E+01 2.50E+02 0.08454

1.0005 0.0005 1.45E+02 4.89E+01 4.91E+01 2.41E+02 0.05761

1.0001 0.0001 1.15E+02 5.55E+01 6.43E+00 2.24E+02 3.8E‐15

Paste GEV Distribution Output from Hyfran in Cell Below (A311)
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EVIII (Weibull) Distribution

Ascension Dry Pond

Results of the fitting

Weibull (Maximum Likelihood)

Number of observations 55

Parameters

alpha 724.294844

c 2.266107

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 1.93E+03 1.98E+02 1.54E+03 2.32E+03 1

2000 0.9995 1.77E+03 1.69E+02 1.44E+03 2.10E+03 0.94239

1000 0.999 1.70E+03 1.56E+02 1.39E+03 2.01E+03 0.91546

200 0.995 1.51E+03 1.25E+02 1.27E+03 1.76E+03 0.84631

100 0.99 1.42E+03 1.12E+02 1.20E+03 1.64E+03 0.81276

50 0.98 1.32E+03 9.76E+01 1.13E+03 1.51E+03 0.77611

20 0.95 1.18E+03 7.90E+01 1.02E+03 1.33E+03 0.72114

10 0.9 1.05E+03 6.54E+01 9.18E+02 1.17E+03 0.6723

5 0.8 8.94E+02 53.2 7.89E+02 9.98E+02 0.61315

3 0.6667 7.55E+02 46.4 6.64E+02 8.46E+02 0.55792

2 0.5 6.16E+02 43 5.32E+02 7.01E+02 0.5

1.4286 0.3 4.60E+02 41.3 3.79E+02 5.41E+02 0.4295

1.25 0.2 3.74E+02 40.1 2.95E+02 4.52E+02 0.38685

1.1111 0.1 2.68E+02 36.9 1.96E+02 3.41E+02 0.3277

1.0526 0.05 1.95E+02 32.9 1.31E+02 2.60E+02 0.27886

1.0204 0.02 1.29E+02 27.1 7.63E+01 1.83E+02 0.22389

1.0101 0.01 9.51E+01 22.9 5.03E+01 1.40E+02 0.18724

1.005 0.005 7.00E+01 19 3.27E+01 1.07E+02 0.15369

1.001 0.001 3.44E+01 11.9 1.11E+01 5.76E+01 0.08454

1.0005 0.0005 2.53E+01 9.54 6.61E+00 4.40E+01 0.05761

1.0001 0.0001 1.24E+01 5.61 1.44E+00 2.34E+01 3.8E‐15

Paste Weibull Distribution Output from Hyfran in Cell Below (A353)
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Gamma type of distributions:

Gamma Distribution

Ascension Dry Pond

Results of the fitting

Gamma (Maximum Likelihood)

Number of observations 55

Parameters

alpha 0.008794

lambda 5.632764

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 2.15E+03 2.24E+02 1.71E+03 2.59E+03 1

2000 0.9995 1.91E+03 1.88E+02 1.54E+03 2.28E+03 0.94239

1000 0.999 1.80E+03 1.72E+02 1.47E+03 2.14E+03 0.91546

200 0.995 1.54E+03 1.35E+02 1.28E+03 1.81E+03 0.84631

100 0.99 1.43E+03 1.19E+02 1.20E+03 1.66E+03 0.81276

50 0.98 1.31E+03 1.03E+02 1.11E+03 1.51E+03 0.77611

20 0.95 1.14E+03 8.20E+01 9.78E+02 1.30E+03 0.72114

10 0.9 1.00E+03 6.63E+01 8.72E+02 1.13E+03 0.6723

5 0.8 8.50E+02 51.2 7.49E+02 9.50E+02 0.61315

3 0.6667 7.26E+02 41.5 6.44E+02 8.07E+02 0.55792

2 0.5 6.03E+02 35 5.35E+02 6.72E+02 0.5

1.4286 0.3 4.77E+02 31.9 4.14E+02 5.39E+02 0.4295

1.25 0.2 4.10E+02 31.4 3.48E+02 4.71E+02 0.38685

1.1111 0.1 3.28E+02 31.1 2.67E+02 3.89E+02 0.3277

1.0526 0.05 2.70E+02 30.8 2.09E+02 3.30E+02 0.27886

1.0204 0.02 2.14E+02 29.9 1.55E+02 2.73E+02 0.22389

1.0101 0.01 1.82E+02 29 1.25E+02 2.39E+02 0.18724

1.005 0.005 1.56E+02 28.1 1.01E+02 2.11E+02 0.15369

1.001 0.001 1.11E+02 25.6 6.09E+01 1.61E+02 0.08454

1.0005 0.0005 9.65E+01 24.6 4.84E+01 1.45E+02 0.05761

1.0001 0.0001 6.98E+01 22.1 2.66E+01 1.13E+02 3.8E‐15

Paste Gamma Distribution Output from Hyfran in Cell Below (A396)
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Visual Goodness of Fit

Normal Distribution

Visual Goodness‐of‐Fit Test Notes:
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Clear All Note Data
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Log Normal Distribution

Visual Goodness‐of‐Fit Test Notes:
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Log Normal III Distribution

Visual Goodness‐of‐Fit Test Notes:
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Exponential Distribution

Visual Goodness‐of‐Fit Test Notes:
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Pearson III Distribution

Visual Goodness‐of‐Fit Test Notes:
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Lambda shape test

Pass

Alpha shape test

Pass

Log Pearson III Distribution

Visual Goodness‐of‐Fit Test Notes:

The log‐Pearson III applies to hydrologic 

frequency analysis only when the following 

shape tests pass
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EVI (Gumbel) Distribution

Visual Goodness‐of‐Fit Test Notes:
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GEV (General Extreme Value) Distribution

Visual Goodness‐of‐Fit Test Notes:
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EVIII (Weibull) Distribution

Visual Goodness‐of‐Fit Test Notes:

0.9999
0.9 0.99950.9990.9950.990.980.950.8

0.66670.50.30.20.10.050.020.005
0.001

0.00050.0001 0.01
‐510

‐10

490

990

1490

1990

2490

M
ax
im

u
m
 V
al
u
e

Non‐exceedance probability

EVIII (Weibull) Distribution Graph

Observations

EVIII (Weibull) Distribution

Upper Confidence interval (95%)

Lower Confidence interval (95%)
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Gamma Distribution

Visual Goodness‐of‐Fit Test Notes:
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Choose Significance Level (alpha) : 5%

Test: All events on record

1) Anderson‐Darling Test (1952)

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% A2 Hypothesis Rank (1 = best fit)

Normal 1.929 2.502 3.907 1.325 Accept H0 9

Lognormal 1.929 2.502 3.907 0.218 Accept H0 1

Lognormal III 1.929 2.502 3.907 0.242 Accept H0 4

Exponential 1.929 2.502 3.907 2.734 Reject H0 10

Pearson III 1.929 2.502 3.907 0.240 Accept H0 3

Log Pearson III 1.929 2.502 3.907 0.234 Accept H0 2

Gumbel 1.929 2.502 3.907 0.252 Accept H0 5

GEV 1.929 2.502 3.907 0.256 Accept H0 6

Weibull 1.929 2.502 3.907 1.002 Accept H0 8

Gamma 1.929 2.502 3.907 0.333 Accept H0 7

*Critical values based on values calculated by EasyFit Software

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% Dn Hypothesis Rank (1 = best fit)

Normal 0.165 0.183 0.220 0.092 Accept H0 9

Lognormal 0.165 0.183 0.220 0.064 Accept H0 3

Lognormal III 0.165 0.183 0.220 0.078 Accept H0 6

Exponential 0.165 0.183 0.220 0.184 Reject H0 10

Pearson III 0.165 0.183 0.220 0.070 Accept H0 4

Log Pearson III 0.165 0.183 0.220 0.076 Accept H0 5

Gumbel 0.165 0.183 0.220 0.057 Accept H0 1

GEV 0.165 0.183 0.220 0.079 Accept H0 7

Weibull 0.165 0.183 0.220 0.087 Accept H0 8

Gamma 0.165 0.183 0.220 0.060 Accept H0 2

Numerical Tests

2) Kolmogorov‐Smirnov Test (1933)
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Least Squares Ranking

Distribution Type: Standard Error Rank

Normal 113 9

Lognormal 58 5

Lognormal III 51 3

Exponential 121 10

Pearson III 55 4

Log Pearson III 50 2

Gumbel 70 6

GEV 47 1

Weibull 92 8

Gamma 78 7

‐ For a detailed description of the Numerical Goodness of Fit Tests 

please refer to Section 4.3 of the Frequency Analysis Procedure for 

Stromwater Design Manual

‐ For guidance on choosing the significance level value please refer to 

Section 2.2.2.6 of the Frequency Analysis Procedure for Stromwater 

Design Manual

NOTES
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NOTES

Return Period of Interest (Years) 92

Distribution Type 3.13

Corresponding Value 95.1

Sampling and Distribution Uncertainty

Distribution Uncertainty  ±Normal

891 Total Uncertainty  ±

5 Sampling Uncertainty at (95%) Confidence Interval  ±

‐ Select the distribution type and a return period based on the preferred curve from the Summary Sheet.

‐ The sample uncertainty, distribution uncertainty and total uncertainty for the value will be displayed on the right. 

‐ For more information regarding uncertainty please refer to Section 4.4 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ The plot below displays all the distributions input in the Frequency Analysis Input Tab
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Pearson Type III Distribution

Log Pearson Type III Distribution

Gumbel Distribution

GEV Distribution

Weibull Distribution

Gamma Distribution

User Defined Distribution
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A‐D Test  K‐S Test Least Squares Ranking BIC AIC

9 9 9 9.00 9

1 3 5 3.00 1

4 6 3 4.33 5

10 10 10 10.00 10

3 4 4 3.67 3

2 5 2 3.00 1

5 1 6 4.00 4

6 7 1 4.67 6

8 8 8 8.00 8

7 2 7 5.33 7

User Defined 

Gumbel

GEV

Weibull

Gamma

Summary Sheet

Spearman Rank Order Correlation Coefficient

Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Wald‐Wolfowitz Test (The runs test)

No Significant Trend at 0.05 Significance Level

No Jump at 0.05 Significance Level

No Jump at 0.05 Significance Level

Test

Anderson Test

Spearman Rank Order Correlation Coefficient

Wald‐Wolfowitz Test for Independence

Tests for Homogeneity

Initial Statistical Tests: Project Information

Result

Tests for Stationarity

Project Name:

Project Description:

Location:

Test

Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Terry Test

Test

Rocky View County

Test

Grubbs and Beck Test for Outliers

Are any high outliers present?

Normal

Lognormal

Lognormal III

Exponential

Numerical Goodness‐of‐fit Tests Results

Average of RanksDistribution Type

Numerical Goodness‐of‐fit Tests 

from Hyfran 

(Input by user)

Test for Outliers Company Name:

Reviewed by:

Ranking from Numerical 

Tests

Numerical Goodness‐of‐fit Tests from Spreadsheet

Log Pearson III

Notes from Visual Goodness‐of‐fit Test

Pearson III

Ascension Development

Residential Development ‐ Dry Pond

Date:

Designed by:

Are and low outliers present?

Sample is Homogeneous at 0.05 Significance Level

Sample is Homogeneous at 0.05 Significance Level

Result

Data is independent at 0.05 Significance Level

Result

Data is independent at 0.05 Significance Level

Data is independent at 0.05 Significance Level

Result

No High Outliers Present

No Low Outliers Present

Tests for Independence

‐

LGN Consulting Engineering Ltd.

Luis Gerardo Narvaez

2020‐08‐22
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Instructions:

Magnitude Total Uncertainty (Upper Bound) Total Uncertainty (Lower Bound) From Formula Estimated

3330 #N/A

2670 #N/A

2410 #N/A

2190 #N/A The 1:500 year magnitue and uncertainty are interpolated from the adjacent values (1:200 and 1:1000)

1870 2660 2200 2195 2190

1650 2240

1450 1870

1200 1460

1010 1180

830 947

696 787

577 650

464 522

409 461

344 395

299 353

256 318

232 301

212 289

177 269

166 265

144 256

0.9990

5

3

2

Probability

10000

Distribution type chosen based on visual and numerical goodness‐of‐fit 

tests:

Selected Distribution and Results

‐ Based on the results of the numerical and visual goodness‐of‐fit tests presented above, choose the preferred distribution in the cell on the left
Log Pearson III

50

0.9999

500 0.9980

#N/A

#N/A

#N/A

200

100

0.9995

No warning

No warning

No warning

No warning

No warning

No warning

No warning

No warning

0.2000

0.1000

0.0500

Cumulative distribution function warning

No warning

0.0100

0.0050

0.0010

0.0005

0.0001

1.0101

1.005

1.0001

Errors and Warnings

*Total uncertainty is based on sampling uncertainty at ((95%) Confidence Interval) plus distribution uncertainty of Top 4 distributions (based on numerical goodness of fit tests)

32.3

If a warning is present, please check if hyfran output results were pasted correctly.  If 

hyfran results were pasted correctly the warning signifies that the Continuous 

Distribution Function (CDF) used in this workbook does not produce same output 

values as the input frequency analysis results, which in turn indicates that the 

numerical goodness‐of‐fit tests calculated by this spreadsheet for this distribution may 

be based on inaccurate numbers.  Another possible solution would be to use a 

different method of estimating the CDF parameters for example: method of weighted 

moments.
No warning

713

605

504
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357
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1090

195
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1.001

1.0005

1.0204 0.0200

0.9500

0.9000

0.8000

0.6667
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1.25

1.1111

1.0526

20

10

1.4286 0.3000

1060
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Return Period

0.9950

0.9900

0.9800
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1000

135

84.8

67.3

940

836

293

245

0.9999
0.9 0.99950.9990.9950.990.980.950.8

0.66670.50.30.20.10.050.020.0050.0010.00050.0001 0.01 0.998
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‐10
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Non‐exceedance probability

Log Pearson III Distribution Graph

Observations

Log Pearson III Distribution

Total Uncertainty Upper Bound

Total Uncertainty Lower Bound
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PROJECT INFORMATION SHEET

Project Name:

Project Description:

Location:

Date:

Designed by:

Company Name:

Reviewed by:

LGN Consulting Engineering Ltd.

‐

DFASCC
Data and Frequency Analysis Spreadsheet for the City of Calgary

Version 1.2 

Ascension Development

Residential Development ‐ Constructed Wetland

Rocky View County

2020‐08‐26

Luis Gerardo Narvaez

Clear Project 
Information Sheet
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NOTES

Index Date Value Empirical Probability of Non‐Exceedance Position for linear graph

1 1960 28310 0.138 0.353

2 1961 36220 0.899 0.671

3 1962 28010 0.120 0.342

4 1963 33230 0.736 0.585

5 1964 32480 0.663 0.557

6 1965 35120 0.826 0.626 Number of Data Entries 55

7 1966 34260 0.808 0.617 Maximum Value 51900

8 1967 27240 0.065 0.297 Minimum Value 26600

9 1968 30880 0.500 0.5 Average (Mean) Value 32000

10 1969 31500 0.554 0.518 Median Value 30900

11 1970 39010 0.935 0.703 Standard Deviation 4790

12 1971 28750 0.192 0.383 Variance 22900000

13 1972 33500 0.754 0.592 Variation coefficient (Cv) 0.15

14 1973 27890 0.101 0.329 Skewness coefficient (Cs) 2.37

15 1974 35810 0.862 0.647 Kurtosis  9.27

16 1975 26590 0.011 0.191 *Values assumed to be sample not full population

17 1976 30340 0.428 0.475

18 1977 29570 0.373 0.457

19 1978 34110 0.790 0.608

20 1979 29010 0.246 0.408

21 1980 32020 0.609 0.537 a = 0.4 Cunnane (1978)

22 1981 30480 0.464 0.488 k= rank of the even in question (in ascending order)

23 1982 27740 0.083 0.314 n= 55

24 1983 30170 0.409 0.469

25 1984 30390 0.446 0.482

26 1985 49710 0.971 0.755

27 1986 33760 0.772 0.6

28 1987 29430 0.337 0.443

29 1988 35260 0.844 0.636

30 1989 27130 0.047 0.275

31 1990 29550 0.355 0.45

32 1991 29390 0.319 0.437

33 1992 32780 0.699 0.57

34 1993 31670 0.591 0.531

35 1994 29280 0.301 0.43

36 1995 28330 0.156 0.364

37 1996 28770 0.210 0.392

38 1997 37410 0.917 0.686

39 1998 36150 0.880 0.658

40 1999 32880 0.717 0.577

41 2000 30030 0.391 0.463

42 2001 30770 0.482 0.494

43 2002 26910 0.029 0.245

44 2003 30890 0.518 0.506

45 2004 31500 0.572 0.525

46 2005 39870 0.953 0.725

47 2006 29270 0.283 0.423

48 2007 51880 0.989 0.809

49 2008 28580 0.174 0.374

50 2009 28900 0.228 0.4

51 2010 32700 0.681 0.563

52 2011 32250 0.645 0.55

53 2012 31140 0.536 0.512

54 2013 32220 0.627 0.543

55 2014 29240 0.264 0.415

Hydrologic Data Series Input

Empirical Probability of Non‐Exceedance (Plotting Position) based on: 

F(x(k)) = (k‐a)/ (n‐2a+1),  0 <=a<=0.5

Basic Characteristics

‐ This Spreadsheet is designed for a maximum of 1,000 entries (if more are required then formulas need to be adjusted)

‐ Input dataset must be based on uniform time distribution (i.e.: daily, weekly, monthly, yearly) and must not include multiple values for any of the time steps (duplicates 

highlighted in red)

‐ Input dataset must not have any missing cells of data (cells with "0" will be treated as having a value of 0)

‐ Only positive values should be used 

‐ Please refer to Section 2.2 of the Frequency Analysis Procedure for Stormwater Design Manual for Data Series Characteristics detailed descriptions.

Clear All Input Data
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Test for Trend: Choose Significance Level (alpha): 5%

1) Spearman Rank Order Correlation Coefficient

Spearman Correlation Coefficient: ‐0.002
Probability (P‐Value) that data is not correlated 0.49903

based on z 

When there are no ties in rankings: based on t

Spearman Correlation Coefficient: ‐0.002 T (Adjustment for ties) = 0.5

t‐distribution value ‐0.018 Standard Normal (z)= ‐0.016

Degrees of freedom  53 P ‐ value 0.494
0.986

Tests for Jump:
2) Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Index number of subsample divide 22

Number of values in sample 1     n1= 22

Number of values in sample 2     n2= 33

Total of Ranking in sample 1         R1= 620.5 Check Method 2 Test 2

Total of Ranking in sample 2         R2= ua= #VALUE!

U1= 368 358.5 ub= 358.5

z=  ‐0.0773

U2= 358.5 368

U (Minimum of U1 and U2)= 358.5

Standard Normal (z)= ‐0.077

P ‐ value 0.47

3) Wald‐Wolfowitz Test (The runs test)

Number of data greater than median N+ = 27

Number of data less than median  N‐ = 27

Total number of runs =  29

Mean = 28.0

Variance =  13.2

Standard Normal (z)= 0.1

P ‐ value 0.555

NOTES

Stationarity

No Significant Trend at 0.05 Significance Level

H0= Data has no trend

No Significant Trend at 0.05 Significance Level

‐ For a detailed description of the Stationarity Tests please refer to Section 2.2.2.1 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ For guidance on choosing the significance level value please refer to Section 2.2.2.6 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ The Wald‐Wolfowits and the Mann‐Whitney tests are valid only if the size of each sample meets or exceeds 20 values (cells will be highlighted in pink)

No Jump at 0.05 Significance Level

H0= Independent samples drawn from the same population (No Jump)

H0= Data represent sample of single independently distributed random 

variable (No Jump)

No Jump at 0.05 Significance Level
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Choose Significance Level (alpha): 5%

Mann‐Whitney Test for homogeneity (a.k.a. Mann‐Whitney U test)

Index number of subsample divide 28

Number of values in sample 1     n1= 28

Number of values in sample 2     n2= 27

Total of Ranking in sample 1         R1= 789.5 eck Method 2

Total of Ranking in sample 1         R2=

U1= 384 358.5

U2= 372.5 368

U (Minimum of U1 and U2)= 372.5

Standard Normal (z)= ‐0.093

P ‐ value 0.46

Terry Test

Index number of subsample divide 28

Total sample size 55

Subsample 1 (m) 28

Subsample 2 (n) 27

Standard Deviation = 3.654

Sum of ranks in first subsample c = 0.390

z =  0.107

P ‐ value 0.54

NOTES

Homogeneity

Sample is Homogeneous at 0.05 Significance Level

H0= There is homogeneity between samples with respect to probability of 

random drawing of a larger observation

Sample is Homogeneous at 0.05 Significance Level

H0= There is homogeneity between samples with respect to probability of 

random drawing of a larger observation
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Choose Significance Level (alpha): 5%

1) Spearman Rank Order Correlation Coefficient

Spearman Correlation Coefficient: ‐0.25

When there are no ties in rankings:

Spearman Correlation Coefficient: ‐0.25

t‐distribution value ‐1.88

Degrees of freedom  53

Student's t=

2) Wald‐Wolfowitz Test 

Statistic R 56200000000

Mean  56300000000

Variance 2.32E+16

Standard Normal (z)= ‐1.1

2) Anderson Test

Statistic r ‐0.148

Mean ‐0.019

Variance 0.018

Mean =

Standard Normal (z)= ‐1.0

Independence

Data is independent at 0.05 Significance Level

Data is independent at 0.05 Significance Level

H0= Data is independent

H0= Data is independent

H0= Data is independent

Data is independent at 0.05 Significance Level
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Significance Level (alpha):

1) High Outliers Assumption: logarithms of sample are normally distributed

Xh = exp (xmean+KnS)

K(n) =‐3.62201+6.2844N^1/4‐2.49835N^1/2+0.491436N^3/4‐0.037911N

K(n) = ‐0.9043+3.345*SQRT(log(n))‐0.4046log(n) for 5<n<150

Sample Size (n) = 55

K(n) = 2.80

K(n) for 5<n<150 =  2.80

Xh= 45900 <  Any value higher than Xh is considered a high outlier

Maximum Value 51900

High Outliers High Outlier May Be Present

2) Low Outliers

Xh = exp (xmean‐KnS)

K(n) =‐3.62201+6.2844N^1/4‐2.49835N^1/2+0.491436N^3/4‐0.037911N

K(n) = ‐0.9043+3.345*SQRT(log(n))‐0.4046log(n) for 5<n<150

Sample Size (n) = 55

K(n) = 2.80

K(n) for 5<n<150 =  2.80

Xh= 21900 <  Any value lower than Xh is considered a low outlier

Minimum Value 26600

Low Outliers No Low Outliers Present

Grubbs and Beck test for Outliers

Outliers
10%
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Choose Significance Level (alpha):

One Time Period Offset

Autocorrelation coefficient offset by one time period r(1) = ‐0.158

t‐distribution values for one time period offset t = ‐1.166

Two Time Periods Offset

Autocorrelation coefficient offset by two time periods r(2) = 0.081

t‐distribution values for two time periods offset t = 0.594

Dependent Dataset

Autocorrelation coefficient

5%

No Serial Correlation at 0.05 Significance Level

Instructions:

Compare the results of the autocorrelation tests for one time period offset and for the two time period offset.  One of the following 2 scenarios will result:

1. The finding for the one period time step is serially correlated, and the finding for the two time step is also serially correlated.  In this case, transposing the data series is 

unlikely to produce an independent data set suitable for frequency analysis.  In this case, other methods, such as the Monte Carlo simulation are necessary.

2. The finding for the one period time step is serially correlated, and the finding for the two time step is NOT serially correlated.  In this case, the data series should be 

transposed to produce an independent data set suitable for frequency analysis.  

No Serial Correlation at 0.05 Significance Level

H0 ‐ The data is not serially correlated 
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NOTES

Normal (Gaussian) type of distributions:

Normal Distribution:

Ascension Constructed Wetland

Results of the fitting

Normal (Maximum Likelihood)

Number of observations 55

Parameters

mu 32005.0909

sigma 4785.41839

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 4.98E+04 1.83E+03 4.62E+04 5.34E+04 1

2000 0.9995 4.78E+04 1.65E+03 4.45E+04 5.10E+04 0.94239

1000 0.999 4.68E+04 1.56E+03 4.37E+04 4.99E+04 0.91546

200 0.995 4.43E+04 1.35E+03 4.17E+04 4.70E+04 0.84631

100 0.99 4.31E+04 1.25E+03 4.07E+04 4.56E+04 0.81276

50 0.98 4.18E+04 1.15E+03 3.96E+04 4.41E+04 0.77611

20 0.95 3.99E+04 995 3.79E+04 4.18E+04 0.72114

10 0.9 3.81E+04 874 3.64E+04 3.99E+04 0.6723

5 0.8 3.60E+04 753 3.46E+04 3.75E+04 0.61315

3 0.6667 3.41E+04 675 3.27E+04 3.54E+04 0.55792

2 0.5 3.20E+04 645 3.07E+04 3.33E+04 0.5

1.4286 0.3 2.95E+04 689 2.81E+04 3.08E+04 0.4295

1.25 0.2 2.80E+04 753 2.65E+04 2.95E+04 0.38685

1.1111 0.1 2.59E+04 874 2.42E+04 2.76E+04 0.3277

1.0526 0.05 2.41E+04 995 2.22E+04 2.61E+04 0.27886

1.0204 0.02 2.22E+04 1.15E+03 1.99E+04 2.44E+04 0.22389

1.0101 0.01 2.09E+04 1.25E+03 1.84E+04 2.33E+04 0.18724

1.005 0.005 1.97E+04 1.35E+03 1.70E+04 2.23E+04 0.15369

1.001 0.001 1.72E+04 1.56E+03 1.42E+04 2.03E+04 0.08454

1.0005 0.0005 1.63E+04 1.65E+03 1.30E+04 1.95E+04 0.05761

1.0001 0.0001 1.42E+04 1.83E+03 1.06E+04 1.78E+04 3.8E‐15

Paste Normal Distribution Hyfran Output in Cell Below (A15)

Frequency Analysis Results Input

‐ This spreadsheet designed to accept the results of 10 specific Frequency Analysis outputs

‐ The input data must be in the same format as the output table from Hyfran  (either copied and pasted special as text in the top 

left cell of each yellow input box, or manually input as distribution results and hyfran calculated parameters in specified areas. 

‐ Input dataset must be complete (only one method of estimation per distribution type)

‐ Refer to Section 3.3.1 and 3.3.2 of the Frequency Analysis Procedures for Stormwater Design Manual  for guidance when 

choosing methods of estimation 

‐ Refer to Section 3.3.2 Table 3.1 of the Frequency Analysis Procedures for Stormwater Design Manual  for a description of each 

distribution type and its limitations

‐ An additional 11th Frequency Analysis output can be copied into the last input box. This output will be displayed in the visual 

goodness of fit tab, however no numerical goodness of fit tests will be performed on it. 

Clear All Input Data
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Lognormal Distribution:

Ascension Constructed Wetland

Results of the fitting

Lognormal (Maximum Likelihood)

Number of observations 55

Parameters

mu 10.364374

sigma 0.132262

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 5.19E+04 2.62E+03 4.67E+04 5.70E+04 1

2000 0.9995 4.90E+04 2.23E+03 4.46E+04 5.34E+04 0.94239

1000 0.999 4.77E+04 2.06E+03 4.37E+04 5.18E+04 0.91546

200 0.995 4.46E+04 1.66E+03 4.13E+04 4.78E+04 0.84631

100 0.99 4.31E+04 1.49E+03 4.02E+04 4.61E+04 0.81276

50 0.98 4.16E+04 1.32E+03 3.90E+04 4.42E+04 0.77611

20 0.95 3.94E+04 1.08E+03 3.73E+04 4.15E+04 0.72114

10 0.9 3.76E+04 9.08E+02 3.58E+04 3.93E+04 0.6723

5 0.8 3.54E+04 7.37E+02 3.40E+04 3.69E+04 0.61315

3 0.6667 3.36E+04 626 3.23E+04 3.48E+04 0.55792

2 0.5 3.17E+04 566 3.06E+04 3.28E+04 0.5

1.4286 0.3 2.96E+04 563 2.85E+04 3.07E+04 0.4295

1.25 0.2 2.84E+04 590 2.72E+04 2.95E+04 0.38685

1.1111 0.1 2.68E+04 647 2.55E+04 2.80E+04 0.3277

1.0526 0.05 2.55E+04 702 2.41E+04 2.69E+04 0.27886

1.0204 0.02 2.42E+04 765 2.27E+04 2.57E+04 0.22389

1.0101 0.01 2.33E+04 806 2.17E+04 2.49E+04 0.18724

1.005 0.005 2.26E+04 842 2.09E+04 2.42E+04 0.15369

1.001 0.001 2.11E+04 910 1.93E+04 2.29E+04 0.08454

1.0005 0.0005 2.05E+04 934 1.87E+04 2.24E+04 0.05761

1.0001 0.0001 1.94E+04 981 1.75E+04 2.13E+04 3.8E‐15

Paste Lognormal Distribution Output from Hyfran in Cell Below (A57)
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Lognormal III Distribution

Ascension Constructed Wetland

Results of the fitting

3‐parameter lognormal (Maximum Likelihood)

Number of observations 55

Parameters

m 25460.7519

mu 8.581705

sigma 0.635841

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 8.22E+04 1.88E+04 4.53E+04 1.19E+05 1

2000 0.9995 6.87E+04 1.24E+04 4.43E+04 9.30E+04 0.94239

1000 0.999 6.35E+04 1.02E+04 4.36E+04 8.35E+04 0.91546

200 0.995 5.29E+04 5.98E+03 4.12E+04 6.46E+04 0.84631

100 0.99 4.89E+04 4.58E+03 3.99E+04 5.79E+04 0.81276

50 0.98 4.52E+04 3.40E+03 3.85E+04 5.18E+04 0.77611

20 0.95 4.06E+04 2.15E+03 3.64E+04 4.49E+04 0.72114

10 0.9 3.75E+04 1.43E+03 3.47E+04 4.03E+04 0.6723

5 0.8 3.46E+04 909 3.28E+04 3.63E+04 0.61315

3 0.6667 3.25E+04 639 3.12E+04 3.37E+04 0.55792

2 0.5 3.08E+04 482 2.98E+04 3.17E+04 0.5

1.4286 0.3 2.93E+04 368 2.86E+04 3.00E+04 0.4295

1.25 0.2 2.86E+04 319 2.80E+04 2.92E+04 0.38685

1.1111 0.1 2.78E+04 273 2.73E+04 2.84E+04 0.3277

1.0526 0.05 2.73E+04 260 2.68E+04 2.78E+04 0.27886

1.0204 0.02 2.69E+04 272 2.64E+04 2.74E+04 0.22389

1.0101 0.01 2.67E+04 292 2.61E+04 2.72E+04 0.18724

1.005 0.005 2.65E+04 316 2.59E+04 2.71E+04 0.15369

1.001 0.001 2.62E+04 3.71E+02 2.55E+04 2.69E+04 0.08454

1.0005 0.0005 2.61E+04 3.93E+02 2.53E+04 2.69E+04 0.05761

1.0001 0.0001 2.60E+04 4.38E+02 2.51E+04 2.68E+04 3.8E‐15

Paste Lognormal III Distribution Output from Hyfran in Cell Below (A99)
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Exponential and Pearson type of distributions:

Exponential Distribution

Ascension Constructed Wetland

Results of the fitting

Exponential (Maximum Likelihood)

Number of observations 55

Parameters

alpha 5515.37037

m 26489.7205

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 7.73E+04 6.90E+03 6.38E+04 9.08E+04 1

2000 0.9995 6.84E+04 5.69E+03 5.73E+04 7.96E+04 0.94239

1000 0.999 6.46E+04 5.17E+03 5.44E+04 7.47E+04 0.91546

200 0.995 5.57E+04 3.96E+03 4.79E+04 6.35E+04 0.84631

100 0.99 5.19E+04 3.44E+03 4.51E+04 5.86E+04 0.81276

50 0.98 4.81E+04 2.92E+03 4.23E+04 5.38E+04 0.77611

20 0.95 4.30E+04 2.24E+03 3.86E+04 4.74E+04 0.72114

10 0.9 3.92E+04 1.72E+03 3.58E+04 4.26E+04 0.6723

5 0.8 3.54E+04 1.20E+03 3.30E+04 3.77E+04 0.61315

3 0.6667 3.25E+04 8.17E+02 3.09E+04 3.42E+04 0.55792

2 0.5 3.03E+04 516 2.93E+04 3.13E+04 0.5

1.4286 0.3 2.85E+04 273 2.79E+04 2.90E+04 0.4295

1.25 0.2 2.77E+04 184 2.74E+04 2.81E+04 0.38685

1.1111 0.1 2.71E+04 120 2.68E+04 2.73E+04 0.3277

1.0526 0.05 2.68E+04 103 2.66E+04 2.70E+04 0.27886

1.0204 0.02 2.66E+04 100 2.64E+04 2.68E+04 0.22389

1.0101 0.01 2.65E+04 100 2.63E+04 2.67E+04 0.18724

1.005 0.005 2.65E+04 101 2.63E+04 2.67E+04 0.15369

1.001 0.001 2.65E+04 101 2.63E+04 2.67E+04 0.08454

1.0005 0.0005 2.65E+04 101 2.63E+04 2.67E+04 0.05761

1.0001 0.0001 2.65E+04 101 2.63E+04 2.67E+04 3.8E‐15

Paste Exponential Distribution Output from Hyfran in Cell Below (A142)
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Pearson Type III Distribution

Ascension Constructed Wetland

Results of the fitting

Pearson type III (Conditional maximum likelihood)

Number of observations 55

Parameters

alpha 0.000225

lambda 1.455958

m 26590

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 7.30E+04 6.51E+03 6.02E+04 8.58E+04 1

2000 0.9995 6.55E+04 5.35E+03 5.50E+04 7.60E+04 0.94239

1000 0.999 6.23E+04 4.85E+03 5.28E+04 7.18E+04 0.91546

200 0.995 5.47E+04 3.69E+03 4.75E+04 6.19E+04 0.84631

100 0.99 5.14E+04 3.20E+03 4.51E+04 5.77E+04 0.81276

50 0.98 4.81E+04 2.71E+03 4.28E+04 5.34E+04 0.77611

20 0.95 4.36E+04 2.07E+03 3.96E+04 4.77E+04 0.72114

10 0.9 4.02E+04 1.60E+03 3.70E+04 4.33E+04 0.6723

5 0.8 3.66E+04 1140 3.44E+04 3.89E+04 0.61315

3 0.6667 3.40E+04 828 3.24E+04 3.56E+04 0.55792

2 0.5 3.17E+04 589 3.05E+04 3.28E+04 0.5

1.4286 0.3 2.96E+04 424 2.88E+04 3.04E+04 0.4295

1.25 0.2 2.87E+04 361 2.80E+04 2.94E+04 0.38685

1.1111 0.1 2.78E+04 289 2.72E+04 2.84E+04 0.3277

1.0526 0.05 2.73E+04 230 2.69E+04 2.78E+04 0.27886

1.0204 0.02 2.70E+04 1.53E+02 2.67E+04 2.73E+04 0.22389

1.0101 0.01 2.68E+04 8.18E+01 2.66E+04 2.70E+04 0.18724

1.005 0.005 2.67E+04 N/D   N/D N/D 0.15369

1.001 0.001 2.66E+04 N/D   N/D N/D 0.08454

1.0005 0.0005 2.66E+04 N/D   N/D N/D 0.05761

1.0001 0.0001 2.65E+04 N/D   N/D N/D 3.8E‐15

Paste Pearson III Distribution Output from Hyfran in Cell Below (A184)
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Log‐Pearson Type III Distribution

Ascension Constructed Wetland

Results of the fitting

Log‐Pearson type III (Méthode SAM)

Number of observations 55

Parameters

alpha 20.686089

lambda 1.385115

m 4.434232

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 8.52E+04 3.39E+04 N/D N/D 1

2000 0.9995 7.07E+04 2.13E+04 N/D N/D 0.94239

1000 0.999 6.52E+04 1.70E+04 N/D N/D 0.91546

200 0.995 5.40E+04 9.26E+03 N/D N/D 0.84631

100 0.99 4.98E+04 6.74E+03 N/D N/D 0.81276

50 0.98 4.58E+04 4.66E+03 3.67E+04 5.50E+04 0.77611

20 0.95 4.11E+04 2.59E+03 3.60E+04 4.61E+04 0.72114

10 0.9 3.77E+04 1.56E+03 3.46E+04 4.08E+04 0.6723

5 0.8 3.46E+04 1.08E+03 3.25E+04 3.67E+04 0.61315

3 0.6667 3.24E+04 920 3.06E+04 3.42E+04 0.55792

2 0.5 3.06E+04 746 2.92E+04 3.21E+04 0.5

1.4286 0.3 2.91E+04 405 2.83E+04 2.99E+04 0.4295

1.25 0.2 2.85E+04 324 2.79E+04 2.92E+04 0.38685

1.1111 0.1 2.79E+04 633 N/D N/D 0.3277

1.0526 0.05 2.76E+04 978 N/D N/D 0.27886

1.0204 0.02 2.74E+04 1340 N/D N/D 0.22389

1.0101 0.01 2.73E+04 1550 N/D N/D 0.18724

1.005 0.005 2.72E+04 1710 N/D N/D 0.15369

1.001 0.001 2.72E+04 1980 N/D N/D 0.08454

1.0005 0.0005 2.72E+04 2050 N/D N/D 0.05761

1.0001 0.0001 2.72E+04 2170 N/D N/D 3.8E‐15

Paste Log Pearson III Distribution Output from Hyfran in Cell Below (A226)
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Extreme Value type of distributions:

EVI (Gumbel) Distribution

Ascension Constructed Wetland

Results of the fitting

Gumbel (Maximum Likelihood)

Number of observations 55

Parameters

u 30136.1139

alpha 2912.67248

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 5.70E+04 3.01E+03 5.11E+04 6.29E+04 1

2000 0.9995 5.23E+04 2.52E+03 4.73E+04 5.72E+04 0.94239

1000 0.999 5.03E+04 2.31E+03 4.57E+04 5.48E+04 0.91546

200 0.995 4.56E+04 1.81E+03 4.20E+04 4.91E+04 0.84631

100 0.99 4.35E+04 1.60E+03 4.04E+04 4.67E+04 0.81276

50 0.98 4.15E+04 1.39E+03 3.88E+04 4.42E+04 0.77611

20 0.95 3.88E+04 1.12E+03 3.66E+04 4.10E+04 0.72114

10 0.9 3.67E+04 9.14E+02 3.49E+04 3.85E+04 0.6723

5 0.8 3.45E+04 710 3.31E+04 3.59E+04 0.61315

3 0.6667 3.28E+04 565 3.17E+04 3.39E+04 0.55792

2 0.5 3.12E+04 460 3.03E+04 3.21E+04 0.5

1.4286 0.3 2.96E+04 399 2.88E+04 3.04E+04 0.4295

1.25 0.2 2.88E+04 393 2.80E+04 2.95E+04 0.38685

1.1111 0.1 2.77E+04 415 2.69E+04 2.85E+04 0.3277

1.0526 0.05 2.69E+04 448 2.61E+04 2.78E+04 0.27886

1.0204 0.02 2.62E+04 493 2.52E+04 2.71E+04 0.22389

1.0101 0.01 2.57E+04 525 2.47E+04 2.67E+04 0.18724

1.005 0.005 2.53E+04 555 2.42E+04 2.64E+04 0.15369

1.001 0.001 2.45E+04 616 2.33E+04 2.57E+04 0.08454

1.0005 0.0005 2.42E+04 640 2.30E+04 2.55E+04 0.05761

1.0001 0.0001 2.37E+04 688 2.23E+04 2.50E+04 3.8E‐15

Paste EV Distribution Output from Hyfran in Cell Below (A269)
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GEV (General Extreme Value) Distribution

Ascension Constructed Wetland

Results of the fitting

GEV (Maximum Likelihood)

Number of observations 55

Parameters

alpha 2528.46323

k ‐0.235657

u 29805.391

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 1.13E+05 5.74E+04 N/D N/D 1

2000 0.9995 8.34E+04 2.95E+04 N/D N/D 0.94239

1000 0.999 7.37E+04 2.17E+04 N/D N/D 0.91546

200 0.995 5.65E+04 9.85E+03 N/D N/D 0.84631

100 0.99 5.08E+04 6.74E+03 3.76E+04 6.40E+04 0.81276

50 0.98 4.60E+04 4.46E+03 3.72E+04 5.47E+04 0.77611

20 0.95 4.07E+04 2.44E+03 3.59E+04 4.55E+04 0.72114

10 0.9 3.73E+04 1480 3.44E+04 4.02E+04 0.6723

5 0.8 3.44E+04 882 3.26E+04 3.61E+04 0.61315

3 0.6667 3.23E+04 613 3.11E+04 3.36E+04 0.55792

2 0.5 3.08E+04 462 2.99E+04 3.17E+04 0.5

1.4286 0.3 2.93E+04 354 2.87E+04 3.00E+04 0.4295

1.25 0.2 2.87E+04 315 2.80E+04 2.93E+04 0.38685

1.1111 0.1 2.79E+04 294 2.73E+04 2.85E+04 0.3277

1.0526 0.05 2.74E+04 306 2.68E+04 2.80E+04 0.27886

1.0204 0.02 2.69E+04 343 2.62E+04 2.75E+04 0.22389

1.0101 0.01 2.66E+04 377 2.58E+04 2.73E+04 0.18724

1.005 0.005 2.63E+04 4.12E+02 2.55E+04 2.71E+04 0.15369

1.001 0.001 2.59E+04 4.89E+02 2.49E+04 2.68E+04 0.08454

1.0005 0.0005 2.57E+04 5.19E+02 2.47E+04 2.67E+04 0.05761

1.0001 0.0001 2.54E+04 5.85E+02 2.43E+04 2.66E+04 3.8E‐15

Paste GEV Distribution Output from Hyfran in Cell Below (A311)
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EVIII (Weibull) Distribution

Ascension Constructed Wetland

Results of the fitting

Weibull (Maximum Likelihood)

Number of observations 55

Parameters

alpha 34167.7205

c 5.523027

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 5.11E+04 2.15E+03 4.69E+04 5.53E+04 1

2000 0.9995 4.93E+04 1.93E+03 4.55E+04 5.31E+04 0.94239

1000 0.999 4.85E+04 1.83E+03 4.49E+04 5.21E+04 0.91546

200 0.995 4.62E+04 1.57E+03 4.31E+04 4.93E+04 0.84631

100 0.99 4.51E+04 1.45E+03 4.22E+04 4.79E+04 0.81276

50 0.98 4.37E+04 1.32E+03 4.11E+04 4.63E+04 0.77611

20 0.95 4.17E+04 1.15E+03 3.94E+04 4.39E+04 0.72114

10 0.9 3.97E+04 1.02E+03 3.77E+04 4.17E+04 0.6723

5 0.8 3.72E+04 910 3.55E+04 3.90E+04 0.61315

3 0.6667 3.48E+04 876 3.30E+04 3.65E+04 0.55792

2 0.5 3.20E+04 917 3.02E+04 3.38E+04 0.5

1.4286 0.3 2.83E+04 1050 2.63E+04 3.04E+04 0.4295

1.25 0.2 2.60E+04 1150 2.38E+04 2.83E+04 0.38685

1.1111 0.1 2.27E+04 1280 2.02E+04 2.52E+04 0.3277

1.0526 0.05 2.00E+04 1380 1.73E+04 2.27E+04 0.27886

1.0204 0.02 1.69E+04 1450 1.40E+04 1.97E+04 0.22389

1.0101 0.01 1.49E+04 1470 1.20E+04 1.77E+04 0.18724

1.005 0.005 1.31E+04 1460 1.02E+04 1.60E+04 0.15369

1.001 0.001 9.78E+03 1390 7.07E+03 1.25E+04 0.08454

1.0005 0.0005 8.63E+03 1330 6.01E+03 1.12E+04 0.05761

1.0001 0.0001 6.45E+03 1190 4.11E+03 8.79E+03 3.8E‐15

Paste Weibull Distribution Output from Hyfran in Cell Below (A353)
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Gamma type of distributions:

Gamma Distribution

Ascension Constructed Wetland

Results of the fitting

Gamma (Maximum Likelihood)

Number of observations 55

Parameters

alpha 0.001689

lambda 54.068748

Quantiles

q = F(X) : non‐exceedance probability

T = 1/(1‐q)

T q XT Standard deviation Confidence interval (95%)

10000 0.9999 5.08E+04 2.24E+03 4.64E+04 5.52E+04 1

2000 0.9995 4.83E+04 1.95E+03 4.45E+04 5.21E+04 0.94239

1000 0.999 4.72E+04 1.82E+03 4.36E+04 5.07E+04 0.91546

200 0.995 4.43E+04 1.51E+03 4.14E+04 4.73E+04 0.84631

100 0.99 4.30E+04 1.37E+03 4.03E+04 4.57E+04 0.81276

50 0.98 4.16E+04 1.23E+03 3.92E+04 4.40E+04 0.77611

20 0.95 3.95E+04 1.04E+03 3.75E+04 4.15E+04 0.72114

10 0.9 3.77E+04 8.83E+02 3.60E+04 3.94E+04 0.6723

5 0.8 3.56E+04 733 3.42E+04 3.70E+04 0.61315

3 0.6667 3.37E+04 637 3.25E+04 3.50E+04 0.55792

2 0.5 3.18E+04 584 3.07E+04 3.30E+04 0.5

1.4286 0.3 2.96E+04 594 2.84E+04 3.08E+04 0.4295

1.25 0.2 2.83E+04 629 2.71E+04 2.95E+04 0.38685

1.1111 0.1 2.66E+04 700 2.52E+04 2.79E+04 0.3277

1.0526 0.05 2.52E+04 769 2.37E+04 2.67E+04 0.27886

1.0204 0.02 2.37E+04 847 2.20E+04 2.54E+04 0.22389

1.0101 0.01 2.28E+04 898 2.10E+04 2.45E+04 0.18724

1.005 0.005 2.19E+04 942 2.01E+04 2.38E+04 0.15369

1.001 0.001 2.02E+04 1030 1.82E+04 2.23E+04 0.08454

1.0005 0.0005 1.96E+04 1050 1.76E+04 2.17E+04 0.05761

1.0001 0.0001 1.84E+04 1110 1.62E+04 2.05E+04 3.8E‐15

Paste Gamma Distribution Output from Hyfran in Cell Below (A396)
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Visual Goodness of Fit

Normal Distribution

Visual Goodness‐of‐Fit Test Notes:
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Log Normal Distribution

Visual Goodness‐of‐Fit Test Notes:
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Log Normal III Distribution

Visual Goodness‐of‐Fit Test Notes:
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Exponential Distribution

Visual Goodness‐of‐Fit Test Notes:
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Pearson III Distribution

Visual Goodness‐of‐Fit Test Notes:
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Lambda shape test

Pass

Alpha shape test

Pass

Log Pearson III Distribution

Visual Goodness‐of‐Fit Test Notes:

The log‐Pearson III applies to hydrologic 

frequency analysis only when the following 

shape tests pass
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EVI (Gumbel) Distribution

Visual Goodness‐of‐Fit Test Notes:
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GEV (General Extreme Value) Distribution

Visual Goodness‐of‐Fit Test Notes:
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EVIII (Weibull) Distribution

Visual Goodness‐of‐Fit Test Notes:
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Gamma Distribution

Visual Goodness‐of‐Fit Test Notes:
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Choose Significance Level (alpha) : 5%

Test: All events on record

1) Anderson‐Darling Test (1952)

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% A2 Hypothesis Rank (1 = best fit)

Normal 1.929 2.502 3.907 2.830 Reject H0 9

Lognormal 1.929 2.502 3.907 1.683 Accept H0 6

Lognormal III 1.929 2.502 3.907 0.146 Accept H0 2

Exponential 1.929 2.502 3.907 1.776 Accept H0 7

Pearson III 1.929 2.502 3.907 1.273 Accept H0 5

Log Pearson III 1.929 2.502 3.907 1.172 Accept H0 4

Gumbel 1.929 2.502 3.907 0.436 Accept H0 3

GEV 1.929 2.502 3.907 0.109 Accept H0 1

Weibull 1.929 2.502 3.907 4.944 Reject H0 10

Gamma 1.929 2.502 3.907 2.016 Accept H0 8

*Critical values based on values calculated by EasyFit Software

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% Dn Hypothesis Rank (1 = best fit)

Normal 0.165 0.183 0.220 0.137 Accept H0 8

Lognormal 0.165 0.183 0.220 0.101 Accept H0 5

Lognormal III 0.165 0.183 0.220 0.042 Accept H0 2

Exponential 0.165 0.183 0.220 0.154 Accept H0 9

Pearson III 0.165 0.183 0.220 0.113 Accept H0 7

Log Pearson III 0.165 0.183 0.220 0.088 Accept H0 4

Gumbel 0.165 0.183 0.220 0.067 Accept H0 3

GEV 0.165 0.183 0.220 0.039 Accept H0 1

Weibull 0.165 0.183 0.220 0.221 Reject H0 10

Gamma 0.165 0.183 0.220 0.113 Accept H0 6

Numerical Tests

2) Kolmogorov‐Smirnov Test (1933)
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Least Squares Ranking

Distribution Type: Standard Error Rank

Normal 2371 9

Lognormal 2017 7

Lognormal III 1065 4

Exponential 1240 5

Pearson III 1020 3

Log Pearson III 957 2

Gumbel 1775 6

GEV 910 1

Weibull 3637 10

Gamma 2108 8

‐ For a detailed description of the Numerical Goodness of Fit Tests 

please refer to Section 4.3 of the Frequency Analysis Procedure for 

Stromwater Design Manual

‐ For guidance on choosing the significance level value please refer to 

Section 2.2.2.6 of the Frequency Analysis Procedure for Stromwater 

Design Manual

NOTES
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NOTES

Return Period of Interest (Years) 1450

Distribution Type 275

Corresponding Value 1730

Sampling and Distribution Uncertainty

Distribution Uncertainty  ±Normal

36000 Total Uncertainty  ±

5 Sampling Uncertainty at (95%) Confidence Interval  ±

‐ Select the distribution type and a return period based on the preferred curve from the Summary Sheet.

‐ The sample uncertainty, distribution uncertainty and total uncertainty for the value will be displayed on the right. 

‐ For more information regarding uncertainty please refer to Section 4.4 of the Frequency Analysis Procedure for Stormwater Design Manual

‐ The plot below displays all the distributions input in the Frequency Analysis Input Tab
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Weibull Distribution

Gamma Distribution

User Defined Distribution

151 of 1 Company Name: LGN Consulting Engineering Ltd.



The City of Calgary Water Resources

Data and Frequency Analysis Spreadsheet for the City of Calgary ‐ Version 1.2 ‐ February 2014
2020‐08‐27

A‐D Test  K‐S Test Least Squares Ranking BIC AIC

9 8 9 8.67 9

6 5 7 6.00 6

2 2 4 2.67 2

7 9 5 7.00 7

5 7 3 5.00 5

4 4 2 3.33 3

3 3 6 4.00 4

1 1 1 1.00 1

10 10 10 10.00 10

8 6 8 7.33 8

User Defined 

Log Pearson III

Notes from Visual Goodness‐of‐fit Test

Pearson III

Ascension Development

Residential Development ‐ Constructed Wetland

Date:

Designed by:

Are and low outliers present?

Sample is Homogeneous at 0.05 Significance Level

Sample is Homogeneous at 0.05 Significance Level

Result

Data is independent at 0.05 Significance Level

Result

Data is independent at 0.05 Significance Level

Data is independent at 0.05 Significance Level

Result

High Outlier May Be Present

No Low Outliers Present

Tests for Independence

‐

LGN Consulting Engineering Ltd.

Luis Gerardo Narvaez

2020‐08‐26

Test for Outliers Company Name:

Reviewed by:

Ranking from Numerical 

Tests

Numerical Goodness‐of‐fit Tests from Spreadsheet

Test

Grubbs and Beck Test for Outliers

Are any high outliers present?

Normal

Lognormal

Lognormal III

Exponential

Numerical Goodness‐of‐fit Tests Results

Average of RanksDistribution Type

Numerical Goodness‐of‐fit Tests 

from Hyfran 

(Input by user)

Rocky View County

Summary Sheet

Spearman Rank Order Correlation Coefficient

Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Wald‐Wolfowitz Test (The runs test)

No Significant Trend at 0.05 Significance Level

No Jump at 0.05 Significance Level

No Jump at 0.05 Significance Level

Test

Anderson Test

Spearman Rank Order Correlation Coefficient

Wald‐Wolfowitz Test for Independence

Tests for Homogeneity

Initial Statistical Tests: Project Information

Result

Tests for Stationarity

Project Name:

Project Description:

Location:

Test

Mann‐Whitney Test for jump (a.k.a. Mann‐Whitney U test)

Terry Test

Test

Gumbel

GEV

Weibull

Gamma
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Instructions:

Magnitude Total Uncertainty (Upper Bound) Total Uncertainty (Lower Bound) From Formula Estimated

113000 #N/A

83400 #N/A

73700 #N/A

65500 #N/A

56500 #N/A 65500 65475 66600

50800 65100

46000 55600

40700 46100

37300 40600

34400 36400

32300 33800

30800 31900

29300 30100

28700 29500

27900 28600

27400 28300

26900 28000

26600 27900

26300 27700

25900 27600

25700 27500

25400 27500

24900

24200

23900

35300

34000

27200

26500

36500

36400

Return Period

0.9950

0.9900

0.9800

2000

1000

1.0005

1.0204 0.0200

0.9500

0.9000

0.8000

0.6667

0.5000

1.25

1.1111

1.0526

20

10

1.4286 0.3000

23300

If a warning is present, please check if hyfran output results were pasted correctly.  If 

hyfran results were pasted correctly the warning signifies that the Continuous 

Distribution Function (CDF) used in this workbook does not produce same output 

values as the input frequency analysis results, which in turn indicates that the 

numerical goodness‐of‐fit tests calculated by this spreadsheet for this distribution may 

be based on inaccurate numbers.  Another possible solution would be to use a 

different method of estimating the CDF parameters for example: method of weighted 

moments.
No warning

32400

30800

29700

28500

27900

#N/A

#N/A

25900

25400

1.001

No warning

No warning

No warning

No warning

CDF based on parameters does not match Pearson III  distribution

No warning

No warning

No warning

0.2000

0.1000

0.0500

Cumulative distribution function warning

No warning

0.0100

0.0050

0.0010

0.0005

0.0001

1.0101

1.005

1.0001

Errors and Warnings

*Total uncertainty is based on sampling uncertainty at ((95%) Confidence Interval) plus distribution uncertainty of Top 4 distributions (based on numerical goodness of fit tests)

0.9995

0.9990

5

3

2

Probability

10000

Distribution type chosen based on visual and numerical goodness‐of‐fit 

tests:

Selected Distribution and Results

‐ Based on the results of the numerical and visual goodness‐of‐fit tests presented above, choose the preferred distribution in the cell on the left
GEV
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To: LGN Consulting Engineering City: Calgary

From: Rainwater Management

Date:

Project City: Calgary

Re: Ascension Lands - SF-1 Designation: OGS

Revision: 0

Sizing Estimate Package

Engineering Information:

1)   Particle Size Distribution: 85% removal of the ETV particle size distribution *

2)   Site Criteria and Results:

Drainage 

Area 

(ha)

Total

Imperviousness

(%)

RWM Model

Avg. Net Annual 

TSS % Removal 

Estimate

Avg. %

Rainfall 

Volume

Treated

8.50 43% 3035-6 95% 91%

3)   EPA SWWM Design Criteria:

Flow 

(l/s)

Slope

(%)

Imperv./Perv.

Depression

Storage (mm)

Imperv./Perv.

Manning's n

Min/Max

Infiltration Rate

(mm/hr)

Decay

Rate

Daily

Evaporation 

Rate (mm)

595 2% 1.6/3.2 0.015/0.25 75/7.5 0.00115 2.54

Design Parameters:

1)

2)

3)

4) Max. nominal pipe sizes reflect, or in part, City of Calgary Max. Pipe Sizes In Round Manholes (Rev 2)

* ETV particle size distribution utilized, or in part, shown on Page 9.

28-Aug-20

The unit for this project has been designed to remove a minimum  85% TSS annually for every year on 

record from a minimum 90 % of the total runoff volume over the period of record. This is based on the 

requirements defined in the City of Calgary.

This unit provides removal for small, frequent storm events that represent the majority of annual rainfall 

volume and pollutant load. Treatment continues for large, infrequent events; however, such events have 

little impact on the average annual TSS removal as they represent a small percentage of the total runoff 

volume and pollutant load.

The peak flows will be conveyed through the unit without re-suspending the previously trapped pollutants. 

The sediment storage sump is separate from the high flow area.

Max. inlet and outlet pipe diameter for 180 Deg. pipe configuration is 1050mm/1050mm (Conctete/PVC) 

and for 90 Deg. pipe configuration is 750mm/750mm.

502-1952 Kingsway Ave, Port Coquitlam, BC V3C 6C2   p: 778-846-7246   f: 604-676-2601  
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City of Calgary Checklist: 

7)

8)

9)

10)

Drainage 

Area 

(ha)

Conversion

Factor

Agv. Annual

Precipitation

(mm)

Total

Imperviousness

(%)

Avg. % 

Volume 

Treated

as per p.8 

Avg. Volume 

Treated

(m3)

8.50 10 400 43% 91% 13,342

Avg. 

Volume 

Treated

(m3)

Avg. Removal 

Efficiency

as per p.8 

Sediment 

Concentration

(kg/m3)

Avg. Annual 

Sediment 

Removed 

(kg)

RWM Model

Sump 

Capacity

(kg)

Sump 

Capacity

Condition

13,342 95% 0.444 5,650 6,367 Condition Met

11)

RWM 

Model

Manhole 

Diameter

(mm)

Max Hydraulic 

Loading  Rate 

(l/s/m2)

Allowable 

Treatable Flow 

(l/s)

Allowable 

Treatment 

Flow

Condition
3035-6 1,830 27 71.0 Condition Met

12)

13)

The unit is designed to operate in free flow conditions but can also handle submerged or backwater 

conditions. This condition is met.

Items a and b are covered in the attached tables. Item c is covered in requirement 10 above. These 

conditions are met.

A product guide is enclosed. This condition is met.

The unit will treat a minimum 90 % of the total runoff volume over the period of record. This condition is 

met.

The unit has a minimum annual TSS removal rate of 85 % for each and every year. This condition is

met.

Average volume treated = Area x Conversion Factor x Avg. Annual Precipitation x Total Imperviousness 

x Avg. Volume Treated from Page 8.

Average annual sediment removed = Avg. Volume Treated x Avg. Removal Efficiency from Page 8 x 

Sediment Concentration.

The allowable treatment flow:

502-1952 Kingsway Ave, Port Coquitlam, BC V3C 6C2   p: 778-846-7246   f: 604-676-2601  

e: pete@rainwatermanagement.ca 2 of 9



Sizing Summary:

Kind Regards,

Peter Law P.Eng.

The unit is a hydrodynamic separator that combines screening and enhanced gravity settling to remove 

floating, neutrally buoyant and non-buoyant solids from stormwater runoff.  The non-blocking screen 

captures 100% of the pollutants equal to the screen aperture size (2400 microns) and larger.  All non-

buoyant solids are directed to a sump that separates the captured pollutants from the treatment flow path 

to prevent the larger storm events from re-suspending previously trapped material. The floatable debris 

and oil/grease are trapped upstream of the baffle for easy removal.

The unit can be installed as a bend structure and can accommodate multiple inlets.

Maintenance is a key to any systems proper long-term effectiveness. The unit allows for easy access 

without confined space requirements. Rainwater Management is available to train a maintenance crew or 

to provide regular inspection/maintenance services. 

Rainwater Management is happy to provide further information if required.

This report confirms that the above stormwater unit is designed to the manufacturer’s specifications to 
meet the design criteria.

Permit to Practice

Rainwater Management Ltd.

Permit Number P11426

The unit can operate with no drop between the inlet and outlet; however, can accommodate a drop 

without issue. The typical 0.03m drop through City of Calgary manholes can easily be accommodated 

and any drop (if any) will be reflected in the approval drawing.
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Flow l/s 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 Flow l/s

1 73 49 62 51 106 129 80 59 74 87 82 94 1

2 364 181 115 198 200 376 208 159 257 291 167 280 2

3 218 187 210 200 347 436 289 194 220 299 351 274 3

4 116 178 152 177 285 484 168 182 244 436 228 199 4

5 234 117 128 300 535 722 454 147 198 366 226 239 5

6 451 136 95 217 350 615 170 83 321 394 236 501 6

7 139 182 94 281 185 368 352 141 189 325 114 278 7

8 215 156 213 325 324 535 317 54 186 378 458 159 8

9 62 62 90 275 246 275 368 149 185 307 180 62 9

10 133 70 137 268 167 506 367 165 70 241 304 402 10

11 113 150 150 186 189 76 224 113 153 186 149 297 11

12 126 43 126 205 331 207 332 81 84 208 84 82 12

13 136 137 91 316 179 271 314 44 225 272 44 45 13

14 97 48 0 97 99 144 444 96 146 289 98 95 14

15 156 156 53 207 106 314 207 104 156 523 158 205 15

16 56 224 57 56 170 164 0 112 221 165 54 56 16

17 59 176 117 177 120 181 59 59 296 410 0 240 17

18 190 0 65 65 316 62 253 315 380 380 64 126 18

19 0 65 65 0 68 533 0 66 398 201 135 66 19

20 141 70 70 140 72 277 212 142 0 138 69 68 20

22 608 148 454 226 219 305 153 76 151 309 304 448 22

25 765 513 428 504 435 344 173 408 84 423 164 344 25

30 1587 198 290 495 595 713 884 95 582 399 0 898 30

40 1066 1232 111 1235 665 2215 544 374 793 694 369 1064 40

50 329 1433 459 1599 469 499 2084 461 482 601 653 160 50

60 198 381 579 966 196 0 363 0 758 1499 376 197 60

75 0 1200 490 0 978 460 723 218 231 0 263 251 75

100 617 935 680 585 0 1462 0 0 0 0 948 897 100

214 0 1017 0 760 0 964 0 370 528 400 403 400 214

328 0 1018 0 788 1031 0 0 0 0 0 1908 0 328

442 0 0 0 0 0 1229 0 0 0 0 1261 0 442

556 0 0 0 0 0 0 0 0 0 0 0 0 556

670 0 0 0 0 0 0 0 0 0 0 0 0 670

670 + 0 0 0 0 0 0 0 0 0 0 0 0 670 +

Total 

Runoff
8247 10461 5581 10898 8982 14867 9742 4467 7612 10221 9849 8428

Total 

Runoff

Annual Runoff/Year in Cubic Meters Annual Runoff/Year in Cubic Meters

4 of 9



1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 Flow l/s

116 95 77 97 92 79 137 76 98 95 123 56 101 1

287 294 174 272 287 281 308 150 196 335 280 178 261 2

344 288 216 315 317 241 339 199 343 236 282 112 192 3

265 233 175 272 317 374 433 179 198 341 224 316 266 4

146 340 247 300 319 258 386 64 232 321 223 83 338 5

217 298 318 140 333 294 242 120 195 392 234 79 325 6

489 211 136 468 371 304 520 182 213 402 278 185 420 7

183 240 264 157 243 242 428 106 219 211 270 53 243 8

154 248 368 341 153 152 277 187 152 302 397 124 209 9

342 68 166 203 309 413 238 103 275 235 271 104 134 10

187 260 115 228 225 227 304 112 340 190 230 228 77 11

366 81 83 285 250 368 493 82 328 294 120 165 40 12

136 45 92 90 137 44 266 0 272 223 268 88 176 13

48 245 148 344 292 191 393 0 146 628 247 143 49 14

154 0 104 153 311 157 574 160 51 363 0 159 209 15

503 336 56 113 163 227 498 56 223 279 55 223 383 16

176 176 122 60 177 176 419 60 0 176 296 413 177 17

125 192 64 126 64 375 629 0 126 188 63 0 189 18

265 132 0 0 134 66 267 0 134 131 134 68 201 19

0 280 139 138 210 69 281 0 70 139 70 0 283 20

0 531 0 225 224 304 446 153 309 230 374 302 381 22

421 673 176 251 339 163 514 254 592 603 342 86 257 25

1149 678 508 306 295 680 474 605 497 958 492 91 868 30

1268 730 933 679 778 864 1528 618 949 773 1477 768 859 40

668 316 164 152 1502 339 325 330 1229 627 470 463 461 50

183 185 379 0 587 394 374 386 1181 2278 187 376 597 60

250 447 1168 250 436 258 0 479 939 937 0 0 0 75

629 0 0 278 0 1161 0 643 891 322 318 311 0 100

1983 0 1240 809 0 374 382 0 0 455 1198 0 0 214

0 0 0 0 0 0 0 0 0 0 0 0 0 328

0 0 0 0 0 0 0 0 0 0 0 0 0 442

0 0 0 0 0 0 0 0 0 0 0 0 0 556

0 0 0 0 0 0 0 0 0 0 0 0 0 670

0 0 0 0 0 0 0 0 0 0 0 0 0 670 +

11053 7622 7632 7052 8864 9073 11474 5303 10400 12664 8923 5171 7699
Total 

Runoff

Annual Runoff/Year in Cubic MetersAnnual Runoff/Year in Cubic Meters
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1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Flow l/s

100 93 94 115 163 92 70 112 97 103 100 149 73 1

322 218 212 342 261 355 201 372 290 304 371 243 265 2

274 260 230 305 541 256 325 383 289 237 232 751 168 3

250 175 192 115 253 108 167 276 245 356 472 378 269 4

209 330 207 196 243 342 128 559 385 446 489 385 258 5

121 196 138 316 195 195 201 319 158 197 258 237 329 6

392 569 114 143 333 208 161 254 789 419 374 499 235 7

242 445 187 190 166 214 189 190 540 602 192 236 187 8

306 534 218 61 184 187 183 151 352 150 91 307 95 9

170 171 267 66 208 104 306 171 103 170 372 137 863 10

74 187 77 303 153 192 187 227 262 150 546 224 191 11

124 82 290 251 166 121 122 209 206 410 167 292 249 12

134 137 269 138 134 269 320 90 225 0 443 264 136 13

48 145 146 244 196 98 96 342 195 146 390 142 196 14

158 260 212 260 52 104 53 467 208 206 155 107 53 15

110 110 224 167 54 223 166 283 56 0 114 54 277 16

240 240 238 118 118 120 0 295 119 60 236 0 359 17

126 0 127 187 0 126 126 189 125 0 497 64 318 18

65 67 199 464 201 269 201 270 200 66 0 66 401 19

0 282 142 142 0 68 0 418 69 142 352 0 415 20

368 152 150 147 443 454 292 302 152 79 72 0 156 22

341 501 343 340 423 515 668 337 683 497 0 413 165 25

0 826 573 1070 376 397 186 571 844 389 209 497 480 30

1125 751 1137 1401 673 739 1026 1340 989 360 0 252 1501 40

824 1783 493 754 151 528 812 961 331 628 0 634 811 50

403 1770 376 993 0 181 771 388 213 214 0 207 0 60

946 706 269 1150 921 217 972 489 1203 0 697 225 216 75

284 620 0 0 0 1263 299 322 294 0 0 0 345 100

1416 0 996 0 361 0 866 1168 0 812 1567 0 394 214

0 0 0 0 0 0 0 0 795 0 0 0 1047 328

0 0 0 0 0 0 0 0 0 0 0 0 0 442

0 0 0 0 0 0 0 0 0 0 0 0 0 556

0 0 0 0 0 0 0 0 0 0 0 0 0 670

0 0 0 0 0 0 0 0 0 0 0 0 0 670 +

9173 11608 8121 9979 6970 7947 9095 11456 10417 7143 8395 6764 10453
Total 

Runoff

Annual Runoff/Year in Cubic MetersAnnual Runoff/Year in Cubic Meters
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

92 118 124 77 103 105 95 95 79 92 114 63

279 435 184 137 254 200 215 212 263 286 321 286

344 321 264 326 387 347 263 280 250 296 303 229

336 441 409 372 212 252 191 274 186 286 503 142

348 324 147 213 193 275 268 181 250 247 579 289

339 781 234 120 273 339 200 155 280 445 479 236

257 648 210 164 210 281 135 190 240 254 524 187

162 643 267 303 134 376 107 300 189 161 408 359

366 59 302 217 181 644 149 90 90 274 335 31

373 276 171 136 169 335 308 380 68 366 408 135

191 151 74 298 222 190 185 228 188 188 223 37

292 247 207 287 248 211 246 167 167 165 250 167

180 176 135 135 224 311 273 268 175 182 274 134

97 199 341 48 98 340 198 343 98 343 243 98

420 106 512 210 51 157 314 359 0 208 315 51

168 164 171 55 57 167 109 165 57 275 167 56

116 0 176 120 356 235 120 533 236 119 178 178

126 0 315 190 248 63 127 126 62 0 192 188

266 0 135 199 0 134 135 135 135 201 0 65

211 72 69 72 72 0 139 210 211 70 141 0

223 76 381 149 149 223 224 525 524 378 298 0

773 862 409 85 257 424 169 83 675 521 175 0

1074 304 412 768 302 300 509 895 397 690 396 93

2423 1451 685 371 586 704 121 1627 1029 1213 2011 115

479 0 928 317 150 459 314 179 939 836 641 0

828 1584 381 392 408 414 0 0 611 638 582 202

1710 246 526 0 224 1225 701 1920 468 1515 0 769

949 0 280 949 0 585 1748 2130 281 0 306 588

807 787 1102 0 875 361 490 0 2073 1013 914 708

0 0 0 862 0 0 0 2586 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 2312 0 0

0 0 0 0 0 0 0 0 0 0 0 0

14229 10471 9549 7571 6642 9658 8053 14635 10219 13572 11278 5406

Annual Runoff/Year in Cubic Meters
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Year Removal Year Treated

1960 96% 1960 100%

1961 93% 1961 81%

1962 93% 1962 100%

1963 95% 1963 86%

1964 96% 1964 89%

1965 95% 1965 85%

1966 95% 1966 100%

1967 97% 1967 92%

1968 96% 1968 93%

1969 97% 1969 96%

1970 94% 1970 64%

1971 95% 1971 95%

1972 95% 1972 82%

1973 97% 1973 100%

1974 95% 1974 84%

1975 97% 1975 89%

1976 96% 1976 100%

1977 95% 1977 96%

1978 97% 1978 97%

1979 94% 1979 100%

1980 94% 1980 100%

1981 95% 1981 96%

1982 96% 1982 87%

1983 96% 1983 100%

1984 97% 1984 100%

1985 95% 1985 85%

1986 94% 1986 100%

1987 96% 1987 88%

1988 95% 1988 100%

1989 96% 1989 95%

1990 94% 1990 100%

1991 94% 1991 90%

1992 96% 1992 90%

1993 96% 1993 92%

1994 97% 1994 89%

1995 98% 1995 81%

1996 97% 1996 100%

1997 96% 1997 86%

1998 94% 1998 94%

1999 96% 1999 92%

2000 96% 2000 88%

2001 95% 2001 89%

2002 97% 2002 87%

2003 95% 2003 96%

2004 94% 2004 94%

2005 93% 2005 82%

2006 95% 2006 80%

2007 95% 2007 76%

2008 96% 2008 92%
2009 94% 2009 87%

Average 95% Average 91%

TSS Removal Runoff Treated
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ETV Particle Size Distribution:

Particle Size Fraction

(um)
Percent

500-1000 5

250-500 5

150-250 15

100-150 15

75-100 10

50-75 5

20-50 10

8-20 15

5-8 10

2-5 5

<2 5
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