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EXECUTIVE SUMMARY 

Development in the Town of Pincher Creek is proceeding rapidly. In recent decades, 
much of this development has occurred in the northeast part of the Town. This area 
of the Town is part of a 444-ha (1100-acre) drainage catchment which flows into 
Pincher Creek in a meandering channel. Historically this channel crossed several 
private properties before discharging into the creek at a point roughly 800 m 
downstream from the Town limits (in the SW ¼ of Section 25-6-30W4). 
Development and rerouting of this drainage has, over the years, caused flooding 
concerns for the owners of property downstream (particularly in SW25-6-30W4 and 
SE26-6-30W4). 

In the mid-1990s, the part of the channel in SE26-6-30W4 was diverted and the 
outlet to the creek moved to a point roughly 100 m west of the Town limit (Range 
Road 30-1). This re-routing did not follow the existing channel alignment and was, in 
fact, constructed on an embankment as much as one metre higher than adjacent 
ground, causing ponding where low areas were blocked. No data was available 
regarding the design of this channel, but it did not appear adequate to discharge the 
high volumes of runoff from the more than 400 ha of land upstream.  

In 2005, the Town of Pincher Creek engaged MGCL to review the drainage for the 
entire catchment and recommend measures to control and treat runoff from present 
and future development in the catchment. The goals of this study were: 

- to protect Pincher Creek from the potentially deleterious effects of 
development in the upstream catchment, 

- to meet or exceed Alberta Environment guidelines for runoff discharge rate 
and quality and 

- to provide protection for downstream landowners (particularly SE26-6-30W4). 

In July 2005, MGCL released its preliminary findings to the Town. This report 
suggested a system of stormwater detention facilities to control the rate of runoff 
from the various developments proposed within the northeast catchment – including 
a large detention pond facility in a Town lot immediately upstream of SE26-6-30W4. 

In November 2005, MGCL began detailed design of the stormwater management and 
conveyance for the northeast catchment. Riparia Ltd. was engaged to perform 
detailed environmental design for the stormwater detention and provide input 
regarding the conveyance and discharge to the creek. The results of the detailed 
design are summarized below: 

- The 100-year return period peak runoff from the 444-ha catchment was 
predicted to be 5.6 m3/s. 

- The development within the catchment will likely increase the 100-year peak 
runoff rate to 10.5 m3/s and increase overall runoff volume by 32%. 

- To attenuate the increased peak flow and treat stormwater, MGCL and Riparia 
recommend a constructed wetland type facility. This facility reduces the 
volume of the permanent pools required versus a conventional wet pond. 

- The pond’s active storage capacity at the high water level (approximately 2.0 
m above the normal water level) is 111,840 m3. At this level, pond control 
structures will allow a peak outflow not exceeding 5.01 m3/s. It is predicted 
the 100-year outflow rate will be slightly less than this value – approximately 
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4.8 m3/s, which corresponds to a pond active storage volume of 110,800 
m3. 

- The pond provides enhanced water treatment. Frequent, lower-intensity 
inflows (2-year return or less) have a hydraulic retention time exceeding 5 
days. Wetland features also enhance removal of sediments and other 
pollutants. Removal of sediment exceeds Alberta Environments guideline of 
85% removal of sediment particles with sizes greater than 75 μm. 

- The pond is designed to provide habitat for native flora and fauna. 

- The outflow channel is designed to discharge the 100-year pond outflow while 
providing a freeboard of greater than 0.3 m above the water surface. This 
assumes a naturalized channel vegetation exceeding 0.9 m tall (cat-tails, long 
grasses, etc.) in the channel. 

- At the Town’s and landowner’s request, a culvert crossing is provided across 
the channel. The upstream ditch at this crossing provides 0.36 m of freeboard 
above the expected culvert headwater surface in the 100-year flow. 

- The outlet to Pincher Creek is designed to protect the channel from 
sedimentation while minimizing disturbance to the creek. Much of the outflow 
area will be populated with native vegetation (trees, grasses, shrubs, etc.) 

- All construction will employ erosion and sedimentation control at all stages to 
protect the environment from the effects of sedimentation. 

To provide guidance for developers within the cathcment, the ability of the upstream 
overland conveyance system to discharge runoff was reviewed. From this review, 
maximum release rates were assigned and volumes of detention storage required 
were estimated for the proposed developments within the catchment. These are 
summarized below. 

1. The 33-ha residential development south of Highway 507 (in the north half of 
Sec. 22-6-30W4) is assigned a unit release rate of 9.2 L/s/ha (this 
corresponds to maximum controlled discharge to the ditch downstream of 
0.34 m3/s). To detain runoff from residential development (estimated at 
55% impervious), an estimated 12,300 m3 of detention storage is required. 

2. The 66-ha residential development west of Highway 6 (SE27-6-30W4) is 
assigned a unit release rate of 9.2 L/s/ha (this corresponds to maximum 
controlled discharge to the ditch downstream of 0.6 m3/s). To detain runoff 
from residential development (estimated at 55% impervious), an estimated 
22,000 m3 of detention storage is required. 

3. The approximately 50 ha of industrial/commercial development in SW26-6-
30W4 (including the proposed Wal-Mart site) is assigned a unit release rate of 
60.0 L/s/ha. Control of flows will be required on a lot-by-lot basis. It must 
be noted that, due to existing land use agreements finalized prior to mid-
2005, certain lots in this area are permitted uncontrolled offsite overland 
drainage. 
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1.  PROJECT BACKGROUND 

The Town of Pincher Creek is undergoing rapid growth – particularly in an area 
known as the northeast catchment. This catchment, which is roughly 444 ha in gross 
area, includes fully-developed and developing areas within the Town boundary as 
well as range land both in the Town and in the adjoining Municipal District. The land 
forms a rough bowl with runoff from upland conveyed overland or directed through 
highway ditches to a meandering, roughly-defined natural channel (hereafter called 
the Northeast channel). The Northeast channel proceeds eastwards toward the 
Pincher Creek flood plain. In the past, the natural channel discharged into Pincher 
Creek approximately 400 m east of the town boundary in the Southwest Quarter of 
Section 25, Township 6, Range 30 West of the 4th Meridian. Figure 1 shows the 
location of this catchment and the historic path of the channel1. 

Over the years, landowners and municipal works have altered the course of the 
Northeast channel. First, construction of Range Road 30-1 along the east boundary 
of the Town diverted the channel south, discharging into the creek at a point just 
above a former low-level crossing which carried the road over the creek. Rerouting 
has also taken place on the private properties through which the channel flows. The 
most substantial work was undertaken by the Town of Pincher Creek in the mid-
1990s. Due to flooding complaints by the owners of the eastern remainder of SE26-
6-30W4, the Town constructed a diversion channel which carried runoff 
southeastward, discharging into Pincher Creek 100 m west of Range Road 30-1 – 
approximately 800 m upstream of the original discharge point. 

The new diversion channel did not follow the existing path of the existing channel. 
Part of the diversion was constructed on an embankment, raising the channel as 
much as 1.0 m above existing ground. This caused additional problems by creating 
trapped lows west of the embankment. No data is available to ascertain the rated 
capacity of this channel. However, flooding complaints have persisted - due to flows 
overtopping the channel banks and due to water being trapped behind the 
embankment. Figure 2 shows topography of the east remainder of SE26-6-30W4 as 
it exists2. 

Previous developments in northeast Pincher Creek have included a residential 
subdivision (11.9 ha), a shopping centre (9.1 ha) and several smaller commercial 
buildings (8.6 ha total). All of these developments were surface-drained (i.e. no 
underground storm sewer system) and very little infrastructure for management of 
runoff or improvement of water quality was constructed. Discharges from homes, 
buildings and parking lots were directed to the nearest street which, in turn, 
discharged into the ditches of Highway 507 or Highway 6 – eventually discharging 
into the Northeast channel. The additional impervious area and changes to the 
natural drainage have increased the amount of runoff from this catchment and, the 
peak runoff discharged across lowland properties adjoining the creek. 

In 2002, Martin Geomatic Consultants Ltd. (MGCL) was engaged to recommend ways 
to increase capacity to convey runoff in the ditches along Highway 6 north of 

                                          
1 Topography and surface features are from base mapping Copyright © 2005 
AltaLIS. Legal base in MD of Pincher Creek is Copyright © 2005 AltaLIS. Legal base 
for Town of Pincher Creek is Copyright © 2005 Town of Pincher Creek. 
2 Elevation contours were derived from ground surveys conducted by MGCL in 
February 2006. 
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Highway 507. This resulted in the construction of deeper ditches and new culverts 
along and under Highway 6 north to the Northeast Channel. However, MGCL was not 
asked to investigate further issues regarding capacity in the natural channel 
downstream. 

In 2005, the Town annexed lands north of Highway 507 and east and west of 
Highway 6. The lands east of Highway 6 were to be developed as a 
commercial/industrial subdivision which would include “big-box” retail (including a 
Wal-Mart department store), a hotel, and several light industrial lots. A parcel was 
also set aside for a possible beef processing facility. Other proposed developments in 
the northeast catchment would include 37 ha of single and multi-family residential 
south of Highway 507 and 66 ha of residential and highway commercial north of 
Highway 507 and west of Highway 6. 

The scale of the development proposed for this catchment and the previous flooding 
problems in the lowlands near the creek prompted the Town, in May 2005, to engage 
MGCL to devise a master drainage plan to mitigate the effects of the existing and 
forecast development on the environment and downstream properties. In June 2005, 
MGCL released a draft report which delineated the catchment boundaries, identified 
drainage features and patterns (both existing and proposed) and identified locations 
and preliminary sizes for three (3) stormwater management facilities: 

1. Facility A: a dry pond south of Highway 507. This pond will provide control for 
runoff from 37-ha of residential development. 

2. Facility B: a dry pond west of Highway 6, approximately 800 m north of 
Highway 507. This pond will provide control for the 66-ha 
residential/commercial development west of Highway 6. 

3. Facility C: a wet pond, constructed wetland or hybrid facility located in the 
northwest part of SE27-6-30W4 or the northeast part of SW26-6-30W4. This 
facility will control runoff from the upstream catchment and provide treatment 
for runoff. 

The July 2005 draft report provided the basis for further designs and discussions. 

In December 2005, MGCL were authorized to finalize detailed design and obtain 
approvals to construct the storm drainage system in the northeast catchment. On 
the advice of MGCL, Riparia Ltd. was engaged to provide a detailed concept of the 
main facility, provide detailed specifications for finished grading and planting and 
advice regarding design of the outlet to the creek. 
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2. METHODOLOGY 

General design methodology is consistent with the following documents: 

- Standards and Guidelines for Municipal Water, Wastewater and Storm 
Drainage Systems (Alberta Environment, January 2006), 

- Municipal Policies and Procedures Manual (Alberta Environment, April 2001). 

- Stormwater Management Guidelines for the Province of Alberta (Alberta 
Environment, January 1999). 

2.1. General Criteria 
To ensure proper and safe function and to comply with Alberta Environment 
guidelines, the proposed stormwater management facility will exceed the 
following minimum standards: 

- Overland flow velocities will be controlled to prevent erosion and sediment 
transport to ditches. 

- Side slopes in pond facilities will not exceed 5H:1V (20%) between high 
water level and 1.0 m below normal water level. 

- A minimum 0.8 m depth of permanent water will be provided above the 
top of outlet pipe for ice cover. 

- Under normal operating conditions (i.e., storms with a return period of 5 
years or less), forebays will be designed settle out suspended sediment of 
particle sizes from 40 μm to 150 μm. 

- The overall system will remove at least 85% of suspended sediment of 
particle size greater than or equal 75 μm.3  

In addition to the stormwater management design criteria described above, the 
pond, ditch, swales, wetlands and adjacent lands will be designed to take into 
account various environmental issues and opportunities, including the following: 

- If feasible, provide a higher rate of stormwater contaminant removal, 
exceeding Alberta Environment requirements (the proposed design would 
provide significantly higher loading reductions for TSS and nutrients). 

- Hydraulic retention time as required to meet water quality objectives 
under cool conditions (i.e., water temperature less than 5°C). 

- Ensure that through-flows of stormwater during discharge events do not 
result in re-suspension of sediments from the forebays. 

- Provide diverse and sustainable bird and amphibian habitats in the long 
term. 

- Consider drought effects on wetland vegetation; (the proposed design 
features relatively small permanent waterbodies for which the dry year 
runoff will be sufficient for recharge and throughflows, as well as large 
areas of temporary inundation that can accommodate greater volumes 
during wet years). 

 
3 Municipal Policies and Procedures Manual (Alberta Environment, April 2001), p.6-2 



MASTER DRAINAGE PLAN  Page 10 of 40 
FOR NORTHEAST PINCHER CREEK 

- The site is assumed to be connected to other natural areas via the 
proposed channel realignment to the east, providing potential value for 
terrestrial species; (the new channel to the east will be a “naturalized 
channel” in the long term). 

- The facility will provide graded terraces for pedestrian and safety access.  
These terraces will provide a route for pond maintenance, water quality 
monitoring and for safety rescue.  Access routes will be located above the 
1:5-year inundation water level. 

- Design of the ponds and wetlands will give consideration to public safety 
and accommodation of possible future nature park use. 

- The ponds and conveyances will provide erosion resistant overland flow 
routes for high flow routing. 

- Appropriate erosion and sediment control measures will be employed 
during construction (e.g., silt barriers and additional channel 
reinforcement). 

2.2. Computer Modeling 
The following computer models were used in this study. The reader should refer 
to specific literature for a detailed description of the models and their functions. 
All models used are accepted by Alberta Environment for stormwater 
management and drainage modeling. 

1. SWMM – The United States Environmental Protection Agency’s Stormwater 
Management Model (SWMM) version 5.0.007 was used for single-event and 
continuous analysis for volumetric sizing of detention facilities and for 
modeling the major and minor systems’ response to the design storm event. 

2. QHM – The Dalhousie University Centre for Water Resources’ Quality 
Hydrologic Model (QHM) version 3.1 was used in a continuous water-quality 
simulation to determine the total suspended solids (TSS) removal efficiency of 
the proposed detention facility. Although SWMM will perform water quality 
analysis, QHM is, in MGCL’s experience, the most commonly-used model for 
this in southern Alberta. 

2.3. Design Storms 

Modern stormwater management and design generally relies on both single-event  
analysis (i.e., one large, isolated storm based on an assumed rainfall distribution 
and historical data) and continuous modeling, using several years of historical 
data. Single-event analysis is usually used for the design of complex collection 
systems and is one method used for detention pond sizing. Continuous modeling 
is used for detention pond sizing and water-quality simulations. 

2.3.1. Single Event Analysis 

The Town of Pincher Creek uses a Chicago storm for single-event analysis and 
design. Time for the storm reach peak intensity was assumed to equal 0.3 
times the storm duration (time-to-peak ratio, r = 0.3). To construct the 
hyetograph, the following intensity-duration-frequency (IDF) curve equation 
is used: 

cbt
ai

)( +
=  
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where:  i is the predicted storm intensity in mm/hr at duration, t, in  
  minutes 
  a, b, c are parameters defining the shape of the IDF curve. 
 
Table 1 details the IDF parameters prescribed by the Town of Pincher Creek 
and the total runoff volumes resulting from these design storms: 
 

Table 1 - IDF Parameters for Pincher Creek4

For the design of Event used IDF Parameters Total 
Runoff  

  a b c (mm) 
Storm sewers (minor 
system) 

5-year return 
period 

238.42 2.000 0.62514 43.4 

Overland flows, retention 
pond 

24-hour duration, 
100-year return 
period 

441.42 2.162 0.6272 106.9 

 

Figure 2 shows graphically the hyetographs prescribed in Lethbridge. These 
were used for single-event analysis.  
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Figure 3 - Chicago Hyetographs for Pincher Creek 

2.3.2. Continuous Modeling 

Single-event modeling, while useful for determining the effectiveness of 
conveyances for discharging extreme rainfall events, does not adequately 

                                          
4 Town of Pincher Creek Stormwater Management Design Standards (UMA 
Engineering Ltd., March 1994) 
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account for antecedent conditions. Therefore, for determining catchment 
discharge rates, sizing the stormwater management facility and determining 
its efficiency at removing suspended solids, continuous hourly rainfall data 
from the Canadian Meteorologic Service was used. Records were available for 
27 years of rainfall data for the years 1965 to 1993 (excluding 1989). It must 
be noted that this precipitation was rainfall only. Snowfall and snowmelt were 
not simulated in this analysis. 
 
For sizing the detention facility, annual maximum volumes for each year of 
record were determined using SWMM. These maxima were then plotted 
against the following statistical distributions: 
- the Normal distribution, 
- the Log-Normal distribution, 
- the Extreme-Value Type I (or Gumbel) distribution, 
- the Log-Gumbel distribution, 
- the Pearson Type III distribution, 
- the Log-Pearson Type III distribution. 
 
The distribution best fit the data (based on the square of the correlation 
coefficient, R), was then used to predict a maximum volume for a return 
period of 100-years. The larger of this value and that obtained from the 
single-event analysis was used to size the pond. 

2.4. Modeling Predevelopment Flows 
Hydrologic analysis is probabilistic in nature and an accurate estimate of runoff 
resulting from a storm over a catchment is dependent on accurate data 
describing the type and amount of development, topography, land use and soil 
condition in the catchment. In any hydrologic model (whether computer models 
or hand calculation is used), estimates of hydrologic parameters require 
calibration with measured data. In the case of the subject catchment, useful 
calibrated data is largely unavailable. MGCL is unaware of any flow monitoring 
equipment in any upstream conveyances or any rain gauges in the catchment. 

In assessing the response of the catchment prior to development, consideration 
was given to the following: 

- surface elevation contours, 

- knowledge of subsurface soil conditions from borehole logs, 

- observation of agricultural practices in the area. 

2.5. Infiltration and Abstractions for Pervious Areas 

Infiltration of precipitation into the soil was modeled using the Mein-Larson 
formulation of the Green-Ampt equation. For details of these equations and how 
SWMM computes losses due to soil infiltration, the appropriate manual should be 
consulted. 

As part of this Master Drainage Plan, MGCL retained the geotechnical services of 
EBA Engineering Ltd. of Lethbridge. According to EBA, soils in this are lacustrine 
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clay with silt lenses5. Given this, the SWMM manual suggests the following values 
for soil infiltration parameters6: 

- Soil Hydraulic Conductivity (Ks) = 0.01” (0.25 mm) 

- Soil Suction Head (Ψ) = 12.8” (325 mm) 

- Initial Moisture Deficit (IMD)7 = 0.21 

Depression storage for pasture land is estimated at 0.2” or 5.0 mm8. 

Due to a lack of available pan evaporation values (normals or historical data), 
evaporation was neglected in this model.  

2.6. Modeling Assumptions 
The following assumptions were made for other parameters used to model the 
drainage for the Northeast Pincher Creek development: 

Table 2 - Model Design Assumptions 
 
Parameter Assumed Value Reference 

Catchment Width (W) Catchment Area/Longest Flow Path 
Length 

SWMM Manual9

Depression Storage 
(d) 

d = 0.77S-0.49 [in mm] 
where S is average catchment slope 
in per cent (%) 

SWMM Manual10

Per cent impervious 
surface (directly 
connected) 

Predevelopment: 0% 
Residential: 55% 
Industrial/Commercial: 85% 

City of Calgary11

Manning’s roughness 
(n) 

Impervious: 
Concrete or PVC pipe = 0.013 
Paved surfaces = 0.015 
Pervious areas: 
Predevelopment = 0.15 
Post-development = 0.03 (worst-
case) 

HEC-2212

                                          
5 Geotechnical Evaluation – Stormwater Retention Facility, Pincher Creek, Alberta 
(EBA Engineering Ltd., February 2006), p. 6. 
6 “Green-Ampt Infiltration Parameters from Soils Data” (W.J. Rawls, D.L. Brakensiek, 
N. Miller, Journal of Hydraulic Engineering, V. 109, N. 1, January 1983), pp. 62-70. 
7 User’s Guide to SWMM – 10th Edition (W. James, W.C. Huber, L.E. Rossman, R.E. 
Dickinson, R.E. Pitt, W.R.C. James, L.A. Roesner, J.A. Aldrich, ©2005 Computational 
Hydraulics International, Guelph, ON) p.116. 
8 Design & Construction of Urban Stormwater Management Systems (©1992 
American Society of Civil Engineers, New York, NY) 
9 James et al. (2005) p. 145. 
10 James et al. (2005) p. 150. 
11 Stormwater Management and Design Guidelines (City of Calgary, December 2000) 
p. 3-23. 
12 Urban Drainage Design Manual HEC-22 (United States Department of 
Transportation – Federal Highway Administration, Washington, DC, USA, August 
2001) 
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2.7. Flow Control 
Flow through the orifice is governed by the depth of water ponded at the catch 
basin (generally measured above the orifice’s centerline). The following equation 
is used to determine flow through an orifice13: 

gHACQ xd 2=   

where: Q is the flow through the orifice in m3/s 
  Cd is the discharge coefficient of the orifice (assumed = 0.6) 
  Ax is the cross-sectional area of the orifice hole in m2 
  g is gravitational acceleration (assumed = 9.81 m/s2) 
  H is the head (depth of ponding) at the orifice centerline in m 

2.8. Spillway 

A spillway will be provided to allow higher to be discharged. Spillway capacity is 
assumed to be governed by the following weir equation14: 

5.1
pspbHCQ =  

where: Q is the discharge through the “control section” (approximately, the  
  crest) of the spillway in m3/s 
  Csp is the spillway discharge coefficient – 1.44 is assumed15 
  b is the width of the spillway bottom in m 
  Hp is the effective head on the spillway in m (assumed equal to   
  spillway depth for this calculation)  

2.9. Culvert Hydraulics 
Due to the complexity and variety of flow regimes that exist at highway culverts, 
numerous methods are employed to estimate their capacity. Most common of 
these methods in North America was developed by the United States Department 
of Transportation (USDOT) Federal Highway Administration (FHWA)16. 

2.10. Open Channel Design 
To ensure the open channels as designed are stable and not prone to erosion 
during design flow events, methodology developed by the FHWA17 was used. 

2.11. Water Quality Modeling 

As part of MGCL’s due diligence in analyzing the performance of the constructed 
wetland, a continuous water quality simulation was conducted to check the 
pond’s performance in removing suspended solids from storm runoff. As stated, 
this simulation was performed using QHM software and 27 years of continuous 
rainfall data for Pincher Creek. 

                                          
13 HEC-22, p. 8-20. 
14 HEC-22, p. 8-32. 
15 HEC-22, p. 8-34. 
16Hydraulic Design of Highway Culverts, HDS-5SI (United States Department of 
Transportation – Federal Highway Admininistration, September 1985). 
17 Design of Roadside Channels with Flexible Lining, HEC-15SI (United States 
Department of Transportation – Federal Highway Admininistration, April 1988). 
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2.11.1. Pervious Abstractions and Losses in QHM 
It must be noted that QHM does not use the Green-Ampt infiltration equation 
specified by the City of Lethbridge. For determining abstraction losses for 
pervious areas (including depression storage and infiltration), the Soil 
Conservation Service (SCS) “Curve Number” method is used18. This method 
assigns a dimensionless curve number (CN) to a given pervious area based on 
soil classification, moisture in the soil, foliage, ground treatment, and other 
factors. The curve number can vary between 0 (no runoff) to 100 (completely 
impervious). For Pincher Creek, CN=80 is assumed, given the following soil 
conditions for the northeast part of Pincher Creek assumed on the basis of 
historical data and borehole logs: 
 
- Antecedent moisture condition (AMC) II (e.g. neither drought or wet 
conditions) 

- Good pasture/range land 

- Soil is hydrologic soil group D (expansive clay, low permeability) 

Using the SCS method, an initial abstraction (Ia) is calculated which includes 
losses due to depression storage. This value is calculated using the following 
equations: 

25425400
−=

CN
S  

SI a 2.0=  

where:  S is the potential soil retention in mm 
  CN is the curve number 

2.11.2. Determining TSS Load in Runoff 
To determine the sediment (TSS) load in the runoff, pollutant buildup (the 
deposition of dust and dirt over the development during dry periods) and 
washoff (the flushing of sediment into the drainage system during rain 
events) are simulated. Table 3 details the equations and parameters used. 

2.11.3. Suspended Sediment Removal 

In QHM, the assumed mechanism for removal of suspended solids is 
settlement of particles. The effectiveness of the pond in removing sediment 
depends on the amount of time runoff is detained (which is governed by the 
volumetric size of the facility), allowing particles to settle. To satisfy Alberta 
Environment guidelines, the pond should remove at least 85% of particles 
with a size greater than or equal 75 μm. The distribution of sediment sizes 
and their theoretical settling velocities predicted in stormwater runoff are 
shown in Table 4. 
 
 
 
 
 
 

                                          
18 Urban Hydrology for Small Watersheds (Soil Conservation Service tech. rel. no. 
55, United States Department of Agriculture, Washington, DC, 1972). 
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Table 3 - TSS Buildup and Washoff19

 
Pollutant buildup follows a “power-linear” curve of the form: 
Buildup=A(CatchmentArea)tB with the following parameters 
 Impervious Surfaces Pervious Surfaces 
Time elapsed before start 
of simulation (initial 
accumulation) 

30 days 30 days 

Maximum Accumulation 
(Coefficient A) 

1000 kg/ha 1000 kg/ha 

Buildup Rate (Coefficient 
B) 

3 kg/ha per day 3 kg/ha per day 

Pollutant washoff follows a rating curve of the form Washoff = P⋅(Runoff)E with the 
following parameters: 
 Impervious Surfaces Pervious Surfaces 
Washoff Coefficient (P) 3,390 per m3 1,700 per m3

Washoff Exponent (E) 1.0 1.0 
 

 
Table 4 - Sediment Particle Size Distribution and Settling Velocities20

 
Particle Size 
(μm) 

Size Fraction Settling Velocity 
(m/s) 

<5 2.8% 0.000 000 7 

5-10 1.2% 0.000 002 5 

10-20 1.2% 0.000 008 

20-75 5.8% 0.000 025 

>75 89% 0.000 5 

2.12. Analysis of Upstream Conveyance 

As part of this study, analysis of the upstream catchment’s conveyance is 
required. From this analysis, runoff release rates will be fixed for upstream 
development. As noted, there is no underground storm sewer system in this 
catchment. Therefore, a review of the capacity of the existing ditches and 
culverts conveying runoff from the upland areas in the western portion of the 
catchment to the proposed stormwater management facility will be performed. 
From this, maximum release rates to these ditches will be set and rough sizing 
for upstream detention facilities in the proposed new developments will be set. 

It must be noted that the facility sizes are suggested and stormwater 
management plans detailing the design of these facilities must be submitted to 
the Town by the individual developers. 

 

                                          
19 Strathcona Development Area Sediment Control Analysis (J.N. McKenzie 
Engineering Ltd., 1990). 
20 Stormwater Management Practices Planning & Design Manual (Ontario Ministry of 
Environment, June 1994). 
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3. RESULTS 

This section describes the stormwater modeling performed and details the design of 
drainage features for the Northeast Pincher Creek catchment. 

3.1. Estimation of Predevelopment Runoff 

Based on commercially available contour mapping which was augmented by 
ground surveys conducted by MGCL between July 2005 and February 2006, the 
catchment was assumed to have a predevelopment gross area of 444.2 ha. The 
average slope across the catchment was estimated at 1.4%. The longest flow 
path in the catchment was estimated at 5.13 km. A SWMM model was coded 
based on these assumptions using continuous precipitation data from 1965 to 
1993. 

The peak runoff into Pincher Creek predicted from the model was 4.72 m3/s 
resulting from a storm event beginning 17 June 1975. The model indicates 7,505 
mm of rain fell on the catchment, of which 1,293 mm or 17.2% contributed to 
surface runoff. 

The results of a best-fit analysis of the predicted runoff from this simulation are 
shown in Table 5. 

Table 5 - Predevelopment Runoff Predicted by Continuous Simulation 
 

Return period (years) Predicted Peak Runoff 
Discharge (m3/s) 

2 1.4 
5 2.5 
10 3.3 
25 4.2 
50 4.9 
100 5.6 

 
Given the above, the peak event in the model likely corresponded to a return 
period of between 25 and 50 years. 

3.2. Developed Catchment Runoff 
Given the existing commercial and residential development south of Highway 507 
and east of Highway 6 and accounting for the proposed residential development 
in the far west end of the catchment south of Highway 507, the proposed 
residential development in the quarter-section north of Highway 507 and west of 
Highway 6 (SE27-6-30W4) and the proposed commercial/industrial development 
of the remainder of the quarter-section east of Highway 6 (SW26-6-30W4), the 
developed catchment is assumed to be 19.3% impervious. 

Given the above, the continuous SWMM model predicts a peak runoff discharge 
from this catchment of 10.46 m3/s from a storm beginning 4 May 1975. Over 
the period of record 7,505 mm of rain fell on the catchment, of which 2,524 mm 
or 33.6% contributed to surface runoff. Development in this catchment is 
predicted to increase the volume of runoff by approximately 195%.  

The results of a best-fit analysis of the predicted runoff from this simulation are 
shown in Table 6. 
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Table 6 - Developed Catchment Runoff 
 

Return period (years) Predicted Peak Runoff 
Discharge (m3/s) 

2 3.2 
5 5.3 
10 6.8 
25 8.9 
50 10.6 
100 12.5 

 

3.3. Stormwater Management Facility Design 

The stormwater management facility is to be located in the north half of a town 
land parcel (Block 1, Registered Plan 2060 JK) in the west part of SE26-6-30W4. 
The site selected forms a slight valley immediately upstream of where the 
existing channel empties into the lowlands adjacent to Pincher Creek. For this 
reason, land east of the east property line of Block 1, Plan 2060 JK was not 
assumed to contribute to discharge into the detention storage. Figure 3 shows 
the proposed catchment boundary and the selected location of the stormwater 
management facility. This catchment is estimated at 407.2 ha in gross area. The 
slope across the catchment is estimated at 1.4%. The longest flow path in the 
catchment is estimated at 3.6 km. Accounting for present and future 
development, the catchment is estimated to be 21% impervious. 

3.3.1. Control of Discharge from Upstream Catchment 
Given the above, the peak discharge from the continuous model is 11.5 m3/s 
(this increase is likely due to the change in catchment shape – the shorter 
flow path would tend to decrease the catchment’s response time to rainfall 
which would increase runoff rate). The results of a statistical best-fit analysis 
of the inflows to the proposed facility are shown in Table 7. 
 

Table 7 - Inflows Predicted to Pond Based on Return Period 
 

Return period (years) Predicted Peak Inflow 
(m3/s) 

2 3.5 
5 5.7 
10 7.3 
25 9.6 
50 11.4 
100 13.4 

 

Based on the above data, a constructed wetland system was designed to 
provide flow attenuation and treatment for the upstream flows prior to their 
conveyance across the remainder of SE26-6-30W4 and discharge into Pincher 
Creek. A plan of this facility is provided as Figure 4. 
 
The facility is designed to function as noted below: 

1. Lower-volume, more frequent flows are directed along the inlet 
channels to the spiral forebay, which has a permanent pool with a 
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normal water level (NWL) of 1116.0 m. Water then passes through a 
shallow biofilter zone. Water overtops a flow dispersion berm and 
discharges as sheet flow into the Lower Basin. 

2. As inflow discharge increases the forebay fills. The water levels in the 
upstream channel increase due to limited discharge capacity and a 
backwater condition created by rising water in the forebay. Eventually, 
water spills into the Upper Basin. 

3. Water in the Upper Basin eventually overtops a flow dispersion berm 
and discharges as sheet flow into the Lower Basin. 

4. Flows in the lower basin run over a “meadow” area, through an 
additional shallow wet biofilter zone and into the outlet pool. 

5. Low flows from the outlet pond are directed through a pipe and into an 
exfiltration bed in the outlet channel. As water levels in the pond rise, 
flows are directed through an orifice and into a pipe which discharges 
in the outflow channel. Higher flows will flow over a sandstone weir 
and into the overflow spillway – discharging into outlet channel. Table 
8 details the stage-discharge relationship proposed for this facility. 

 
Table 8 – Proposed Stage-Discharge Relationship 

 
Stage Elevation 
(m) 

Water 
Depth (m) 

Discharge 
(m3/s) 

Discharge 
Structure 

1115.50 (NWL) 0.00 0.00 Exfiltration Bed 
1115.75 0.25 0.01  
1116.00 0.50 0.01 Orifice 
1115.75 0.25 0.51  
1116.50 1.00 0.72  
1116.75 1.25 0.88  
1117.00 1.50 1.01 Weir & Spillway 
1117.25 1.75 2.48  
1117.50 (HWL) 2.00 5.05  
1117.75 2.25 8.35  

 
The stage-storage relationships for the various pond cells and the cumulative 
stage-storage volume relationship for the whole facility are shown on Figure 
5. Predicted outflow discharges and the resulting pond levels and volumes 
stored are shown in Table 9 for various return periods from 2 to 100 years. 
 

Table 9 - Pond Discharge, Depths and Volumes 
 
Return Period 
(years) 

Pond Discharge 
(m3/s) 

Pond depth above 
NWL (m) 

Volume stored 
above NWL (m3) 

2 1.2 1.55 67,800 
5 2.1 1.70 81,700 
10 2.8 1.80 91,400 
25 3.6 1.88 99,400 
50 4.2 1.97 108,700 
100 4.8 1.99 110,800 
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3.3.2. Water Quality Enhancement 
The constructed wetland is designed to provide enhanced treatment of 
influent runoff. Water quality modeling using QHM indicates the following 
overall removal efficiencies for sediments suspended in runoff entering the 
facility for the 27 year rainfall record, as detailed in Table 10. 
 

Table 10 - Predicted Sediment Removal Efficiencies 
Size 
Fraction 

Particle 
Size 

Quantity In Quantity 
Removed 

Quantity Out % 
Removed 

 mm kg kg kg  
1 <5 5.15 x 108 1.96 x 108 3.19 x 108 38% 
2 5-10 2.21 x 108 1.29 x 108 9.10 x 107 59% 
3 10-20 2.21 x 108 1.67 x 108 5.37 x 107 76% 
4 20-75 1.07 x 109 9.51 x 108 1.21 x 108 89% 
5 >75 1.64 x 1010 1.63 x 1010 8.25 x 107 99% 
All  1.84 x 1010 1.78 x 1010 6.54 x 108 96% 

 
The above model only accounted for treatment only by settling of particles. 
Further water quality enhancement is provided by the environmental design 
of the facility: 

1. The hydraulic retention time for frequent flows (return periods of 2 
years or less) exceeds five days. Studies21 indicate that increasing 
retention time increases the amount of various pollutants (solids, 
nutrients) removed from stormwater. 

2. Shallow biofilter zones allow for the growth of wetland vegetation, 
which provide additional treatment and filtering of influent. 

3. The design of the facility and the location of the forebay out of the 
path of high flows protects against re-suspension of settled particles. 

3.3.3. Wetland Enhancements 
In addition to its hydraulic and water quality improvement functions, the 
proposed facility is envisioned to provide habitat for various native flora and 
fauna. The proposed design includes at least 7 distinct habitats: native 
upland, mesic thickets and meadows, wet meadows and thickets, emergent 
marsh, submerged aquatic, open pond and stream. 
Although the area of the proposed facility is presently somewhat isolated from 
the Town’s residential population, its design does envision passive 
recreational and parkland uses in the future. 

3.4. Conveyance of Outflows to Pincher Creek 
Figure 2 shows the existing elevation contours in SE26-6-30W4. It must be 
noted that due to the historical re-routings of runoff across the east remainder of 
SE26-6-30W4 and the construction of Range Road 30-1, a drainage split 
presently occurs across SE26-6-30W4 with flow from the NE catchment directed 
southeastward into Pincher Creek via a raised channel. Runoff from east of the 
channel embankment is directed eastward through a culvert under Range Road 
30-1 and (presumably) continues east across SW25-6-30W4 and into Pincher 
Creek. Runoff in the low area west of the channel embankment and east of the 

                                          
21 Constructed Wetlands for Water Quality Improvement (B. Amell, A. Chu, J. White, 
June 2004) pp. 11-15. 

 



MASTER DRAINAGE PLAN  Page 21 of 40 
FOR NORTHEAST PINCHER CREEK 

valley slope likely ponds in this area, and eventually overflows southeast – 
parallel to the channel embankment. 

As part of the works proposed in this project, the Town proposes to reconstruct 
the diverted channel to better discharge flows from the upstream catchment 
while providing some protection for the owners of SE26-6-30W4 from flooding 
due to flows in the northeast channel. A plan of the proposed channel is provided 
as Figure 6. 

1. The channel will be realigned to, as much as is practical, eliminate the 
isolated trapped lows to the southwest. 

2. A road crossing of the channel, complete with culvert, will be provided. 

3. The channel and culvert will be sized to discharge the 100-year return period 
peak flow rate while allowing an additional 0.3 m of freeboard. A typical cross 
section of the channel is provided in Figure 6. The proposed culvert is to be a 
twin-barrel, 1400-mm diameter corrugated-steel pipe. Details of the proposed 
culvert crossing are shown on Figure 7. The hydraulic design of the culvert is 
provided in Appendix B. 

4. The design of the channel will account for growth of vegetation within its 
alignment. It is assumed that, as time passes, the channel will assume a 
natural character and that minimal maintenance (mowing, clearing) will be 
required. As such, the channel was assumed to have vegetation lining the bed 
and bank consistent with FHWA Retardance Class B or better22. This gives the 
channel bed a resistance to shear stress of 100.9 Pa. Maximum shear stress 
(due to 100-year flows) is not expected to exceed 16 Pa. Therefore, the bed 
will be stable in the 100-year return discharge. Roughness (Manning’s n) of 
the channel is assumed to be 0.075. 

5. When the clay base of the channel has been graded to within 0.15 m of 
design grade, it will be covered with 0.15 m of topsoil to match finished 
elevation and seeded with a local native grass mixture. To ensure channel 
stability until vegetation is established (roughly two growing seasons), 
suitable turf reinforcing mats (TRM) or riprap will be installed at locations 
where bottom shear stress resulting from the 2-year return flow exceeds 10 
Pa. Note that the channel roughness for the unvegetated earth bottom is 
assumed to be lower than for the fully vegetated channel – roughly 0.04. 

6. To facilitate maintenance when it is required, channel side slopes will not 
exceed 5H:1V (20%). 

3.5. Discharge to Pincher Creek 
Due to the major reconstruction of the channel, its discharge to Pincher Creek 
was also redesigned. The channel was deflected prior to discharge into the main 
channel of the creek. This reduced the likelihood of creek flows depositing 
sediment in the channel during high flows. Where the creek bank is disturbed by 
this installation, an 800-mm deep layer of Class 2 rock riprap will be placed. This 
is similar to the channel armour immediately downstream – where a former low-
level road crossing was removed from the creek. Further away from the bank, 
the vegetative lining will provide adequate protection from erosion. 

During construction, silt fencing will be provided across the entire channel 
immediately upstream of the proposed riprap armour to protect the creek from 

                                          
22 HEC-15, p. 129. 
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sedmintation. This silt fence will be maintained until vegetation in the channel is 
established. 

The proposed outlet to Pincher Creek is shown in Figure 8. 

3.6. Upstream Conveyance and Detention 

Given the discharges predicted from continuous modeling of the 444.2-ha pre-
development catchment, the following release rates per hectare of gross 
catchment area are predicted, as shown in Table 11. 

Table 11 - Unit Release Rates from Pre-development Runoff 
 

Return period 
(years) 

Predicted Peak 
Runoff Discharge 
(m3/s) 

Unit release rate 
(L/s/ha) 

2 1.4 3.1 
5 2.5 5.6 
10 3.3 7.4 
25 4.2 9.5 
50 4.9 11.0 
100 5.6 12.6 

 

As a minimum to comply Alberta Environment Guidelines, new developments 
must limit their discharge to below these rates. However, there are additional 
constraints on discharge from new developments relating to the capacities of 
conveyances downstream. Figure 9 shows the catchments for various developed 
areas, areas where development is proceeding or planned and areas which are 
planned to remain as rangeland. Also shown are the existing culverts under the 
mainline and accesses to Highway 6 and Highway 507 and their capacities and 
estimated catchment areas.  As can be seen on the plan, the lowest allowable 
release rates are for the culverts carrying the existing natural channel under 
Highway 6 and the Township Road north of SE26-6-30W4. Based on this, the 
recommended release rates for the lands proposed for development within the 
catchment area are as noted in Table 12. 

Table 12 - Recommended Maximum Release Rates for Development 
Subject Parcel Approximate Area 

to be Developed 
(ha) 

Estimated 
Detention 
Storage 
Required (m3) 

Maximum 
Allowable Release 
Rate (L/s/ha) 

Residential subdivisions 
south of Highway 507 (N 
½ of Sec. 22-6-30W4) 

37.0 12,300 9.2 

Residential/commercial 
subdivision, SE27-6-
30W4 

66.0 22,000 9.2 

Commercial/industrial 
subdivision in SW26-6-
30W4 

50.0 n/a 60.0 

 
Due to pre-existing land agreements between various private owners and the 
Town, some lots in SW26-6-30W4 with development agreements finalized prior 
to 2005 are permitted uncontrolled overland drainage to adjacent streets. All new 
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commercial/industrial lots will be required to control offsite flows to below 60.0 
L/s/ha using onsite detention storage. 
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4. RECOMMENDATIONS 

MGCL and Riparia offer the following recommendations regarding the stormwater 
management facilities for Northeast Pincher Creek. 

4.1. Forebay Liner Construction 

To ensure the pond retains water as required for proper function, a liner 
(compacted clay, geosynthetic or other method recommended by a geotechnical 
engineer) must be provided up to the permanent water level. This liner must 
have a permeability not exceeding 1.0 × 10-8 m/s. 

The liner must be installed as per the engineer’s recommendations so that it is 
continuous and infiltration to the surrounding soil does not exceed the rate noted 
above. The liner must be inspected by a qualified professional prior to filling the 
forebay to ensure it is continuous throughout the permanent pool. 

More detailed recommendations regarding earthworks for the pond are contained 
in the report: Geotechnical Evaluation – Stormwater Retention Facility, Pincher 
Creek, Alberta (EBA Engineering Ltd., February 2006). 

4.2. Pond Operation 

The following recommendations are intended to ensure the continued 
effectiveness of the pond for the period it is required. 

1. The amount of solids deposited in the pond should be monitored. A regular 
program of solids removal and disposal should be employed by the pond 
operator. 

2. The channels and control structure should be checked and trapped debris 
should be removed as required. This will help prevent blockage of the orifice 
and exfiltration trench – thereby ensuring proper function of the control 
structure. 

3. Although the pond is intended to provide habitat for plants and animals, any 
flora or fauna (fish, plants, etc…) introduced into the pond system should be 
native to the Pincher Creek area and not detrimental to the pond’s function or 
the downstream environment.  

4. Although the pond and channel are intended to naturalize over the years, 
some maintenance will be required – particularly during the first few seasons 
before the vegetation is properly established. Until establishment, the Town 
should ensure that permanent pools have adequate inflow during dry times to 
ensure water levels are adequate to maintain plant growth. Vegetation growth 
should be monitored and maintained with undesirable species controlled. 

5. Proper erosion and sedimentation control measures must be employed at all 
stages of construction within the catchment. 
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5. CLOSING 

Based on the data contained in this report, Martin Geomatic Consultants Ltd. is 
confident that the design for stormwater management and drainage proposed for 
Northeast Pincher Creek is consistent with Alberta Environment guidelines. This 
report confirms our due diligence in complying with the intent of the Alberta 
Environmental Protection and Enhancement Act, Alberta Water Act, Canadian 
Fisheries Act and other statutes and regulations concerning stormwater 
management. 

Per:      Reviewed by: 

 
Michael A. Kitchen, P.Eng.   Howie Christensen, P.Eng. 
Lead Project Engineer   Principal, MGCL 

 

MARTIN GEOMATIC CONSULTANTS LTD. 
Association of Professional Engineers, Geologists and Geophysicists of Alberta 
Permit to Practice P05852 
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APPENDIX A 

Figures 10-12 are the best-fit analyses for the continuous SWMM5 models of the pre- and 
post-development runoff and the expected pond outflows. Figure 13 is the pond depth-
duration graph based on runoff from the 27-years of hourly rainfall data modeled. 

 



Figure 10 - Best-fit Analysis of Annual Maximum Pre-Development Runoff

Date
Maximum 
Discharge

m3/s
06/17/1975 4.719
05/07/1981 4.225
06/19/1991 3.313
05/23/1980 3.026
05/30/1969 2.8
06/13/1976 2.786
04/26/1974 2.378
05/25/1985 2.004
05/23/1978 1.976
06/16/1965 1.92
05/24/1972 1.89
06/27/1987 1.861
06/13/1992 1.522
06/13/1970 1.444
05/24/1990 1.37
05/21/1986 1.153
05/30/1966 1.014
05/30/1968 0.801
06/14/1973 0.543
06/03/1967 0.396
07/08/1983 0.32
05/15/1984 0.317
05/21/1971 0.283
08/09/1977 0.276
07/25/1979 0.232
06/06/1982 0.15
05/30/1988 0.083

Predicted Discharge from Statistical Distribution (m3/s)
Return Period 
(Years) Normal Log-Normal

Extreme Value 
Type I Log-Gumbel

Pearson Type 
III

Log-Pearson 
Type III

1.1 -0.1 0.2 0.1 0.3 0.1 0.3
2 1.6 1.0 1.4 0.8 1.4 0.9
5 2.7 2.6 2.5 2.2 2.6 2.4

10 3.2 4.2 3.3 4.3 3.3 4.4
25 3.8 7.0 4.2 9.7 4.1 9.1
50 4.2 9.8 4.9 17.7 4.7 15.3

100 4.6 13.2 5.6 32.3 5.3 24.9
200 4.9 17.4 6.3 58.7 5.8 40.1

Correlation (R2) 0.976 0.906 0.981 0.726 0.984 0.799

Best-Fit Curves for NE Pincher Ck. Predevelopment Runoff Rate
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Figure 11 - Best-fit Analysis of Annual Maximum Post-Development Runoff

Date
Maximum 
Discharge

m3/s
05/04/1975 10.463
05/08/1991 9.179
04/21/1980 7.74
05/09/1992 6.011
05/05/1981 5.645
05/04/1976 5.389
05/14/1969 4.855
05/07/1966 4.473
04/12/1973 4.374
04/12/1974 3.888
05/12/1987 3.582
03/23/1972 3.347
05/07/1978 3.275
04/23/1983 3.158
05/29/1967 3.12
05/24/1985 2.982
05/07/1970 2.931
06/06/1965 2.808
05/05/1986 2.567
05/02/1990 2.326
05/05/1984 2.067
05/02/1977 1.585
04/06/1988 1.581
05/01/1979 1.525
05/18/1982 1.496
05/23/1968 1.349
05/05/1971 1.338

Predicted Discharge from Statistical Distribution (m3/s)
Return Period 
(Years) Normal Log-Normal

Extreme Value 
Type I Log-Gumbel

Pearson Type 
III

Log-Pearson 
Type III

1.1 0.7 1.5 1.1 1.7 1.3 1.7
2 3.8 3.2 3.4 2.9 3.3 2.9
5 5.8 5.3 5.5 4.9 5.5 4.9

10 6.8 6.8 6.9 6.9 6.9 7.0
25 7.9 8.9 8.6 10.6 8.8 11.0
50 8.7 10.6 9.9 14.5 10.2 15.5

100 9.3 12.5 11.2 19.9 11.5 21.6
200 9.9 14.4 12.5 27.3 12.9 30.1

Correlation (R2) 0.942 0.980 0.976 0.923 0.978 0.925

Best-Fit Curves for NE Pincher Ck. Post-Development Runoff Rate
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Figure 12 - Best-fit Analysis of Annual Maximum Pond Outflows

Date
Maximum 
Discharge

m3/s
05/05/1981 4.275
05/04/1975 3.872
05/08/1991 3.067
04/21/1980 2.325
05/14/1969 2.323
05/04/1976 2.249
04/12/1974 1.996
05/07/1978 1.771
06/06/1965 1.718
05/12/1987 1.534
03/23/1972 1.226
05/24/1985 1.187
05/09/1992 1.172
05/05/1986 0.946
05/02/1990 0.914
05/07/1970 0.911
05/23/1968 0.833
05/08/1966 0.793
04/12/1973 0.634
05/29/1967 0.591
04/23/1983 0.529
05/05/1984 0.522
05/05/1971 0.514
05/02/1977 0.513
05/01/1979 0.459
05/18/1982 0.42
04/06/1988 0.352

Predicted Discharge from Statistical Distribution (m3/s)
Return Period 
(Years) Normal Log-Normal

Extreme Value 
Type I Log-Gumbel

Pearson Type 
III

Log-Pearson 
Type III

1.1 0.0 0.4 0.2 0.5 0.3 0.5
2 1.4 1.1 1.2 1.0 1.2 0.9
5 2.3 2.0 2.2 1.8 2.1 1.8

10 2.7 2.7 2.8 2.8 2.8 2.8
25 3.2 3.8 3.6 4.7 3.6 4.9
50 3.6 4.7 4.1 6.9 4.2 7.4

100 3.9 5.7 4.7 10.2 4.8 11.2
200 4.1 6.8 5.3 15.0 5.4 16.8

Correlation (R2) 0.964 0.962 0.977 0.854 0.979 0.855
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Figure 13 - Depth-Duration Graph for Pond

52,367

39,690

29,870

19,636

7,415

2,879 1,836 1,405 1,181 999 799 630 464 342 207 105 47 21 4 0
0

10,000

20,000

30,000

40,000

50,000

60,000

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

Depth Exceeded (m)

D
ur

at
io

n 
of

 E
xc

ee
de

nc
e 

(h
r)

Simulation began 01 Jun 1965
Simulation ended 01 Oct 1993
Total time = 248,376 hr, Missing = 1,467 hr
No data for 1989  



MASTER DRAINAGE PLAN  Page 37 of 40 
FOR NORTHEAST PINCHER CREEK 

APPENDIX B 

The following tables detail the culvert and channel design. Table 13 is the output from FHWA’s 
Hy-823 culvert analysis tool. This tool applies the culvert analysis theory and nomographs 
published in FHWA document HEC-5. 

Table 13 – Culvert Hydraulic Analysis 
 Upstream Flow (Headwater)  Flow in Pipes Downstream Flow (Tailwater) 

Flow 
m³/s 

Headwater 
Elev m 

Control 
Depth 
Inlet  
m 

Control 
Depth 
Outlet 
m 

Flow 
Type 

Normal 
Depth 
m 

Critical 
Depth  
m 

Outlet 
Depth 
m 

TW 
Depth 
m 

Outlet 
Velocity 
m/s 

Tailwater 
Velocity 
m/s 

0 1110.92 0 0 0 - NF 0 0 0 0 0 0 

0.5 1111.35 0.34 0.43 3 - M2t 0.47 0.25 0.3 0.3 1.01 0.18 

1 1111.54 0.5 0.62 3 - M2t 0.69 0.36 0.46 0.46 1.12 0.24 

1 1111.58 0.5 0.66 3 - M2t 0.69 0.36 0.59 0.59 0.8 0.28 

2 1111.82 0.74 0.9 3 - M2t 1.14 0.51 0.71 0.71 1.27 0.31 

2.5 1111.94 0.84 1.02 3 - M2t 1.4 0.58 0.82 0.82 1.34 0.33 

3 1112.04 0.94 1.13 3 - M2t 1.4 0.63 0.92 0.92 1.41 0.36 

3.5 1112.18 1.02 1.26 3 - M2t 1.4 0.69 1.01 1.01 1.47 0.37 

4 1112.3 1.11 1.38 3 - M2t 1.4 0.74 1.1 1.1 1.54 0.39 

4.5 1112.4 1.19 1.48 3 - M2t 1.4 0.79 1.19 1.19 1.62 0.41 

5 1112.56 1.28 1.64 3 - M2t 1.4 0.84 1.27 1.27 1.7 0.43 

 

Table 14 gives further detail regarding tailwater (downstream) conditions expected at the 
proposed culvert, including expected shear stress in the channel. 

Table 14 - Tailwater Analysis 
 

Flow m³/s 
Water surface 
Elevation m 

Depth 
m 

Velocity 
m/s 

Shear 
kPa Froude 

0 1110.89 0 0 0 0 
0.5 1111.19 0.3 0.18 0.003 0.106 
1 1111.35 0.46 0.24 0.005 0.112 
1.5 1111.48 0.59 0.28 0.006 0.115 
2 1111.6 0.71 0.31 0.007 0.117 
2.5 1111.71 0.82 0.33 0.008 0.119 
3 1111.81 0.92 0.36 0.009 0.12 
3.5 1111.9 1.01 0.38 0.01 0.121 
4 1111.99 1.1 0.39 0.011 0.121 
4.5 1112.08 1.19 0.41 0.012 0.122 
5 1112.16 1.27 0.43 0.012 0.122 

 

                                          
23 Hy-8 Culvert Analysis Software version 4.0.1 (United States Department of Transportation – 
Federal Highway Administration, 2005). 
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APPENDIX C 

The following provides further detail of the water quality performance model constructed for the 
pond. Figure 14 shows a schematic diagram of how flows were routed in the model to 
represent the function of each cell (forebay, upper basin and lower basin). 

Split high flows from 
low flows 

Low flows (≤6.2 
m3/s) route to 
forebay 

Forebay 

High flows (>6.2 m3/s) 
routed to upper basin 

Upper 
Basin Treated overflow 

from Upper Basin 
routed to Lower 
Basin 

Lower 
Basin 

Treated overflow from 
forebay routed to 
Lower Basin 

Controlled, 
treated flows 
released to 
outflow 
channel and 
Pincher Creek 

Channel 
Overflow 

 

Figure 14 - Schematic of QHM Model 
 

Table 15 shows the predicted sediment removal in each cell. These values were used to 
calculate the total predicted removal for the facility. 

 



Table 15 - Water Quality Results for Each Cell in Pond

Sediment Particles Forebay Upper Basin Lower Basin Cumulative for System

Fraction No. Size Quantity In
Quantity 
Removed

Quantity 
Out

% 
Removed Quantity In

Quantity 
Removed

Quantity 
Out

% 
Removed Quantity In

Quantity 
Removed

Quantity 
Out

% 
Removed Quantity In

Quantity 
Removed

Quantity 
Out

% 
Removed

mm kg kg kg kg kg kg kg kg kg kg kg kg
1 <5 5.09E+08 9.38E+07 4.15E+08 18% 5.90E+06 4.44E+05 5.46E+06 8% 4.21E+08 1.02E+08 3.19E+08 24% 5.15E+08 1.96E+08 3.19E+08 38%
2 5-10 2.18E+08 6.80E+07 1.50E+08 31% 2.53E+06 1.95E+05 2.34E+06 8% 1.53E+08 6.13E+07 9.17E+07 40% 2.21E+08 1.29E+08 9.10E+07 59%
3 10-20 2.18E+08 9.05E+07 1.28E+08 42% 2.53E+06 2.09E+05 2.32E+06 8% 1.30E+08 7.61E+07 5.39E+07 59% 2.21E+08 1.67E+08 5.37E+07 76%
4 20-75 1.06E+09 5.35E+08 5.25E+08 50% 1.22E+07 1.99E+06 1.02E+07 16% 5.31E+08 4.14E+08 1.17E+08 78% 1.07E+09 9.51E+08 1.21E+08 89%
5 >75 1.62E+10 1.33E+10 2.90E+09 82% 1.88E+08 6.55E+07 1.23E+08 35% 2.99E+09 2.94E+09 5.00E+07 98% 1.64E+10 1.63E+10 8.25E+07 99%

Total 1.82E+10 1.41E+10 4.10E+09 77% 2.11E+08 6.75E+07 1.44E+08 32% 4.22E+09 3.59E+09 6.30E+08 85% 1.84E+10 1.78E+10 6.54E+08 96%
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