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EXECUTIVE SUMMARY 

This report includes the stormwater management design for two (2) separate parcels: one has a 

construction boundary of approximately 11.5 ha, Site A and the other is 1.2 ha. Site B. They are 

located in Calgary’s northwest, west of Shaganappi Trail and north of Hamptons Drive N.W, see 

Figure 1. Both parcels will include proposed residential development and the areas are located on the 

existing Hamptons Golf Course (HGC). As shown on Figure 2, Site A is located on Holes 14, 15 & 

16 north and south of Hamptons Drive NW and east of Hamptons Heights NW. Site B is located on 

Hole 2, north of Hamptons Way NW and west of Hamptons Drive NW. 

There are three (3) ponds within the Hamptons which are used for stormwater collection and 

irrigation, namely Pond 1, Pond 2 and Pond 3. As well, there are three (3) ponds on site which are 

used only for stormwater collection on the course, namely Pond 4, Pond 5 & Pond 6. There are 

existing stormwater management reports for the site that were used as part of a review of the 

Hamptons subdivision and golf course design. They includes the following: The Hamptons of Calgary – 

Stormwater Management Facility, Reid Crowther, May 1992, (SWMR-B), for Ponds 1, 2 & 3 and Hamptons 

Golf Course (Back Nine) – Stormwater Storage Facilities Hydraulic Design, Reid Crowther, May 1993, (SWMR-

A), and Hamptons East Lands – Master Stormwater Storage Servicing Plan, Reid Crowther, May 1992, (SWMR-

C), for Ponds 4, 5 & 6 which present the allowable release rate from the study area. 

The three (3) governing criteria are for the parcels are: 

• For Site A: the stormwater management system will be designed to accommodate the existing 

release rate of 281 L/s as given in SWMR-A; 

• For Site B: the stormwater management system will be designed to accommodate a release 

rate of 70 L/s/ha, which will connect to the existing stormwater system; 

• The runoff volume for the redeveloped areas needs to meet West Nose Creek Volume target 

of 11 mm annually. 

Site A 

The proposed residential development for both parcels will change the layout of the existing HGC. 

This proposed design for Site A also incorporates changing the existing configuration and sizes of 

Pond 5 & 6. 
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• Pond 4 is proposed to be removed as part of the residences being developed. 

• For Site A, Pond 5 has a footprint of 0.45 at HWL and has an allowable 1:100 year discharge 

rate of 231 L/s as there is 58.2 hectares of development flowing to it. For water quality, the 

City of Calgary target of removal of 85% of 50 micron particle is achieved by the wet pond. 

• Pond 6 has a footprint of 1.2 ha at HWL and has an allowable 1:100 year discharge rate of 51 

L/s as there is 19.6 hectares of development flowing to it. For water quality, the City of Calgary 

target of removal of 85% of 50 micron particle is achieved by the wet pond. 

• Discharge rate from Pond 5 & 6 will be as per existing towards the east which discharges into 

Pond 22DPA at the corner of Shaganappi Trail & Country Hills Blvd. The ultimate outfall is 

into West Nose Creek at outfall WNC11. 

Site B 

It is proposed to connect to the existing minor system along Hamptons Way NW and the levelling 

stormwater pipe that flows from Pond 2 & Pond 3, without any downstream effects. 

To meet the 11 mm target for the entire redeveloped areas from Site A & B, irrigation is required. 

Irrigation will be from Pond 6 and will service Holes 15 & 16. The 11 mm target will be achieved for 

the redeveloped area and the remaining study area will have runoff volumes as per existing. 

. 
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1. INTRODUCTION 

1.1 General 

Stormwater Solutions Inc. (SSI) was retained by Watt Consulting Group (WCG) to prepare a Staged 

Master Drainage Plan for the two (2) proposed residential development within the Hamptons, located 

on the existing Hamptons Golf Course. One (1) existing stormwater pond, Pond 4, is being removed 

as part of the residential development. 

1.2 Study Area 

The sites are located within NW & SW ¼ -SEC 19 –TWP25- RGE 1 –W5 for Site A and NE & NW 

¼ -SEC 24 –TWP25- RGE 2 –W5 for Site B, as shown on Figures 1 & 2 in Appendix 5. 

Site A is located on Holes 14, 15 & 16 north and south of Hamptons Drive NW and east of Hamptons 

Heights NW. Site B is located on Hole 2, north of Hamptons Way NW and west of Hamptons Drive 

NW. See Figure 2. 

Site A has a construction boundary area of 11.5 ha which include existing golf course lands with 

associated pathways, back-of-lot and three (3) stormwater ponds. 

Site B has a construction boundary area of 1.2 ha which include existing golf course lands with 

associated pathways. 

1.3 Scope of Analysis 

The objective of this design is to provide a stormwater management system which will: 

• limit the water quantity to the allowable release rates and volumes in Site A; 

• limit the water quantity to the existing release rates and volumes in Site B; 

• provide the water quality as outlined by the City of Calgary and Alberta Environment 

Sustainable Resource Development (AESRD); 

• limit the annual runoff volume from the redeveloped area to 11 mm. 

This Staged Master Drainage Plan outlines the methodology used and the results obtained for the 

drainage assessment and stormwater facility design in terms of water quantity. In addition, this 
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stormwater management system shall enhance the water quality of the runoff generated from the 

project area prior to release into the existing drainage course. 

This document was prepared in accordance with the “Stormwater Management & Design Manual”, dated 

September 2011 (City Guidelines) and Alberta Environment (AESRD) Guidelines. 

1.4 Background 

Both parcels (A&B) are currently developed as Hamptons Golf Course. There are six (6) ponds on 

site. Ponds 1, 2 & 3 are located close to Site B which are used for irrigation and stormwater collection. 

Ponds 4, 5 & 6 are located close to Site A which are used for stormwater runoff control only. All the 

ponds are also used for aesthetics for the course itself. See Figure 2 for details. 

There are existing stormwater management reports for the site, The Hamptons of Calgary – Stormwater 

Management Facility, Reid Crowther, May 1992, (SWMR-B), for Ponds 1, 2 & 3 and Hamptons Golf Course 

(Back Nine) – Stormwater Storage Facilities Hydraulic Design, Reid Crowther, May 1993, (SWMR-A), and 

Hamptons East Lands – Master Stormwater Storage Servicing Plan, Reid Crowther, May 1992, (SWMR-C), for 

Ponds 4, 5 & 6 which present the allowable release rate from the study area. 

The proposed land use is residential as shown on Figure 4 & 6 in Appendix 5. 

1.5 Special Considerations 

The proposed residential development is located on the existing HGC. For Site A, the existing Pond 

4 is proposed to be removed. Due to this removal, the storage in Ponds 5 & 6 will be expanded to 

accept this stormwater runoff volume. As well, Ponds 5 & 6 will be connected by a proposed grass 

swale. The release from Ponds 5 & 6 will remain as per existing at a combined maximum of 281 L/s 

at HWL. 
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2. STORM DRAINAGE CONSIDERATIONS 

2.1 Tributary Development Area 

The study area is 83.7 ha in size, for Site A of which only 3.36 ha is the proposed residential 

development. All the site’s flows will be drained to the existing wet ponds 5 & 6 located on Hole 16 

& 17. 

The study area is 4.15 ha in size, for Site B of which only 1.03 ha is the proposed residential 

development. All the site’s flows will be drained to the existing minor system.  

The existing catchments are summarized in Table 2.1 below and also shown on Figure 3. 

Table 2.1 Existing Catchment Data 

Reference Description Ha 

SITE A 

A-01 Residential, School 32.38 

A-02 Golf Course 14.44 

A-03 Residential  6.68 

A-04 Residential 1.66 

A-05 Overland to Pond 5 1.54 

A-06 Residential 12.47 

A-07 Overland to Pond 6 7.13 

OFF-01 Golf Course, Back of lots  3.42 

Sub-Total  79.72 

SITE B 

A-08 Golf Course 4.15 

Total  83.87 

2.2 Design Criteria 

The following criteria, as outlined in the AESRD, City Guidelines and SMDP were applied: 

• A design storm event simulated by SWMHYMO model and a continuous simulation with 

QHM will be evaluated to identify the minimum storage requirement. The simulation resulting 

in greater storage requirements will govern the design. 

• Continuous simulation of the post-development site conditions by QHM model to compute 

Total Suspended Solids (TSS) removal and confirm it adherence to the City Guidelines. 

• The stormwater management system will be designed to accommodate the existing release rate 

of 281 L/s for Site A and 70 L/s/ha for Site B. 
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• The discharge from the development will not exceed 11 mm on an annual average basis, in 

accordance with the West Nose Creek Watershed Water Management Plan. 

• Overland flow limitations for permissible depth and velocities (Table 2.2) are met during the 

1:100 year design storm event (AESRD, 1999); 

• There is sufficient freeboard to building foundations from the High Water Level (HWL) of 

the wet pond during the 1:100 year design storm event; 

Table 2.2 Permissible Depth and Velocities of Overland Flow 

Water Velocity 
Permissible 

Depth 

(m/s) (m) 

0.5 0.80 

1.0 0.32 

2.0 0.21 

3.0 0.09 

2.3 Upstream Catchment Areas 

The study area encompasses many catchment areas upstream of the construction areas. These areas 

are part of the evaluation as they drain overland or through a minor system to Ponds 4, 5 & 6. 

2.4 Allowable Release Rate/ Runoff Volume Control Target 

The City requirements for site discharge are: 

• The allowable discharge from the Site A is 281 L/s;  

• The allowable discharge from the Site B is 70L/s/ha;  

• The allowable runoff volume target is 11 mm, from the redeveloped area only. The remaining 

area will remain as per existing. 

Within the developments: 

• The allowable release rate is 70 L/s/ha. 
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2.5 Pond Design 

The existing Pond 4 is proposed to be removed and replaced with residential development. Ponds 5 

& 6 will remain but be expanded to receive the addition flow from the removal of Pond 4 as well as 

to update the rainfall data to today’s City of Calgary standards. 

In order to design a stormwater management system for the HGC site some basic design 

characteristics were used. They are as follows: 

• The existing locations for Pond 5 & 6 will remain with adjustments to the plan area above 

normal water level (NWL); 

• The stormwater facility is a wet pond; 

• Depth from Bottom (BTM) to Normal Water Level (NWL) is 2.4 m for Pond 5 and 4.3 m for 

Pond 6; 

• Depth from NWL to High Water Level (HWL) is 4.0 m for Pond 5 & 3.5 m for Pond 6; 

• Freeboard (FB) is 500 mm minimum, 

• Slope from BTM to NWL is as per existing; 

• NWL to FB is approximately 3H:1V for Pond 5 and 5H:1V for Pond 6; 

• Discharge from the stormwater facility is thru an existing Inlet Control Device (ICD) in a 

control structure at NWL. 

Tables 2.3 & 2.4 below shows the Stage-Storage-Discharge relationship for the Ponds 5 & 6 

shown on Figures 7 to 13 in Appendix 5. 
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Table 2.3 Stage-Storage-Discharge Summary for the Pond 5 

Elevation Stage 
Elevation 

Area Total 
Volume  

Active 
Storage 
Volume 

Orifice 
Discharge  

Spillway 
Discharge 

Total 
Discharge 

(m) (m) (m2) (m3) (m3) (m3/s) (m3/s) (m3/s) 

1180.6 0.00 158.6 -  0.0000   

1183.0 2.40 1500.0 1,717 - 0.0000   

1183.5 0.50 1764.0 2,532 815 0.1387   

1184.0 0.50 2042.0 3,483 1,766 0.1556   

1185.0 1.00 2559.0 5,778 4,061 0.1849   

1186.0 1.00 3186.0 8,645 6,928 0.2101   

1186.5 0.50 4094.0 10,461 8,743 0.2216   

1186.6 0.10 4246.0 10,878 9,160 0.2238 0.1613 0.38510 

1186.7 0.10 4255.0 11,303 9,585 0.2260 0.4562 0.68220 

1186.8 0.10 4324.0 11,732 10,014 0.2282 0.8380 1.06624 

1186.9 0.10 4410.0 12,168 10,451 0.2304 1.2902 1.52061 

1187.0 0.10 4479.0 12,613 10,896 0.2325 1.8031 2.03567 

 

 

Table 2.4 Stage-Storage-Discharge Summary for the Pond 6 

Elevation Stage 
Elevation 

Area Total 
Volume  

Active Storage 
Volume 

Orifice 
Discharge  

Irrigation 
Discharge 

Total 
Discharge 

(m) (m) (m2) (m3) (m3) (m3/s) (m3/s) (m3/s) 

1175.0 0.00 31.0 0.0  0.0000 0.00000 0.00000 

1179.3 4.30 1668.0 2761.2 - 0.0000 0.001105 0.001105 

1180.0 0.70 2380.0 1409.4 - 0.0000 0.001105 0.001105 

1180.5 0.50 2703.0 1269.9 1,270 0.0315 0.001105 0.032604  

1181.0 0.50 3040.0 1434.9 2,705 0.0356 0.001105 0.036713  

1181.5 0.50 3458.0 1623.4 4,328 0.0393 0.001105 0.040395  

1182.0 0.50 3880.0 1833.5 6,162 0.0427 0.001105 0.043760  

1182.5 0.50 5654.0 2369.6 8,531 0.0458 0.001105 0.046878  

1183.0 0.50 8853.0 3597.0 12,128 0.0487 0.001105 0.049797  

1183.5 0.50 11657.0 5111.5 17,240 0.0515 0.001105 0.052551  

 

2.6 Stormwater Quality Enhancement 

Figures 7 to 13 in Appendix 4 show details of the end-of-pipe Best Management Practices that will 

ultimately control any site runoff. 

For Site A, the existing minor system will be removed from Pond 4 and replaced with a new system 

in approximately the same location. The other inlet from the west and the outlet will remain as is, with 

the exception of changing the ICD size in the control manhole 4. There will be an grassed swale 

spillway that connects Pond 5 to Pond 6 at a starting elevation of 1186.50 m, see Figure 6. 
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For Pond 6, the existing inlet and outlet will remain as is, with the exception of changing the ICD size 

in the control manhole 5.  

See Appendix 6 for pdf’s of the existing control structures for Pond 5 & 6 and the proposed 

modifications to them. 

2.7 Best Management Practices 

Erosion and Sediment Control (ESC) should be considered for construction and post-construction 

stage, in order to mitigate the risk of sediment transport. 

2.8 Storm Sewers (On-site/ Off-site) 

For Sites A & B, the proposed release for the minor system is 70 L/s/ha for all areas. The site will 

have trap-lows on the main roads as well as in the new sites. Using Figure 3-1: Unit Area Release Rate vs. 

On-Site Storage from the City of Calgary Guidelines, the approximate amount of storage required for the site 

can be determined. 

The manhole upstream of the inlet is a skimmer manhole and will contain an extra 900 mm depth 

barrel to allow the separation between stormwater runoff and any hydrocarbons. This manhole will 

have access to clean out the hydrocarbons. 

Ponds 5 & 6 will release at the existing allowable release rate through the control manholes. For Pond 

5, the ICD will be changed from a R118 to a R106. For Pond 6, the ICD will be changed from a R57 

to a R41. 

2.9 Overland Drainage Routes into Wet pond 

As per existing, most of the flow into the Ponds 5 & 6 will be via the minor system. Only the area 

surrounding the wet ponds will flow overland. 

2.10 Emergency Escape Route 

The emergency escape route from proposed wet ponds is east towards Shaganappi Trail NW, as 

shown on Figure 6. 

2.11 Biophysical Impact Assessment and Inventory 

A biophysical impact assessment has been performed for this development by Corvidae 

Environmental Consulting Inc (2016). The BIA concludes that The environmental impact will be the loss of 
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green space within The City of Calgary; and minimal loss of native vegetation (see Table 2). Although not dominant, 

there are native species that occur on site / listed in Table 2 in the unmowed area and part of Site B (approximately 

0.7 ha). From an environmental conservation perspective, if there is the need for more housing in Calgary, development 

within an existing disturbance is preferable. The loss of the two holes at the Hamptons Golf Club will also reduce 

water use for irrigation and reduce the commercial applications of fertilizers and pesticides into the environment. 

However, there is the potential for private fertilizer and pesticide use that will enter into the watershed. 

2.12 Geotechnical Evaluation 

In April 2016, Geotechnical Investigation-Hamptons Golf Course Redevelopment was provided by E2K 

Engineering Ltd. A total of twelve (12) boreholes have been drilled throughout Sites A & B. The 

boreholes were dug March 2016. The boreholes were dug to a maximum depth of 6.6m below surface. 

Subsurface conditions consisted of stiff to hard clay below topsoil. Topsoil was determined to be 200 

mm thick. 

Groundwater was only encountered at a depth of 0.9 m in the proposed residential development. 

A more extensive geotechnical report for the areas surrounding Pond 5 & 6 was conducted and results 

summarized in Geotechnical Investigation – Proposed Storm Water Retention Ponds Expansion (Pond Nos. 5 and 

6) by E2K Engineering Ltd., September 2016 . A total of four (4) boreholes have been drilled, with 

two (2) around each pond. The boreholes were dug September 2016. The boreholes were dug to 

depths ranging from 6.1m to 12.2 below surface. 

Subsurface conditions consisted of clay with silt below topsoil. Topsoil was determined to be 250 mm 

thick. 

Groundwater was only encountered at a depth of 2.7 m in one (1) of the four (4) located on the west 

side of the existing Pond 6. However, it is recommended to monitor the water levels in the standpipes 

to better estimate the groundwater level on site. As the level were only taken as a 5 day test. 

A slope stability report will be conducted for Ponds 5 & 6 this information will be used for detailed 

design. 

2.13 Hydrogeological Evaluation 

As part of the Geotechnical Investigation – Proposed Storm Water Retention Ponds Expansion (Pond Nos. 5 and 

6) by E2K Engineering Ltd., September 2016, pond liner recommendations have been provided based 
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on some hydraulic conductivity testing. A total of six (6) double ring Infiltrometer tests, three (3) per 

each pond were conducted.  

The infiltrate rates of the in-situ clay range from 1.0 x 10-6 to 3.0 x 10-6 m/s. The onsite clay may be 

used, if reworked and laid down in suitable compacted lifts to provide an approved infiltration rate of 

1 x 10-8 m/s as per the City of Calgary guidelines. 

Alternatively, a Geosynthetic Clay Liner may be used according to manufacturer’s recommendation n 

the ponds. 

This information will be used for detailed design. 
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3. ANALYSIS METHODOLOGY 

3.1 Conceptual Approach 

Urbanization of the existing undeveloped land will result in an increase of both the runoff rate and 

the volume of runoff in the watershed. In general, this is a result of decrease of available overland 

storage, change in the surface cover, increase in land imperviousness ratio as a result of introduction 

of roofs, paved areas and an effective drainage conveyance system such as ditches and underground 

storm sewers. 

Typically, an urban drainage system may be divided into two components, the minor system and the 

major system, which are often referred to as the “dual” drainage system. Minor system in general 

serves as an underground conveyance system to a stormwater management facility or other water 

body. As such, it relieves the serviced area from frequent visible presence and residual ponding of 

water within the development.  

For Site A, most of the flow into the wet ponds will be as per a minor system however, the area 

surrounding the two (2) ponds will flow overland into it. There will be a control structure from each 

wet pond to allow discharge to the existing minor system. 

For Site B, the flow will be collected into a trap-low and then connected to the existing minor system 

along Hamptons Way NW. 

For the purpose of this stormwater management plan it was assumed that the soil group of the site 

soils is group C as per City Guidelines. 

For the proposed condition, the CN value used is 98 for the impervious surfaces, e.g. asphalt/ 

concrete, 72 for the pervious surfaces, e.g. grass, and 94 is used for gravel. 

3.1.1 Catchment Areas 

The HGC site has a total study area of 83.7 ha. The catchments have been divided as per existing 

report SWMR-A. 

Table 3.1 shows the catchment parameters used for the analysis. If the catchment areas change 

significantly during detailed design, the site will be re-assessed. 
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Table 3.1  Proposed Catchment Parameters 

Reference Description Ha 

SITE A 

A-01 Residential, School 32.38 

A-02A Golf Course 12.00 

A-02B Residential 3.36 

A-02C Park 0.67 

A-03 Residential  6.68 

A-04 Residential 1.21 

A-05 Overland to Pond 5 1.54 

A-06 Residential 12.47 

A-07 Overland to Pond 6 7.13 

OFF-01 Golf Course, Back of lots  2.07 

Sub-Total  79.50 

SITE B 

A-08A Residential 1.05 

A-08B Golf Course 3.09 

Sub-Total  4.15 

Total  83.65 

 

3.1.2 Design Option 

The site will flow into the minor system with the exception of the area surrounding the wet pond 

which will flow overland. 

The proposed Pond 5 is designed to contain the flow from the 57.8 ha area, and will discharge at a 

maximum rate of 230 L/s through the orifice (R106) and 1803 L/s over the grassed spillway to Pond 

6 at HWL, see Figures 6, 7 & 8. 

The proposed Pond 6 is designed to contain the flow from an additional 19.6 ha area, and will 

discharge at a maximum rate of 51 L/s through the orifice (R41) at HWL, see Figure 8. 

See Appendix 6 for pdf’s of the existing control structures for Pond 5 & 6 and the proposed 

modifications to them. 

3.2 Computer Model 

SWMHYMO and QHM computer models were used to simulate runoff from HGC. 

SWMHYMO and QHM software are capable of: 

• Hydrological modelling to simulate rural, urban, and urban/rural watershed conditions for 

specific design storm events; 
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• Producing hydrographs, flow volumes, and flow rates at significant points; 

• Routing through channels, pipes, and reservoirs; 

• Determining flows for future land use conditions; and 

• Accepting input in the form of hydrographs. 

QHM is capable of the above and the following: 

• Determining the sediment removal from the proposed SWMFs. 

3.2.1 Single Event Simulation Modelling (SWMHYMO) 

The SWMHYMO hydrologic/hydraulic computer model is used to analyse the drainage for both Sites 

on the HCG site for a single (synthetic) design storm event. The model was used to determine 

rainfall/runoff relationships under the post-development conditions. 

The modeling steps of a typical SWMHYMO procedure are: 

1. Determine and apply drainage characteristics and rainfall intensities in a phase study area using 

SWMHYMO to generate hydrographs; 

2. Develop SWMHYMO model simulation the rainfall runoff drainage; 

3. Determine the required storage volumes of stormwater ponds; 

4. Test the model predictions of flow against the guidelines for depth of flow and velocities. 

The following parameters are used in the SWMHYMO analysis of the site: 

• Design Storm - Chicago Type Design Storm 

• City of Calgary International Airport IDF curve 

• Peak at 30 percent of duration of storm event 

• The curve numbers (CNs) used in the model, are as per the tables found in the SWMHYMO 

manual. This parameter was used in CALIB NASHYD, based on US Soil Conservation (1986) 

soil group C. 

• CALIB NASHYD is a command in SWMHYMO application to simulate runoff from rural 

watersheds. Rainfall losses can be simulated with either Horton’s infiltration equations or 
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modified SCS procedure or a proportional loss coefficient. In this report, modified SCS 

procedure was applied.  Following is a descriptions used for the runoff simulation: 

• Computational Time Step 

• (DT) = 5 minutes used in all cases 

• Base Flows (DWF) - Zero in all options 

The input and output files for SWMHYMO can be found in Appendix 1. 

For further details on the SWMHYMO computer application please refer to SWMHYMO Stormwater 

Management Hydrologic Model – User’s Manual, dated May 2000 (reprinted April 2005) by J.F. Sabourin and 

Associates Inc. 

The analysis of the HGC site is based on the application of the “Chicago” storm distribution. The 

“Chicago” distribution complies with the design storm distribution according to the City of Calgary 

Airport IDF curve. 

For this site, the following design storm event is applied for the site evaluation. 

• 1:100 Year, 24 Hour storm is City of Calgary standard and has a total rainfall depth of 89.4 mm 

– Considered for overland conveyance system capacity, control structure/s sizing and sizing 

of stormwater management facilities. 

3.2.2 Continuous Simulation Modelling (WBSCC) 

QHM hydrologic/hydraulic computer model was used to analyze the overland drainage conditions 

based on 50 years (1960-2009) of continuous historical hourly rainfall data for the City of Calgary for 

post-development conditions. The model was used to determine rainfall/runoff relationships under 

post-development conditions in order to compute the storage requirements of stormwater 

management system. As well, it was used to analyze the sediment removal capabilities of the proposed 

pond and the annual runoff volumes. 

The modeling steps of a typical QHM procedure for overland drainage evaluation are alike those for 

the SWMHYMO compute model listed above. 

This approach employs 50 years (1960-2009) of hourly rainfall and temperature data. This provides a 

measurable simulation, resulting in quantification of storage requirements for the simulated period. 
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The resulting storage requirements needs to be statistically extended to 1:100 year return period event, 

as the total available hourly data span over less than a 100 years. HYDSTAT is a statistical analysis 

application used for just such purpose in this document. 

Important note: Please be aware that due to Y2K issue with old DOS applications like QHM, the 

years of the recorded hourly rainfall data were shifted by 20 years back in order to avoid the data range 

going over the year 2000. Therefore, even though the real data file ranges from 1960 to 2009, the 

actual model enclosed in Appendix 2 & 4 shows the results within data range from 1940 to 1989. 

The output files for QHM can be found in Appendix 2. 

3.3 Stormwater Quality Enhancement (QHM) 

The QHM computer model was used to estimate the sediment removal rates from the wet pond. 

Parameters for sediment build-up rates, wash-off rates and infiltration rates were estimated using the 

Strathcona Development Area Sediment Control Analysis-1992 by JN MacKenzie Engineering Ltd., 

as follows: 

• Impervious - Linear wash off rate, coefficient  6,000 

• Pervious - Linear wash off rate, coefficient  3,000 

• Equivalent Initial Accumulation:   30 days 

• Maximum Build-up:   0.20 kg/m2 

• Build-up Rate:   0.00055 kg/m2/day 

Table 4.6, 4.7 & 4.8 shows the QHM results from for the removal efficiency of the pond system for 

the simulated period of 50-years. The model was run using settling velocities interpolated using 

information from the “Stormwater Management and Design Manual (2011)” prepared by the City of 

Calgary. The QHM computer output file is in Appendix 4. 

3.4 More Detailed Analysis 

3.4.1 Evaporation Losses 

For the pond designs a cross-check of the modelled evaporative losses is calculated, in the existing 

and proposed conditions.  

The calculation below are for the proposed conditions only. 
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For the Pond 5, the full output file in Appendix 2 shows the average water elevation, or 50% value is 

at approximately 1183.0 m, NWL. The pond area at this elevation is 1,500 m2. This is useful in checking 

the amount of evaporation is the model. The City of Calgary estimates the annual evaporative losses 

to be 756.6 mm. At an average evaporative area of 1,500 m2, this equates to 1,135 m3 per year. From 

QHM evaporation is calculated from the runoff into the Pond 5 (3,305,670 m3), less the output (20,960 

m3 + 3,228,840 m3 = 3,249,800 m3) which equals 1,116.8 m3 over 50 years. This is a 2% difference 

between the rates and is deemed acceptable. 

For the Pond 6, the full output file in Appendix 2 shows the average water elevation, or 50% value is 

at approximately 1179.0 m. The pond area at this elevation is approximately 1,500 m2. This is useful 

in checking the amount of evaporation is the model. The City of Calgary estimates the annual 

evaporative losses to be 756.6 mm. At an average evaporative area of 1,500 m2, this equates to 1,135 

m3 per year. From QHM evaporation is calculated from the runoff into the pond 6 (960,730 m3), less 

the output (907,850 m3) which equals 1,057.6 m3 over 50 years. This is a 7% difference between the 

rates and is deemed acceptable. 

3.4.2 Irrigation 

For the HGC design, there will be an irrigation system installed on proposed holes 15 & 16. The area 

to be irrigated is approximately 2.79 ha (0.15 ha for hole 15 & 2.64 for hole 16). The irrigation will be 

from Pond 6. 

In order to accommodate the irrigation in the QHM modelling, the irrigation is added to the discharge 

curve from Pond 6. 

The assumed annual irrigation amount used in the modeling is 416 mm/year. For an area of 2.79 ha 

this equates to 11,620 m3/yr (416 mm x 2.79 ha). For 50 years, this equates to 581,000 m3. The full 

output file in Appendix 2 shows irrigation from Pond 6 to be 554,610 m3. This is a 5% difference 

between the rates and is deemed acceptable. 
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4. ANALYSIS AND RESULTS 

4.1 General 

The 83.7 ha study area is located in Calgary within NW & SW ¼ -SEC 19 –TWP25- RGE 1 –W5 for 

Site A and NE & NW ¼ -SEC 24 –TWP25- RGE 2 –W5 for Site B, as shown on Figure 1 & 2 in 

Appendix 5. The revised wet ponds for Site A are located in the north of Hamptons Drive N.W. are 

shown on Figure 7 to 13 in Appendix 5. 

The proposed minor system, For Site A is shown on Figure 6, for Site B see Figure 5. 

The designs in this report conform to the current AESRD and City Guidelines. 

4.2 Hydrologic/ Hydraulic Analysis 

Two hydrological models, SWMHYMO and QHM are used in the analysis of this site. The results of 

this analysis are shown in Table 4.2. 

The SWMHYMO computer software is used for the following designs storm: 

• 1:100 Year, 24 Hour – City of Calgary standard. 

The results of the model are given in Appendix 1 and summarized in Table 4.3. 

The QHM computer software is used for 50 years of continuous simulation to confirm that the water 

quantity criterion is met and provide the post-development runoff volumes for the site, see Table 4.1 

for results. 

In order to determine the overall annual runoff volumes for study area, the existing annual runoff 

volume had to be determined and then the allowable 11 mm apply to only the proposed development. 

Table 4.1 shows the determined allowable runoff volumes. 
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Table 4.1 Runoff Volumes 

Catchment 
ID 

Description Area (Ha) 
Annual Runoff 
Volumes (m3) 

Annual Volume 
(mm/yr) 

Existing Conditions    

Site A 
Golf course, Single family, 

semi-detached, Parks, road 
and existing back-of-lots,  

76.30 75,432 98.9 

OFF-01 
Golf course, existing back-of-

lots 
3.42 2,002 58.5 

Site B Golf course 4.15 1,106 26.7 

 TOTAL 83.87   

Required Volumes    

Site A 
Golf course, Single family, 

semi-detached, Parks, road 
and existing back-of-lots 

74.08 73,232 98.9 

 Proposed Residential  3.36 370 11 

OFF-01 
Golf course, existing back-of-

lots 
2.07 1,112 58.5 

Site B Golf Course 3.12 831 26.7 

 Proposed Residential  1.03 113 11 

 TOTAL 83.65 75,757 90.5 

Proposed Conditions    

Site A 

Golf course, Single family, 
semi-detached, Parks, road 

and existing back-of-lots, 
including OFF-01 

77.44 71,616  

OFF-01 
Golf course, existing back-of-

lots 
2.07 2,208  

Site B Golf course 4.15 1,361  

 TOTAL 83.65 75,185 89.9 

The above shows the required volume for West Nose Creek discharge criteria is therefore met for the 

redeveloped areas. 

QHM was used to confirm that the wet pond provides the required sediment removal of 98.50 % of 

TSS for particles sizes larger than 50 microns, see Section 4.7 for further details. 

4.3 Downstream Allowable Discharge Rate 

As per Section 2.4, there are three (3) criteria for discharge of stormwater, i.e. water quality and water 

quantity.  

The wet pond was designed using the following criteria: 

• 281 L/s for Site A and 70 L/s/ha for Site B; 

• 11 mm annual runoff volumes for the proposed development; 
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• 85% of TSS for particles sizes larger than 50 microns. 

4.4 Pre-development Upstream Discharge 

The study area encompasses many catchment areas upstream of the construction areas. These areas 

are part of the evaluation as they drain overland or through a minor system to Ponds 4, 5 & 6. 

4.5 Emergency Escape Route 

The emergency escape route from proposed wet ponds is east towards an existing low area before 

discharging to the existing minor system, as shown on Figure 5. The emergency spillway shall safely 

convey 1.0 m3/s, see Figure 6. 

4.6 Stormwater Storage Requirements 

The estimated maximum annual runoff volumes using continuous event (QHM model) for the period 

1960-2010 is shown in Graph 1 & 2 below for Pond 5 & 6. 

To obtain 1:100 year volumes from the QHM model, HYDSTAT is used to provide statistical analysis 

for the site. HYDSTAT was only used for Pond 6. It cannot be used to determine the 1:100 year value 

for Pond 5 as it is designed to spill with the proposed swale. QHM cannot handle the instantaneous 

discharge. The results for Pond 5, are summarized in Table 4.3. 

Table 4.2 below summarizes the results. The Hydstat model files are included in Appendix 3. 
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Table 4.2 Summary of Hydstat Statistical Analysis 

Distribution Type Rank 
1:100 Year 

Total Volume 

(m3) 

1:100 Year 

Active Volume 

(m3) 

Normal 7 12,963 8,792 

Log-Normal 6 12,361 8,190 

Gumbel 4 15,164 10,993 

Log-Gumbel 3 15,619 11,448 

Pearson III 1 17,914 13,743 

Log-Pearson III 2 19,482 15,311 

Log-Normal-III 5 12,956 8,785 

Weibull Formula  16,734 12,563 

    

Volume Provided  21,410 17,240 

The Weibull distribution based on the results from the continuous storm can be found on Graph 3 

below. This gave a total 1:100 volume of 16,734 m3. 

Table 4.3 shows the volume comparison between the statistical analysis and the design storm. 

Table 4.3 Summary of Requirements for Active Storage 

 
SWMHYMO 

Storage 
[m3] 

QHM Storage 
[m3] 

Proposed Storage 
Provided at HWL [m3] 

Pond 5 10,380 N/A 10,896 

Pond 6 16,980 13,743 17,240 

As can be seen, the results show the Pearson III value to be the most representative, based on the 

Least-Squares analysis. This value is smaller than the 1:100 year 24 hour storm however, the 

SWMHYMO model does not include any discharge for irrigation. Pond 5 & 6 has adequate storage 

for the 1:100 year event. 
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The wet pond characteristics resulting from the 1:100 year storm are summarized in Table 4.4 & 4.5 

below: 

Table 4.4 Pond 5 - 1:100 Year Results 

Parameter Unit Wet pond 

Catchment Area Ha 58.16 

Bottom Elevation m 80.60* 

Normal Water Level (NWL) m 83.00 

High Water Level (HWL) m 87.00 

Freeboard Elevation (FB) m 87.50 

Total Depth of the pond m 6.90 

Bottom Area m2 159** 

NWL Area m2 1,500 

HWL Area m2 4,497 

Capacity at NWL (Permanent Volume)* m3 1,717 

Active Storage Capacity (NWL to HWL) m3 10,896 

Maximum Discharge  L/s 231 

Single Event 1:100 Year Water Depth above NWL m 3.88 

Single Event 1:100 Year Active Storage Volume  m3 10,380 

% Sediment Removal for particle sizes greater than 50 µm % 97.97 

*Approximate only from block profile. 
**Approximate only from interpolation. 
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Table 4.5 Pond 6 - 1:100 Year Results 

Parameter Unit Wet pond 

Catchment Area Ha 19.60 

Bottom Elevation m 75.00* 

Normal Water Level (NWL) m 80.00 

High Water Level (HWL) m 83.50 

Freeboard Elevation (FB) m 84.00 

Total Depth of the pond m 9.00 

Bottom Area m2 31** 

NWL Area m2 1,668 

HWL Area m2 1,1657 

Capacity at NWL (Permanent Volume)* m3 4,171 

Active Storage Capacity (NWL to HWL) m3 17,240 

Maximum Discharge  L/s 51 

Single Event 1:100 Year Water Depth above NWL m 3.48 

Single Event 1:100 Year Elevation m 83.48 

Single Event 1:100 Year Active Storage Volume  m3 16,980 

Continuous Simulation 1:100 Year Water Depth above NWL m 3.16 

Continuous Simulation 1:100 Year Elevation m 83.16 

Continuous Simulation 1:100 Year Active Storage Volume  m3 13,743 

% Sediment Removal for particle sizes greater than 50 µm % 100.00 

*Approximate only from block profile. 
**Approximate only from interpolation. 
 

4.7 Water Quality Performance 

4.7.1 TSS Removal Efficiency 

A Table 4.6, 4.7 & 4.8 shows the QHM results for the removal efficiency of the wet ponds for the 

simulated period of 50-years. The model was run using settling velocities interpolated using 

information from the “Stormwater Management and Design Manual (2011)” prepared by the City of 

Calgary Water Resources. 

The QHM model in Appendix 4 is used for sediment removal only.  

 

 



City of Calgary 
Hamptons Golf Course 
Staged Master Drainage Plan 

 

4.10 

Table 4.6 Summary of TSS Removal Efficiency for Pond 5 

Sediment 
Fraction 

Size 
(um) 

Size 
Fractions 

Settling 
Velocity  (a) 

(m/s) 

Sediment  
In 

(m3) 

Sediment  
Removed 

(m3) 

Sediment  
Out 
(m3) 

Fraction 
Removed 

(b) 

1 <10 23% 0.00000592 1,480,000 569,000 913,000 38.45 

2 10-20 9% 0.00004730 580,000 350,000 230,000 60.34 

3 20-50 13% 0.00028300 838,000 724,000 114,000 86.40 

4 50-150 23% 0.00195000 1,480,000 1,450,000 32,500 97.97 

5 >150 32% 0.01240000 2,060,000 2,060,000 6,870 100.00 

Total  100%  6,450,000 5,150,000 1,300,000 79.84 

 

Table 4.7 Summary of TSS Removal Efficiency for the Pond 6 

Sediment 
Fraction 

Size 
(um) 

Size 
Fractions 

Settling 
Velocity  (a) 

(m/s) 

Sediment  
In 

(m3) 

Sediment  
Removed 

(m3) 

Sediment  
Out 
(m3) 

Fraction 
Removed 

(b) 

1 <10 23% 0.00000592 505,019* 424,000 86,900 82.97 

2 10-20 9% 0.00004730 197,493* 191,000 8,250 95.98 

3 20-50 13% 0.00028300 284,253* 283,000 1,970 99.30 

4 50-150 23% 0.00195000 499,787* 500,000 408 100.00 

5 >150 32% 0.01240000 695,955* 696,000 81 100.00 

Total  100%  2,181,483* 2,090,000 97,600 95.43 

 

Table 4.8 Summary of TSS Removal Efficiency for the Total System 

Sediment 
Fraction 

Size 
(um) 

Size 
Fractions 

Settling 
Velocity  (a) 

(m/s) 

Sediment  
In 

(m3) 

Sediment  
Removed 

(m3) 

Sediment  
Out 
(m3) 

Fraction 
Removed 

(b) 

1 <10 23% 0.00000592 1,985,019 993,000 86,900 50.02 

2 10-20 9% 0.00004730 777,493 541,000 8,250 69.58 

3 20-50 13% 0.00028300 1,122,253 1,007,000 1,970 89.73 

4 50-150 23% 0.00195000 1,979,787 1,950,000 408 98.50 

5 >150 32% 0.01240000 2,755,955 2,756,000 81 100.00 

Total  100%  8,631,483 7,240,000 97,600 83.88 

*The sediment removal for Pond 6 is calculated by removing the volume which enters in from the 

spillway from Pond 5, i.e. Total spillway volume from Pond 5 is 21,240 m3 which represents 0.66 % 

of the total volume. This volume needs to be removed from Pond 6’s Sediment In loading. I.e. for 

Sediment Fraction 1, Sediment Out of Pond 5 is 913,000 m3, spillway sediment volume is 5,981 m3 

(913,000 x 0.66%), remove this value from the total Sediment In volume entering Pond 6 which is 

511,000. Therefore the actual Sediment In volume is 505,019 m3 (511,000m3 – 5,981m3). 
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The wet pond simulation results indicate a sediment removal of 98.50% for particle sizes greater than 

50 µm, and a total sediment removal of 83.88%. The sediment removal therefore meets City of Calgary 

targets. 

Table 4.9 below shows how long the wet pond would attain a certain elevation over the course of 50 

years.  

Table 4.9  Pond 6 Utilization 

Stage (m) 
Volume 

(m3) 
Time attained 

(Hrs) 
Percentage 

of Time 

75.19 372.6 435,400 100.0 

78.69 3,353 435,400 100.0 

79.13 3,726 108,800 25.0 

79.56 4,098 51,520 11.8 

80.00 4,471 13,570 3.1 

80.44 5,582 880 0.2 

81.31 8,190 236 0.1 

83.06 17,240 10 <0.1 

83.50 21,820 0 0 

4.8 Habitat 

As stated in the 2016 Biophysical Impact Assessment of the Hamptons Development Project (BIA) 

by Corvidae Environmental Consulting Inc, there are none of the following biophysical features: 

• sensitive soils, 

• threatened or endangered wildlife species or listed species at risk nesting in the project area, 

• natural wetlands, 

• reptiles, 

• amphibians, or 

• fish habitat 

The BIA also recommends the following mitigation measures: 

• Clearing outside of the breeding and migratory bird window – clearing after August 31st and 

prior to April 1st (Government of Canada 2015b). 
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• Vegetate the  green space area with native vegetation recommended by the City of Calgary, 

including native grass species. 

The BIA report has one (1) outstanding issue: Prior to filling in the stormwater pond on 

Site A an amphibian survey and salvage (if present) will be completed. 
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5. OPERATION AND MAINTENANCE CONSIDERATIONS 

The existing wet ponds will be maintained by the developer. The wet ponds will be cleaned out as 

necessary, along with the control structure and skimming manhole for hydrocarbons. 
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6. SUMMARY 

1. The study area encompasses approximately 83.65 ha of an existing golf course located in 

Hamptons community in Calgary’s NW. 

2. The proposed development includes residential development. 

3. Two (2) existing wet ponds will be expanded for this site’s stormwater management system. Pond 

5 has an area of 0.45 ha at HWL & Pond 6 has 1.2 ha at HWL. 

4. Pond 5 will discharge at a maximum rate of 230 L/s through the orifice (R106) and 1803 L/s over 

the grassed spillway to Pond 6 at HWL. Pond 6 will discharge at a maximum rate of 51 L/s through 

the orifice (R41) at HWL. 

5. The amount of active storage provided in the Pond 5 is 10,896 m3 at HWL. From the 100, Year 

24 hour design storm, only 10,380 m3 is required for storage. Statistical analysis cannot be done 

for Pond 5 as it is designed with the spill over the swale and QHM cannot handle the instantaneous 

discharge. 

6. The amount of active storage provided in the Pond 6 is 17,240 m3 at HWL. From the 100, Year 

24 hour design storm, only 16,980 m3 is required for active storage. From statistical analysis (Log-

Pearson III), 13,743 m3 is required for active storage. 

7. Pond 5 simulation results indicate a sediment removal of 97.97% for particle sizes greater than 

50 µm, and a total sediment removal of 79.84%. The sediment removal therefore meets City of 

Calgary targets. 

8. Pond 6 simulation results indicate a sediment removal of 100% for particle sizes greater than 

50 µm, and a total sediment removal of 95.43%. The sediment removal therefore meets City of 

Calgary targets. 

9. The total pond system results indicate a sediment removal of 98.50% for particle sizes greater than 

50 µm, and a total sediment removal of 83.88%. The sediment removal therefore meets City of 

Calgary targets. 

10. Erosion and sediment control measures should also be implemented during construction to 

protect the natural drainage courses. 
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APPENDIX 2 

QHM Output – Existing & Proposed  
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APPENDIX 3 

HYDSTAT Results 
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QHM Output – Sediment 
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APPENDIX 6 

PDFs of existing control structures from Pond 5 & 6 - Revised 
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