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BRIDGE 24 REPLACEMENT 

TOWNSHIP OF BLANDFORD BLENHEIM 

HYDROLOGY REPORT 

 
1.0 INTRODUCTION 

 

The Township of Blandford Blenheim intends to replace Bridge 24.  The existing bridge is a 

single span steel through truss supported on concrete abutments.  It is estimated the structure 

was built in 1929.  There is no record of any previous hydrology studies being done at this 

structure. 

 

The purpose of this study is to ensure that the new structure would have adequate hydraulic 

capacity and no significant changes to the level of the Regional Storm will occur upstream of 

the proposed new structure. 

 

 

2.0 LOCATION 

 

Bridge 24 is located on Township Road 12 over Nith River, approximately 2.4 km west of 

Oxford Road #3 at Lots 8 & 9 Concessions 11 & 12 (Blenheim), in the Township of 

Blandford Blenheim in the County of Oxford. 

 

 

3.0 BACKGROUND INFORMATION AND REFERENCES 

 

3.1 Background Information 

 

The following background information was compiled to prepare this report 

 

• 1:50,000 topographic maps for Brantford, Cambridge, Conestogo, Guelph, Lucan, 

Seaforth, St Marys, Stratford and Woodstock  

• Soil maps for Oxford, Waterloo, Perth and Wellington Counties 

• Record of flow from gauging station 02GA010 (Nith River near Canning) for the 

period 1913-2022  

• Topographic engineering survey completed by KSAL in August 2020  

• HEC RAS Model for Nith River supplied by GRCA 

 

3.2 References 

 

The following references were consulted:  

 

• MTO Drainage Management Manual 

• Canadian Highway Bridge Design Code 2019 

• MTO Highway Drainage Design Standards published January 2008 
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4.0 EXISTING CONDITIONS 

 

4.1 Roadway Classification 

 

Township Road 12 is classified as a Rural Local Undivided with a design speed of 80 km/hr, 

otherwise known as RLU 80. 

 

4.2 Watershed Characteristics 

 

Area of Watershed = 725.1 km2 

Length of River = 107.63 km 

Average Slope of Watershed = 0.001 % 

CN (AMC II) = 73.8 

 

4.3 Existing Structure 

 

The existing structure is a single span steel through truss bridge with a span of 40.2m and an 

overall width of 4.7m.  The bridge was constructed in 1929. 

 

The existing stream bed elevation is approximately 290.30 and the soffit elevation is 294.84.  

The total effective opening area of the structure is approximately 158.0 square metres.  

  

The elevation of the low point of the roadway, to the west of the structure, is 294.37.   

 

4.4 Waterway Adequacy 

 

The opening area is adequate to pass the 25 year design storm.  The roadway overtops at 

flows beyond the 25 year storm. 

 

4.5 Major Flood 

 

It is reported that the west roadway approach overtops occasionally during the spring freshet.  

It is also reported that this overtopping is possibly due to capacity issues downstream (i.e. 

debris blockages or ice jamming) not due to Bridge 24 being undersized. 

 

4.6 Relief Flows 

 

Relief flow is mostly over the west roadway approach.  At significant flow events the east 

roadway approach will provide relief flow. 

 

4.7 Existing Roadside and Structure Drainage 

 

Runoff from the roadway spills off the road and into low lying areas on either side of the 

road.  Runoff eventually drains back into the river. 

 

Runoff from the structure deck is directed to deck drains.  These deck drains outlet directly 

into the river.  
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4.8 Upstream Structures 

 

a) Approximately 3.5 km upstream, there is a 61.2m two span concrete girder bridge and a 

5.7m wide concrete box culvert for overflow on Oxford Road #3 which were constructed 

around 1962. 

Total Opening area of main structure = 206.9 m2 

Total Opening area of overflow structure = 24.5 m2 

 

b) Approximately 8.5 km upstream, there is a 39.6m single span steel truss bridge 

(Blandford Blenheim Bridge 25) on Township Road 12 which was constructed around 

1937. 

Total opening area = 165.6 m2 

 

4.9 Downstream Structures 

 

a) Approximately 1.7 km downstream, there is a 48.2m three span concrete bridge 

(Blandford Blenheim Bridge 23) on Blenheim Road which was constructed in 1978. 

Total opening area = 201.3 m2 

 

b) Approximately 6.5 km downstream, there is a 59.5m three span concrete bridge 

(Blandford Blenheim Bridge 20) on Township Road 12 which was constructed in 2019. 

Total opening area = 246.5 m2  

 

 

5.0 ESTIMATED FLOWS 

 

5.1 Flow Estimate Methods 

 

The following methods were used to estimate the flows at this structure: 

 

• Modified Index Flood Method 

• Single Station Frequency Analysis 

• PCSWMM (for Regional Storm only) 

• GRCA HEC RAS Model* 

 

 * Flows were provided in the HEC RAS model   
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5.2 Summary of Estimated Flows 

 

Storm Method Flows (m3/s) 

2 Year 

Modified Index Flood Method 108.2 

Single Station Frequency Analysis 146.7 

GRCA HEC RAS Model -- 

PCSWMM -- 

5 Year 

Modified Index Flood Method 145.0 

Single Station Frequency Analysis 220.4 

GRCA HEC RAS Model -- 

PCSWMM -- 

10 Year 

Modified Index Flood Method 177.4 

Single Station Frequency Analysis 276.2 

GRCA HEC RAS Model -- 

PCSWMM -- 

25 Year 

Modified Index Flood Method 216.4 

Single Station Frequency Analysis  349.9 

GRCA HEC RAS Model* 416.0 

PCSWMM -- 

50 Year 

Modified Index Flood Method 244.5 

Single Station Frequency Analysis 405.7 

GRCA HEC RAS Model -- 

PCSWMM -- 

100 Year 

Modified Index Flood Method 274.8 

Single Station Frequency Analysis 461.5 

GRCA HEC RAS Model* 526.0 

PCSWMM -- 

Regional 

Modified Index Flood Method -- 

Single Station Frequency Analysis -- 

GRCA HEC RAS Model* 923.0 

PCSWMM 554.8 

 

 *  These flow rates have been provided by GRCA for use in HEC RAS. 

  

 Design Flows 

 

Reference is made to “Highway Drainage Design Standards” to determine the return period 

for the normal design flood for this structure.  Based on Township Road 12 being classified 

as a local road and the proposed span exceeding 6.0m, a 25 year return period shall be used.  

A 100 year return period shall be used for the check flood for scour. 

 

As the Nith River is a regulated watercourse, the Regional Storm shall also be considered. 
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As GRCA has requested HEC RAS modeling be completed and that the flows contained 

within the provided HEC RAS model not be changed, only the flows provided in the HEC 

RAS model will be used for design 

 

Therefore the design flows shall be:  

 

Q25 = 416.0 m3/s  

Q100 = 526.0 m3/s 

QREG = 923.0 m3/s 

 

 

6.0 DESIGN CRITERIA 

 

The ideal replacement structure would be such that the following design criteria are met: 

 

a) The opening of the proposed structure shall be adequate to convey the estimated design 

flow for a 25 year design storm without causing any flooding. 

 

b) Consideration of scour adjacent to spread or strip footings. 

 

c) There should not be an increase in the level of the Regional flood plain.  Any increase 

would be considered a significant increase. 

 

d) High water at the 25 year design storm shall have an average vertical clearance of 

300mm below the soffit of the proposed structure. 

 

e) The roadway approaches may provide relief flow for storms greater than a 25 year event 

if the geometry of the roadway profile would permit. 

 

f) The freeboard between the high water level and the low point of the proposed roadway 

shall not be less than 300mm. 

 

g) A navigable clearance envelope of at least 5.0m wide by 2.4m tall. 

 

h) A longitudinal road grade of at least 0.5% across the structure. 

 

 

7.0 PROPOSED STRUCTURE 

 

The proposed structure shall be as follows: 

 

3 span semi-continuous slab-on-girder bridge (prestressed concrete box girders) 

Construction type to be semi-integral abutment style 

Foundation to be conventional spread footings 

Span = 63.7 m (18.9, 25.9, 18.9 m centre of bearings) 

Skew = 0˚ 
Stream bed elevation = 290.30 (same as existing) 

Low soffit elevation = 295.01 

Elevation of low point of roadway = 294.35 

Effective total opening area = 238.0 m2 

High water elevation at 25 year design storm = 293.11 

Minimum clearance to soffit at 25 year design storm = 1900 mm 

Freeboard at 25 year design storm = 1240 mm  
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8.0 ROADWAY IMPROVEMENTS 

 

8.1 Horizontal Alignment 

 

No changes to the horizontal alignment of Township Road 12 are required.  The current 

straight alignment is ideal. 

 

The location of the new bridge, however, will be moved slightly so that it is centred in the 

existing right-of-way. 

 

8.2 Vertical Alignment 

 

The vertical alignment of Township Road 12 will changed overtop the structure.  This will 

involve creating 1.5% longitudinal grades up to the bridge and providing a crest vertical 

curve overtop the bridge.  Tie-in sag vertical curves will be provided to connect the new 

roadway grades to the existing.  An 80 km/hr design speed will be used.  The changes to the 

vertical alignment are limited to the roadway approaches on either side of the proposed new 

structure. 

 

8.3 Cross-Section Elements  

 

Township Road 12 will be widened to provide 2 traffic lanes and shoulders over the structure 

and the roadway approaches adjacent to the structure.  2% cross-fall will be provided for 

positive roadway drainage, 1.5H to 1.0V sideslopes will be provided to support the roadway 

embankment and 1.5H to 1.0V backslopes will be used to tie-in to the existing ground.   

 

Where necessary, roadside ditches will be provided. 

 

 

9.0 SUMMARY OF HYDRAULIC ANALYSIS 

 

9.1 Modeling 

 

The HEC RAS Model used for the analysis was supplied by GRCA. 

 

The following changes were made to the HEC RAS model to run the existing conditions: 

 

• Channel and overbank Manning’s roughness values were set to 0.035 and 0.08, 
respectively, in accordance with industry guidance; 

• Expansion and contraction coefficients of 0.30 and 0.50, respectively were applied at 

XS 18645. XS 18570 and XS 18558; 

• Expansion and contraction coefficients of 0.10 and 0.30 were applied to cross 

sections 20736 to 17546; 

• Cross sections 18558 and 18570 were repositioned 6.0m away from the bridge to 

locate them outside the roadway right-of-way; 

• Ineffective flow areas were defined upstream and downstream of the bridge, in 

accordance with standard HEC RAS guidance, using a 1:1 contraction and 

expansion slope to limit flow conveyance in areas not expected to actively 

contribute to channel flow; 

• The existing bridge railing was modeled as part of the high chord to conservatively 

account for potential debris accumulation during larger storm events because the 

railing limits flows over the bridge deck; 



Bridge 24 – Hydrology Report  7 

 

  S:\2022\22-264\Engineering\Hydrology\22-264 -  Bridge 24 - Hydrology Report REV 2.docx 

• The existing bridge, located at River Station 18564, was updated based on survey 

information obtained in the field.  The structure was modeled using the HEC RAS 

bridge and roadway modeling routine with a width of 4.7m, a span of 39.2m and an 

opening area of 158.0 m2.  The roadway low point elevation of 294.35 was set as the 

minimum weir flow elevation for roadway overtopping.  Refer to Appendix A and B 

for details of the existing structure and roadway. 

 

The proposed conditions model was created starting with the existing conditions model with 

the following changes: 

 

• The proposed bridge railing was modeled as part of the high chord to conservatively 

account for potential debris accumulation during larger storm events because the 

railing limits flows over the bridge deck 

• The proposed bridge was changed to reflect the proposed bridge.  The structure was 

modeled using the HEC RAS bridge and roadway modeling routine with a width of 

9.0m, a span of 61.0m and an opening area of 238.0 m2.  2 piers, with a width of 

0.9m, were included in the modeling.  The roadway low point elevation of 294.35 

was set as the minimum weir flow elevation for roadway overtopping.  Refer to 

Appendix A and C for details of the proposed structure and roadway. 

 

9.2 Summary of Results 

 

The table below shows a comparison for the existing conditions and proposed conditions. 

 

Location 
Flow 

(m³/s) 

High Water Elevation 

(m) 

Velocity 

(m/s) 

Existing Proposed Existing Proposed 

156 Upstream 

(Sta 18720) 

416.0 295.32 295.32 2.20 2.20 

526.0 295.73 295.73 2.37 2.37 

923.0 296.93 296.93 2.57 2.57 

Bridge - 

Upstream 

(Sta 18564) 

416.0 293.11 293.11 2.25 2.25 

526.0 293.50 293.50 2.36 2.36 

923.0 295.15 295.15 1.88 1.88 

Bridge –  

Downstream 

(Sta 18564) 

416.0 293.11 293.11 2.27 2.27 

526.0 293.50 293.50 2.41 2.41 

923.0 295.15 295.15 1.93 1.93 

148m 

Downstream 

(Sta 18416) 

416.0 294.97 294.97 1.40 1.40 

526.0 295.38 295.38 1.37 1.37 

923.0 296.59 296.59 1.31 1.31 

 

For further details, see Appendix C 

 

The modelling confirms there will be no changes to the hydrology under the proposed 

conditions. 

 

The proposed structure also satisfies the stated design criteria. 
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10.0 ICE 

 

Reference is made to both the MTO Drainage Management Manual as well as MTO 

Publication “Guide for Preparing Hydrology Reports for Water Crossings” which states that 
the design of a crossing should be checked for the potential impact of ice and debris on the 

flow through the structure.  Given that ice jamming is a possibility at this location of Nith 

River, consideration of ice and debris is necessary. 

 

With respect to the proposed structure: 

 

• The proposed structure is quite a bit larger compared to the existing structure and the 

soffit elevation of the proposed structure is higher.  This larger structure should 

eliminate the possibility of constricted flow through the bridge. 

 

• A 3-span structure is proposed rather than a 2-span structure; a two-span structure 

would result in a pier being placed at the centre of the watercourse.  A centre pier 

would create an obvious obstruction given that most of the flow occurs through the 

centre.  A 3-span structure with the piers situated close to the existing river banks 

allows a large central opening to minimize any obstructions to the flow.  It is also 

noted that a single span structure (i.e. no piers in the water) is not realistic for this 

location given the span and topography. 

 

• A more elaborate scour protection system will be provided to protect the foundations 

of the proposed structure in case of scour due to waterway constrictions or relief 

flow paths. 

 

• Ice impact and abrasion will be considered in the structural design and detailing of 

the structure. 

 

• Bridge 24 has been in service for nearly a century; replacement of this structure will 

not significantly alter the probability of effects of upstream flooding, conveyance 

capacity due to channel icing, river surging or public safety as a result of ice 

jamming. 

 

 

11.0 EROSION PROTECTION 

 

To protect against erosion, rock protection will be placed on embankments underneath the 

structure and at the corners of the structure to above the 25 year water level.  Rock 

protection will be laid on geotextile underlay. 

 

Rock protection should have an average stone size of at least 300mm.  This size is 

appropriate (based on Highway Drainage Design Standards WC-3) for a velocity not 

exceeding 3.0 m/s and assuming the check flow for scour is 100% of the 100 year design 

storm. 

 

 

12.0 SCOUR PROTECTION 

 

To protect against possible undermining of the structure foundations by scour, the underside 

of the abutments and pier footings will be located at least 1.5m below grade and the footings 

will be lined with sheet pile that extends a further 1.2m below the underside of footing. 
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Rock protection will be placed around the footings and piers as a final preventative measure 

against scour. 

 

 

13.0 BRIDGE DECK DRAINAGE 

 

Bridge deck drainage will be accomplished by the following: 

 

a) Overtop the bridge, runoff will be directed to the curb line via 2% deck cross-fall.  No 

deck drains will be provided. 

 

b) Runoff will flow along the curb line via longitudinal grade to each side of the bridge. 

 

c) Concrete curb and gutter as well as gutter outlets will be placed at each corner of the 

bridge to direct runoff to the roadside ditches.  Rip rap spillways will be provided at the 

end of the gutter outlets to the bottom of the slope. 

 

This methodology prevents salt or pollutant laden runoff from directly entering the Nith 

River.  Directing runoff to roadside ditches allows the possibly of vegetation to filter the 

runoff prior to said runoff entering the watercourse. 

 

 

14.0 EROSION AND SEDIMENT CONTROL DURING CONSTRUCTION 

 

A detailed erosion and sediment control drawing will be prepared to control erosion and 

sedimentation during the construction.  This same drawing will also show the proposed 

dewatering scheme. 

 

 

15.0 CONSTRUCTION  

 

It is recommended that construction of the proposed structure occur in single stage 

construction.  Traffic can be detoured around the site using the existing network of roads. 

 

Removal of the existing structure could be accomplished by first removing the concrete 

deck, steel stringers and railing system.  The bridge could be lifted off of the abutments 

using a large crane and disassembled on dry land.  The existing concrete abutments and 

foundations can be removed using a hydraulic excavator equipped with a hydraulic breaker. 

 

Construction of the proposed structure will require in-water work.  To minimize effects to 

the natural environment, all in-water work should be completed within the allowable in-

water work timing windows.  Sheet pile cofferdams would be constructed to isolate the 

watercourse from the construction and to permit work to proceed in the dry.  

 

The new bridge would be constructed in stages starting with the east (or west) pier footing, 

east (or west) pier, east (or west) abutment and wingwalls to bearing seat level, west (or east) 

pier footing, west (or east) pier, west (or east) abutments and wingwalls to bearing seat level, 

placement of girders, construction of deck and remaining portions of wingwalls, construction 

of curbs and finally erection of the steel railing system. 

 

The roadway would be constructed last so that it matches the bridge.  Backfill adjacent to the 

new bridge would be placed in stages and only after the concrete deck was placed. 
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16.0 CONCLUSIONS 

 

The hydraulic analysis has indicated that there would not be any changes in the hydrology 

for the proposed conditions.   

 

The proposed structure also satisfies the stated design criteria.   

 

Bridge deck drainage, erosion and sediment control during construction as well as 

construction details will be provided on the engineering drawings.  These drawings are not 

included with this report. 

 

It is our conclusion that the proposed structure would adequately serve the hydrology 

requirements.   

 

All of which is respectfully submitted. 

 

 

 

 

 

Allan Garnham, P. Eng.  
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- Existing Structure 
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- Proposed Structure 
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- Watershed Plan Area 

 

- Soils Map 

 

- Hydraulic Computations 

 

- Excerpts from HEC RAS modeling output 

 (Note – Full results available upon request) 
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Watershed Characteristics:

Watershed Area: 725.10 km² From AutoCAD

Length of River: 107.63 km From AutoCAD

Slope of the Main Channel:

 By the 85/10 Method

Length at 10% = 107.63 x 0.10

Length at 10% = 10.76 km

Actual distance = 9772 m

Elevation= 300 m

Length at 85% = 107.63 x 0.85

Length at 85% = 91.49 km

Actual distance = 99366 m

Elevation= 390 m

rise

run

390   -   300

99366   -   9772

90

89594

Land Use:

From MTC Chart H2-7

For Wellington County:

Crop: 61 %

Pasture: 30 %

Wood: 9 %

For County of Perth:

Crop: 68 %

Pasture: 26 %

Wood: 6 %

Bridge 24 Replacement - Hydrology Calculations

(KSAL Job Number 22-264)

Slope =

Slope =

Slope =

0.001 m/m

Slope =



For Region of Waterloo:

Crop: 71 %

Pasture: 20 %

Wood: 9 %

For County of Oxford:

Crop: 69 %

Pasture: 24 %

Wood: 7 %

Average:

Crop: 67.25 %

Pasture: 25.00 %

Wood: 7.75 %

Soil Classification:

From Soil Maps of: Wellington County 

Waterloo County

Perth County

Oxford County

and

From: MTC Drainage Manual Chart H2-6A

Map 

Symbol

Pl 35.7 km²

Hul 9.9 km²

Bnl 10.4 km²

Pc 102.7 km²

Bc 22.8 km²

Bs 17.6 km²

Huc 37.5 km²

Ps 10.2 km²

His 46.6 km²

Wsl 15.1 km²

M 21.5 km²

140.3 km²

112.7 km²

28.8 km²

36.9 km²

Hosil 20.1 km²

Fxls 21.7 km²

Busl 2.3 km²

Gl 9.1 km²

Bnsil 4.0 km²

Bsxl 10.4 km²

Emsil 3.6 km²

M 5.2 km²

Area Sum = 725.1

Watershed Area = 725.1 check

Guelph Loam

Bennington Silt Loam

Brisbane Sandy Loam

CD

C

C

Area 

Muck (Perth County)

Brookston Clay

Burford - Fox

BC

B

B

Embro Silt Loam

Hydraulic 

Soil Group

C

BC

C

A

B

BC

BC

C

A

AB

A

BC

BC

AB

A

B

C

Honeywood Silt Loam

Fox Loamy Sand

Burford Sandy Loam

Muck (Oxford County)

Soil Series

Bennington - Bookton

Brant - Waterloo

Huron Clay

Brookston Silt

Huron Loam

Perth Loam

Perth Clay

Brookston Loam

Huron - St. Clements

Waterloo Sandy Loam

Harriston Silt Loam

Huron Silt



Soil Classification (Continued):

Summary

83.1 km²

134.4 km²

29.8 km²

247.5 km²

127.6 km²

102.7 km²

Area Sum = 725.1

Watershed Area = 725.1 km² check

CN Calculation:

From MTO Drainage Design Manual Design Chart 1.09

HSG Area (km²) Area CN Area CN Area CN

A 83.1 55.9 66 20.8 58 6.4 50

AB 134.4 90.4 70 33.6 62 10.4 54

B 29.8 20.0 74 7.5 65 2.3 58

BC 247.5 166.4 78 61.9 71 19.2 65

C 127.6 85.8 82 31.9 76 9.9 71

CD 102.7 69.1 84 25.7 79 8.0 74

Total = 

Total   

WS Area

            = 73.8 (AMC II)

17.60%

CD 14.16%

Area

4.11%

34.13%

AB

10163.0

8418.8

53493.5

725.1

C

53493.5

Ʃ Areas x CNs
5215.4

8972.5

2101.2

18622.5

=

% of Watershed

11.46%

18.54%

BC

Crop Pasture

A

Hydraulic Soil Group

B

Wood

CNavg =



Estimated Flows:

Modified Index Flood Method:

Watershed Type: Southern

Watershed Area: 725.1 km²

Watershed Slope: 0.001 m/m

CN: 73.8

Base Watershed Class: 8.42       (MTO Drainage Manual Design Chart 1.17)

+

Slope Adjustment: -0.95       (Design Chart 1.18)

=

Net Watershed Class: 7.47

Class Coefficient, C: 1.549       (Design Chart 1.15)

Q25 = CA
0.75

Q25 = (1.55)(725.1)
0.75

Q25 = 216.4 mᶟ/s

Q2 = FCF2Q25          FCF2= 0.50 Chart H5-9(a)

Q2 = (0.50)(216.4)

Q2 = 108.2 mᶟ/s

Q5 = FCF5Q25          FCF5= 0.67 Chart H5-9(a)

Q5 = (0.67)(216.4)

Q5 = 145.0 mᶟ/s

Q10 = FCF10Q25          FCF10= 0.82 Chart H5-9(a)

Q10 = (0.82)(216.4)

Q10 = 177.4 mᶟ/s

Q50 = FCF50Q25          FCF50= 1.13 Chart H5-9(a)

Q50 = (1.13)(216.4)

Q50 = 244.5 mᶟ/s

Q100 = FCF100Q25          FCF10= 1.27 Chart H5-9(a)

Q100 = (1.27)(216.4)

Q100 = 274.8 mᶟ/s



Single Station Frequency Analysis:

Use gauging station 02GA010 - Nith River near Canning:

From a regression analysis, R
2
= 0.919

y = 104.710 *ln(x) + 118.25

For Q2, y =   (104.710)*ln(2) + (118.25)

= 190.8 mᶟ/s

For Q5, y =   (104.710)*ln(5) + (118.25)

= 286.8 mᶟ/s

For Q10, y =   (104.710)*ln(10) + (118.25)

= 359.4 mᶟ/s

For Q25, y =   (104.710)*ln(25) + (118.25)

= 455.3 mᶟ/s

For Q50, y =   (104.710)*ln(50) + (118.25)

= 527.9 mᶟ/s

For Q100, y =   (104.710)*ln(100) + (118.25)

= 600.5 mᶟ/s

Now transport this discharge back to Bridge 24:

A1 = 725.10 km
2

A2 = 1030.00 km
2

A1/A2 = 0.70

Q2 = Q2 (A1/A2)
0.75

Q2 = (190.8)(0.70)
0.75                           .

Q2 = 146.7 mᶟ/s

Q5 = Q5 (A1/A2)
0.75

Q5 = (286.8)(0.70)
0.75                           .

Q5 = 220.4 mᶟ/s



Q10 = Q10 (A1/A2)
0.75

Q10 = (359.4)(0.70)
0.75                           .

Q10 = 276.2 mᶟ/s

Q25 = Q25 (A1/A2)
0.75

Q25 = (455.3)(0.70)
0.75                           .

Q25 = 349.9 mᶟ/s

Q50 = Q25 (A1/A2)
0.75

Q50 = (527.9)(0.70)

Q50 = 405.7 mᶟ/s

Q100 = Q100 (A1/A2)
0.75

Q100 = (600.5)(0.70)
0.75                           .

Q100 = 461.5 mᶟ/s

GRCA:

GRCA has provided the following flows to be used for this project where applicable:

Q25 = 416 mᶟ/s

Q100 = 526 mᶟ/s

QREG = 923 mᶟ/s



Summary of Estimated Flows:

Therefore, the design flows for this structure will be:

Q2 146.7 mᶟ/s

Q5 220.4 mᶟ/s

Q10 276.2 mᶟ/s

Q25 349.9 mᶟ/s

Q25 405.7 mᶟ/s

Q100 461.5 mᶟ/s

QREG 923.0 mᶟ/s

216.4

Regional

Modified Index 

(mᶟ/s)

274.8

GRCA

(mᶟ/s)

--

416.0

526.0

177.4

50 405.7244.5 --

PCSWMM

(mᶟ/s)

--

100

Design Storm 

(Years)

10

25

--

--

--

--

554.8923.0

Single Station Frequency Analysis 

(mᶟ/s)

276.2

349.9

461.5

--

--

2 108.2 146.7 -- --

5 145.0 220.4 --



Year Flow Rank Probability Return Period

1948 422 2 0.033 30.50

1950 357 9 0.148 6.78

1954 428 1 0.016 61.00

1956 267 20 0.328 3.05

1957 179 34 0.557 1.79

1960 289 16 0.262 3.81

1961 184 33 0.541 1.85

1962 207 29 0.475 2.10

1963 292 15 0.246 4.07

1964 91.7 58 0.951 1.05

1965 354 10 0.164 6.10

1966 228 23 0.377 2.65

1967 294 14 0.230 4.36

1969 199 32 0.525 1.91

1970 144 44 0.721 1.39

1971 121 50 0.820 1.22

1972 208 27 0.443 2.26

1973 203 30 0.492 2.03

1974 275 18 0.295 3.39

1975 419 3 0.049 20.33

1976 314 12 0.197 5.08

1977 362 7 0.115 8.71

1978 225 24 0.393 2.54

1979 383 4 0.066 15.25

1980 275 18 0.295 3.39

1982 377 5 0.082 12.20

1983 112 53 0.869 1.15

1984 219 25 0.410 2.44

1986 284 17 0.279 3.59

1987 102 55 0.902 1.11

1988 120 51 0.836 1.20

1989 98.1 56 0.918 1.09

1990 173 38 0.623 1.61

1991 172 39 0.639 1.56

1992 244 22 0.361 2.77

1993 256 21 0.344 2.90

1995 134 46 0.754 1.33

1996 174 37 0.607 1.65

1998 150 43 0.705 1.42

1999 77.2 59 0.967 1.03

2000 175 36 0.590 1.69

2001 177 35 0.574 1.74

2002 113 52 0.852 1.17

Single Station Frequency Analysis - Calculations



2003 112 53 0.869 1.15

2004 302 13 0.213 4.69

2006 203 30 0.492 2.03

2007 135 45 0.738 1.36

2008 374 6 0.098 10.17

2010 168 40 0.656 1.53

2011 164 42 0.689 1.45

2012 74.1 60 0.984 1.02

2013 167 41 0.672 1.49

2014 208 27 0.443 2.26

2015 95.7 57 0.934 1.07

2016 130 47 0.770 1.30

2017 125 48 0.787 1.27

2018 360 8 0.131 7.63

2020 353 11 0.180 5.55

2021 215 26 0.426 2.35

2022 122 49 0.803 1.24

count 60



y = 104.71ln(x) + 118.25

R² = 0.9191
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Single Station Frequency Analysis to Estimate Design Flows

Record from Nith River Near Canning

Station No. 02GA010, Drainage Area = 1030 km2











EPA STORM WATER MANAGEMENT MODEL - VERSION 5.2 (Build 5.2.3) 
  ------------------------------------------------------------ 
 
  WARNING 02: maximum depth increased for Node J1-07 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CMS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    RDII ................... NO 
    Snowmelt ............... NO 
    Groundwater ............ NO 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... NO 
  Infiltration Method ...... HORTON 
  Flow Routing Method ...... DYNWAVE 
  Surcharge Method ......... EXTRAN 
  Starting Date ............ 02/07/2024 02:00:00 
  Ending Date .............. 02/12/2024 02:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 00:01:00 
  Wet Time Step ............ 00:05:00 
  Dry Time Step ............ 00:05:00 
  Routing Time Step ........ 5.00 sec 
  Variable Time Step ....... YES 
  Maximum Trials ........... 8 
  Number of Threads ........ 1 
  Head Tolerance ........... 0.001500 m 
   
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     hectare-m            mm 
  **************************     ---------       ------- 
  Total Precipitation ......     17938.873       234.016 
  Evaporation Loss .........         0.000         0.000 
  Infiltration Loss ........     14769.600       192.672 
  Surface Runoff ...........      3169.965        41.353 
  Final Storage ............         0.000         0.000 
  Continuity Error (%) .....        -0.004 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        hectare-m      10^6 ltr 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......      3169.966     31699.989 
  Groundwater Inflow .......         0.000         0.000 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........      3154.725     31547.583 
  Flooding Loss ............         0.000         0.000 
  Evaporation Loss .........         0.000         0.000 
  Exfiltration Loss ........         0.000         0.000 
  Initial Stored Volume ....         0.000         0.004 
  Final Stored Volume ......        14.984       149.844 
  Continuity Error (%) .....         0.008 
   
   
  ************************* 
  Highest Continuity Errors 
  ************************* 
  Node J1-07 (7.24%) 
  Node J1-08 (-5.52%) 
  Node J1-11 (-1.26%) 
   
   
  *************************** 
  Time-Step Critical Elements 
  *************************** 
  None 
   
   
  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  All links are stable. 
   
   
  ********************************* 
  Most Frequent Nonconverging Nodes 
  ********************************* 
  Convergence obtained at all time steps. 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :     0.50 sec 
  Average Time Step           :     5.00 sec 
  Maximum Time Step           :     5.00 sec 
  % of Time in Steady State   :     0.00 
  Average Iterations per Step :     2.00 
  % of Steps Not Converging   :     0.00 
  Time Step Frequencies       : 
      5.000 -  3.155 sec      :    99.98 % 
      3.155 -  1.991 sec      :     0.01 % 
      1.991 -  1.256 sec      :     0.00 % 
      1.256 -  0.792 sec      :     0.00 % 
      0.792 -  0.500 sec      :     0.00 % 
   
   
  *************************** 



  Subcatchment Runoff Summary 
  *************************** 
   
----------------------------------------------------------------------------------------------------------------------- 
                 Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak    Runoff 
                 Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   Coeff 
Subcatchment        mm         mm         mm         mm         mm         mm         mm      10^6 ltr    CMS 
----------------------------------------------------------------------------------------------------------------------- 
  S1-02         234.02       0.00       0.00     220.50       0.00      13.53      13.53      353.62    59.83   0.058 
  S1-03         234.02       0.00       0.00     199.94       0.00      34.09      34.09      700.23    90.76   0.146 
  S1-04_1       234.02       0.00       0.00     158.83       0.00      75.20      75.20     2813.30   240.91   0.321 
  S1-04_2       234.02       0.00       0.00     199.59       0.00      34.45      34.45      488.69    63.11   0.147 
  S1-05         234.02       0.00       0.00     212.59       0.00      21.45      21.45     1071.89   163.44   0.092 
  S1-06         234.02       0.00       0.00     230.62       0.00       3.40       3.40       77.11    15.90   0.015 
  S1-07_1       234.02       0.00       0.00     105.39       0.00     128.64     128.64        0.00     0.00   0.550 
  S1-07_2       234.02       0.00       0.00     224.70       0.00       9.32       9.32      318.56    56.42   0.040 
  S1-08         234.02       0.00       0.00     228.62       0.00       5.41       5.41      131.54    26.21   0.023 
  S1-09         234.02       0.00       0.00     233.54       0.00       0.48       0.48       35.53    10.86   0.002 
  S1-10         234.02       0.00       0.00     216.28       0.00      17.75      17.75     2429.91   356.56   0.076 
  S1-11         234.02       0.00       0.00     173.34       0.00      60.68      60.68     9229.52   605.08   0.259 
  S1-12_1       234.02       0.00       0.00     149.92       0.00      84.11      84.11    11258.55   685.87   0.359 
  S1-12_2       234.02       0.00       0.00     165.90       0.00      68.13      68.13     2791.40   230.59   0.291 
   
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max    Reported 
                                   Depth    Depth      HGL   Occurrence   Max Depth 
  Node                 Type       Meters   Meters   Meters  days hr:min      Meters 
  --------------------------------------------------------------------------------- 
  J1-02                JUNCTION     0.74     3.20   294.11     2  13:20        3.20 
  J1-03                JUNCTION     1.25     5.05   295.93     2  13:18        5.05 
  J1-04                JUNCTION     0.93     4.31   303.30     2  11:35        4.31 
  J1-05                JUNCTION     0.81     4.46   316.89     2  07:42        4.46 
  J1-06                JUNCTION     0.77     4.55   325.89     2  05:28        4.55 
  J1-07                JUNCTION     1.09     8.10   336.42     2  07:01        8.10 
  J1-08                JUNCTION     1.29     8.23   340.20     2  02:43        8.23 
  J1-09                JUNCTION     0.95     7.40   341.45     2  00:47        7.40 
  J1-10                JUNCTION     0.62     6.18   350.53     2  00:40        6.18 
  J1-11                JUNCTION     0.62     7.20   360.80     1  23:57        7.20 
  J1-12                JUNCTION     0.39     4.90   366.53     1  23:07        4.90 
  Out1-01              OUTFALL      0.64     3.01   292.77     2  13:21        3.01 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
   
  ------------------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total        Flow 
                                  Lateral    Total  Time of Max      Inflow      Inflow     Balance 
                                   Inflow   Inflow   Occurrence      Volume      Volume       Error 
  Node                 Type           CMS      CMS  days hr:min    10^6 ltr    10^6 ltr     Percent 
  ------------------------------------------------------------------------------------------------- 
  J1-02                JUNCTION    59.834  554.806     2  13:18         354    3.15e+04       0.005 
  J1-03                JUNCTION    90.762  556.265     2  12:00         700    3.14e+04       0.540 
  J1-04                JUNCTION   304.030  590.964     2  08:18     3.3e+03    3.07e+04       0.052 
  J1-05                JUNCTION   163.440  671.913     2  06:37    1.07e+03    2.75e+04       0.609 
  J1-06                JUNCTION    15.898  575.035     2  05:42        77.1    2.63e+04      -0.699 
  J1-07                JUNCTION    56.418 1190.917     2  03:50         319    2.83e+04       7.804 
  J1-08                JUNCTION    26.207 1415.575     2  01:17         132    2.65e+04      -5.236 
  J1-09                JUNCTION    10.864 1286.761     2  00:40        35.5    2.62e+04      -0.582 
  J1-10                JUNCTION   356.563 1426.596     1  23:28    2.43e+03    2.62e+04       0.001 
  J1-11                JUNCTION   605.081 1475.316     1  23:01    9.23e+03    2.34e+04      -1.248 
  J1-12                JUNCTION   916.460  916.460     1  23:00     1.4e+04     1.4e+04      -1.050 
  Out1-01              OUTFALL      0.000  554.803     2  13:21           0    3.15e+04       0.000 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  No nodes were surcharged. 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  No nodes were flooded. 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ----------------------------------------------------------- 
                         Flow       Avg       Max       Total 
                         Freq      Flow      Flow      Volume 
  Outfall Node           Pcnt       CMS       CMS    10^6 ltr 
  ----------------------------------------------------------- 
  Out1-01               64.20   113.746   554.803   31547.439 
  ----------------------------------------------------------- 
  System                64.20   113.746   554.803   31547.439 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 



                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CMS  days hr:min     m/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  C1-02                CHANNEL   554.803     2  13:21     18.69    0.25    0.56 
  C1-03                CHANNEL   554.806     2  13:18      2.05    2.77    0.74 
  C1-04                CHANNEL   556.265     2  12:00     47.14    0.45    0.84 
  C1-05                CHANNEL   590.964     2  08:18      2.12    0.46    0.77 
  C1-06                CHANNEL   671.913     2  06:37      1.87    0.40    0.79 
  C1-07                CHANNEL   575.035     2  05:42      2.89    1.15    0.97 
  C1-08                CHANNEL  1190.917     2  03:50      1.59    0.24    0.61 
  C1-09                CHANNEL  1415.575     2  01:17      2.57    0.23    0.63 
  C1-10                CHANNEL  1286.761     2  00:40      2.68    0.31    0.73 
  C1-11                CHANNEL  1254.262     2  00:22      2.61    1.05    1.00 
  C1-12                CHANNEL   880.229     1  23:07      1.90    0.21    0.70 
   
   
  *************************** 
  Flow Classification Summary 
  *************************** 
   
  ------------------------------------------------------------------------------------- 
                      Adjusted    ---------- Fraction of Time in Flow Class ----------  
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  Inlet  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   Ctrl   
  ------------------------------------------------------------------------------------- 
  C1-02                   1.00   0.35  0.00  0.00  0.64  0.00  0.00  0.00  0.00  0.00 
  C1-03                   1.00   0.34  0.01  0.00  0.65  0.00  0.00  0.00  0.00  0.00 
  C1-04                   1.00   0.34  0.00  0.00  0.66  0.00  0.00  0.00  0.62  0.00 
  C1-05                   1.00   0.34  0.04  0.00  0.62  0.00  0.00  0.00  0.56  0.00 
  C1-06                   1.00   0.38  0.00  0.00  0.62  0.00  0.00  0.00  0.58  0.00 
  C1-07                   1.00   0.33  0.00  0.00  0.67  0.00  0.00  0.00  0.47  0.00 
  C1-08                   1.00   0.33  0.04  0.00  0.64  0.00  0.00  0.00  0.11  0.00 
  C1-09                   1.00   0.35  0.00  0.00  0.65  0.00  0.00  0.00  0.50  0.00 
  C1-10                   1.00   0.34  0.00  0.00  0.65  0.01  0.00  0.00  0.61  0.00 
  C1-11                   1.00   0.33  0.00  0.00  0.67  0.00  0.00  0.00  0.59  0.00 
  C1-12                   1.00   0.33  0.00  0.00  0.66  0.01  0.00  0.00  0.64  0.00 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  ---------------------------------------------------------------------------- 
                                                           Hours        Hours  
                         --------- Hours Full --------   Above Full   Capacity 
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited 
  ---------------------------------------------------------------------------- 
  C1-03                       0.01      0.01      0.01     17.20         0.01 
  C1-07                       0.01     11.28      0.01      7.34         0.01 
  C1-11                       0.19      2.69      0.19      1.60         0.19 
   
 
  Analysis begun on:  Thu Feb  8 12:53:46 2024 
  Analysis ended on:  Thu Feb  8 12:53:47 2024 
  Total elapsed time: 00:00:01 
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