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CHAPTER 4.  Grading & Drainage

4.1
Grading

4.1.1
The purpose of grading is to provide a suitable topography for buildings and other land uses, to control surface runoff, to minimize soil erosion and sedimentation both during and after construction.

4.1.2
The preparation of the sub-grade shall, by rough grading and filling, provide a base that will allow the placing of growing medium to the specified depths (see section 4.3.9). 

4.1.3
Applicable Guidelines and Legislation:

.1
Local building codes and guidelines.

.2
OPSS 206 November 2001, Grading Guidelines
.3
Surveyor’s Act

.4
See Appendix “B” for other applicable legislation. 

4.1.4
For the purposes of this guideline, grading refers to both the finish and sub-grade conditions.

4.1.5
Tolerances:  The accuracy of the sub-grade elevations should be within the tolerances shown in Table 4-1, unless specified in the construction documents.

Table 4-1:  Tolerances for Sub-grades Elevations in Soft Landscape Areas

	Condition
	Intended Growing Medium Depth
	Tolerance

	
	
	

	Within 3m  (10’) from fixed elevations e.g. paving and curbs
	0 - 150 mm
	(0-6”)
	±25 mm
	(1”)

	
	151 - 300 mm
	(6"-12”)
	±25 mm
	(1”)

	
	301  - 600 mm
	(12"-24”)
	±50 mm
	(2”)

	
	
	
	
	

	Other Areas
	0 - 150 mm
	(0-6”)
	±25 mm
	(1”)

	
	151 - 300 mm
	(6”-12”)
	±50 mm
	(2”)

	
	301 - 600 mm
	(12”-24”)
	±50 mm
	(2”)


4.1.6
Finished sub-grade surfaces shall be smooth, free of irregular surface changes, debris, foreign materials, properly compacted and provide for the growing medium depths as recommended in Table 5-4 Minimum Depths of Growing Medium.  More specific tolerances for finish grading may be specified in the contract documents for projects such as sports fields, golf and lawn bowling greens.  

4.2
Materials

4.2.1
Fill material shall be as specified.

4.2.2
Imported fill shall be clean, free from turf, ashes, debris, noxious weeds, roots, stones over 37 mm in diameter, harmful chemicals or other materials that are detrimental or toxic to plant growth or animal life, in part, in concentrations or leacheates.

4.2.3
Fill shall not be shipped, placed or graded in a wet, frozen or muddy state.

4.3
Execution

4.3.1
The grading plan shall be used to delineate elevations and drainage patterns.  The plan shall also show site boundaries, existing landform contours with benchmarks to indicate base elevations, existing site features and proposed structures.

4.3.2
The sub-grade shall be prepared to a proctor density between 80% and 85%.

4.3.3
Soft and unstable areas below the sub-grade that cannot be compacted to a proctor density within the 80% minimum and 85% maximum range should be excavated and filled with a suitably approved fill material.

4.3.4
Fill materials shall be placed so as to achieve stability.  This may require putting materials in lifts of 150 mm. Compact each layer of material in the proctor density range within the 80% minimum and 85% guideline. 
4.3.5
Debris, roots, branches, visible and noxious weeds, stones, building material and other objectionable material that may interfere with proper growth and development of the planned finished landscaping shall be removed.  

4.3.6
Areas showing excessive compaction shall be scarified to a minimum depth of 150 mm and re-compacted to a proctor density with a minimum of 80% to a maximum of 85%.
4.3.7
All sub-grade shall be scarified to a minimum depth of 150 mm immediately before placing growing medium.
4.3.8
Gradients should be within the ranges shown in Table 4-2, except where the Architect or Engineer has called for variation from this guideline based on site conditions.

4.3.9
Grade transitions of sub-grade shall be smooth, free from irregularities and be such that ponding will not occur on the sub-grade surface.

4.3.10
See Chapter 5.  Topsoil for placement and finish grading of growing medium.

Table 4-2:  MAXIMUM AND MINIMUM GRADIENTS IN LANDSCAPED AREAS

	Location
	Minimum
	Maximum

	
	
	

	Lawn and Grass
	50:1 (2%)
	3:1

	Grass swales (without additional erosion protection)
	
	

	.1 Slope along invert
	50:1 (2%)
	10:1 (10%)

	.2 Side Slopes
	6:1 
	3:1

	Unmown Areas
	1%
	2:1*

	Planted Areas
	2%
	2:1*  3:1 

	Play Fields
	2%
	3%

	Plazas and Open Spaces Hardscape
	1%
	2.5-5% 

	Turf Areas Drainage
	1%
	2.5%

	Patios and Terraces
	1.0%
	2%

	*Varies with soil types, cut vs. fill, other stabilizing procedures, and maintenance expectations


	
	


4.4
Finish Grading

4.4.1
The growing medium shall be fine graded after placement. Positive surface drainage shall be maintained by means of filling irregularities. Finish grading shall conform to the grade elevations and contours shown on an approved landscaping plan shall be free of debris and other materials that would be detrimental to the sub-grade.

4.4.2
The finished surface shall be smooth and uniform, and be firm against deep footprinting, with a fine loose surface texture. 

4.4.3
Finished grades should enable water to flow away from all buildings and structures (positive drainage).  Positive surface drainage shall be assured, and there shall be no depressions, subsequent settling or irregularities in the finished grade.

4.4.4
Protection of the finished grade and correction of any irregularities caused by work operations over the finished grade shall be enforced.

4.4.5
Settling of any finish grade shall not be more than 30 mm from specified elevations, and if settling is greater, the contractor shall bring the grade to the specified elevations.

4.4.6
See Chapter 5.  Topsoil for placement and finish grading of growing medium.

4.5
DRAINAGE

4.5.1
Drainage, General

.1
The basis for the design will generally be derived from the geotechnical design report.  This report will include findings on subsurface conditions and recommendations.

.2
This section includes guidelines for materials and execution for work occurring within the “soft landscaped” areas within the site of the work.

.3
Appropriate measures and installations shall be made off-site and as part of the “hard” construction to ensure that the objectives of this section can be met.

.4
Surface and subsurface drainage systems shall be provided, as appropriate, for the interception, collection, conduction and disposal of storm runoff and subsurface water.  The drainage systems shall be designed and sized to meet established criteria and deal efficiently with projected precipitation, infiltration and flow rates taking into consideration the potential for large fluctuations in groundwater levels.

.5
Drainage systems shall provide for the safety of the owner and the protection of dwellings, site elements and properties, from water damage, flooding and erosion.  Where storm drainage is concentrated, permanently maintainable facilities, such as storm water retention ponds, shall be provided to prevent erosion and other damage or flooding on the site or on adjacent properties.

.6
Design and installation of drainage systems shall meet the requirements of the local Authority.  The local authority or engineering consultant may require drainage requirements that vary from those described in this Guideline.  In such cases, the more stringent requirements shall take precedent.

.7
Appropriate measures shall be taken to prevent siltation of existing drainage systems and watercourses during all phases of the work.

4.5.2
Applicable Legislation and Guidelines

.1
Local building codes and guidelines.

.2
Drainage Act

.3
All applicable OPSS (Ontario Provincial Standard Specifications) such as, but not limited to 1801,1802,1810,1820,1840,1853

.4
All applicable OPSD (Ontario Provincial Standard Drawings)
.5
CSA B182.1 and B137.3

.6
See Appendix “B” for other applicable legislation.

.7
The CGSB (Canadian General Standards Board) guidelines 41-GP-29 Ma for Corrugated Plastic Drainage Tubing.

.8
CSA B182.11-95  For non-pressure PVC pipes, latest installation requirements, “Recommended Practice for the installation of Thermo-Plastic Drain, Storm Sewer Pipe and Fittings”, which includes:

.1
Trenches have been categorized as either: narrow unsupported, unsupported sub-ditch, wide trench, or supported trench.

.2
Specific bedding, haunching and initial backfill requirements have also been outlined.

.3
Bedding materials have been classified and references made to guideline soil types.  

.4
Compaction techniques and resulting densities for the four allowable bedding materials classes are outlined.

.5
Pipe handling, storage, cutting and joining recommendations.

.6
Covers a full range of performance and acceptance testing following the installation of pipe and fittings.

.7
Rigid Plastic Pipe: PVC or polyethylene shall conform to CSA B 1800 Series.

.8
Underdrain outlets shall be constructed with PVC pipe meeting CSA B182.2, ASTM D 3034

4.6
Materials

4.6.1
Other Piping Materials:  Flexible plastic, clay and concrete pipe shall be durable products and shall be used according to the manufacturer’s recommendations.

4.6.2
Drain Rock:  Drain rock shall be clean, round, inert, and durable, and have a maximum size of 19 mm and shall contain no material finer than 10 mm.

4.6.3
Filter Fabric / Soil Separator:  A non-biodegradable blanket or other filtering membrane that will permit the flow of water but not fine soil particles shall be used to separate the growing medium from drain rock shall be designed or selected to meet the strength, durability and permeability requirements of each application.

.1
An envelope material is used to restrain the entry of base soil material, which surrounds the drain or pipe.  The envelope should completely surround the drainpipe to prevent particle movement into the drain.  The envelope material should be suitable for permanent underground use.

4.6.4
Drainage Structures:  Silt traps, culverts, area drains, sumps, and catch basins shall be located and designed to achieve the intent set out in 4.5.1.

4.6.5
Rodent screen openings should not exceed 7 mm and should be fabricated from hardware cloth and a zinc coated steel wire fabric.

4.7
Execution

4.7.1
All buried cables, pipelines or other utilities should be located and marked by the appropriate public utility.   Any necessary easements or permits shall be obtained in prior to the approval and execution of any work.

4.7.2
During construction, provisions shall be made for proper water management and drainage of the site during construction.  This shall include silt traps, erosion control measures, temporary water collection ditches, as well as the proper maintenance of such throughout the construction period.

4.7.3
Secondary Drains:  Pipe drains of adequate size from minor runoff concentration points shall be provided and connected to appropriate disposal lines when analysis and recommendations indicate that they are essential.  Pipe drains are necessary when collected surface water flowing in swales may cause erosion of landscaped areas, or when water flow may interfere with pedestrian or vehicular traffic, or when the volume collected becomes excessive.

4.7.4
Drainage Swales and Gutters:  Paved gutters shall have a minimum grade of 0.5%.  Paved gutters and unpaved drainage swales shall have adequate depth and width to accommodate the maximum probable runoff without overflow.  Swales and gutters shall be stabilized either vegetatively or paved as appropriate to minimize the erosion potential.

4.7.5
Open Channels:  Channels shall be protected from erosion by appropriate vegetative covers, linings, or other treatments deemed as necessary by a civil engineer.  Earthen channel side slopes shall be no steeper than 2:1, and shall be flatter to prevent erosion where analysis indicates the need.  Open channels with linings shall have a maximum gradient on side slopes of 67% (1-1/2: 1), with adequate provisions for seep hole drainage.  Channel side slopes steeper than 67% shall be designed with structural retaining walls with provisions for live and dead surcharge loads.

4.7.6
Drainage Pipe:  Drainage pipe shall be installed with constant grades to drains, have smooth transitions and all appropriate fittings according to the manufacturer’s recommendations.  Cleanout risers shall be installed where junctions, grade or direction changes may cause siltation within the drain lines.  Minimum slope for drainpipes shall be 0.5%.

.1
Laying Pipe

.1
The method of installation must be compatible with the drainage system design manufacturer’s recommendations and the existing soil conditions.

.2
Pipes shall be laid to a true line and gradient on a firm bed, free from loose soil.  Pipes are not to be laid on soil backfill or in slurry and are to be securely positioned to avoid displacement before backfilling the trench.

.3
The inside of the drainpipe shall be kept clean and free of debris during construction.  All soil and debris should be removed before additional pipe is laid.

.4
Bedding:  Drainage pipe shall be installed on bedding material to CSA B 182.11-95 and shall have the required cover of drain rock and filter fabric.

.2
Connections

.1
Lateral drainpipes should connect with main drainpipes so that their centre lines intersect.

.2
Manufactured fittings should be used for connections at the junction of two drains.

.3
Plastic tubing connections to rigid drain tile should be made with manufactured plastic adaptors.

.4
Plastic tubing connections to plastic tubing should be made with manufactured plastic fittings.

.5
Each connection should be made with a specially manufactured connector, except when silt traps and inspection holes are provided at the location.

.6
All fittings shall be compatible with the pipe used.

.7
Connections at sumps or catch basins shall be made and sealed according to the manufacturers specifications.  

.3
Over Structures

.1
Drainage for landscaped areas over structures shall be designed to adequately drain the planting medium.  See Landscaping Over Structures Chapter 13.

.2
Appropriate products, such as protection board, shall be used to adequately protect underlying and waterproofing layers when drainage material and soil are to be installed.  Installation procedures for drain rock, etc. shall be such that this protection is maintained in its intended position.

.3
Where drain rock is installed under growing medium over structures, it should be to a minimum depth of 100 mm and the surface shall be completely covered with filter fabric.  Filter fabric shall be overlapped a minimum of 150 mm and fitted tightly around drains and other features.

.4
Access shall be provided to all drains in planting areas for the purposes of inspection and cleaning by way of capped cleanout risers or other appropriate structures.

.4
Backfilling

.1
The minimum cover for main drains is 600 mm for pipe diameters under 150 mm.  Minimum cover should be 750 mm for pipe diameters over 150 mm.

.2
Drain pipes should not be blinded by placing selected material not more than 40 mm in size, preferably top soil, around the pipe to a minimum depth of 75 mm above the top of the pipe.

.3
Plastic drain tubing should be blinded immediately after installation to hold it in position on planned grade and for protection of the tubing during backfilling.

.4
Trenches should be carefully backfilled with excavated material placed in such a way that the pipes are not damaged or displaced. Stones should not contact the drainpipe.

.5
The fill should be firm but not compacted so much as to prevent the passage of water to the pipe.

.6
Aggregates and backfilling shall be free frozen snow, ice, frozen materials, trash, brick, clay lumps, broken concrete, tree roots, sod, ashes, cinder, glass, plaster, vegetable matter and any other foreign matter.

.7
Foundry sand, crushed stone, or other material, which may be cementious or are not suitable for water percolation shall not be used.
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