City of Vancouver 		 	Section 33 51 01S
Construction Specifications		Bioretention Systems
Supplementary Specifications				      2023

These specifications have been produced by the GI branch but have not been adopted by the City of Vancouver as approved standard Construction Specifications and are not endorsed by the MMCD. The GI Construction Specifications are intended for project specific uses. These documents must be edited in Microsoft Word using ‘TRACK CHANGES’.  The text is to be edited to suit the project specific conditions.
All users must be sure to review the highlighted text for project specific relevance. 


	1.0
	General
	.1
	Section 33 51 01S Bioretention Systems refers to those portions of the work that are unique to the supply and installation of vegetated Green Infrastructure systems (i.e. bioretention). Related appurtenances are included in other sections. This section must be referenced to and interpreted simultaneously with all other sections pertinent to the works described herein.

	
	
	.2
	All details of bioretention systems not specifically covered in this section to comply with ASTM and CGSB standards and/or manuals of practice as specified in the Contract Documents.

	
	
	.3
	Note that wherever -P is used as a suffix to a MMCD section, the reference is to the Vancouver Parks Board standards  

	
	
	
	

	1.1
	Related Work
	.1
	Site Grading
	Section 31 22 01

	
	
	.2
	Bioretention Soil
	Section 32 91 23S

	
	
	.3
	Engineered Soil
	Section 32 91 22S

	
	
	.4
	Seeding
	Section 32 92 20

	
	
	.5
	Sodding
	Section 32 92 23 

	
	
	.6
	Geosynthetics
	Section 31 32 19S

	
	
	.7
	Aggregates and Granular Materials
	Section 31 05 17

	
	
	.8
	Hydraulic Seeding
	Section 32 92 19

	
	
	.9
	Planting of Trees, Shrubs and Ground Covers
	Section 32 93 01S

	
	
	.10
	Excavation, Trenching and Backfilling
	Section 31 23 01

	
	
	.11
	Dust Control
	Section 31 15 60

	
	
	.12
	Signage
	Section 32 17 24S

	
	
	.13
	Irrigation
	Section 32 80 00S-P

	
	
	.14
	Miscellaneous Stone Work
	Section 04 43 00S-P

	
	
	.15
	Tree Protection
	Section 32 01 56S-P

	
	
	.16
	Landscape Maintenance
	Section 32 01 90S-P

	
	
	.17
	Exterior Site Furnishing
	Section 32 37 00S-P

	
	
	.18
	Plants and Planting
	Section 32 92 10S-P

	
	
	.19
	Unit Paving
	Section 32 14 01S

	
	
	.20
	Construction Schedule
	Section 01 32 16.19S 

	
	
	.21
	Storm Sewers 
	Section 33 40 01

	
	
	.22
	Sanitary Sewers
	Section 33 30 01 

	
	
	.23
	Waterworks
	Section 33 11 01

	
	
	.24
	Environmental Protection
	Section 01 57 01 

	
	
	.25
	Topsoil and Finish Grading
	Section 32 91 21 

	
	
	
	
	

	
	
	
	

	1.2
	References
	.1
	CLS Canadian Landscape Standard

	
	
	.2
	Canadian System of Soil Classification

	
	
	.3
	Canadian National Master Construction Specification

	
	
	.4
	CSA Bioretention Standard

	
	
	.5
	City of Calgary Low Impact Development Guidelines - Module 2 - Bioretention and Bioswales

	
	
	.6
	Vancouver Parks Board Design Standards

	
	
	.7
	Master Municipal Construction Specifications

	
	
	
	

	1.3
	Definitions
	.1
	The following definitions apply specifically in the context of bioretention design and construction

	
	
	.2
	Bioretention
	Bioretention systems are a form of green infrastructure that can provide quality control and rainwater retention for surface water runoff.  Bioretention cells can infiltrate into the underlying subsoil or be lined to prevent infiltration. 


	
	
	.3
	Bioretention Soil
	A soil mixture used to provide quality control improvements and provide a healthy growing environment for vegetation. Refer to 32 91 23S Bioretention Soil


	
	
	.4
	Sediment Basin
	A settlement basin is a concrete slab contained by curbs and separated from the vegetated cell area by a low weir.  Settlement basins are intended to capture sediment and waste at the upstream end of the bioretention cell to prevent contamination of the vegetated purpose of the cell. 


	
	
	.5
	Sediment Pad
	A sediment pad is a concrete pad placed downstream of a curb cut inlet to prevent erosion and scouring of the bioretention soil. A sediment pad does not have a surrounding weir wall.

	
	
	.5
	Cell
	A portion of the proposed bioretention system with a distinct ponding area separated from other portions of the system by weirs or surface grading. 


	
	
	.6
	Underdrain
	A perforated pipe used to prevent cell saturation

	
	
	.7
	Non-infiltrating bioretention
	A non-infiltrating bioretention system includes an impermeable liner to prevent seepage or infiltration

	
	
	.8
	Partially infiltrating bioretention
	Partially infiltrating bioretention systems do not use an impermeable liner but do contain an underdrain that discharges water from the drainage layer into a connected sewer system.

	
	
	
	

	1.4
	Samples
	.1
	Submit to Contract Administrator one composite sample of each type of proposed bioretention soil, aggregate, geotextile, or unit paver for each different application within the project. 

	
	
	.2
	Samples for bioretention soil shall be provided per Section 32 91 23S Bioretention Soil.

	
	
	.3
	Sources and gradation curves for backfill materials must be submitted to the Contract Administrator at least two weeks prior to construction. Each soil or aggregate sample shall be a composite of at least three samples distributed throughout the proposed source and shall be at least one (1) liter in volume.

	
	
	.4
	The Contractor Administrator may request independent sample collection.

	
	
	.5
	For geotextiles and impermeable liners, Contractor shall submit samples a minimum of 30 days prior to the start of the project unless otherwise stated by Contract Administrator. Each geotextile sample shall have a minimum length of 2 meters and a roll width corresponding to the specified geotextile dimensions.

	
	
	.6
	Provide to the Contract Administrator a copy of growing medium analysis from a testing facility approved by the Contract Administrator. The analysis shall be of tests done on the proposed growing medium from samples taken at the supply source within three weeks immediately prior to soil placement. Cost of initial analysis and subsequent tests to ensure compliance with this specification shall be borne by the contractor. Results of these tests shall be presented to the Contract Administrator for review before any growing medium delivery to site. Refer to Section 32 91 23S Bioretention Soil.

	
	
	
	

	1.5
	Material Certifications
	.1
	For Bioretention Soil Certifications, Refer to Section 32 91 23S Bioretention Soil.

	
	
	.2
	Green Infrastructure Implementation Branch may appoint an independent testing facility to ascertain compliance with this specification and to recommend modifications to make the growing medium meet the requirements of this specification.

	
	
	.3
	For geosynthetic certification, refer to Section 31 32 19 Geosynthetics

	
	
	
	

	1.6
	Scheduling of Work
	.1 
	Refer to Section 01 32 16.19 Construction Schedule

	
	
	.2 
	Schedule work to minimize interruptions to existing services

	
	
	.3 
	Co-ordination of the installation of the engineered soil mixture and growing medium is critical.  Ensure scheduling has been co-ordinated with all Consultants and related Contractors.

	
	
	.4 
	Maintain existing drainage conditions during construction

	
	
	.5 
	Submit schedule of expected interruptions to Contract Administrator for approval and adhere to approved schedule.

	
	
	.6 
	All work scheduling shall accommodate requirements set by the Contract Administrator  regarding key stages of construction and stages and/or tasks where an inspector is required on site.

	
	
	.7 
	Additional information regarding scheduling of material placement is provided in Section 3.

	
	
	
	

	1.7
	Measurements and Payment
	.1
	Payment subject to grading approval by the Contract Administrator. 

	
	
	.2
	Scale tickets or packing slips shall accompany invoices to confirm quantity installed.

	
	
	.3
	Payment for site clearing and earthwork will include the trucking and disposal of existing soil, vegetation, and debris at an approved designated facility. 

	
	
	.4
	Payment for site grading of stockpiled native soil includes cut and fill excavation and its on-site redistribution and compaction to design elevations and grades with off-site disposal of surplus materials to be paid for separately. Measurement for site grading will be made for the entire area graded including excavating and filling.

	
	
	.5
	Payment for backfilling with green infrastructure components will be made separately under Section 31 23 01 – Excavating Trenching, and Backfilling.

	
	
	.6
	Payment for Green Infrastructure in boulevard or other locations as shown on Contract Documents includes excavation, backfill and compaction, installation of drainage components, grading, addition and removal of native materials as required to form swales to suit local conditions and to provide proper drainage. 

	
	
	.7
	Payment for green infrastructure also includes cast-in-place or precast concrete elements as per Contract Documents to provide proper drainage. 

	
	
	.8
	Unless otherwise noted in the Contract Documents, payment for all charges or fees related to inspection from third-party utility companies and / or external authorities / agencies will be incidental to payment for Work described in other Sections.

	
	
	.9
	Where extended trench width is required and approved by the City Engineer due to an unstable soil condition beyond the Contractor’s control, the cost of such upgrading shall be borne by the Owner. However, where extended trench width has occurred due to unapproved over-excavation, the cost of such upgrading shall be borne by the Contractor.

	
	
	
	

	1.8
	Inspection and Testing
	.1
	Refer to General Conditions Clause 4.12. Inspections, in addition to the following specifications

	
	
	.2
	Provide at least two days (48 hours) notice in advance of each required review.

	
	
	.3
	The Contractor shall notify the Contract Administrator 48hrs in advance of backfilling to collect soil samples from the bottom of the excavation and conduct infiltration tests if requested by the City Engineer.

	
	
	.4
	Notify Contract Administrator when the site is prepared for placement of any product listed in this specification. 

	
	
	.5
	Do not place the growing medium until subgrades have been reviewed and approved. The inspector may verify subgrade depth is per design, confirm soil is not compacted/appropriately scarified, take a soil sample, observe any groundwater, and test for infiltration.  

	
	
	.6
	Provide at least two days (48 hours) notice in advance of each required review.

	
	
	.7
	A QC Inspector is required on site during the following construction activities. Refer to Contract Documents for additional information and project specific requirements.

	
	
	
	.1  Excavation - Depth and Extents

	
	
	
	.2  Subgrade Scarification

	
	
	
	.3  Backfilling and Material Placement

	
	
	
	.4  Monitoring Well Installation

	
	
	
	.5  Perforated Pipe Installation and CATCHBASIN connection

	
	
	
	.6  Sediment Pad and Weir Wall Installation

	
	
	
	.7  Placement of river rock or approved equivalent around inlets and outlets

	
	
	
	.8  Curb cut inlet and steel cover installation

	
	
	
	.9  GI signage installation

	
	
	.8
	Ensure that CATCHBASIN is cleaned and vacuumed after construction is complete

	
	
	.9
	Clean and wash the sediment basin prior to completing construction

	
	
	
	

	1.9
	Warranty
	.1
	The Contractor shall provide a two-year parts and labour warranty on all materials, components, products and systems from the date of Substantial Performance.



	2.0
	PRODUCTS
	.1
	The final acceptance to use the materials or other proposed materials listed below shall be at the sole discretion of the City Engineer.

	
	
	.2
	Note that bioretention systems do not require every material listed below. Refer to contract drawings for materials required on specific projects.

	
	
	.3
	Any proposed alternative material must be approved by the City Engineer prior to its use. The City Engineer may also require additional qualification requirements for the replacement product.

	
	
	
	

	2.1
	Perforated Drain Pipe
	.1
	Refer to Section 33 40 01 - Storm Sewers in addition to the following specifications.

	
	
	.2
	Refer to Contract Documents and City of Vancouver GI Standard Drawing 3.7.

	
	
	.3
	Underdrains shall meet requirements of ASTM D2729 with perforations meeting AASHTO Class II specifications.

	
	
	.4
	Distribution pipes shall meet the requirements of ASTM D3350 with perforations meeting AASHTO Class II specifications.

	
	
	
	

	2.2
	Geosynthetics
	.1 
	Refer to Section 31 32 19 - Geosynthetics in addition to the following specifications.

	
	
	.2 
	Place geotextiles over the entire finished surface of drainage medium (top and side surfaces) as per Contract Documents. Ensure seams are overlapped as per Section 31 32 19 Geosynthetics.

	
	
	.3 
	At no time shall the geotextile be exposed to ultraviolet light for a period exceeding 14 calendar days. Geotextile rolls shall be stored in a manner which protects them from the elements. If stored outdoors, they shall be elevated and protected with a waterproof cover.

	
	
	.4 
	The use of geogrids, geocomposites and geomembranes is permitted providing the Contractor has submitted advanced notice of the use of the proposed material to the Contract Administrator, and that the proposed material has been reviewed and approved by the City Engineer. Only approved materials shall be used for construction. Use of non-approved materials shall result in re-construction at the Contractor’s expense. Previously approved materials may be used with proof of prior approval or with the support of the City Engineer.

	
	
	.5 
	Any damage to existing geomembrane must be repaired or replaced to the satisfaction of the City Engineer at the Contractor’s expense.

	
	
	.6 
	Geosynthetics shall be selected and designed to withstand wear and tear during construction without deterioration of its strength and filtering properties.  Conform to the following ASTM designations:

	
	
	
	.1     Grab Tensile Strength (ASTM-D4632): Min = 400 N

	
	
	
	.2     Tensile Elongation (ASTM-D-4632): Min = 50%

	
	
	
	.3     CATCHBASINR Puncture Test (ASTM D-6241) = 1800 N

	
	
	
	.4     Flow Rate (ASTM-D-4491): Min =  6110 L/min/m2

	
	
	.7 
	At minimum, report in metric units with the respective ASTM test, the following properties: grab tensile strength, elongation, CBR puncture, trapezoidal tear, apparent opening size, permittivity, water flow rate, UV resistance, and roll size.

	
	
	.8 
	All drainage fabric geotextiles shall meet the requirements described in AASHTO M288 for class 2 per Section 31 32 19 Geosynthetics of the construction specifications. 

	
	
	.9 
	Geosynthetics may be secured in place with securing pins or by weights. Securing Pins and Washers if required by the Contract Documents, shall be made of Grade 300W, hot dip galvanized with a minimum zinc coating of 600 g/m2 to ASTM A123/A123M. 

	
	
	
	

	2.3
	Impermeable Liners
	.1
	PVC, EPDM, and thermal polyolefin (TPO) are permitted and inherently root resistant.

	
	
	.2
	All waterproof membranes must meet appropriate ASTM specifications. PVC membranes must meet ASTM D4434 requirements, EPDM membranes must meet ASTM D4637 requirements, and TPO membranes must meet ASTM D6878 requirements.

	
	
	.3
	Waterproofing membrane must be fully waterproof with properly sealed seams, corners, and protrusions to prevent any intrusion of standing water above the membrane.

	
	
	.4
	The minimum thickness for impermeable liners shall be .75mm.

	
	
	.5
	Store and handle waterproof membranes in a manner that prevents damage, including nicks, scratches, and other surface imperfections.

	
	
	.6
	Impermeable liners shall be selected and designed to withstand wear and tear during construction without deterioration of their strength and filtering properties. Impermeable liners shall conform to the following ASTM designations:


	
	
	
		Table 1: Physical Properties of Impermeable liners 

	Property
	Test Method
	Value

	Thickness, mil (mm) Minimum Average
	ASTM D 5199
	0.75

	Density, g/ml
	ASTM D 1505
	0.9

	Carbon Black Content, %
	ASTM D 1603, modified
	2

	Tensile Strength at Break, (N/mm) lb/in 
	ASTM D 6693
	100 (18)

	Elongation at Break, %
	ASTM D-6693
	700

	Tear Resistance, N (lb)
	ASTM D 1004
	65 (15)

	Puncture Resistance, N (lb)
	ASTM D 4833
	180 (40)






	2.4
	Drainage Rock 
	.1
	Drain rock to be 20mm Clear Crushed (CoV #15), refer to Section 31 05 17 Aggregates and Granular Materials for additional requirements.

	
	
	.2
	Place drainage medium and ensure consistent depth as per Contract Documents.

	
	
	.3
	The minimum thickness of the drainage rock layer is 200mm.

	
	
	.4
	The drainage rock layer must completely cover any perforated drain pipes being used in the bioretention system.

	
	
	
	

	2.5
	Bioretention Soil
	.1
	Refer to Section 32 91 23S - Bioretention Soil.

	
	
	.2
	Place the growing medium and ensure consistent depth as per Contract Documents.

	
	
	
	

	2.6
	Engineered Soil
	.1
	The following specifications are in addition to those in Section 32 91 22S Engineered Soil.

	
	
	.2
	Engineered soil depth and compaction requirements per Contract Documents.

	2.7
	Composted Mulch
	.1
	9-20mm (3/8-3/4”) Composted/Aged Mulch, black/brown in colour with no cedar or redwood bark or wood material. Manufactured by pre-approved vendor to be applied to all planting areas unless otherwise stated.

	
	
	.2
	Recommended depth of 50-76mm (2-3”) to be applied as per Contract Documents.

	
	
	
	

	2.8
	River Rock
	.1 
	River rock may be used for erosion control around any overflow outlets and internal catch basins.  River rock may also be used downstream of any weir wall elements.

	
	
	.2 
	River rock shall be 90-125mm.  Contractor to provide a sample for approval two weeks prior to purchase.

	
	
	.3 
	Line river rock with non-woven geotextile in accordance with the Contract Documents. 

	
	
	.4 
	The material shall be of uniform quality, thoroughly washed free of sand, silt and clay and shall contain no more than 5% non-rounded (having one or more fractured faces) particles by mass on material retained on the 90mm sieve size or larger. The gradation shall conform to the requirements shown in Table 2:



	
	
	.5 
		Table 2: River Rock Gradation Requirements


	Sieve Designation
	% Passing

	125mm dia
	100

	90mm dia
	0-5

	75mm
	0

	50mm
	0

	25mm
	0

	10mm
	0




	
	
	
	

	2.9
	Cast-in-place Concrete
	.1
	Refer to Section 03 30 53 - Cast-in-place concrete.

	
	
	.2
	CIP requirements, including type of material and compaction requirements as shown on Contract Documents.

	
	
	.3
	Reinforcement requirements, including type of material and spacing requirements as shown on Contract Documents.

	
	
	
	

	2.10
	Precast Concrete
	.1
	Refer to Section 03 40 01 - Precast Concrete.

	
	
	.2
	Precast contract requirements, including type of material and compaction requirements as shown on Contract Documents.

	
	
	.3
	Reinforcement requirements, including type of material and spacing requirements as shown on Contract Documents.

	
	
	
	

	2.11
	Granular Base
	.1
	Refer to Section 31 05 17 - Aggregates and Granular Materials. Clause 2.10

	
	
	.2
	Granular base for concrete features within Bioretention Systems to be 19mm Minus (CoV #9). Refer to Section 31 05 17 - Aggregates and Granular Materials, Clause 2.10

	
	
	
	

	2.12
	Pea Gravel
	.1
	Refer to Contract Documents for Pea Gravel application and use

	
	
	.2
	A pea gravel layer with a minimum thickness of 15cm may be used as a substitute for geotextile.

	
	
	.3
	Refer to Section 31 05 17 Aggregates and Granular Materials, Clause 2.13

	
	
	
	

	2.13
	Steel Curb Cut Inlet Cover
	.1
	As shown on Standard Drawing GI2.1 and GI2.2.

	
	
	.2
	Any variance from standard drawings to be shown on Contract Documents.

	
	
	
	

	2.14
	Inspection Chamber
	.1
	As shown on Standard Drawings GI3.3. 

	
	
	.2
	Any variance from standard drawings to be shown on Contract Documents.

	
	
	
	

	2.15
	Monitoring Well
	.1
	As shown on Standard Drawings GI3.2. 

	
	
	.2
	Any variance from standard drawings to be shown on Contract Documents.

	2.16
	Boulders
	.1 
	Onsite boulders that have been approved by the Consultant shall be used for all rock work.  

	
	
	.2 
	Imported boulders to be sourced by the Contractor and be selected and approved by the Consultant at the source prior to delivery to the site.  Refer to Section 02380 - Ornamental Stone for boulder sizes and quantities.

	
	
	.3 
	Boulders delivered to site shall all be stockpiled and handled in a manner and location, which shall prevent breakage or scarring.

	
	
	.4 
	Boulders shall be placed in horizontal orientation where possible projecting typically 12" (300mm) minimum below finished grade. When placing boulders allow for a maximum 12" (300mm) of river rock coverage to accommodate water plants: refer to details. Placing feature boulders and seating rocks shall be directed onsite by the Consultant. The Contractor shall be responsible for any damages made to the pond liner and/or waterproof membrane during 
construction and placement of boulders.

	
	
	.5 
	Boulders shall be located and placed on site under direction of the Consultant.  Boulders shall be primarily located as shown on Contract Documents.

	
	
	.6 
	Boulders shall be machine placed by use of belts and/or chains.  Boulders shall not be dumped or pushed in place.   

	
	
	.7 
	If there are excess boulders on site, the Contractor shall be responsible to remove them at no cost to the Owner.  The Consultant shall determine if boulders are in excess.



	3.0
	EXECUTION
	
	

	3.1
	General
	ADD 3.3.1
	Bioretention details, including material specifications and dimensions to be shown on Contract Documents. Guidance is provided on the City of Vancouver Standard GI Drawings - Section 4: Bioretention.

	
	
	
	

	3.2.
	Stripping of Topsoil
	.1
	Strip existing topsoil in accordance with Section 31 22 01- Site Grading.

	
	
	.2
	If the soil is to be ameliorated, ensure that the quality of the removed topsoil is preserved to the satisfaction of the City Engineer per guidance in Section 01 57 01 - Environmental Protection. Preserve material according to Section 32 91 21 - Topsoil and Finish Grading.

	
	
	.3
	Measurement for topsoil stripping including stockpiling for re-use will be made from before and after cross sections of stripped area as determined by Contract Administrator.

	
	
	
	

	3.3
	Site Preparation 
	.1 
	Any construction activity that would impact the condition, infiltration capabilities, or general plant health of bioretention systems shall require the following protective measures:   


	
	
	
	1. Debris and dust control – plastic tarps shall be placed and secured over the bioretention system to prevent debris and excessive dust resulting from construction from settling into the engineered soil and obstructing infiltration and harming vegetation. Common contaminants include, but are not limited to, runoff from wet saw‐cutting of sidewalks or roadways, runoff seeping from stockpiled soils or materials, debris from street milling activities, dust and other fine particles, general construction litter and debris. Excessive damage may result in loss of functionality and will require reconstruction of the bioretention system. Refer to Section 31 15 60 Dust Control.

	
	
	
	2. Temporary fencing – a wooden fence or similar protection shall be used as a temporary protection zone during construction in order to avoid damage to the tree guards and tree. No post shall be placed inside the bioretention system. 

	
	
	
	3. Perimeter controls are necessary throughout the construction process.  Until the contributing drainage area is stabilized and construction vehicles are no longer tracking sediment onto finished surfaces, no bioretention system shall be put online.

	
	
	.2 
	Storage of construction materials, disposing of construction waste or effluent, or illegal dumping within the bioretention system is strictly prohibited. 

	
	
	.3 
	Access to bioretention systems will be provided at all times to allow maintenance crews to maintain and inspect. bioretention systems shall remain protected, closed, and all protection measures will remain in‐ place and maintained until the construction activity is complete and the Contract Administrator has accepted the bioretention for being opened up to rainwater runoff.

	
	
	.4 
	Properly store aggregates and materials to prevent fines from migrating into green infrastructure excavations. Stockpiling must be done in accordance of Section 31 15 60 Dust Control.

	
	
	.5 
	Excavated material within areas of Japanese Beetle Regulated Area: Excavated material for landfill during spring to fall may cause environmental issues if not properly stored and transported to a certified landfill facility. Special permit required for dealing with excavated material from the work area. Material storage and transportation shall follow regulations and landfill shall be arranged at a certified location.

	
	
	.6 
	Erosion and sediment control practices shall be left in place until all sediment-producing construction in the drainage area is complete (i.e. buildings have been constructed and landscaped areas have been stabilized). This can prevent degradation and contamination of completed or partially completed bioretention systems. Bioretention systems shall not be used for material storage.


	
	
	.7 
	Traffic and deliveries shall be routed around bioretention area and bioswale locations to prevent damage, compaction of the subsoils and deposition of fines in the bioretention areas/bioswale.

	
	
	.8 
	The bioretention area or bioswale must be staked and marked to keep all construction traffic, equipment, and material stockpiles out of the proposed bioretention area or bioswale.

	
	
	.9 
	The bioretention soil shall not be delivered to the installation site until the bioretention or bioswale facility location has been excavated or graded to the design elevations and geotextile fabrics and underdrain systems are in place. The planting materials shall not be delivered until after the growing media layer has settled and has been trimmed to the proper grade elevation.

	
	
	.10 
	Sediment Control devices shall be inspected at the end of each workday. All sediment controls shall be in good condition and all sediment traps shall have capacity for additional sediment loading. Any deficiencies shall be repaired immediately.

	
	
	
	

	3.4
	Utility Protection
	.1
	Verify size, location, and depth of all existing site services and sub-surface utilities prior to commencement of the work. Repair all damages that result from failure to perform adequate review at no cost of the City of Vancouver.

	
	
	.2
	Hand and hydro-vacuum excavation: Hand dig to expose all utilities to minimize damage to existing utilities. Where, in the opinion of the City Engineer, mechanical excavation presents a high risk of damage to existing underground utilities, the City Engineer can require either hand or hydro-vacuum excavation to be done to expose those underground utilities. The cost of hand or hydro-vacuum excavation shall be borne by the Contractor.

	
	
	.3
	Sewers - Storm, Sanitary, and Combined

	
	
	
	.1
	Sewers and sewer laterals that pass through a bioretention system shall be excavated and backfilled with existing sub-base to a distance of 0.25m from the outside of the utility. 

	
	
	
	.2
	The backfilled area shall be wrapped in non-woven geotextile to mitigate sediment transport.

	
	
	
	.3
	Additional backfill material associated with the bioretention system shall be placed with care to prevent damage to existing utilities. 

	
	
	
	.4
	Refer to Contract Documents along with specifications in Section 33 40 01 - Storm Sewers and Section 33 30 01 - Sanitary Sewers.

	
	
	.4
	Watermains

	
	
	
	.1
	GI elements must be at least 1m away horizontally from the outside of the watermains that pass through a bioretention system in all directions. 

	
	
	
	.2
	An impermeable liner with Geotextile fabric on both sides must separate the proposed GI system from the 1m zone. The details to be shown on Contract Documents. The hydraulic barrier must extend down from the bottom of the watermain plus an additional 150 mm.

	
	
	
	.3
	Soil in the 1m zone must not be disturbed, except the top 300mm which may be removed and replaced with sod.

	
	
	
	.4
	Additional backfill material associated with the bioretention system shall be placed with care to prevent damage to existing utilities. 

	
	
	
	.5
	Refer to Contract Documents along with specifications in Section 33 11 01 - Waterworks.

	
	
	.5
	Hydro and Electrical 

	
	
	
	.1
	No excavation shall be undertaken within 1.5 meters from any aboveground electrical equipment.

	
	
	
	.2
	Underground electrical equipment that passes through a bioretention system shall be wrapped in geotextile.

	
	
	
	

	3.5
	Excavation and Trenching
	.1 
	In addition to the following specifications, excavating, trenching, and backfilling shall be performed in accordance with Section 31 23 01 - Excavation, Trenching and Backfilling.

	
	
	.2 
	When excavating the soil trench, care must be taken to avoid disruption to the granular base structure of the curb and sidewalk.

	
	
	.3 
	Scarify or compact bottom as shown on Contract Documents. If compacting is required, achieve 95% Modified Proctor density in compliance with ASTM D1557. Scarify 150mm to 300mm in depth with a tooth bucket or soil ripper in accordance with the area shown on the Contract Documents.

	
	
	.4 
	Do not scarify beyond what is specified in Contract Documents. If the scarification of the excavation extends beyond the required depth and area, the over-scarification shall be compacted at the Contractor’s expense in accordance with Section 3.2 of this document and to the satisfaction of the City Engineer.

	
	
	.5 
	Urban runoff shall not be allowed to directly enter the excavation via overland flow during construction, unless approved by the City Engineer.

	
	
	.6 
	Remove extraneous materials including trash from the trench bottom or any subsequent lifts, before placing green infrastructure materials. Dispose of the removed material in an approved off-site disposal area. Ensure that the trench is free from standing water prior to scarifying and placing backfill.

	
	
	
	

	3.6
	Infiltration Testing
	.1
	Infiltration testing shall be conducted after excavation is complete. See Table 3 for the spacing of boreholes and test pits.

	
	
	.2
	Acceptable Infiltration testing methods include the Guelph permeameter test (ASTM D6391), double-ring infiltrometer (ASTM D3385 or ASTM D5093) test, borehole permeameter test, and percolation test.

	
	
	
		Table 3: Borehole and Test Pit Spacing

	Infiltration GI Surface Area (m2)
	Number of Test Pits or Bore Holes
	# of Tests per Pit or Borehole

	< 50
	1
	5




	50 to 900
	2
	

	>900
	2 Per 450 m2
	

	Linear
	1 per 100 m
	




	
	
	
	

	3.7
	Sewer Connection and Catchbasin Installation
	.1
	Refer to Section 33 40 01 - Storm Sewers, Clause 3.10 - Service Connection Installation.

	
	
	.2
	Core opening in the existing CATCHBASIN wall to suit PVC perforated pipe connection. PVC pipe is to be sand blasted, coated with adhesive and sand (roughen up) prior to the insertion into the core. grout annular opening around the pipe with non-shrink grout and flush with the CATCHBASIN wall inside and outside. 

	
	
	.3
	A City of Vancouver representative (sewer maintenance inspector) shall inspect and approve the connection prior to the pipe being buried.

	
	
	.4
	If required by Contract Documents, install Manhole risers per Section 33 44 01 Manholes and Catchbasins - Clause 3.3.13. The Contractor is to ensure water tight affixture between the top of the catchbasin barrel and all selected risers.

	
	
	
	

	3.8
	Backfilling and Material Placement
	.1
	Refer to Section 31 23 01 - Excavating, Trenching and Backfilling

	
	
	.2
	Backfill requirements, including type of material and compaction requirements, as shown on Contract Documents.

	
	
	.3
	Backfill materials shall be placed in uniform lifts not exceeding 300mm in loose thickness, 200mm for approved granular native material, and compacted to specified densities unless otherwise specified in Contract Documents or allowed by City Engineer.

	
	.1
	Preparation of Subgrade

	
	
	1
	Prepare subgrade in accordance with Section 31 22 01 - Site Grading.

	
	
	.2
	Verify that grades are correct. If discrepancies occur, notify Contract Administrator and do not commence work until instructed by Contract Administrator

	
	
	.3
	Protect the subgrade excavation from compaction, sedimentation, or concentrated rainfall/irrigation or surface flows until covered by subsequent construction stages

	
	
	.4
	Remove debris, roots, branches, stones in excess of 50 mm diameter and other deleterious materials. Remove soil contaminated with calcium chloride, toxic materials and petroleum products. Remove debris that protrudes more than 75 mm above the surface. Dispose of removed material to approved off-site disposal area.

	
	
	.5
	Scarify compacted subgrade to a depth of 150mm – 300mm immediately before placing bioretention soil.  

	
	
	.6
	Review subgrade conditions to ensure that there is proper drainage in all planting areas and tree pits. Perform an infiltration test as instructed by Contractor Administrator to confirm proper drainage. 

	
	
	.7
	Verify that subgrade has been approved by Contract Administrator prior to the placement of drainage medium.

	
	
	.8
	Flow control at inlet/outlet ‐ sandbags shall be placed to prevent roadway runoff from entering the excavated bioretention system. Sandbags shall be placed to completely block flow from entering the bioretention system. 

	
	
	
	

	
	.2
	Placement of Drain Rock

	
	
	.1
	Verify that subgrade has been approved by Contract Administrator prior to the placement of drainage medium.

	
	
	.2
	Place drainage medium and ensure consistent depth as per Contract Documents.

	
	
	.3
	Place geotextiles over the entire finished surface of drainage medium as per Contract Documents. Ensure seams are overlapped as per Section 31 32 19 Geosynthetics.

	
	
	.4
	Drainage medium shall be placed in uniform lifts not exceeding 300mm in loose thickness, 200mm for approved granular native material, and compacted to specified densities unless otherwise specified in Contract Documents or allowed by the City Engineer.

	
	
	.5
	Review subgrade conditions to ensure that there is proper drainage in all planting areas and tree pits. Perform an infiltration test as instructed by Contractor Administrator to confirm proper drainage.

	
	
	.6
	Prevent natural or fill soils from intermixing with the gravel/drain rock. All contaminated stone aggregate must be removed and replaced. The gravel/drain rock shall be double washed.

	
	
	.7
	Stockpile aggregates on the ground but do not incorporate the bottom 300mm of stockpile into Work.

	
	
	
	

	
	.3
	Installation of Perforated Drain Pipe

	
	
	.1
	Refer to Section 33 40 01 - Storm Sewers, Clause 3.15.

	
	
	.2
	Underdrain pipes must be bedded in drain rock and fully supported along their length (i.e., no section may be 'hanging' above the drain rock).

	
	
	.3
	Underdrains must be installed at the design slopes and elevations shown on Contract Documents in order to properly connect to the storm sewer infrastructure.

	
	
	.4
	Underdrains shall not be left exposed to weather or receive any runoff sediment prior to installation. Any damaged pipes must be replaced and pipes and associated drain rock exposed to mud or sediment must be cleaned and flushed or replaced.

	
	
	
	

	
	.4
	Placement of Geotextile

	
	
	.1
	Place geotextiles over the entire finished surface of drainage medium as per Contract Documents. Ensure seams are overlapped as per Section 31 32 19 Geosynthetics.

	
	
	.2
	Care shall be taken to ensure that geotextiles are not clogged, punctured or torn during construction. If they are damaged, they must be repaired or replaced.

	
	
	.3
	The geotextiles shall overlap by at least 0.60m at seams to prevent short-circuiting or intrusion of fines. Openings in the geotextile, for example, around underdrain pipes, shall be sealed.

	
	
	.4
	Pea gravel may be used as a replacement for geotextile at the discretion of the Contract Administrator.

	
	
	.5
	Geotextile shall be placed loosely (not taut) with no wrinkles or fold. Place the geotextile in close contact with underlying media so that no void spaces occur between the geotextile and the media.

	
	
	.6
	Care shall be taken during construction to avoid contamination of the geotextile with soil or other material. Contaminated geotextile shall be removed and replaced at the Contractor’s expense.

	
	
	.7
	For geomembranes

	
	
	
	.1 Refer to Contract Documents

	
	
	
	.2 Seal the seams for the ends of the geomembrane. 

	
	
	
	.3 Overlap one end over the other by a minimum of 75mm. 

	
	
	
	.4 Use double sided sealant tape to seal the seam. Cover the seam with one sided waterproof tape to protect the seam.

	
	
	.8
	Pin successive strips of geotextile with securing pins and washers.

	
	
	.9
	Protect installed geotextile material from displacement, damage, or deterioration before, during, and after placement of material layers.

	
	
	.10
	Vehicular traffic is not permitted directly on geotextile.


	
	
	
	

	
	.5
	Placement of Bioretention Soil

	
	
	.1
	Refer to Section 32 91 23S- Bioretention Soil.

	
	
	.2
	Place all bioretention soil to the required finished grades in uniform lifts of 150mm in accordance with Section 32 91 23S- Bioretention Soil

	
	
	.3
	When using engineered soil as backfill, refer to Section 32 91 22S: Engineered Soil for material lift placement and compaction.

	
	
	.4
	If applicable, ensure that irrigation lines to be installed have been reviewed by Contract Administrator prior to the placement of bioretention soil. Irrigation shall be in accordance with the Vancouver Parks Board Specifications. 

	
	
	.5
	For large bioretention applications, slinger trucks shall be used for spreading soil in even layers and reducing the need to move soil media manually or by backhoe. Equipment shall not be operated within the bioretention system area. If necessary, appropriate low ground pressure rated equipment can enter after at least 45 cm of bioretention soil is installed and has properly dried.

	
	
	
	

	
	.6
	Placement of Mulch

	
	
	.1
	Recommended depth of 50-76mm (2-3”) to be applied as per Contract Documents.

	
	
	
	

	3.9
	Finish Grading
	.1
	Grade soil, eliminating uneven areas and low spots, ensuring positive drainage.

	
	
	.2
	Ponding shall occur only within the designated bioretention ponding area as shown in the Contract Documents to the satisfaction of the City Engineer.

	
	
	.3
	Finish surface smooth, uniform, firm against deep footprinting with a fine loose surface texture. If there is settlement in the planting area during the two-year Warranty Period, the areas must be regraded / top-dressed to prevent trips (settlements over 10mm), particularly at the edge of curb  and edge of the sidewalk.

	
	
	.4
	Manually fine grade bioretention soil installation to contours and elevations shown on Contract Documents or as directed by Contract Administrator. Tolerance for finish grading to be 10mm.

	
	
	.5
	Finish Grade of the bioretention system shall be from 25 mm to 150mm below the finished elevation of the adjacent curb or planter wall, unless otherwise noted on drawings.	Comment by Moghanian, Mehrnoosh: max 150mm

	
	
	.6
	The finish grade of a bioretention cell is considered to be the surface elevation of the mulch layer overlying the bioretention soil.

	
	
	.7
	In addition to the above specifications, refer to Section 31 22 01 - Site Grading

	
	
	.8
	All finish grading activities in the infiltration BMP shall be performed during dry conditions to prevent soil smearing and compaction. Dewatering may be necessary prior to commencing work.

	
	
	
		Table 4: Maximum and Minimum Gradients in Location

	Location
	Minimum
	Maximum

	Ponding Area (Bioretention Systems)
	0% (preferred)
	50:1 (2%)*

	Side Slopes (Bioretention Systems)
	4:1 (preferred)
	3:1*

	* Unless directed otherwise by Contract Administrator or Contract Documents




	
	
	
	

	3.10
	Clean-up
	.1 
	Remove surplus material unsuitable for fill, grading or landscaping from site for disposal at approved disposal site.

	
	
	.2 
	Dispose of surplus materials and all construction debris off-site.

	
	
	.3 
	The bioretention area shall not be used as a staging or storage area for equipment or construction supplies.

	
	
	.4 
	After construction is complete, all exposed growing medium or engineered soil shall be covered in geotextile or other approved material until planting occurs.

	
	
	.5 
	All weeds shall be removed prior to project completion. Weeds shall be removed without the use of chemical agents.

	
	
	.6 
	Ensure that CB is cleaned and vacuumed after construction is complete.

	
	
	
	

	3.11
	Post-Construction Flow Test
	.1
	At the request of the Contract Administrator, a surface runoff test may be required to ensure that the system drains as per the specifications. A City of Vancouver employee will conduct the synthetic flow test.

	
	
	.2
	If a post-construction surface flow test is required by the Contract Administrator, proof of a successful result is a requirement for final approval of the bioretention system by the City Engineer.

	
	
	
	

	3.12
	Post-Construction Infiltration Test
	.1
	At the request of the Contract Administrator, a synthetic infiltration test may be required to evaluate the infiltrate rate and drawdown time of the bioretention system. A City of Vancouver employee will conduct the synthetic infiltration test.

	
	
	.2
	The following four conditions must be met to perform a synthetic infiltration test:

	
	
	
	1. There must be a water supply that can provide the required discharge and total volume of runoff needed. 

	
	
	
	2. The bioretention system must be offline and/or no precipitation is expected for at least 48 hours.

	
	
	
	3. Outflow paths other than infiltration are either measurable or can be temporarily plugged. 

	
	
	
	4. The water surface elevation in the stormwater treatment practice can be measured continuously during the test.

	
	
	.3
	Once the stormwater treatment practice is filled with synthetic runoff, measure the change in water level with time to evaluate the infiltration rate.

	
	
	.4
	Post-construction infiltration tests must take place at least 6 months after planting has been completed.

	
	
	.5
	If a post-construction flow test is required by the Contract Administrator, proof of a successful result is a requirement for final approval by the City Engineer of the bioretention system.

	
	
	
	








