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[bookmark: _Toc485648375][bookmark: _Toc488334846][bookmark: _Toc508881791]GENeral

[bookmark: _Toc481937716][bookmark: _Toc481939974][bookmark: _Toc485648376][bookmark: _Toc488334847][bookmark: _Toc508881792]Introduction

Indicate entity or entities responsible for developing the design criteria. Designate the organization/organizations responsible for design, construction, operation and maintenance.

[bookmark: _Toc481937717][bookmark: _Toc481939975][bookmark: _Toc485648377][bookmark: _Toc488334848][bookmark: _Toc508881793]Applicability

Define the applicability of the design criteria and any limitations. 

[bookmark: _Toc481937718][bookmark: _Toc481939976][bookmark: _Toc485648378][bookmark: _Toc488334849][bookmark: _Toc508881794]Definitions

Explain the different technical definitions used in the design criteria.

[bookmark: _Toc481937719][bookmark: _Toc481939977][bookmark: _Toc485648379][bookmark: _Toc488334850][bookmark: _Toc508881795]Abbreviations

List all technical abbreviations used in the design criteria.

[bookmark: _Toc481937720][bookmark: _Toc481939978][bookmark: _Toc485648380][bookmark: _Toc488334851][bookmark: _Toc508881796]General Requirements

Describe the international publications of design requirements which can also be followed in conjunction with developing the design criteria.

[bookmark: _Toc481937721][bookmark: _Toc481939979][bookmark: _Toc485648381][bookmark: _Toc488334852][bookmark: _Toc508881797]Codes and Standards

Storm water systems must comply with all applicable local, National and International codes, standards, and regulations. These codes, standards, and regulations shall be noted in the design criteria. Designer shall provide precedence of codes and standards, and ensure that any discrepancies between codes and standards included in the design criteria are addressed.

[bookmark: _Toc481937722][bookmark: _Toc481939980][bookmark: _Toc485648382][bookmark: _Toc488334853][bookmark: _Toc508881798]Review and Approval

Specify the organization/organizations responsible for review and approval of design reports, plans and specifications.

[bookmark: _Toc488334854][bookmark: _Toc508881799]Storm Water Management Infrastructure

[bookmark: _Toc485648384][bookmark: _Toc488334855][bookmark: _Toc508881800]Storm Water Description

Describe project-related specific features of the storm water management infrastructure, including but not limited to overland flow facilities (curb and gutters), underground facilities (pipes), detention and retention basins, and drainage channels.

[bookmark: _Toc485648385][bookmark: _Toc488334856][bookmark: _Toc508881801]Hydrological Design Criteria

[bookmark: _Toc485648386][bookmark: _Toc485648387][bookmark: _Toc485648388][bookmark: _Toc488334857][bookmark: _Toc508881802]Catchment Area Delineation 

Design guidelines for a realistic delineation of the drainage area shall be identified. Specific requirements of delineation methodology, modelling software or data shall be specified.

 

[bookmark: _Toc485648389][bookmark: _Toc488334858][bookmark: _Toc508881803]Time of Concentration

Methods for time of concentration (Tc) calculations shall be specified for overland, sheet flow, and/or channel flow regimes.

[bookmark: _Toc485648390][bookmark: _Toc488334859][bookmark: _Toc508881804]Runoff Coefficients

Runoff coefficients based on different soil types and land-uses shall be tabulated if the Rational Method is to be used to estimate storm water flow. Alternative rainfall-runoff generation methodology to the Rational Method shall be specified, as appropriate.

[bookmark: _Toc485648391][bookmark: _Toc488334860][bookmark: _Toc508881805]Return Periods

Return periods or annual exceedance probabilities (AEPs) of the design rainfall events shall be specified for different drainage systems.

[bookmark: _Toc485648392][bookmark: _Toc488334861][bookmark: _Toc508881806]IDF Curves

Intensity duration frequency (IDF) curves or rainfall data shall be provided or be developed based on the location of the project and catchment area for the rainfall-runoff hydrologic analyses. 

[bookmark: _Toc485648393][bookmark: _Toc488334862][bookmark: _Toc508881807]Design Discharge Determination Method
The appropriate method (peak flow model, continuous flow model or hydrograph method) for determining design storm water discharge shall be specified based on catchment area characteristics and the planned runoff collection and storm water management systems. Different methods may be deemed suitable for different drainage and storm water sub-systems and/or catchment areas. 

[bookmark: _Toc485648394][bookmark: _Toc488334863][bookmark: _Toc508881808]Hydraulic Modelling

Parameters for hydraulic modelling shall be described. The basic parameters of hydraulic modelling shall comprise freeboard requirements, equations for gravity flow and surcharged/ pressurized flow, roughness coefficient, minor loss components and requirements for varied flow analysis. Requirements of dynamic flow routing models shall be specified, as applicable.

[bookmark: _Toc485648395][bookmark: _Toc488334864][bookmark: _Toc508881809]Storm Water Quality

Technical requirements shall be described for water quality control ponds and first flush ponds.

[bookmark: _Toc485648396][bookmark: _Toc488334865][bookmark: _Toc508881810]Overland Relief

Technical requirements for overland conveyance paths, which will accommodate overflows resulting from obstructed storm drain lines, shall be specified. Finished grading requirements shall also be described.

[bookmark: _Toc485648397][bookmark: _Toc488334866][bookmark: _Toc508881811]Drainage SystemS and Structures

[bookmark: _Toc485648398][bookmark: _Toc488334867][bookmark: _Toc508881812]Culverts

Technical requirements for culverts shall be specified, and shall include the requirements outlined below, in addition to requirements for prevention of structural damage, and minimum/maximum slopes and dimensions. 

[bookmark: _Toc485648399][bookmark: _Toc488334868][bookmark: _Toc508881813]Location and Alignment

Technical requirements for location and alignment of culverts shall be specified.
[bookmark: _Toc485648400][bookmark: _Toc488334869][bookmark: _Toc508881814]Headwater

The allowable freeboard at the headwater shall be specified along with the different conditions for which allowable headwater need to be checked, such as base flood, acceptable outlet velocity, etc.

[bookmark: _Toc485648401][bookmark: _Toc488334870][bookmark: _Toc508881815]Tailwater

Requirements for evaluating hydraulic conditions downstream shall be described.

[bookmark: _Toc485648402][bookmark: _Toc488334871][bookmark: _Toc508881816]Velocity Limitations

Both minimum and maximum velocities shall be provided for designing the culvert. 

[bookmark: _Toc485648403][bookmark: _Toc488334872][bookmark: _Toc508881817]Material Selection

Requirements and procedures for selecting culvert material shall be provided.

[bookmark: _Toc485648404][bookmark: _Toc488334873][bookmark: _Toc508881818]Headwalls/Wingwalls

The requirements of headwalls/wingwalls shall be specified, as appropriate. 

[bookmark: _Toc485648405][bookmark: _Toc488334874][bookmark: _Toc508881819]Inlet and Outlet Aprons

A scour apron at the outlets of culverts is often required to reduce flow velocities at the transition from a culvert to native soil to minimize scour impacts. Design criteria for outlet aprons shall be specified. Depending on the drainage system design, inlet aprons may also be required to reduce erosion at the upstream end of culverts, and shall be specified, as appropriate.

[bookmark: _Toc485648406][bookmark: _Toc488334875][bookmark: _Toc508881820]Freeboard

Freeboard requirements shall be provided for culvert design.

[bookmark: _Toc485648407][bookmark: _Toc488334876][bookmark: _Toc508881821]Surcharge Allowance

Design criteria shall include a surcharge allowance for designing the culvert, as applicable.

[bookmark: _Toc485648408][bookmark: _Toc488334877][bookmark: _Toc508881822]Burial Depth and Buoyancy Considerations

Minimum and maximum burial depths of the culvert shall be specified. Design ground water level, or the requirement establish the design ground water level, shall be specified.

[bookmark: _Toc485648410][bookmark: _Toc485648411][bookmark: _Toc488334878][bookmark: _Toc508881823]Roadway Drainage

[bookmark: _Toc483762048][bookmark: _Toc485648412][bookmark: _Toc488334879][bookmark: _Toc508881824]Median Drainage

The drainage arrangement to intercept sheet flow when it crosses the median shall be specified.  

[bookmark: _Toc485648413][bookmark: _Toc488334880][bookmark: _Toc508881825]Grade

The allowable longitudinal slope or grade for earthen and paved medians and ditches/channels shall be specified.

[bookmark: _Toc485648415][bookmark: _Toc488334881][bookmark: _Toc508881826]Overside Drains

The location and design requirements of overside drains shall be specified.

[bookmark: _Toc485648416][bookmark: _Toc488334882][bookmark: _Toc508881827]Curbs and Gutters

Design criteria shall specify the curb types, locations, minimum and maximum curb heights, allowable radii, gutter grades, flowline elevations, setbacks and pedestrian bulbout requirements as appropriate.  

[bookmark: _Toc485648417][bookmark: _Toc488334883][bookmark: _Toc508881828]Storm Water Manholes

Design criteria shall be specified for manholes. Technical requirements shall include location criteria, maximum spacing, minimum diameter and acceptable materials.

[bookmark: _Toc485648418][bookmark: _Toc488334884][bookmark: _Toc508881829]Inlet type and Design

There are five main types of inlets, namely curb opening inlets, grate inlets, combination inlets, wall opening inlets and slotted drain inlets. Criteria shall describe the choice of inlet type, location of inlets and efficiency.
 
[bookmark: _Toc485648419][bookmark: _Toc488334885][bookmark: _Toc508881830]Subsurface Drainage

Requirements of the subsurface drainage network in case of high groundwater shall be specified.

[bookmark: _Toc485648420][bookmark: _Toc488334886][bookmark: _Toc508881831]Open Channels

Design requirements shall be described for open channels, and shall include the design storm event, channel lining materials, minimum and maximum gradients and/or velocities, side slopes, and freeboard requirements. 




[bookmark: _Toc485648421][bookmark: _Toc488334887][bookmark: _Toc508881832]Detention Basins/Ponds

Design parameters shall be specified for detention basins/ponds, and shall include types (such as dry or wet detention), side-slopes, minimum width to length ratio, maximum depths, freeboard requirements, overflow structure requirements, sedimentation allowance, lining requirements, minimum separation from groundwater table, peak runoff reduction limits for storms of defined return periods and dewatering requirements between storms in accordance with applicable regulations. In addition, location of outlets, maximum outlet velocity, outlet design requirements against downstream erosion, water quality and/or quantity monitoring requirements,  provisions for public safety,  mosquito and pest control and provision for animal and vegetation management shall be specified as appropriate.

[bookmark: _Toc485648422][bookmark: _Toc488334888][bookmark: _Toc508881833]Outfall Structures

Design requirements shall be specified for outfall structures, and shall include location requirements, lining protection, methods of sizing, and evaluation criteria for hydraulic jumps.
 
[bookmark: _Toc485648423][bookmark: _Toc488334889][bookmark: _Toc508881834]Exfiltration Systems

Design provisions shall be provided for exfiltration systems, and shall include location guidelines, soil permeability values, minimum underdrain diameters, outlet requirements, and head difference criteria.


[bookmark: _Toc485648424][bookmark: _Toc488334890][bookmark: _Toc508881835]low impact development storm water measures

[bookmark: _Toc488334891][bookmark: _Toc508881836]Bio-Retention

Bio-retention uses foliage and landscaping features to manage and treat storm water runoff on the developed site.  Requirements and design criteria for bio-retention shall be specified.

[bookmark: _Toc485648426][bookmark: _Toc488334892][bookmark: _Toc508881837]Green Roof

A green roof is a veneer of vegetation that covers an otherwise conventional flat or sloped roof, giving the roof hydrological characteristics that more closely match undeveloped open space than an impervious surface. Requirements and design criteria for a green roof shall be specified.

[bookmark: _Toc485648427][bookmark: _Toc488334893][bookmark: _Toc508881838]Trees and Trees Boxes

Tree boxes are a green infrastructure storm water control measure that are designed to collect the first flush of storm water and treat it prior to discharge into the storm sewer system or to the subsoil. Requirements for tree boxes and their use shall be specified.

[bookmark: _Toc485648428][bookmark: _Toc488334894][bookmark: _Toc508881839]Riparian Buffer System

The maintenance of an existing riparian system for development adjacent to a stream, or the development of a designed riparian buffer system can be used for storm water.  Criteria for a riparian buffer system shall be specified.

[bookmark: _Toc485648429][bookmark: _Toc488334895][bookmark: _Toc508881840]Porous Pavers

Modular porous pavers are structural units, such as concrete blocks, bricks, or reinforced plastic mats with regularly interspersed voids areas that allow infiltration of storm water runoff. Requirements for the type of pavers shall be specified.



[bookmark: _Toc485648430][bookmark: _Toc488334896][bookmark: _Toc508881841]Bio-Swales

Bio-swales are shallow vegetation lined ditches that are designed to convey runoff from a developed site to a discharge point. Requirements and design criteria for bio-swales shall be specified.

[bookmark: _Toc485648431][bookmark: _Toc488334897][bookmark: _Toc508881842]climate change provision

The impact of climate change on the design rainfall shall be considered and the impact, as a percentage increase or decrease, of the climate change provision shall be specified for storm water design.

[bookmark: _Toc485648432][bookmark: _Toc488334898][bookmark: _Toc508881843]FLOOD MODELING

Objective of flood modelling is to carry out an assessment of the flood risk resulting from rainfall-runoff and overland flow. The requirements of flood modelling shall be specified.

[bookmark: _Toc485648433][bookmark: _Toc488334899][bookmark: _Toc508881844]LIDAR Survey

The extent, resolution and vertical accuracy of the LIDAR topographic survey for the flood modelling shall be specified, as needed.

[bookmark: _Toc485648434][bookmark: _Toc488334900][bookmark: _Toc508881845]Freeboard

Freeboard is usually defined as the difference between the design flood level and the ultimate flood protection level. It is an allowance added to an estimated design flood level to compensate for the inherent uncertainties associated with flood estimation and variables such as post-construction settlement, wave action, or the potential impact of climate change. The freeboard requirements shall be specified for flood protection design.

[bookmark: _Toc485648435][bookmark: _Toc488334901][bookmark: _Toc508881846]Flood Hazard Categorization

Flood hazard rating based on the flood depth shall be specified for flood modelling, as needed.

[bookmark: _Toc488334902][bookmark: _Toc508881847]Flood Modelling Software

Software to be used for flood modelling shall be specified.

[bookmark: _Toc488334903][bookmark: _Toc508881848]EROSION OR SEDIMENT CONTROL MEASURES

[bookmark: _Toc488334904][bookmark: _Toc508881849]Surface Stabilization

Surface stabilization control measures include mulches, seeding and vegetation, chemical binders, riprap, and other materials. Requirement and guidelines for utilizing these measures shall be described.

[bookmark: _Toc488334905][bookmark: _Toc508881850]Runoff Control

Runoff control measures include diversions, down drains, level spreaders, and check dams. Requirements and guidelines for their selection and design shall be specified.

[bookmark: _Toc488334906][bookmark: _Toc508881851]Riprap

Design criteria for riprap for bank and shore protection, including scour protection for bridge abutments shall be specified.
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