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Note: For details of service connections see also Drawing No. 2514-08, Service Extension
into Private Property (to Edge of Gas Easement), in Volume 4 Water.
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1.0 PLANNING

1.1 Purpose of Sections 1to 6

111

1.1.2

113

Sections 1 to 6 summarize the procedure and framework developed by Drainage Services to co-
ordinate the resolution of urban sanitary sewerage and storm drainage serviceability issues in
conjunction with and parallel to the evolution and implementation of general urban land development
plans and other infrastructure components.

The various sanitary sewer and drainage design studies and reports which are required throughout the
planning process are identified and their objectives and content described.

Specific requirements for the scope and content of the studies and reports to be prepared in support of
development proposal applications on behalf of Developers are contained within Sections 4.0 to 6.0 of
this chapter.

1.2 Planning Procedures

121

1.2.2

123

The concept of systems and systems analysis provides the formalized framework for the planning
process. The systems analysis procedure generally follows a sequence of activities as follows:

i. Problem definition;

ii. needs analysis;

iii. formulation of decision criteria;

iv. definition of system components;

V. formulation and testing of alternatives;

Vi. evaluation of costs, benefits and relative economics of these alternatives;
vii.  development of financing and implementation strategy; and

viii. development and implementation of a plan of action.

The procedure can be used in many types of study, from land use planning to detailed design and
implementation. The procedure allows for feedback that could result in a restatement of goals, new
decision criteria, re-definition of system components and new alternatives or optimization of the
selected alternative, until a satisfactory plan of action results. Repeated application of this process
through the various levels of systems planning will result in optimum solutions to sanitary and storm
sewer servicing problems.

This systems approach, with constant emphasis on the importance of updating the key planning and
servicing documents to address changes during plan implementation, is fundamental to the success of
this activity. The approach will result in immediate savings to the land development industry and the
new home buyers, and in the future benefit to the municipal community of facilities which are viable
and economical to operate and maintain.

2.0 PLANNING APPROVAL PROCESS - GENERAL

2.1 Sewer and Drainage Planning in Relation to Land Use Planning

Levels of analysis and report requirements are identified to correspond with and precede the Area and
Neighbourhood Structure Plan and Subdivision levels included in the Land Use Planning and
Development approval process. Figure 2.1 below illustrates the process and the precedence
relationship between the reports required and the identified land use planning documents. Objectives
for the sewer and drainage studies, plans and reports and the responsibility for their preparation are
noted on the figure and further outlined in this section. The reports identified are to be prepared and
approved as prerequisites to the subsequent stages of planning and development. Preliminary
planning studies will usually be undertaken by Drainage Services. More detailed analysis and design
studies are to be undertaken, normally by consulting engineers on behalf of private developers wishing
to obtain approval of land development proposals.
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2.2 Purpose of Reports

221

222

The reports required are intended to establish technical backup to demonstrate the viability of the
respective structure plans and development proposals.
detailed system designs, which will be finalized in the form of detailed engineering drawings prepared
by the Developer's engineers and to be approved by the City prior to the signing of Servicing
Agreements between the Developer and the City. Specific sewer and drainage servicing concerns are
to be addressed to an appropriate and increasing level of detail as the planning and development
process proceeds and more detailed site-specific information becomes available.

They will ultimately provide the basis for

The availability of recognized studies at each level of the planning process will determine whether
Drainage Services will support applications to the City for approval of Area and Neighbourhood
Structure Plans, redevelopment proposals and subdivisions.

2.3 Figure 2.1 — Relationship between the Land Use Planning and the Sewer and Drainage Planning

Process

Land Use
Planning Process

General Municipal
Plan

A

A

Sewer and Drainage Planning Process

Prime Responsibility

1. Regional Master Plan

A concept plan to define strategies and
alternatives for storm and sanitary system
extensions

Drainage Services

v

Area Structure
Plan
(ASP)

\

Neighbom«

Structure Plan

(NSP)
|

2. Watershed Plan

To determine existing constraints and best
management alternatives for development within
each storm drainage watershed in the City.

-OR -

3. Preliminary Drainage Report

To review existing data, identify potential
problems, formulate preliminary servicing plans
and set the framework for the Area Master Plan in
the context of storm drainage.

Private Developer
Or
Drainage Services

4. Area Master Plan

To develop servicing schemes respecting the long
term user requirements, justify the selection of
solutions proposed and define the characteristics
of selected alternatives for sanitary and storm
drainage servicing of the area.

Private Developer
Or
Drainage Services

A

4a) Area Hydrogeotechnical Impact
Assessment

Private Developer

Detailed Subdivision

Plan |

4b) Area Environmental Impact Assessment

Private Developer

5. Neighbourhood Designs Report

To define detailed design requirements for storm
and sanitary sewer facilities required to service the
development area.

Private Developer

94— 5a) Neighbourhood Hydro-Geotechnical Impact| Private Developer
Assessment

4«— 5b) Neighbourhood Environmental Impact Private Developer
Assessment

+‘
Standard Servicing
Agreement

6. Detailed Engineering Drawings

Private Developer
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3.0 PLANNING AND DESIGN STUDIES

3.1 Regional Master Plan

3.1.1

3.1.2

3.1.3

3.14

3.2
3.21

3.2.2

3.2.3

3.24

The Regional Master Plan is an overall drainage plan for the Edmonton Area that defines the short,
medium and long-term storm and sanitary servicing strategy. It is prepared and periodically updated
by Drainage Services. This plan includes conceptual strategies for siting, sizing, preliminary layouts
and designs of the storm, sanitary and combined sewer systems. This servicing plan provides a basis
for orderly, economic growth by defining the optimal use of existing sewerage systems, extensions of
these systems and possible alternatives. The creation and updating of the Regional Master Plan is a
prerequisite to the General Municipal Plan for the City prepared under the Municipal Government Act
for Council approval.

Sanitary planning is required to identify, as part of the Regional Master Plan, the practical conditions
for sanitary serviceability, limiting factors in terms of capacities and elevations and the strategy for
implementation of the necessary additions or extensions to the sewer network and sewage treatment
systems. Capacity requirements must be defined that address inflow/infiltration contributions and
provide a reserve for future flexibility. Sanitary planning is formulated on the contributing basin
concept. Basic considerations applying to individual sanitary basins are identified to establish the
basis of the next level of analysis, undertaken as part of the Area Master Plan.

Stormwater drainage planning at this level is formulated on the watershed concept and will identify the
conditions of drainage normally prevailing for runoff events including rainfall and snow melt runoff.
Alternative means of stormwater management are defined. These planning efforts should include
proposals for handling the storm drainage from undeveloped areas in the interim period until
developments gradually substitute storm sewer networks in these areas. Particular attention should
be paid to ensure that new developments are not adversely impacted by drainage from surrounding
undeveloped areas due to changes or obstruction of existing drainage patterns in these areas. The
Regional Master Plan is to provide a basis for the more detailed evaluation of storm servicing
alternatives to be undertaken as part of the Watershed Plan.

The Regional Master Plan is also required to address the environmental impact of stormwater and
treated sewage effluents, to ensure the need for pollution abatement and protection of receiving
waters is recognized. Appropriate control strategies are to be recommended.

Watershed Plan

A Watershed Plan, which by definition will deal mainly with storm drainage issues, is required for any
drainage basin either totally or only partly within the City boundary, including both areas proposed for
development and those expected to remain undeveloped. Watershed Plans will normally be prepared
by Drainage Services. These Watershed Plans provide the conceptual framework for evolving the
Area Master Plans formulated in conjunction with Area Structure Plans.

Sanitary sewer system planning will devolve from the Regional Master Plan directly to the Area Master
Plan level of analysis. Some considerations of the sanitary servicing alternatives must, however, be
part of each Watershed Plan to ensure compatibility of servicing schemes, alignments, staging and
implementation strategies.

A Watershed Plan will identify the existing drainage and environmental constraints and will define
options for the management and development of alternatives, considering environmental and
economic issues, developmental staging, the impact of hydrogeotechnical conditions, major utility
corridors, Restricted Development Areas, power and pipeline rights-of-way.

The analysis of alternative drainage systems by necessity must be at a broad conceptual level since
the details of the development will probably not be finalized at this stage. However, general proposed
land use patterns must be evaluated in order to identify suitable trunk sewer and major system outfall
points to receiving waterways. While the principal emphasis is on post-urbanization flow rates,
quantities and quality, the analysis should include the use of stormwater management facilities for
urban conditions as well as servicing concepts to be implemented during the transition stage from rural
and undeveloped to fully developed conditions, a process which may take a long period of time.
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3.2.5

3.2.6

3.2.7

Watershed drainage planning is generally carried out by considering various alternatives for the major
drainage system. The requirements for minor or convenience systems can then be defined in relation
to the major system. The degree of protection provided by the major system can influence the level of
conveyance required in the minor system.

The impact of the major and minor system components and their performance on the integrity of the
sanitary sewage system should be evaluated and specific recommendations made to minimize
potential overloading of the sanitary system due to stormwater related inflow and infiltration.

The finished plan and staging recommendations are incorporated in a preliminary engineering report
for approval and implementation by Drainage Services. At later design stages, drainage services for
individual developments must be considered in the frame of the Watershed Plan.

3.3 Preliminary Drainage Report (PDR)

3.3.1

3.3.2

Drainage Services will normally have prepared a Watershed Plan covering any potential development
area of the City. However, for those areas where Watershed Plans are not available, a Developer may
have a Preliminary Drainage Report prepared by a Consultant to address the storm drainage planning
requirements as necessary to establish the framework and terms of reference for an Area Master Plan
Study and preliminary Environmental and Hydrogeotechnical Impact Assessments. These terms of
reference must be approved by Drainage Services before an Area Master Plan is undertaken.

The Preliminary Drainage Report should review existing data, identify potential problems related to
future drainage servicing and potential conflicts with other infrastructure plans and propose a
conceptual plan for the orderly servicing of new developments.

3.4 Area Master Plan (AMP)

34.1

3.4.2

3.4.3

3.4.4

3.4.5

The Area Master Plan is to develop and propose the optimum sewer and drainage servicing schemes
that will meet the short- and long-term servicing needs of the development area. The selection of the
proposed alternatives are to be justified by considering the cost of the sewer and drainage system
components, financing and cost sharing relationships and assessing the economic viability of
alternatives.

The approval of an Area Master Plan for both storm and sanitary servicing will be a prerequisite for the
support by Drainage Services of any related Area Structure Plan proposals. The Developer concerned
with the study area is responsible for having the AMP undertaken by a qualified engineering
consultant. However, in some cases Drainage Services may initiate and conduct the study on the
Developer's behalf when deemed necessary by Drainage Services to accommodate area planning
needs.

The sanitary sewer servicing component of this analysis must consider the planning and servicing
objectives, resolve all concerns and address constraints, including any specific issues identified
through the Regional Master Plan with respect to the study area, which in this case will relate to the
contributing sanitary basin.

For storm drainage, the analysis considers the study area as defined in the Watershed Plan or the
Preliminary Drainage Report. The Area Master Plan must justify the selection of the proposed
stormwater management alternative in terms of its suitability to address all constraints including those
identified in the previous studies. If the Watershed Plan or the Preliminary Drainage Report has
identified any specific problems such as critical pollution loadings, sedimentation or erosion, the AMP
will propose solutions to these problems. The Area Master Plan should also explore the potential of
incorporating Low Impact Development as a best management practice (BMP) for stormwater
management. LID should not be viewed as a redundant system, but as a necessary part of the
integrated stormwater management system that helps to meet the environmental objectives.

The terms of reference for the Area Master Plan study for a development area must be approved by
Drainage Services before the work is started.
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3.5 Neighbourhood Design Report (NDR)

3.5.1

3.5.2

The Neighbourhood Design Report is to define the basis for detailed design of servicing system
components selected in the course of the Area Master Plan study, the costs of the sewer and drainage
system components, and the financing and cost sharing relationships and requirements necessary to
implement the servicing systems.

The preparation and presentation of a Neighbourhood Design Report shall be the responsibility of the
Developer, and the approval of the NDR shall be a prerequisite for support by Drainage Services of
Neighbourhood Structure Plan proposals within the subject servicing area. Subdivision proposals and
detailed engineering drawings related to the area will not be accepted for review and approval in the
absence of an approved NDR. Where subdivision proposals are different in substance from an
approved Neighbourhood Structure Plan, or finalized servicing proposals vary from those defined in
the NDR, then an amendment of the NDR will have to be approved before detailed engineering
drawings will be reviewed for approval.

4.0 TYPICAL AREA MASTER PLAN REQUIREMENTS

4.1 Scope of Study

41.1

4.1.2

The storm drainage component of the plan should be based on the concepts developed in the overall
Regional Master Plan and the Watershed Plan, should resolve any specific concerns raised in those
studies and address any significant constraints. The Regional Master Plan will have identified basic
considerations for sanitary sewer system planning, to be addressed on a similar basis.

Area master planning is carried out by identifying and comparing alternative facility locations, sizes
and type and will include the selection of the most suitable alternative. While the Area Master Plan
need not include a rigorous comparison of alternatives considered, the selection of the proposed
servicing schemes are to be adequately justified on the basis of relative merit, considering technical
issues, short-term and long-term economic viability, and equity for those parties who will eventually
share in the costs of the facilities.

4.2 Requirements for Systems Analysis

42.1

422

4.2.3

424

The analysis of servicing systems for the Area Master Plan is necessarily at a broad and conceptual
level since the details of the development will probably not be finalized at this stage of development
planning. However, proposed land use patterns and arterial roadway alignments must be evaluated in
order to plan for location of suitable sewer trunks, outfalls, storage and stormwater quality
enhancement facilities.

Hydraulic analysis of proposed servicing schemes is required only to the extent that is necessary to
demonstrate the technical feasibility of servicing concepts for the specific area. The appropriate
methods of analysis for a particular situation will depend on the complexity of the drainage systems.
Simple systems proposed to operate under free flow conditions may be analysed using hand
calculation methods to determine post-development hydrographs. Systems anticipated to operate
under surcharged conditions during the design event would typically require analysis using computer
simulation techniques, as would systems with interconnected storage elements.

For systems proposed to use real time control of outflow from stormwater management facilities,
dynamic simulation of operation may be delayed until a later more detailed stage of the design
process, provided that the system operating rules and control parameters are clearly set out in the
Area Master Plan.

At the Area Master Plan level, the hydraulic analysis should be conducted using lumped modelling
techniques, on simplified representations of the systems components comprising only the principal
conveyance and storage elements and appropriate approximations of relative locations and elevations.
The objective is to confirm the magnitude of flows and volumes which must be accommodated and the
general adequacy of the proposed system to satisfy the level-of-service objectives. Refer to Sections
7.0 and 12.0.
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4.3 General Report Requirements

43.1

4.3.2

The Area Master Plan is to document, clearly describe and justify the selected sewer and drainage
systems; identify significant constraints and issues; describe assumptions and design criteria; provide
simulation results; present recommendations and conclusions.

Scales for layout plans and mapping

The presentation of much of the information relating to the study area may best be accomplished
through the use of plans and maps. To promote consistency in the documentation of planning
information the use of common scales is required.

Conceptual scale: For presentation of concept information, plans to a common scale of 1:20,000
are preferred.
Detail scale: More detailed information should be presented on plans to a scale of 1:5,000

on an orthophoto base. Larger scales may be utilized for specific details as is
appropriate.

4.4 |dentification of the Study Area and Existing Characteristics

44.1

4.4.2

4.4.3

The study area's topography, existing drainage patterns, existing land use and proposed land use, are
to be shown on plans to conceptual or detailed scales as appropriate.

The location and capacities of outfalls for the storm, sanitary and other major drainage systems are to
be shown on plans. The City will normally provide this information, from the Regional Master Plan and
Watershed Plan.

The report is to include a description of soils and groundwater conditions to the depth affecting
drainage utilities, highlighting any constraints these conditions pose to drainage design and
construction. See Hydrogeotechnical Impact Assessment requirement, Section 4.12.

4.5 Preliminary Layout and Conceptual Design of the Selected Alternative

45.1

45.2

The following plans are to be provided:

i. Plans showing preliminary alignments, pipe locations, subcatchment boundaries, pipe sizes,
stormwater lakes, constructed wetlands and other facilities for the selected alternative. Manhole
or node locations and pipe numbers to correlate with a system analysis are to be included as
necessary.

ii. Separate plans for storm and sanitary trunk systems, to conceptual or detailed scales as
appropriate.

iii. A surface drainage plan showing drainage directions, collector routes, surface storage sites and
subcatchment boundaries.

iv. Conceptual profiles showing pipe invert and crown, ground profile, pipe size, manhole or node
locations and numbers as well as normal and high water levels and freeboard for stormwater
lakes and or dry ponds. Similar profiles are required for sanitary trunks and the major drainage
system.

Tabulated data to describe the proposed systems are required, as follows:
i. Table of subcatchment properties showing inlet manhole, drainage area, land use, population
and imperviousness or runoff coefficient.

ii. Table of pipe properties indicating:

= Pipe number;

= upstream and downstream manhole;

o "n"value;

o diameter

o slope;

o pipe-full capacity;

= design flow;
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iii. design calculation sheets (rational method and sanitary trunks) or computer model schematic
and summary output; and

iv. continuous modelling of a recorded series of storms may be required in specific circumstances
such as where severe restrictions are imposed by downstream system capacities.

4.6 Documentation of Design Criteria

46.1 The design basis for the selected alternative is to be documented, including identification of the
following information:
= Design storm;

= performance criteria: flow, pipe-full design, velocity restrictions, allowable street ponding depths,
storage draw down time, real time control operating rules and control parameters;

» sewage generation factors;
= population densities;
= storm runoff factors, imperviousness and ground slopes;
= weeping tile drainage methods proposed (not permitted to sanitary sewers);
= stormwater handling and treatment facilities and contaminant removal capabilities;
= pollutant/contaminant possibilities; and
= any proposed exception to City standards. Such proposals are to be adequately justified and will
require specific approval by Drainage Services.
4.7 Declaration of Sufficiency of Standards and Professional Responsibility

The report is to include a statement that the proposed design standards provide an appropriate level of
service and safety and adequately deal with any known special or unique conditions in the study area.
The submission is to be sealed and signed with regard to professional responsibilities.

4.8 Typical Requirements

The following checklists are provided to assist the Consultant in identifying the typical scope of issues
to be addressed in the Area Master Plan.

4.9 Storm Portion Checklist

= Watershed and development in relation to it.

=  Summary of Preliminary Drainage Report or Watershed Study.

= Topography.

= Details of watercourse crossings, for instance culverts, bridges and roads.
= Details of watercourse and valley reaches including typical x-sections.

= Natural storage and drainage.

= Street layout, location of parks.

= Present land ownership.

= Present land use.

= |dentification of pre-development flows.

= Proposed land use.

= Subcatchment boundaries.

= Develop and justify a servicing scheme respecting the long-term user requirements.

= Description and discussion of storage requirements including storage volume and location, lake
overflow alternatives, real time control operating rules and control parameters.

= Proposed major drainage system.

= Proposed minor drainage system.

= Use of natural features, for example sloughs.

= Identification of unusual factors affecting operation and maintenance costs.
= |dentification of potential surcharging.



@I'I'IOMOI'I DRAINAGE Chapter 3, Page 13 of 129
Design Standards December 2014

= Address Erosion and Sedimentation Controls (ESC) by presenting all ESC Information identified
in Figure 4.1 — ESC Framework of the ESC Guidelines.

= Flood lines for lakes for design storms simulated.

= 100 Year flood lines for ravines.

= |dentification of the need for water quality control.

= Description of constructed wetlands, wet ponds or dry ponds.

= Description or concept plan of best management practices (BMP) including LID (if applicable).

= Description of water quality impacts and its improvement.

= Provide wetland, including existing natural wetlands, to watershed ratio.

= |dentification of requirements for pollutant control and determination of allowable pollutant loads.
= Review of outlet operating constraints and sufficiency of depth.

= Determine outlet arrangement and review hydraulics to ensure adequate rates of drawdown can
be achieved at all levels of storage.

= Hydraulic analysis by suitable methods is to be carried out to provide post-development
hydrographs for the minor 5-year design storm event and appropriate major historical design
events, considering the following options:

o 100 year storm,
o 1937 storm,

= 1978 storm,

= 2004 storm, and
= 2012 storms.

= Alternatively, for storm water management facilities sized to accommodate 120 mm of runoff over
the basin, assuming zero discharge for the length of the storm event. System draw down curve
should be provided.

= Qutline the proposed staging and or implementation plan.
4.10 Sanitary Portion Checklist

= Study area/drainage basin.

= Review of the regional master plan and the previous studies.

= Identify points of servicing availability and downstream system capacity and depth
constraints per information to be provided by Drainage Services.

= Feasibility of gravity system extensions versus pumping.
= Topography.

= Existing developments.

= Projected land development.

= Populations.

= Present land ownership.

= Present land use.

= Future land use.

= Subcatchment boundaries.

= Summary of design criteria.

= Peak flows.

= Average flows.

= Conflicts with existing and proposed utilities.

= Develop and justify a servicing scheme respecting the long-term user
requirements.
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= |dentify potential environmental impacts.

= |dentify unusual factors affecting operation and maintenance costs.
= |dentification of potential surcharge.

= Identification of land requirements/easements.

= Qutline the proposed staging/implementation plan.

= Qutline any storage and real time outflow control requirements.

411 Site-Specific Requirements

Depending on circumstances relevant to a specific ASP area, additional requirements may apply.
These will be determined on a case-by-case basis and may include; an environmental impact
assessment, if discharging to natural watercourses or environmental reserve lands; a soils and
groundwater investigation, and an analysis of downstream capacity constraints.

4.12 Hydrogeotechnical Impact Assessment

412.1

412.2

412.3

A Hydrogeotechnical Impact Assessment is required to define constraints, imposed by soil and
groundwater conditions, which will affect the choice of design philosophy and construction practices to
be applied.

The undertaking of a preliminary Hydrogeotechnical Assessment study will be a requirement of the
Area Master Plan and terms of reference for this study are to be addressed when establishing the
terms of reference for the Area Master Plan. In cases where this requirement has not been fulfilled in
conjunction with a previous Area Master Plan, it must be addressed in association with the
Neighbourhood Design Report.

Where the preliminary assessment identifies constraints of concern, more specific hydrogeotechnical
investigations to provide detailed site-specific recommendations may be required, either as part of the
Area Master Plan or to be addressed at the Neighbourhood Structure Plan stage as part of the
Neighbourhood Design Report. The determination of the scope and staging of such additional
investigations will be subject to the discretion of the Engineer and is to be based on the potential
impact of the identified constraints on the viability of the development and the proposed servicing
schemes.

4.13 Environmental Impact Assessment (EIA)

A preliminary Environmental Impact Assessment will be required for each development area in
conjunction with the Area Master Plan, to establish if there are concerns which warrant more detailed
review. Where the preliminary assessment has identified environmental concerns which may have a
bearing on the suitability of sewer and drainage servicing proposals, more detailed and specific
investigations may be required, either as part of the Area Master Plan or in conjunction with the
Neighbourhood Design Report. The determination of the requirements and staging of investigations
with respect to the sewer and drainage systems planning reports will be subject to the discretion of the
Engineer. The level of detail of assessments at each planning stage will be defined with respect to
site-specific needs and concerns and detailed assessments may not be necessary for some areas.
Usually, EIA reports describe the natural features, topography, special historic, archaeological and
other aspects of the proposed development area, to evaluate what impacts will result from
development and to define methods and action plans to minimize or mitigate impacts. The
responsibility for having an EIA conducted will be that of the Developer. Drainage Services will review
EIA reports required pursuant to the River Valley Bylaw No. 7188 and other authorities and provide
comment and/or support for approval from a drainage perspective. Drainage Services will undertake
this review in conjunction with reviews by the Planning and Development and the Community Services
departments, Alberta Environment and Sustainable Resources Development and others.
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5.0 TYPICAL NEIGHBOURHOOD DESIGN REPORT REQUIREMENTS

5.1 Scope of Study

51.1

51.2

5.1.3

514

515

The Neighbourhood Design Report (NDR) is to define the basis of detailed design of the principal
components of the sanitary sewerage and storm drainage infrastructure. While separate studies may
be conducted with respect to storm facilities and sanitary facilities, both systems are to be addressed
within one consolidated report.

The NDR is to be a summary report presenting the detailed analyses of all principal components of the
sanitary sewer and storm drainage systems required to serve the study area. The NDR will propose
methods and procedures for overcoming all constraints identified in the Area Master Plan.

A major objective of the NDR is to develop a staged implementation plan for the facilities. This plan is
to be consistent with current land development schedules, yet maintain maximum flexibility to meet
changing needs. The NDR will identify all constraints to implementation of the facilities, including
financial, design, hydrogeotechnical and construction approvals.

The NDR presents the design of the permanent facilities. However, if large facilities are required, they
are rarely constructed to their ultimate form in the first stages of development. In this situation, an
addendum to the NDR is required to detail the design of interim stages for facilities and the impacts on
the implementation plan. Addenda to the NDR may be required by the Engineer under the following
circumstances:

= Significant changes to the Area Master Plan;

= significant changes in design standards;

= significant changes to the schedule of land development; and
= significant changes to the implementation plan;

An ESC Strategy is an essential component of storm drainage in the Neighbourhood Design Report.
The strategy shall build on the ESC Information presented in the AMP and address all items
presented on Figure 4.1 — ESC Framework of the ESC Guidelines.

5.2 General Requirements

521

5.2.2

5.2.3

Plans showing topography, existing drainage patterns and facilities, existing land uses, land uses as
per the Neighbourhood Structure Plan, hydrogeotechnical information, constraints on implementation
and land ownership.

Plans showing anticipated land development, with schedules and supporting documentation in tabular
format.

Plans showing the layout of the proposed drainage facilities and conformance with the Area Master
Plan, and if in regard to an addendum to a previously approved Neighbourhood Design Report,
conformance and variations with that NDR.

= All stormwater management facilities, storm and sanitary pumping stations and forcemains, storm
sewers and sanitary sewers;

= Jayout of roads, private property limits, land use and other utilities, noting environmental and
hydrogeotechnical constraints and differences from previously approved reports;

= Jocation of the systems in relation to adjacent systems and drainage basins; and

= |ocation of the systems and the study area showing the development relative to existing and
future developments.
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5.3 Documentation of Design Criteria

53.1

53.2

Plans and tables showing subcatchment boundaries, land use, imperviousness, runoff coefficients,
sewer pipe roughness, design performance criteria, sewage generation factors, population, service
arrangement practices and wet-weather flow generation factors.

Studies to justify any use of design criteria different from those set out in these standards.

5.4 Documentation of Methodology for Analyses and Design

54.1
5.4.2
54.3

54.4

Design calculations in support of the proposals.
Description of computer models and their use;

Calibration and verification studies are required for models which have not been calibrated to
conditions in Edmonton;

Description of activities and procedures for undertaking design and analyses of the drainage systems.

5.5 Documentation of Input to Computer Model

55.1
55.2

Plans and tables relating input parameters to the layout of the drainage systems;

Subcatchment numbers, area, imperviousness, depression storage, grades, servicing arrangement,
subcatchment width, infiltration parameters, node locations and numbers, gutter sizes/slopes/width,
pipe sizes/slope/capacity/roughness coefficient/number/sub-catchment gutter connections/node
connections, outfalls, node inverts/ground elevations/ pipe connections, inlet numbers/capacity/
connection, road grades and major system grades/configuration/capacity/connections.

5.6 Documentation of Analyses of Drainage Systems

5.6.1
5.6.2

5.6.3

5.6.4

5.6.5

5.6.6

5.6.7
5.6.8

5.6.9

Plans and profiles of the sanitary sewer and storm drainage facilities.

Profiles showing pipe invert and crown, pipe size, ground profile pipe size, node locations and
numbers, stormwater management facilities.

Profiles of storm trunk sewers showing hydraulic grade lines under each design event and calculated
flow rates.

Plans and profiles of the major systems showing flow rates, depth capture by the minor system,
capacity, inlet hydrographs to stormwater management facilities and existing sewers, drainage area
and rating curves.

Pump and system curves showing staged performance of pumping systems.
Details of constructed wetlands and/or wet ponds.
Details of vegetation in constructed wetlands.

Comparison of flows and water quality under pre-development and post-development conditions and
at all proposed stages of the implementation plan.

Consideration of using BMPs for stormwater runoff improvement.

5.7 Documentation of Costs

57.1

5.7.2

Complete documentation of design, construction and long-term operation, maintenance and
replacement costs for each of the principal components of the systems in accordance with the
implementation plan.

Costs for land purchase and/or easement acquisition.
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5.8 Documentation of Implementation Plan

58.1
5.8.2

5.8.3

5.8.4

5.8.5

Definition of all constraints to implementation of the permanent facilities.

Discussion of alternative means of meeting constraints, methods of evaluating alternatives and
decision criteria.

Report documenting the activities undertaken and the results in a clear, concise, logical format
including conclusions and recommendations.

The report is to contain an assertion that the design standards criteria applied are suitable and
appropriate, provide an adequate level of service and address any special or unique characteristics or
conditions of the area.

Submissions are to be sealed and signed by the responsible professional.

5.9 Detailed Requirements

59.1

59.2

593

The following checklists are provided to assist the Consultant in ensuring that typical requirements are
met. Specific requirements are to be reviewed during preparation of the terms of reference for the
study. Requirements may vary from area to area, depending of the constraints identified in the Area
Master Plan and the complexity of the systems.

General information checklist:

= Detailed description of the study area.

= Proposed land use.

= Present land ownership.

= Summary of conclusions/recommendations of hydrogeotechnical assessments, including
recommended means of foundation drainage and roof drainage.

Sanitary portion checkilist:

= Include technical summaries, for example details of pumping stations.
= Financing considerations regarding cost shareable trunk sewers and facilities.
Storm portion checklist;

= Qutfall points.
= Overland flows.
= Ponding depths.

= Flood profiles for lakes and ravines for 5yr, 10yr, 25yr, 100yr and critical historical storm events
for interim and ultimate development.

= Details of minor drainage system.

= Qutfall points.

= Alignments.

= Pipe sizes.

= Pipe grades, profiles and invert elevations.

= Pipe capacities.

= 25 Year and 5-Year peak flows for interim and ultimate development.
= Manholes.

= Catch basins.

= Road grades.

= Calculation of flows captured by minor system during 100-year storm and associated hydraulic
grade lines, with particular attention to locations where there is increased potential for outflows
from the system (manholes and inlets at relative low points).

= Unusual factors affecting operation and maintenance costs.
= Proposed flood control.
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6.0

6.1

6.2

6.3

6.3.1

» Land requirements - easements, public utility lots.

= Controlled discharges from stormwater management facilities.

= Hydrographs at outfalls.

= Pre-development versus controlled post-development flows at outfalls.

= Determination of type of storage, e.g. constructed wetland, wet or dry ponds.
= Details of storage facilities, including landscaping and vegetation in constructed wetlands.
= Proposed stormwater management facilities maintenance.

» Detalls of constructed wetlands.

= Earthwork balance assessment.

= Vegetation plan for constructed wetlands.

= Vegetation management plan for constructed wetlands.

= Proposed water quality control.

= Provide Low Impact Development site plan - refer to Chapter 4 of the City of Edmonton's Low
Impact Development Best Management Practice Design Guide.

= An ESC Strategy according to Figure 4.1 — ESC Framework of the ESC Guidelines.
= Hydraulic aspects of pond inlets and outfalls for example spillways.

= Staging/implementation plan.

= Details of any oversizing for adjacent areas.

= Preliminary costs of trunk sewers and major system components.

= Financing considerations regarding cost-shareable trunk sewers and facilities.

TYPICAL REQUIREMENTS FOR HYDROGEOTECHNICAL IMPACT ASSESSMENTS

Intent

The intent of a hydrogeotechnical impact assessment is to establish with respect to soil and
groundwater conditions, the feasibility and viability of the implementation of the development proposals
and associated utility infrastructure. The hydrogeotechnical assessment must, therefore, establish that
conditions are suitable for the establishment of functional and maintainable sanitary sewer and storm
drainage systems to serve the development area and also quantify potential problems that the
hydrogeotechnical conditions may pose to the development. The Developer should engage the
services of a qualified geotechnical engineer and the geotechnical engineer's recommendations shall
be addressed by the Developer’s Consultant in the design of the improvements, including the
identification, development and implementation of any performance standards recommended by the
geotechnical engineer. As a result of this evaluation, the Developer will be able to identify
economically feasible design and construction practices for storm and sanitary servicing facilities.

General Approach and Levels of Investigation

Hydrogeotechnical impact assessments should be conducted in two phases. The preliminary
assessment generally associated with an Area Master Plan and conducted prior to the submission of
an Area Structure Plan, will compile readily available information and will draw conclusions based on
that data. Where indicated, due to the lack of existing data or to confirm questionable information,
preliminary field investigations and office evaluations are to be conducted to provide a basis for
conclusions. In the event that the preliminary assessment identifies significant cause for concern, a
detailed assessment involving more in-depth field investigations and evaluations is to be undertaken.
Depending on the specific nature of concerns, these detailed investigations may be required to be
undertaken as part of either the Area Master Plan or the Neighbourhood Designs Report.

Scope of Work - Preliminary Assessments

Acquisition of existing data

Two main sources of existing data should be reviewed to identify the hydrogeotechnical conditions of
the study area.
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6.3.2

6.3.3

6.4

6.4.1

6.4.2

i. The first consists of all published reports in either the public domain or from private developers.
Areas which should be reviewed to gather existing published data include the City of Edmonton’s
geotechnical library; the Alberta Research Council, Alberta Environment and Sustainable
Resources Development, Alberta Energy and Natural Resources; hydrogeotechnical and
geotechnical reports conducted by other consultants; construction records of previous
developments; water well logs; environmental impact assessments.

ii. Another source of valuable information is personnel who have conducted work in the study area.
This would include developers, owners, contractors, utility companies, hydrogeologists, geologists
and other professional geotechnical engineers.

Field investigations

Where sufficient existing data is not available to support the preliminary assessment, an appropriate
program of drilling of boreholes should be undertaken, subject to a geotechnical engineer's review and
direction. Holes should be relatively deep, preferably to bedrock. Starting at investigations for the
Area Structure Plan level of planning, groundwater level monitoring should be included at all boreholes
and should be continued for up to two years or as long as is possible, to accurately establish the
seasonal variability of the groundwater table. Standpipes should be installed as permanent
installations, so that they may be utilized as part of a long-term groundwater monitoring program.

Preliminary assessment reporting

i. The results, conclusions and recommendations of the preliminary hydrogeotechnical
assessment should be consolidated into a report, which may be appended to the Area Master
Plan or Neighbourhood Designs Report as appropriate. The report should summarize the
existing data collected under 6.3.1 above and present the results of any field investigation
undertaken. The report is to summarize the magnitude and severity of any hydrogeotechnical or
geotechnical problems identified and the need for additional data acquisition.

i. In the event that additional data or further investigations are considered necessary, a
recommended program for acquisition of additional data is to be presented within the
preliminary review report.

ii. The preliminary report is to include consideration of the design aspects of future developments
within the study area, inflow/infiltration concerns and the design of stormwater management
facilities.

iv.  The Consultant will identify potential problem areas and recommend solutions to reflect specific
areas of concern with construction standards and procedures such as pipe installation
techniques, compaction in the pipe zone, trench backfill and the impact of groundwater table on
foundation drainage/weeping tiles. Special consideration will be given to construction
techniques, timing and equipment. Any requirements above and beyond the standard
construction/engineering specifications will be identified.

v. The preliminary report should be reviewed with Drainage Services to establish if further
investigation is to be required in advance of subsequent planning or design stages.

Scope of Work - Detailed Assessments

Where there are significant concerns regarding hydrogeotechnical conditions identified through a
preliminary assessment, more detailed assessments are to be undertaken, normally associated with
the Neighbourhood Structure Plan level of planning and attached to the Neighbourhood Design
Report. Field investigations associated with this level of review should involve a program of drilling at
a minimum density of five boreholes per legal subdivision, subject to a geotechnical engineer’s review
and discretion. The detailed assessment is to investigate any specific areas of concern that could
affect the construction and/or long-term performance of subsurface utilities, drainage, cuts and fills.
Detailed information on groundwater levels will also be required, to assess the potential impact of
groundwater on the development. The responsibility for determining an adequate scope of work rests
with the Developer and the engineering consultants.

Report content

The following checklist identifies what issues should typically be addressed in detailed
hydrogeotechnical impact assessments. The content of specific reports is to be determined as is
appropriate to site-specific conditions and concerns.
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Construction of utilities:

= Trench construction and stability (especially for trunk sewers);
= compaction and settlement;

= feasibility of tunneling and boring techniques;

= alignments and depths;

» dewatering requirements and impacts;

= gspecial design and construction measures; and
= frost penetration.

Constructed wetlands, stormwater lakes (wet ponds) and dry ponds:
= Construction methods;

= stability of side slopes;

= under rapid drawdown conditions;

= during dewatering for maintenance;

= use of spoil for fill

= groundwater levels, infiltration, exfiltration;

= |ake bottom lining requirements;

= pre-draining requirements;

» Foundations for buildings;

= bearing capacity;

= potential for settlement;

= design constraints; and

= seepage through walls (waterproofing requirements).
Fill areas:

= Underlying soils;

= Compaction;

= settlement potential; and

= drainage.

Roads and streets:

= Potential for settlement;

= potential for frost heaving; and

= typical design sections.
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v. Drainage design:
=  Weeping tile flow rates -
= dry weather,
= under storm conditions;
= pipe infiltration;
= soils and groundwater conditions relevant to roof leader discharge (spill on ground versus
storm service connections ;
» soil infiltration and runoff factors
= |ot grading; and
= requirements for waterproofing of building basements.
Vi. Effect on regional aquifers:
= Existing and potential groundwater users;
= possibility of impact on quality or quantity due to interception or recharge; and
= |ocations of artesian conditions in the study area.
vii.  Operation and maintenance impacts on sewer and drainage facilities.

7.0 SANITARY SEWER - POLICY, GOALS AND OBJECTIVES

7.1 Level of Service

7.1.1

7.1.2

The goal of the City of Edmonton is to have 100% of the sanitary sewage generated in new
development areas collected and conveyed to wastewater treatment facilities for treatment. In order to
accomplish this new systems must be designed and constructed with reliable conveyance capacity
and minimal potential for rainfall and groundwater inflows, such that system backup is limited to cases
of unforeseeable blockage. To achieve this objective, new system extensions will be sized to flow at
less than full and with reasonable allowances for extraneous inflows. It is recognized that these
criteria provide a safety factor compared to previously constructed systems, which will flow full at the
design flow rate. Where at the point of a proposed connection to an existing sanitary sewer system
and within the system immediately downstream, capacity was deemed to be adequate based on the
Servicing Standards applicable prior to 1990, but does not satisfy the capacity requirement as
projected using current design standards, the theoretical deficiency will not be a reason for disallowing
upstream development or for requiring the upgrading of the immediate downstream system.

Where an actual capacity deficiency has been identified, the Developer and the City will jointly resolve
the issue through the development approval and City’'s capital budgeting processes.

7.2 Provision for Future Extension of Development

The design for each sanitary system extension shall include provision for further extensions to
adjacent and future development areas in accordance with the Regional Master Plan, Area Master
Plan and/or Neighbourhood Design Report, as they apply to each development area.
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7.3 Separation of Storm and Sanitary Systems

7.3.1 All new systems or extensions from existing systems are to be designed on a separated basis. Run-
off from roofs, lots, streets and other outside areas including yards and parking areas and infiltration
water from foundation drains and other sources, is to be excluded from the sanitary sewer system.

7.3.2 To protect the functional integrity of the sanitary sewer system, extraneous inflows must be prevented
or controlled to match the design criteria and performance expectations.

7.4 Economic Objectives

7.4.1 A prime consideration in the selection of alternatives for the sanitary servicing of new development
areas must be minimization of the long-term cost to the public. Economic analysis must include
evaluation and comparison of life cycle cost. Extension of sanitary servicing by means of gravity
sewer systems to the maximum extent possible is preferred and the utilization of pumping systems will
be permitted only when insurmountable constraints cannot be resolved otherwise. Economics alone
will not necessarily be the deciding factor in Drainage Services evaluation of the acceptability of
servicing proposals. Detail evaluation of pump station versus gravity sewer proposals shall be
undertaken as described in Appendix G.

7.4.2 The City wishes to promote an orderly process of development with the objective of achieving
permanent sanitary sewer system extensions in the most cost-effective manner. For this reason the
Drainage Services will not permit the proliferation of temporary servicing schemes in lieu of permanent
system extensions. Further, extensions of systems and developments will be discouraged when they
involve the construction of downstream connections through undeveloped areas (leapfrogging) solely
for the purpose of advancing service extensions to upstream areas.

7.5 Environmental Objectives

The City wishes to promote environmental consciousness in the design of sanitary sewerage facilities.
The objective is to prevent the escape or discharge of untreated sewage to receiving watercourses,
public or private lands or to the environment in general, either directly or through overflow to storm
drainage systems.

8.0 SANITARY SEWER DESIGN CRITERIA

8.1 Purpose of Section

8.1.1 This section outlines the methodology and design criteria that apply to the preliminary and detailed
design of sanitary sewage conveyance systems for new developments. The emphasis of this section
is on those criteria that determine the size and profile of sanitary sewers.

8.1.2 Refer to Section 18.0 for other design considerations such as alignments and the detailed design of
appurtenances.

8.2 Estimating Sanitary Flows

8.2.1 Residential sanitary flow (population-generated)

The peak population-generated sanitary sewage flow for a residential population shall be determined
by the following formula:

QPDW = GxPxPF
86400

the peak dry weather flow rate (L/s)

where: Qppw
and: G

the per capita daily sewage flow generation

= 300 L/day/person

and: P = the design contributing population
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and: PF = a"peaking factor" determined as follows:
The peaking factor (PF) shall be the larger of 1.5 or :
PF = 26Py*"

where: P the design contributing population in 1,000's

8.2.2 To assist designers, Table Al at the end of this section can be used as a guide to establishment of
population (P) on the basis of zoning. Population densities corresponding to the saturation density, i.e.
the maximum permitted under the respective zoning, must be used for the design of sanitary sewers to
serve small numbers of properties, such as a single typical subdivision. For larger areas comprising
several typical subdivisions or more, main collector and trunk sewers are to be sized to accommodate
average population densities as proposed in preceding statutory plans (General Municipal Plan, Area
and Neighbourhood Structure Plans).

8.2.3 Commercial, institutional and industrial sanitary flow generation

For detailed system design, the average sanitary sewage flow from commercial, institutional and
industrial land use areas is to be estimated on the basis of, in order of preference:

= Average daily flows computed using rates per unit floor area and/or unit flow generation factors for
the specific land uses, as set out in Table A2 at the end of this section.

= Average daily per area rates of flow generation in accordance with proposed ultimate zoning, as
set out in Table A3 at the end of this section.

= Projected flows justified by the designer with specific and reliable information relating the
projected land uses to flow generation characteristics.
8.3 Average Flow Generation Estimates for Planning

For system planning purposes, when specific land uses and zoning are unknown and the requirements

of 8.2.1 cannot be defined, the recommended lower limits for estimation of average flow generation, to

be used for preliminary planning unless the use of other values is justified with more specific or reliable

information, are as follows:

= Commercial and institutional land uses: The lower limit for average flow generation shall be
20 m3/day/ha (0.20 L/s/ha)

= Industrial land uses: The lower limit for average flow generation shall be 20 m3/day/ha (0.20
L/s/ha)

8.4 Determination of Peak Dry Weather Flow Rates

Peak dry weather flow rates for specific design for non-residential areas are to be determined by
application of a peaking factor (PF), related to the average flow rate (Qayg in L/s) in accordance with
the following expression to a maximum value of 25.0 and a minimum value of 2.5:

_0.45

PF = 10 QAVG
8.5 High-Water-Consumption Land Uses

The foregoing guidelines do not apply to high-water-consumption land uses, for instance heavy
industry, meat packing plants and breweries. Detailed analysis of the design requirements specific to
each development proposal is required in such cases.

8.6 Residential Components of Commercial Developments

Where proposed commercial developments include discretionary residential components, the sanitary
flow generation from the residential component shall be determined in accordance with 8.2.1 and is to
be included in the determination of the total generation for the development.

8.7 Extraneous Flow Allowance - All Land Uses

In computing the total peak flow rates for design of sanitary sewers, the designer shall include
allowances as specified below to account for flow from extraneous sources.
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8.7.1 General Inflow/Infiltration Allowance
A general allowance of 0.28 L/s/ha shall be applied, irrespective of land use classification, to account
for wet-weather inflow to manholes not located in street sags and for infiltration into pipes and
manholes.
8.7.2 Inflow Allowance - Manholes in Sag Locations
A separate allowance for inflow to manholes located in street sags shall be added.
Refer to 18.6.3 regarding location of manholes.
When sanitary sewer manholes are located within roadway sags or other low areas and are thus
subject to inundation during major rainfall events, the sanitary design peak flow rate shall be increased
by 0.4 L/s for each manhole.
For planning purposes and downstream system design, where specific requirements for an area are
unknown, the designer must make a conservative estimate of the number of such manholes which
may be installed in the contributing area based on the nature of the anticipated development and
include an appropriate allowance in the design.
8.7.3 Foundation Drain (Weeping Tile) Allowances

Connection of foundation drains (weeping tile) to sanitary sewer systems is no longer permitted..
Therefore, for new development areas a specific allowance for foundation drain flow to sanitary sewers
is not required. However, the designer is required to account for foundation drain flow when
computing sanitary design flows from areas developed prior to 1990 where such connections may be
present.

8.8 Total Design Peak Flow Rates for Sanitary Sewers

The total design peak flow rates for a sanitary sewer shall be the sum of the peak dry weather flow
rates as generated by population and land use for the design contributing area plus all extraneous flow
allowances.

8.9 Sizing of Sanitary Sewers

8.9.1

8.9.2

8.9.3

Capacity requirement

All new sanitary sewers shall be designed to have hydraulic capacity such that the sewer is flowing at
no more than 80% of the full depth when conveying the estimated total design peak flow rate as
determined by methods specified in 8.8 above. The design peak flow rate shall be determined for the
total planned contributing area based on the ultimate anticipated zoning and density of development.

Methodology for sizing sewers
i. All sanitary sewers in a straight alignment shall be sized using the Manning Equation and a "n"
value of 0.013 for all smooth-wall pipe of approved materials.

ii. Where sanitary sewers are curved, the “n” value used in the calculation should be increased and
shall be subject to the approval of the Engineer.

iii. Sanitary sewers are to be designed to carry the design flow at a flow depth of 80% of the sewer
diameter. This results in a flow rate of approximately 86% of the sewers' full flow capacity.
Therefore, the required flow capacity for sizing the sewer may be computed using the following
relationship:

Required full flow sewer capacity = estimated total design peak flow rate

0.86

Minimum size for sanitary sewers

Excluding service connections, sanitary sewers are to be 200 mm inside diameter or larger.
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8.10 Sanitary Sewer Slope Requirements

8.10.1

8.10.2

8.10.3

8.11

Velocity requirements

Sanitary sewers shall be designed to achieve a mean flow velocity when flowing at the depth
corresponding to the design peak dry weather flow of not less than 0.6 m/s, to provide for self
cleansing. For the upstream reaches of the sanitary system, where it is not feasible to obtain a 0.6
m/s flow velocity without resulting in excessive slopes, the pipe slope shall be maximized within the
limits dictated by the system depth constraints. The designer is to optimize the use of the available
elevation differences to provide extra slope in the reaches of the sewer system where design flows are
minimal.

The maximum flow velocity shall be limited to 3.0 m/s. This is to prevent undue turbulence, minimize
odours due to sulphide generation, and limit the erosive and momentum effects of the flow.

Slope requirements

= Itis recommended that all sanitary sewers be designed with a slope of 0.4% or greater.

= The maximum slope will be based upon limiting to the maximum flow velocity of 3.0 m/s, as per
8.10.2.

= No sanitary sewer shall have a slope of less than 0.1%.
= The minimum slopes permitted for various sewer sizes are as follows:

Sewer Size Minimum Slope
200 mm 0.40%
250 mm 0.28%
300 mm 0.22%
375 mm 0.15%
450 mm 0.12%
525 mm 0.10%
600 mm 0.10%

= For sanitary sewers aligned in a curve, the minimum slope which shall be permitted for various
sewer sizes are as follows:

Sewer Size Minimum Slope
200 mm 0.40 %
250 mm 0.31%
300 mm 0.25%
375 mm 0.18 %
450 mm 0.15%
525 mm 0.13%
600 mm and larger 0.10 %

Required Depth for Sanitary Sewers

Sanitary sewers shall be installed with sufficient depth to meet the following requirements:
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8.11.1

8.11.2

8.11.3

8.11.4

8.11.5

To permit all buildings to drain by gravity to the sewer main. Special consideration should be given
when property elevations may be low with respect to the surface elevation at the road right-of-way.
Typically, the obvert of the sewer should be at least 1.0 to 1.5 m lower than proposed basement
elevations.

To allow sewer services to connect at the crown of the main. Where services tie in to a tee-riser
manhole, the service shall tie in within the manhole barrel, above the joint with the pipe, so the sewer
must be deep enough to accommodate this requirement, or a tie-in to a tee riser may be reconsidered.

So that sewer service pipes will pass beneath or over any adjacent water main while providing
acceptable clearances as follows:

=  Sewer services below the water main: a minimum of 150 mm separation between the top of the
sewer service pipe and the bottom of the water main.

= Sewer service over a water main: a minimum separation of 500 mm between the bottom of the
sewer service pipe and the top of the water main.

To permit sewer services to have a minimum of 2.6 m cover and a minimum of 2.75 m depth from the
proposed ground surface elevation to the invert elevation of the service pipe at the property line.

Sufficient depth of cover is to be provided to give complete frost protection.

8.12 Pipe Elevation Considerations at Manholes, Junctions and Bends -

8.12.1

8.12.2

8.12.3

8.12.4

Accounting for energy losses

The designer is to ensure that sufficient change in sewer invert elevation is provided across manholes
and at junctions and bends to account for energy losses which will occur due to flow transitions,
turbulence and impingement. Refer to 18.6.4 for specific requirements and methodology to be applied
in this regard.

General requirements - sewer profile at manholes
Minimum Invert Change at Manholes and Bends

i. The invert slope across manholes from inlet to outlet shall not be less than the greater of the
slopes of the downstream or upstream sewers.

i. The obvert elevation of a sewer entering a manhole shall not be lower than the obvert elevation
of the outlet sewer. In the case of a sewer entering a tee-riser manhole, the connecting sewer
must enter within the tee-riser barrel, above the joint with the pipe.

iii.  Where there is a bend (a deflection of the horizontal alignment between incoming and outgoing
sewers) a drop in the sewer invert must be provided to account for energy losses. The amount
of drop required is relative to the deflection in the sewer alignments and may be determined by
the methods described in 18.6.4.

iv. Bends shall be 900 or less in deflection. Exceptions shall require provision of suitable
justification by the designer and shall be subject to the approval of the Engineer.

Junctions

Laterally connecting sewers entering a manhole are to be vertically aligned so that the spring line of
the laterally connecting sewer is at or above the 80% flow depth elevation of the outlet sewer. When
the laterally connecting sewer is of a similar size to the outlet sewer, the requirements for energy loss
provisions of 18.6.4 shall apply.

Drops at Sanitary Manholes

Extreme changes in elevation at sanitary manholes are to be avoided and a smooth transition is to be
provided between the inverts of the incoming sewers and the outlet sewer. When this restriction is not
feasible and where the elevation difference between incoming and outlet sewers is greater than 1.0 m
a specifically designed drop manhole may be required. Refer to 18.10.
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8.13 Sanitary Sewer Service Connections

8.13.1 General requirements for sanitary service connections to properties

i. In accordance with the Drainage Bylaw 16200, separate sanitary sewer connections will be
provided for each separately titled lot zoned for residential, commercial, industrial or institutional
land use.

i. Connections for all proposed separately titled detached and duplex residential lots shall be
installed at the time of initial subdivision development.

8.13.2 For lots zoned duplex or multiplex residential land use, where construction of side by side units is
anticipated, one sanitary sewer service shall be provided for each unit at the time of initial subdivision
development and located so as to suit potential subdivision of the lot.

8.13.3 Where at the time of construction of the improvements the desirable point of service for multiple
residential (excluding duplex), commercial, industrial or institutional zoned lots is unknown, the design
and construction of sanitary sewer service connections for these lots may be deferred.

8.13.4  Refer to Section 18.4 for detail requirements for sanitary sewer service connections.

8.14 Tables of Sanitary Design Factors

Table Al
Population Generation Factors
(Residential Only)
Zoning Description (Net) People/Unit?2 (Net)
Units/Hectare?! People/Hectare
RF1 Single Detached 27.8 3.463 96
RF2 Low Density Infill 30.6 2.81 170
RPL Planned Lot 42.0 3.46 145
RF3 Low Density Re- 46.0 2.52 116
development
RF4 Semi-Detached 30.6 3.32 102
RF5 Row Housing 42.0 3.17 133
RF6 Medium Density 80.0 3.17 254
Multiple
RA7 Low Rise 125.0 2.04 255
Apartment
RA8 Medium Rise 225.0 2.17 488
Apartment
RA9 High Rise 325.0 1.89 614
Apartment
Notes:

1. Units/Net Hectare derived from Bylaw 5996, June 1, 1987 (Maximum Permitted).

2. People/Unit as estimated by Planning and Building Department, PRISM Report on Residential

Densities in Edmonton, May 1983.

3. People/Unit generally confirmed by the Planning and Building Department Report, Suburban

Housing and Mix Density, June 1988.
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Table A2

Commercial/lnstitutional and Industrial
Sanitary Flow Generation Factors on the Basis of Land Use

Type of Establishment Future Average Flow Generation
L/day/m2 of Floor Area

Office Buildings 8
Restaurants 20

Bars and Lounges 12
Hotels and Motels 14
Neighbourhood Stores 8
Department Stores 8
Shopping Centres 4
Laundries and Dry Cleaning 41
Banks & Financial Buildings 12
Medical Buildings & Clinics 12
Warehouses 4

Meat & Food Processing Plants 115

Car Washes 77
Service Stations 8

Auto Dealers, Repair & Service 6

Super Market 8

Trade Businesses — e.g. Plumbers, Exterminators. 8

Mobile Home Dealer, Lumber Co., Drive-In Movies, Flea Market 7
Places of Assembly - Churches, Schools, Libraries, Theatres 24
Factories - Manufacturing raw products into finished products 33
Hospitals 1700 L/bed/day
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9.0

9.1

9.2
9.2.1

Table A3

Commercial/lnstitutional and Industrial
Sanitary Flow Generation Factors on the Basis of Zoning

Zone Average flow generation Average flow generation
m3/Ha/day m3/Ha/day
(Based on Gross Area) (Based on Net Area)3

CNCL,CHY? 68 85
csct 64 80
CB-11,CB-21,CO? 86 108
B2 57 71
IM? 48 60
IH2 43 54

1  Where discretionary use for apartment housing and hotels is anticipated, flow
generation is to be determined based on population and may be additive to other
use generation.

2 For high water consumption industries, a special study is required.
3 Net Area assumed 80% of Gross Area.

SANITARY WASTEWATER PUMPING SYSTEMS

Initial Considerations

Extension of sanitary servicing by means other than gravity flow sewers shall be considered only in
cases where physical or economically insurmountable constraints cannot be resolved, dictating a
requirement for a wastewater pumping station. This must be justified through the Area Master Plan
study for a development area. The evaluation process defined in the Appendix G shall be used when
conducting pump station vs. gravity sewer option analysis.

Basis for Detailed Design - Report Requirements

The basis for detailed design of wastewater pumping stations will be defined in the Neighbourhood

Design Report (NDR) for the respective development area.

In support of the detailed design for a

wastewater pumping station, a summary report should be prepared. This report is to address the
following items.

A brief description of the project and purpose.

The justification for a wastewater pumping facility.

Design period.

Area serviced.

Population densities and ultimate total population.

Commercial and industrial contributing areas.

Projected average, peak and minimum daily dry weather flow, related to anticipated development
staging.

Average and peak wet-weather flow.

Infiltration and extraneous flow allowances.

Design flow rates proposed.

Number, type, capacity and motor power of the proposed pumping units.
Forcemain design basis.

System head curves, including head computations for the pumping system.
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9.3
9.3.1

9.3.2

9.4

= Sewage detention times in the wet well and forcemain under various operating conditions.
= Cost estimates.

= Projected present value of operating costs including those for power, operation and maintenance
over the design life of the facility

= Ventilation requirements.
= QOdour control measures.

= Emergency backup systems, including overflow provision and a standby power generator, to
address mechanical, electrical or operator failures or catastrophic events.

= Environmental considerations and impacts.

= Station location considerations and accessibility.

= Staging provisions.

= Public consultation process undertaken or proposed.

= Additional information as requested by Drainage Services.

Other Applicable Standards

In addition to meeting the requirements as laid out in this chapter, the design and construction of

wastewater pumping facilities must meet all the current requirements of other governmental authorities

having jurisdiction, including:

= Alberta Environment and Sustainable Resources Development;

= Alberta Occupational Health and Safety;

= Electrical Protection Branch - Alberta Municipal Affairs and Housing ;

= Plumbing and Gas Safety Branch - Alberta Municipal Affairs and Housing ; and

= Building Standards Branch - Alberta Municipal Affairs and Housing as laid out in the Alberta
Building Code.

Additional requirements for individual wastewater pumping stations may be imposed by Drainage
Services as conditions warrant.

Approval of Design by Other Authorities

Engineering drawings for wastewater pumping stations may have to be submitted to Alberta
Environment and Sustainable Resources Development for review as a condition of the Letter of
Authorization for the project issued pursuant to the Alberta Environmental Protection and
Enhancement Act. The issuance of a Letter of Acknowledgement by Alberta Environment and
Sustainable Resources Development, may be deemed necessary by Alberta Environment and
Sustainable Resources Development, before construction of the facility can begin. It shall be the
responsibility of the Developer and the engineering consultants to prepare and make all necessary
submissions and applications to Alberta Environment and Sustainable Resources Development and
to satisfy any requirements as necessary to obtain that agency’s approval for the wastewater pumping
station. Refer to Section 20.4.4.

10.0 GENERAL DESIGN REQUIREMENTS

10.1 Standardization

10.1.1

10.1.2

The City of Edmonton encourages consistency and standardization in the design and construction of
wastewater pumping stations.

This standardization is intended to promote designs that facilitate economical construction and
operation and increased reliability. Standardization in equipment and controls will reduce the inventory
of spare parts, allow for interchangability and promote safe and efficient operation and maintenance.
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10.2 Location Considerations

10.2.1

10.2.2

10.2.3

Proximity to other land uses

Special consideration should be given to the location of wastewater pumping stations relative to
existing or proposed adjacent development, in order to minimize the facilities aesthetic impact in terms
of visibility, odour and noise. The location of wastewater pumping stations in the immediate proximity
of school sites and playgrounds should be avoided if possible. Safety and security measures are to be
given special consideration in such cases.

Floodproofing

Pumping stations are to be located outside of the limits of any area subject to surface ponding or
inundation by surface flow during major runoff events so that they are accessible in all weather
conditions.

Vehicle Access

Wastewater pumping stations must be so located so as to be readily accessible by road.

10.3 Pumping Station Configuration Considerations

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

Either wet well only or wet well/dry well configurations for pumping stations are acceptable, subject to
the preferences stated in the following sections. Wet well/dry well configuration for pumping station is
preferred. Wet well only option is acceptable subject to the requirements stated in the following
section.

The wet well (submersible pump) configuration is acceptable for facilities with pumping requirements
of less than approximately 75 kW and if the pump is to be located 8.0 meters or less below ground
elevation in the wet well, facilitating maintenance. The Consultant shall meet with Drainage Operations
to assure accessibility issues are discussed and addressed in design, and the required horizontal and
vertical reach is available. The capacity for lifting equipment must be available or must be provided.

As pumping requirements increase, the designer should give more preference to provision of separate
wet and dry wells, with pumps located in the dry well.

Where technically viable options exist in the choice of the type of pumps or in the station arrangement,
a present-worth analysis should be undertaken to determine the most cost-effective equipment and
arrangement, taking into account such factors as:

= Cost of the facility and its life;

= energy cost over the life of the facility;

= life and replacement cost of the pumping equipment, including ancillary items such as switch
gear, lifting and ventilation equipment;

= the cost of operation and maintenance;

= reliability;

= safety;

= |ocal availability of repair services and spare parts and equipment suppliers;
= flood proofing;

= nuisance to residents of adjacent homes, or users of parks, facilities and developments in the
area;

= the facility as a possible source of contamination to the environment.

The design is to address the required functional lifetime of the facility structure. This is deemed to be
50 years unless the Engineer specifically approves a different lifetime. The pumping equipment
should be assumed to receive a major overhaul involving renewal of the wearing components at 7 to
10 year intervals, dependent on service conditions.

The analysis should bear in mind that the pumping units may have to be replaced every 15 years, as
many manufacturers do not hold spare parts for pumps that have been out of production for longer
than this period.
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10.4 Building Requirements

10.4.1

10.4.2

10.4.3

A building will be required at all pumping stations to house all electrical and control equipment and
provide tool storage space, office space and a washroom.

All heating and ventilating equipment and valves are to be housed in the building or a dry well. The
building or dry well is to be completely isolated from the pumping station wet well and provision for
access to the wet well shall only be from the outside, through doors or access hatches with suitable
locking devices.

Locking systems for pumping facilities shall be electronic and programmable, in accordance with the
standards developed by the City Drainage Operations.

10.5 Pumping Capacity Requirements

10.5.1

10.5.2

Design capacity

Pumping equipment shall be selected with capacity in excess of the maximum expected flow as
determined by established engineering practice. In all cases, the design capacity flow rate for a
wastewater pumping station shall exceed the expected maximum flow rate determined in accordance
with the requirements of Section 8.2 to 8.8.

Mechanical redundancy

A minimum of two pumps are required for each pumping station and three is preferred. Generally
these should be identical and interchangeable. Where only two pumping units are provided they shall
each be of the same pumping capacity and each unit, operating independently, shall be capable of
pumping at the design capacity flow rate for the station under the service conditions. Where three or
more pumping units are provided they shall have pumping capacity such that with the largest unit out
of service, the remaining units operating in parallel are capable of pumping at the design capacity flow
rate for the station under the service conditions.

10.6 Operational Reliability/Emergency Backup Provisions

10.6.1

10.6.2

10.6.3

10.6.4

The design of wastewater pumping facilities must identify and anticipate all events that affect the
functioning of the facility. Provisions must be made to mitigate the consequences of failure of the
facility by any mode, so as to prevent property damage, the endangerment of public health or
environmental damage.

Power supply reliability provisions

i. Independent power supply sources. Whenever it is feasible, the electric power supply to the
facility is to be provided from two or more independent distribution sources.

i. Emergency standby power. In cases where redundant electric power supply is not feasible,
provision of on-site installed emergency standby power equipment is required.

Refer to the Design Guidelines for Electrical and Control Systems for Wastewater Pumping Stations,
located in Appendix A, for details on the above.

Alarm telemetry - general requirements

Automated remote sensing and SCADA equipment shall be provided at each wastewater pumping
station. This equipment shall provide for detection of the status of selected operating conditions and
transmission of appropriate alarms to the monitoring facilities established and operated by Drainage
Services. Refer to the Design Guidelines for Electrical and Control Systems for Wastewater Pumping
Stations in Appendix A.

Overflow connections

In anticipation of the potential operational failure of a wastewater pumping facility and its backup
provisions, the feasibility of providing a gravity overflow is to be evaluated. The elevation and
hydraulic capacity of overflow connections are to be optimized to minimize the risk of basement
flooding due to sanitary system backup.
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10.6.5

10.6.6

10.6.7

Overflows to storm drainage systems

Overflow connections to storm drainage sewers, storage facilities, natural water courses or surface
outfall points will require special justification and will be subject to receipt of approval from Alberta
Environment and Sustainable Resources Development before acceptance by Drainage Services.
Overflow connections to storm sewers are preferred rather than overflows to watercourses.

Overflows to sanitary sewer systems.

Provision of an overflow connection to an adjacent or downstream sanitary sewer system is required
whenever it is feasible. This connection should permit the overflow to bypass the pumping station. If
this is not possible, then overflow from the pumping station wet well will be permitted.

Prevention of backflow from overflows.

Overflow connections shall be provided with suitable means to prevent backflow from the overflow into
the pumping station.

10.7 Staging of Wastewater Pumping Facilities

10.7.1

10.7.2

10.7.3

Where warranted, due to economic considerations or to accommodate extended periods of
development of the contributing area, the provision of pumping capacity and/or the construction of a
wastewater pumping station may be staged appropriately. Where such staging is proposed, all stages
are to be defined and related to the anticipated development scenario for the contributing area. A plan
of action is to be established as part of the initial design to define the process for the implementation of
future stages. The plan should consider continuity of service, the responsibility and financial
arrangements for future stage implementation and the most cost-effective method for implementing the
capacity changes.

A modular approach to the arrangement of structural components and/or pumping units may facilitate
staging and this should be reviewed as part of the design.

Interim wastewater pumping stations - design criteria

There will be no relaxation of the criteria for design and construction for pumping stations that are
anticipated to be required for a limited time period.
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10.8 Detailed Design Requirements For Wastewater Pumping Stations

Refer to Figure 10.1 for typical arrangement and components of wastewater pumping stations.

POINT OF EXIT FORCEMAIN

FORCEMAIN
PRESSURE GAUGE
(OPTIONAL LOCATIONS)

FORCEMAIN ISOLATION VALVE
CHECK VALVE

BYPASS TEE CONNECTION
SHUT OFF VALVE

DRY WELL
MAIN DISCHARGE PIPE

ISOLATION VALVES

COLLECTION MANHOLE

CHECK VALVE

VALVED CROSSOVER
FOR BLACK FLUSHING
DISCHARGE
PRESSURE GAUGE

WET WELL

[ I NCOMI NG
INLET SEWER SEWERS

CONNECTION
(ONLY ONE)

D1 SCHARGE HEADER

DRAIN VALVES
—— HIGH SEWAGE LEVEL

PIPE PASSES FROM WET —— INTAKES

WELL TO DRY WELL
——FLUSH VALVES

S PUMPS

SUCTION PRESSURE GAUGE ON
DRYWELL MOUNTED PUMPS ONLY

Figure 10.1

Typical Pumping Station Arrangement

10.9 Wastewater Inlet Sewer

10.9.1

10.9.2

Single sewer entry to wet wells

Only one sewer connection shall be provided into a wet well to convey sewage from the contributing
collection system.

Collection manhole

If more than one sewer enters the site or is required to be connected to the pumping station, a
collection manhole shall be provided as a junction point for all incoming sewers. Appropriate stubs are
to be provided for future connections. Only a single connection is to be made from the collection
manhole to the wet well of the pumping station. The access covers on collection manholes or
manholes that will be used for bypass pumping shall be 900 mm diameter vault covers or 900 mm
square hatches.
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10.9.3 Inlet sewer elevation
Excessive entrainment of air into the flow stream entering the wet well should be awided to prevent
entrained air from reducing pump performance or causing loss of prime. Provisions necessary to
address this may include drop tubes inside wet wells of small facilities, or grade adjustments or a drop
manhole upstream from the pumping station to lower the elevation of the inlet to the station. However,
inlet sewers shall not enter the wet well at an elevation lower than the normal high liquid lewvel for the
design capacity flow rate.
10.9.4 Inflow shutoff provisions

An inflow shutoff stop log installation is to be provided on the inlet to the wet well so that inflow to the
wet well can be stopped. Shutoff valves or slide gates should be installed in the first manhole
upstream from the pumping station. The shutoff equipment shall be of a type and materials suitable
for raw sewage senice. The installation of shutoff devices within the wet well is not recommended
unless there is no alternative. Under these circumstances provisions must be made for operating
them without entry to the wet well.

10.10 Wet Well Size and Detail

10.10.1 Size considerations

i. Wet wells are to be of adequate size to suit equipment, operator access requirements and active
wlume considerations.

ii. Well access should be designed appropriately to accommodate and facilitate wet well cleaning.
This will require either a very large hatch or two hatches to allow for hoses/equipment/ropes and
worker rescue operations. This will also require a ladder and a small platform at an elevation to
facilitate wand washing of the walls.

ii.  Aluminum doors or hatches are recommended for access to wet wells. Installation of electrical
equipment and wiring within the wet well is to be awided whenewer it not essential there.

iv.  Lifting chains in wet wells shall be nickel plated or galvanized and have a molybdenum based
corrosion protection coating.

v. To minimize dead storage wlume, the depth from the "pump off* level to the floor of the wet well
should be kept to an acceptable minimum. The required depth will be dictated by suction pipe
inlet conditions, pump manufacturer's requirements for submergence or cooling, net positive
suction head, priming requirements and vortex control.

vi. Wet wells must be sized small enough to minimize total retention time, the time sewage is held in
the wet well and any rising forcemain, and yet be large enough to control the frequency of pump
starts. The maximum retention time in the wet well should not exceed 30 minutes for the design
minimum flow rate anticipated when the contributing area is fully deweloped. Total retention time
in the wet well and forcemain should be kept to a minimum (generally less than 4 h) to awid
anaerobic fermentation and the resultant production of odorous, hazardous and corrosive gases.
Otherwise, provisions must be made to control anaerobic conditions. It is desirable to have a wet
well with sufficient active wlume so that all sewage within the discharge forcemain will be
replaced during one pumping cycle, especially if sags exist in the forcemain profile.

vii.  Wet wells should be sized large enough to maximize pump life by decreasing the frequency of
pump starts. However, in the interest of limiting excessive detention time, wastewater pumping
stations will inherently be subject to relatively high frequencies of switching cycles. Exceeding a
frequency of 12 starts per hour for motors of above 30 kw increases the cost of switch gear and
motor maintenance and the reliability and life of the machinery and electric components will
decrease. Accordingly, sufficient storage between switching levels should be provided to limit the
number of pump starts, normally to 6 per hour with pump alternation and 10 per hour with the
standby pump inoperative. The manufacturers' recommendations with regard to the allowable
frequency of pump starts for the specific size and type of motor are to be satisfied.

10.10.2 Wet well shape and benching

i. Wet wells are to be arranged and benched to limit dead spaces where solids can accumulate and
to provide smooth, uniform and unobstructed flow to the pump suction influence zones. Wet well
floors should have a minimum slope of 1:1 to a hopper-type bottom. The horizontal area of the
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hopper bottom should be no larger than necessary for the proper installation of the pump or
suction pipe.

ii. The cross-sectional area and shape of the wet well above the benching are to be constant or
increasing from the bottom towards the top.

10.10.3 Vortex prevention
Suction elbows, baffle plates, vortex breakers, or drop tubes are to be provided as required.
10.10.4 Corrosion considerations - wet well
i. All bolts, nuts and other fasteners used in wet well areas shall be 316 stainless steel and all
supports, brackets, gratings, ladders and other structures shall be of corrosion resistant materials.

ii.  Aluminium doors or hatches are recommended for access to wet wells. Installation of electrical
equipment and wiring within the wet well is to be awided whenewer it not essential there.

iii. Lifting chains in wet wells shall be nickel plated or galvanized and have a molybdenum-based
corrosion protection coating. (Example of corrosion resistant materials are: Carboline Reactimine
760; Spectrashield; Sewergard Glaze No.210G Clayburn Refractories; 680 Ceilcote Primer, 664
Ceilcote; 610 Ceilcote ceilpatch;Valespar78 hi build epoxy). Systems where the chain is not
required to stay in the raw sewage are preferred (see also 10.14)

10.10.5 Grease control for wet wells
i. Wet wells are to have a non-stick coating or similarly functioning surface installed, to reduce the
amount of grease building up on the walls to facilitate wet well cleaning.

ii. A mixer/sprayer or similar system to limit grease built up shall be installed in the wet well.

10.10.6 Clogging Prevention
To deal with ragging (pump plugging) issues, provisions should be included in the design process for
full installation of a comminutor/grinder device to reduce pump clogging. The actual mechanical unit
will not normally be required for stations with a mostly residential senice area.
10.11 Pumps
10.11.1 Pump selection considerations
i. Submersible pumps are preferred for all situations (wet or dry mounted). Where dry wells could
become flooded, design of the cables, seals, and connectors and electronic controls (etc.) should
allow dry mounted pumps to operate under water. Pumps are to be removable and replaceable
without dewatering the wet well or requiring personnel to enter the wet well. All pumps in a
pumping station should be identical and interchangeable.

ii. Pump impellers shall be of a non-clog design and be capable of passing spherical solids of
75 mm diameter.

iii. Pumps are to be selected which provide optimum efficiencies at actual operating points. The
power rating of a motor should not be exceeded by the pump at any operating condition on the
characteristic curve of the pump.

iv.  Flush valves or recirculation pipes from the pump discharge to the wet well are to be provided for
occasional aeration and suspension of grit and solids in wet well. Provision shall be made for
automating the cleaning and agitation system, based on timing or other factors.

v. Select pumps with locally available repair senice. Pumps selected should be the product of a
manufacturer with lengthy experience in the design and manufacture of pumps for raw sewage
senice.

vi. Use Hydraulic Institute published calculation procedure with empirical factors to facilitate design
and selection of pumps to awid cawvitation.

10.11.2 Pump electrical requirements

Main pump motors shall operate on 600 wlt, 3 phase power. Refer to the Design Guidelines for
Electrical and Control Systems for Wastewater Pumping stations, in Appendix A, for details of electric
power, panels and connections.
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10.12 Pump, Valve and Piping Arrangement

10.12.1

10.12.2

10.12.3

10.12.4

10.12.5

10.12.6

10.12.7

10.12.8

Pump and discharge header arrangement

Two or more pumps shall be connected in a parallel arrangement to a common header, which must be
located within a control building or dry well, such that all isolation and check valves are accessible for
operation and maintenance.

Provision for pump removal

Pumps are to be connected such that when any pump is removed for senicing the remaining pump or
pumps will remain operational. Submersible pumps shall be removable and replaceable without the
need for dewatering the wet well or for personnel to enter the wet well.

Pump suction arrangement

Each pump shall have its own individual intake and/or suction connection to the wet well.

Suction crossowver (wet well/dry well pumping stations)

In wet well/dry well stations, a full-sized valved crossover pipe shall be installed connecting the
individual suction pipes, and shutoff valves shall be placed on the pump suction pipes between the
crossowver connections and the pumps. The piping and valve arrangement shall be suitable to permit
isolation of any individual pump for maintenance or removal.

Provision for back flushing

Piping and valves shall be provided to back flush each pumping unit and its suction, using the
discharge flow from another pump directed through the discharge of the unit being flushed.

Piping and valve requirements

i.  Minimum size of piping. The minimum diameter for all pump suction and discharge piping shall
be 100 mm nominal. Piping shall be sized such that flow velocity will not exceed 1.8 m/s in
suction piping or 3.5 m/s in the discharge header within the pumping station. Flow velocities
should not be less than 0.75 m/s, to maintain solids in suspension. Discharge piping should be
as large as possible while maintaining this minimum velocity for scouring.

ii. Piping materials: All piping within wastewater pumping stations shall be corrosion resistant
material. All pipes in wet well area must be stainless steel 316 and welded. If needed bolted
flanges can be used but only as a final alternative and they must be accessible and approved by
maintenance crews. Buried pipe under the facility and within the excavation shall be a minimum
of standard wall welded steel, with yellow jacket exterior and cement or epoxy interior; or
galvanized pipe with polyken tape wrapped exterior.

iii. Pressure rating for piping. The pressure rating for piping within the station shall suit the senvice
requirement, howewver the minimum rating shall be 900 kPa.

Check valves.

iv. ~ Pump discharge: A check valve shall be installed on the discharge line between each pump and
an isolation valve. These check valves should not be mounted in a ertical position. When
vertical mounting of a check valve is necessary, it shall not be of the flapper type.

V. Bypass tee: A check valve shall be installed after the bypass tee connection shutoff valve to
prevent backflow to any connected auxiliary pump. This valve may be mounted vertically if
necessary.

vi. Check valve types: Check valves shall be supplied with external levers and spring and limit
switches to indicate and prove valve opening.

Isolation valves

i. Shutoff valves shall be included on the discharge lines from each pump between the pump check
valve and the discharge header within the dry well. Shutoff valves shall also be included on the
suction side of the pump. This will permit isolation of each pumping unit and check valve for
removal or repair. Full port (ball valves, minimum 1" diameter) suitable for sewage application,
shall be used instead of plug valves or gate valves.
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10.12.9

10.12.10

10.12.11

10.13

10.13.1

10.13.2

ii. Bleed valves should be installed between the discharge valve and the pump header in the dry
well in order to relieve pressure when senicing pumps and to allow pump priming.

A forcemain isolation valve shall be included on the main discharge pipe where it connects to the
discharge forcemain leaving the facility, to isolate the forcemain from the pumpstation.

Bypass provisions

A tee-connection with a shutoff valve on the branch is to be provided on the main discharge pipe
within each pumping station, upstream from the Forcemain Isolation Valve. The arrangement is to
allow for either bypassing of the station using auxiliary pumping equipment, or bypassing the
forcemain and pumping to an alternative outlet line. The unconnected end of the tee connection
must be oriented to face toward an access hatch or entryway to facilitate the connection of the
auxiliary pump discharge or outlet line. The emergency bypass connection shall be a 4 inch ball
Bauer coupling.

Provisions for removal of valves and equipment

Provisions shall be made in the piping for removal of all valves and equipment. Appropriately located
vent and drain valves shall be provided to permit drainage of all piping to facilitate valve and
equipment removal.

Pump Control and Instrumentation Requirements

Refer to the Design Guidelines for Electrical and Control Systems for Wastewater Pumping Stations, in
Appendix A.

Control panel location and floodproofing.

The control panel must be located so that it cannot be flooded under any foreseeable circumstances.
Control panels shall be mounted on a concrete base or plinth, or steel support posts founded in
concrete bases that ensure stability of the control panel.

Pressure gauges

Taps with shutoff valves suitable for portable quick-connect pressure gauges are to be provided on
each suction and discharge pipe at suitable locations.

i. Gauge taps shall be installed on the suction and discharge side of all dry well mounted pumps,
on the discharge pipe from all wet well mounted pumps and on the main discharge to the
forcemain. The gauge taps are required to permit the determination of the operating pressures
of the pumps for comparison with the pump curves and identification of any change in operating
pressures indicative of an operational problem. Pump discharge gauge taps should be located
between the pump discharge and the discharge check valve.

ii. Gauges should be a compound pressure/vacuum type, equipped with a diaphragm seal and
isolation valves. Gauges provided for the discharge should be liquid-filled with a maximum
range of approximately twice the working pressure.

iii. Pressure gauges shall be mounted on a nearby wall or floor mounted on a galvanized, steel
stand, 1.2 metres abowe the floor and connected to the gauge taps with suitably pressure-rated
hose.

10.14 Maintenance and Operational Provisions

10.14.1

Pump and equipment removal

i. Permanent hoist equipment and access hatches are to be provided to permit removal and
replacement of any piece of station equipment requiring routine maintenance or replacement.
Hoists and beams should allow for placement of equipment onto senice vehicles without double
handling or use of mobile cranes. Hoists and beams must be robust, allowing for dynamic loads
in case of hoist failure. Load rating for beam and hoist in wet well conditions must include
provision for the additional load caused by ragging.

ii. As an alternative in specific cases, appropriate vehicle access and adequate access hatches
may be provided to allow the use of exterior mobile cranes. Hoists and beams must be robust,
allowing for dynamic loads in case of hoist failure. Load rating for beam and hoist in wet well
conditions must include provision for the additional load caused by ragging.
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iii. For wet well pump installations, the provision and arrangement of lifting equipment is to be such
that the necessity for personnel to enter the wet well for removal of equipment is minimized.

iv.  Lifting equipment should hawve sufficient capacity to handle the heaviest load anticipated,
including an allowance for dynamic forces due to load shifting and debris loads, safe working
load on the beams of at least 1.5x expected pump size. The capacity of all lifting equipment is
to be clearly posted and the safe working load marked on hoist beams. Eyebolts in the walls
and/or ceilings should be provided for rigging chain hoists or come-alongs where hoists are
heavier than 20kg.

V. A load-rated swivel shall be installed between the load chain and the equipment attachment
point. Systems to accomplish this that are compatible with the portable electric chain hoists
(Kito) used by Drainage Operations. The hoist system should also not require chains residing in
the sewage to pass through the lifting mechanism at any point during pump removal to prevent
grit build-up within the hoist mechanism.

10.14.2 Access into station structures

i. Suitable and safe means of access shall be provided to all equipment requiring inspection or
maintenance and to the wet well for inspection and cleaning.

ii. Stairways and ladders, including fall arrest hoops and rest platforms shall comply with the
requirements of Occupational Health and Safety. All stairs shall be of a non-skid type. Areas
that are designated as confined spaces shall have a system of rescue made available. This
shall include standard davit bases to be installed at access openings in accordance with
Drainage Operations’ standard portable lifting davits, as well as the provision for a straight line
liting rescue path out of confined spaces. Provision of fall protection for ladders exceeding 3.0
metres is preferable to hoops. Details of alternative davit base configurations and dimensions
and structural requirements of rescue davits are presented in Appendix F.

iii. Access into wet wells shall be from the outside and not through buildings or dry wells. Stairways
should be given preference ower ladders whenever possible. Anchor points for safety ropes are
to be provided abowve ladders, especially where the drop in height is greater than 2.5 meters.

iv..  Doors and access hatches shall hawe suitable locking devices in accordance with Drainage
Operations electronic programmable locking standards. All external access hatches shall be
pad-lockable and all padlocks supplied keyed to suit Drainage Operations security key system.

v. For all entry hatches, non-protruding extension ladders are to be provided, which must be
located far enough away from the walls to be able to be pulled up through the access opening
and extended to a height of at least 1.0 m abowve the roof. Guard rails are a requirement around
access openings. Chains are prohibited.

vi.  Access hatches covers for all roof openings to wet or dry wells must be sealed or have sufficient
overhang to prevent rainwater inflow. Odour tight aluminium hatch cowvers should be used.

vii. Floors and platforms shall be provided to allow access to all components to facilitate
maintenance, repair, removal and replacement tasks. Such floors and platforms shall not
obstruct access to any other component.

10.14.3 Lighting
i. Adequate lighting shall be provided for the entire facility. The light fixtures shall be of the

vapour-proof fluorescent type. Emergency backup lighting shall be provided.

i. Wet well lighting should be arranged to be indirect (from outside of the well) and maintainable
without entering the wet well whenever feasible.

iii.  Exterior lights are to be provided to illuminate all building entrance areas, entrance hatches and
outside equipment access locations.

10.14.4 Ventilation

i. General requirements for ventilation. Forced mechanical ventilation is required at all wastewater
facilities. Suitable equipment shall be installed to provide for continuous ventilation at a rate of
six air changes per hour (at low water lewel) in each of the wet well and dry well areas.
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Completely separate systems are required for each well and there must be no interconnection
between the wet well and dry well ventilation systems.

ii. Fresh air, heated and thermostatically controlled, shall be forced into each area at a point 150
mm abowe the floor in dry wells and 150 mm abowe the high water lewel in wet wells and
exhausted at higher lewvels. In pits over 4.5 m deep, multiple inlets and outlets are desirable.

iii.  Alternative wet well ventilation. Subject to the approval of Alberta Environment and Sustainable
Resources Dewelopment, provisions for connection of portable ventilation equipment may be
included as an alternative to continuous ventilation for the wet well only. The Engineer will
supply details of the connection requirement on request.

iv.  Increased ventilation on access. Consideration should be given to provision of an automatic
control to increase ventilation rates to 20 to 30 air changes per hour, interlocked to turn on with
light switches or door switches, in addition to the continuous ventilation requirements.

v.  Ventilation failure alarm provisions. Provision shall be made to detect and actuate an alarm if
the ventilation system should fail. A local alarm indicator, noticeable prior to station entry but
not to be noticeable to the public, is required. A wolume controllable buzzer and red beacon on
the inside of a building, visible as soon as the doors open, is acceptable. Provision shall be
made for transmission of the alarm through the SCADA system to the Drainage Senvices’
Operations dispatch office.

vi.  Provision for backup ventilation to wet wells. Provision is to be made for ventilation of wet wells
using portable ventilation equipment, in case of failure of the built-in system. This provision is to
consist of a 200 mm diameter standpipe extending from inside the wet well to a flanged
connection on the exterior of the facility. The end of the standpipe is to be located so as to
permit discharge of air through the standpipe to a point 150 mm abowe the normal high
operating lewvel of the wet well.

10.14.5 Balancing report.

For stations with new or refitted ventilation systems, a balancing report is required, signed by a
professional engineer, indicating measured ventilation flows and actual air change rates. This will be
forwarded by the Consultant to Drainage Senices - Safety Section and posted in the station.

10.15 Heating

Design heating systems to minimize heating costs. Use high-efficiency furnaces or boilers and
provide heat recowery units to recover waste heat from exhausted air. Design the entire facility for
energy conservation.

10.15.1 Water supply

A potable water supply with sufficient length of hose is to be provided, to supply 0.4 L/s at 275 kPa for
cleaning floors, equipment and pumps. There shall be no physical connection that might under any
condition cause contamination of the potable water supply. Backflow prevention and cross-connection
control must comply with current Provincial and City of Edmonton plumbing regulations. Backflow
preventers shall be the reduced pressure principal type installed 1.0 m above grade.

10.15.2 Provisions for operating personnel

i. Washroom Facilities. A partitioned washroom and lavatory are to be provided, including:
= atoilet;
= alarge sink;
= awashroom exhaust fan interlocked with the light switch;
= floor drains with positive trapping;
= mirror;
= soap dispenser;
= towel dispenser.
ii. Office Space. An office space and work area is to be provided, including the following items:
= single pedestal desk and swivel-tilt arm chair;
= floor mat;
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= waste receptacles;

= fire extinguishers;

= spare parts storage.
10.16 Sump Pump

i. Dry wells must be equipped with a sump and sump pump to deal with leakage or seepage. The
sump pump is to discharge to the wet well, at a point above the maximum high water level. A
check valve and isolation valve downstream of the check valve shall be provided in the
discharge pipe to preclude backflow of wastewater into the sump.

ii. Sump pumps should be of the appropriate size and capacity to handle common solids and must
be capable of draining the well that it is designed for. The connection from sump to wet well
must also be high enough to allow pump out of the dry well into the wet well for the condition
where the dry well is flooded.

10.17 Site Requirements

10.17.1 Vehicle access

A 4.5 m (minimum) wide paved road is to be provided into the site, with extensions as appropriate to
provide maintenance wehicle access to electrical transformers and for removal or delivery of other
station equipment. Space should also be provided for parking of maintenance staff and senice
wehicles and to allow turning of vehicles if necessary to exit the site without backing onto heavily
trafficked roads. Dropped curbs are required where it id necessary to cross a curb line.

10.17.2 Fencing

All above ground pumping stations shall be fenced. The fence shall have an opening gate for entry of
wehicles and equipment. The gate shall be pad-lockable to prevent unauthorized entry. Fences shall
typically be zinc coated industrial grade steel chain link security type, of 1.83 m owverall height complete
with three-strand barbed wire overhang. Architectural fences providing a similar level of security may
be considered where dictated by aesthetic considerations. Fencing must be durable and maintenance
free. All padlocks shall be supplied, keyed to suit Drainage Operations security key system.

10.17.3 Site grading

The pumping station site shall be adequately graded so that it drains freely away from the facility and
no ponding of water will occur adjacent to buildings, entrances or around electrical transformers. Site
elevations shall be established such that the facility is not subject to flooding due to runoff flows or
ponding under any conditions of rainfall or runoff from snowmelt.

10.17.4 Landscaping and aesthetic considerations

At the minimum, pumping station sites shall be landscaped with grass or provided with a low
maintenance ground cover material that effectively inhibits growth of weeds. Where the proximity to
residential areas or other public land uses dictates a need for additional landscaping measures to
conceal the facility, to make it blend into the surroundings or to enhance its appearance, these must
be part of the facility design and construction. These measures may include appropriate planting of
trees and shrubbery or architectural treatments of structures.

10.18 Operating, Maintenance and Service Manual

10.18.1 As part of the responsibility for the design of a wastewater pumping station, the design engineer shall
prepare and provide an Operating, Maintenance and Senice Manual for the facility.

10.18.2 Six complete copies of the manual are to be provided prior to the transfer of facility operation to
Drainage Senices, as well as a wversion in electronic format compatible with the City’'s computer
software. This will generally be at the time of approval of a construction completion certificate
(C.C.C.). When completion of a finalized manual prior to C.C.C. is not feasible, then to facilitate the
timely transfer of operational responsibility, the Engineer may accept an interim form of the operation
maintenance and senice manual at C.C.C.. The completed final version of the manual must be
provided by the Developer prior to approval of a final acceptance certificate for the improvement.
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10.18.3 The manual shall include complete equipment manufacturers' operation, maintenance, senice and

10.18.4

10.18.5

repair instructions and complete workshop manuals and parts lists for all mechanical and electrical
equipment, including all control diagrams and schematics with wires individually numbered and
identified. Each set shall be firmly bound in a hard-covered binder and include test results and
calibration of all equipment from commissioning and testing conducted by professional engineers for
the Deweloper prior to application for a construction completion certificate. Refer to Section 22.2.4.

The manual shall include a description of the nature and function of the station:

¢ Name and address and name of deweloper

e Type of effluent

e Location and size of contributing area in terms of the design number of lots and industrial and
commercial effluent flows and gross storm drainage area.

e Statement of the control sequence identifying the controlled equipment and set point values
including any equations or tables of values from which set points are derived, including operation of
backup facilities such as emergency generators and storage tanks

o List all monitored quantities, statuses and alarms and their set point values.

e Instrument calibration and device settings as detailed in Appendix A.

The manual shall include a simplified schematic and description for quick reference (a “user-friendly
drawing”) indicating operations modes, bypass considerations, basin area, etc. (see Example
Drawings 123, 124 and 523).

11.0 DESIGN OF SEWAGE FORCEMAINS

11.1 Forcemain Size Considerations

The design of a sewage forcemain is to include study of the comparative costs of construction and
long-term operation for alternative sizes. There are, however, practical limitations to the size options
which may be considered, as flow \elocities are required to exceed certain minimum values to prevent
slime growth within the forcemain and to ensure solids are not deposited within the forcemain. It is
also necessary to minimize the residence time of sewage within pumping station wet wells and
forcemains to awid anaerobic fermentation and the resultant production of odorous, hazardous and
corrosive gases such as hydrogen sulphide.

11.2 Flow Velocity Limits

11.2.1

11.2.2

To prevent slime growth on the pipe walls of the forcemain and to transport solids, the minimum
wvelocity of flow in the pipe should exceed the velocity determined by:

V =-0.3 log (0.1/D)
Where: V = welocity in m/s

And: D = pipe internal diameter in mm

Optimum design elocities, in the range of 0.9 to 1.5 m/s, are recommended, considering both
operating costs and prevention of solids accumulation. When the forcemain grade profile includes
steep slopes or wertical sections, the minimum design welocity should be increased by an order of
50%. Where design flow velocities in buried forcemains exceed 3.0 m/s, any special provisions
required to ensure stability of the forcemain shall be identified and incorporated in the design. A
maximum flow welocity of 3.5 m/s is recommended.

11.3 Design Pressures

The pressure design for forcemains shall consider normal static and dynamic operating pressures, the
potential conditions that may occur due to outlet surcharge or blockages and transient pressure (water
hammer) effects. A transient pressure analysis is required to determine if protection is required and
appropriate provisions are to be incorporated into the pumping system design.
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11.4 Surge Protection Devices

Where necessary, surge relief valves shall be designed with a suitable discharge location and be
located with a suitable method of access. Surge relief valves that regulate with external springs or
counterweights and dashpots are preferred to valves regulated with pilot pressure piping systems, for
sanitary wastewater and liquids with substantial solids content. Rupture discs shall not be used.

11.5 Slope

All forcemains shall be sloped sufficiently to promote the discharge of air during filling and to permit the
forcemain to be drained. Forcemains shall not be installed at zero slope.

11.6 Alignment

Forcemains should have a straight alignment wherever possible. The use of 90° bends in forcemains
is to be awided. A series of 45° or smaller deflection bends are to be used where extreme direction
changes are required.

11.7 Air Release

Automatic air release valves shall be provided at all relative high points along the forcemain. The
need for air release valves should be minimized by establishing the grade profile to eliminate summits.
Air release valves are to be installed in waterproof concrete access chambers, insulated to prevent
freezing and with provisions for drainage.

11.8 Blowoff Valves

A valve for blowoff and drainage of the forcemain is to be provided at each low point.

11.9 Vacuum Relief

Provision for vacuum relief shall be made as necessary where forcemains are proposed to drain by
gravity between pumping cycles.

11.10 Forcemain Outlet

11.10.1 The forcemain should enter the receiving manhole horizontally at an invert elevation no more than 300
mm abowve the flow line of the receiving sewer. A smooth flow transition to the gravity sewer is to be
designed to minimize turbulence at the point of discharge.

11.10.2 Inert materials or protective coatings shall be used for areas subject to sulphide attack.

11.11 Design Documentation on Engineering Drawings

The Engineering Drawings shall include "system head" cures for each forcemain, considering the wet
well water level at its lowest and highest points and for each different pump operation combinations
possible. The plans shall include a notation of the design basis, which shall specify the design friction
coefficients, equivalent hydraulic length and design operating conditions.

11.12 Requirements for Locating Forcemains

To facilitate location, a tracing wire shall be placed along all forcemains at the time of construction.
The wire shall be terminated in a labelled electrical box in the pump station (or appropriate secure
location) and looped in any valve chambers and blow-off chambers to allow for connection of an
electronic locator at intervals of not greater than every 300 m along the length of the forcemain. If a
chamber is not available to provide this interval, the wire shall be looped into a cast iron valve box set
at grade level. Locator wire shall be stranded 12-gauge copper with insulation for direct burial.
Underground splice connections shall be minimized and shall be rated for direct burial senvice. Prior to
acceptance of the forcemain, a continuity check shall be conducted to verify that the wire has not been
broken during installation.
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11.13 Requirements for Forcemain Inspection and Cleaning

A pig launch port is to be provided at the pump station for cleaning and inspection of the forcemain.
The intent of this provision is to allow cleaning using conventional pigs and inspection using smart
pigs, televising or other equipment without significant pipe dis-assembly. Similar provisions are to be
made wherever the forcemain changes direction with an elbow of more than 45 degrees.

12.0 STORM DRAINAGE SYSTEM - POLICY, GOALS AND OBJECTIVES

12.1 Level of Service

12.11

12.1.2

12.1.3

12.1.4

12.1.5

The City of Edmonton stormwater management goal is to provide adequate drainage for urban areas
that presenes and promotes the general health welfare, security and economic well being of the public
and to protect and enhance the water quality of receiving watercourses.

To meet this goal the storm drainage system must include stormwater management facilities that meet
the following level-of-service objectives:

i Awid all property damage and flooding and to minimize inconvenience to the public due to
runoff from 1 in 5 year and more frequent rainfall events.

ii. Awoid significant property damage from a 1 in 100 year return frequency rainfall event.

iii. Awid loss of life and injuries and minimize damage to property, through control of runoff during
unusual or infrequent storm ewvents with high-intensity rainfall and large runoff volume.

iv. Awid degradation of receiving watercourses, by implementing the requirements of the ESC
Guidelines.

To achieve these objectives the storm drainage systems for new development areas shall be designed
to meet the level-of-senice requirements as outlined in this section. It is recognized that these criteria
provide a safety factor compared to previously constructed systems, in which trunk systems will flow
full at the design flow rate. It is not intended to apply such a safety factor to the evaluation of available
capacity of existing systems so that the design capacity of these downstream systems can be utilized
by the new dewelopments in partially developed catchments.

Where the capacity of existing downstream sewers was deemed to be adequate in accordance with
the City of Edmonton Senicing Standards in effect prior to 1990, the theoretical design deficiency
created downstream under later standards will not become a reason to stop the upstream
development.

Where an actual capacity deficiency has been identified, the Dewveloper and the City will jointly resolve
the issue through the dewvelopment approval process and capital priority planning process.

12.2 Major/Minor System Concept

12.2.1

12.2.2

12.2.3

New development areas in Edmonton shall be designed using the major/minor system concept, with
each system planned and designed to achieve specific lewvel-of-senice objectives. In essence, the
minor system is designed for drainage and the major system is designed for flood control.

The term the "minor system,” is applied to the network of local and trunk sewers, inlets and street
gutters which hawe traditionally been provided as a convenience system to rapidly carry away storm
runoff from road surfaces. Minor systems hawe generally been designed with capacity to remove
runoff from minor rainfall events. That is, those with relatively short return periods, i.e. occurring
relatively frequently. The rate of storm runoff generated by less frequent, more intense, rainfall events
will be greater and may exceed the capacity of the minor system.

Runoff in excess of the capacity of the minor system will pond in depression areas or follow whatever
owerflow escape route is available. This network of planned or unplanned ponding areas and owerland
flow routes is the "major system". An urbanized area will have a major drainage system, whether it is
planned and designed or not. If a major system is adequately planned and designed and incorporated
into the urban infrastructure, it should alleviate the potential inconvenience, property damage and loss
of life, which could otherwise result from major rainfall events.
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12.3 Minor System

12.3.1

General requirements

Minor-system elements sening drainage areas of 30 ha or less shall be designed to accommodate the
rate of runoff which would occur in a 5-year return period rainfall event;

i. without surcharge of sewer pipes;

ii.  with ponding of water to a depth no greater than 150 mm at depressions and at drainage inlets;

iii. with depths of flow and ponding on roadways limited such that no over-topping of curbs occurs
on local roadways, a width equivalent to one traffic lane remains free from inundation on
collector roads and one traffic lane in each travel direction remains free from inundation on
arterial roads;

iv.  with storm water quality BMPs prior to discharging into the piped system.

12.4 Sewers Servicing Areas Greater than 30 ha

1241

12.4.2

12.4.3

Storm sewer trunks, for this purpose being those storm sewer pipes proposed to serve drainage areas
of greater than 30 uncontrolled ha, shall be designed with a reserve of capacity to account for
unanticipated changes in land use and runoff and to ensure downstream trunk sewers do not
surcharge in advance of the upstream lateral sewers.

To achieve the objective the subject sewers are to be designed to accommodate, without surcharge,
1.25 times the rate of flow which would occur in a 5-year return period rainfall event.

In cases where the storm sewer trunk will receive both uncontrolled flow from areas 30 ha or larger
and controlled discharges from stormwater management facilities, the sewer is to be designed so as to
accommodate, without surcharge, 1.25 times the 5 year design flow from the uncontrolled lands plus
the maximum design stormwater management facility outflow rate.

12.5 Major System

1251

12.5.2

Conweyance elements

Major-system conveyance elements shall be designed to accommodate runoff rates and volumes for a
100-year return period rainfall event such that:

i. The depth of peak flows and ponding in deweloped area streets, conweyance channels and
swales, are to be limited so that major system flows will not constitute a significant hazard to the
public, or result in significant erosion or other property damage. Where erosion is anticipated,
an ESC Plan should be designed to suit site specific situations.

ii. The maximum water surface level of surface flows and ponding in streets is below the lowest
anticipated landscape grade or opening at any adjacent buildings, with a freeboard provision
generally in the order of 350 mm with a minimum of 150 mm.

iii. Depths of flow and ponding are less than 350 mm in roadways and other public rights-of-way.
iv.  For arterial roadways, the water depth at the crown of the road shall not exceed 150 mm.

Storage elements

i. Major-system storage elements shall be designed such that no over-topping of the storage
facilities occurs due to storm ewvents equal to or less sewere than the critical storage event for
the catchment served.

ii. The default requirement for the retention wlume to be provided is to be the equivalent of 120
mm of water over the total catchment area draining to the facility. This requirement is based on
the estimated wolume of runoff from the recorded July 14 - 15, 1937 storm event, being 155 mm
of rainfall with a runoff/rainfall ratio of 0.62 and including a 25% wolume safety factor allowance.
Where justified on the basis of a risk analysis, or in consideration of provision of a safe overflow,
reduced storage wlume requirements may be approved.

iii. Where a stormwater management storage facility is located such that minor and/or major
system outlet capacity is guaranteed to be available for all design runoff events, due to proximity
to a ravine or river, the outflow from the facility which occurs during any runoff events will be
considered in the determination of the required storage wolume. i.e. If the outlet capacity cannot
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12.5.3

12.5.4

12.5.5

12.5.6

12.5.7

be guaranteed to be available, then the storage facility must be sized assuming zero discharge
for the duration of the event.

iv.  The performance of each storage facility design is to be erified by computer simulation of its
response, considering the outflow rate as limited by control elements or downstream conditions,
to the most critical of any of the design rainfall events from the following listing:

- 1:100 year, 24 h synthetic design event based on the Huff distribution;
- The July 14 - 15, 1937 storm event;

- The July 10 - 11, 1978 storm event;

- The July 2 - 3, 2004 storm event; and

- The July 12, 2012 storm event;

Refer to Section 13.6.8 for rainfall data references.

Whenewer feasible and at the discretion of the City, storm water management facility inlets and
outlets should be physically separated around the perimeter of the facility. The inlet and outlet
should be distanced as far from each other as possible to awoid hydraulic short-circuiting.

A high level emergency owerflow is to be provided wherever feasible and each facility design is to
include an evaluation of the impact of owver-topping of the facility and the probability of exceeding the
design high water level. The design of stormwater management facilities which are provided with a
high-level overflow to a safe outlet shall include a minimum freeboard provision of 300 mm from the
design high water lewvel to the lowest anticipated landscape grade or opening at any adjacent buildings.

In the absence of an emergency owerflow, the freeboard provided is to be at least 0.5 m.

Except for constructed wetlands, sufficient outlet capacity is to be provided to permit post-event
drawdown of water lewvels in storage facilities such that the availability of storage capacity is restored
within the following time frames:

= 1in5 year runoff capacity to be available within 24 h;
= 1in 25 year runoff capacity to be available within 48 h; and
= 90% of the facility full volume to be available within 96 h.

This is to be evaluated using the Huff distribution design storms for lake drawdown analysis provided
as Table A9.2, in Section 13.15.

Where storage facilities are connected in series or where the provisions of post-event outlet capacity
to satisfy the abowe drawdown requirements is not feasible, the satisfactory performance of the
storage facilities to accommodate sequential rainfall events shall be werified by computer simulation
using continuous rainfall records. Multiple Event Time Series’ and Long Duration Time Series’ are
available from Drainage Planning.

12.6 Provision for Areas Beyond the Limits of Presently Proposed Development

12.6.1

12.6.2

Provisions for future development

The design for each storm sewer system extension shall include provision for further extensions to
future dewvelopments in accordance with the Watershed Plan and Area Master Plan for the
dewelopment area. The design must also account for the interception, conweyance and storage
requirements as necessary to accommodate runoff flows from undeveloped contributory areas for the
indefinite future or for an interim period until development of those areas occurs.

Owerland drainage

i. The Deweloper shall make provision for the interception of all overland drainage runoff which
would enter the Deweloper's subdivision and may result in a nuisance, flooding, or maintenance
problem.

ii. The Deweloper shall also ensure that the development does not adwersely affect existing
drainage in the vicinity of the development site resulting in a nuisance or maintenance problem.
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12.6.3

Separation of the storm and sanitary systems

Storm sewers shall be designed as a separate system to conwey rainfall and snow melt runoff from
roof drains, streets, parking lots and other areas and shall not receive effluent from any source which

may contain industrial, agricultural or domestic waste or sewage. Storm sewers shall not discharge
into a sanitary system.

12.7 Economic Objectives

12.7.1

12.7.2

A prime consideration in the selection of alternatives for the storm senicing of new development areas
must be minimization of the long-term cost to the public. Economic analysis must include evaluation
and comparison on the basis of operations and maintenance costs as well as capital cost differences.

The City desires to promote an orderly process of dewelopment with the objective of achieving
permanent storm system extensions, in the most cost-effective manner, that meet the City's
environmental objectives. Extensions of systems and dewelopments will be discouraged when they
inwlve the construction of downstream connection, through undewveloped areas (“leapfrogging”) solely
for the purpose of advancing senice extension to upstream areas.

12.8 Environmental Objectives

The City requires storm drainage facilities to be designed to meet environmental objectives. The
City’s objectives are:

i. The protection and enhancement of aquatic environments through the use of appropriate BMPs,
such as constructed wetlands, LID, and Oil and grit interceptors, etc.

ii. The prevention and abatement of the degradation of natural channels, ravines, river banks and
valley slopes and environmental reserves in any way which might inhibit or detract from their
recreational and aesthetic uses.

iii. For new and re-deweloped areas, all stormwater runoff is to be treated prior to discharge to
receiving watercourses.

iv. For new industrial roadways stormwater quality treatment is required prior to discharge into any
existing storm drainage system.

v. Dry ponds are not considered a treatment facility for water quality improvement, and shall not be
accepted unless a wet SWMF is provided downstream of the dry pond.

vi. Implementing a project specific ESC Plan is one way of stemming the decline in the quality of
stormwater.
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13.0 STORMWATER RUNOFF ANALYSIS

13.1 Content of Section

This section includes definitions of the methodology and parameters acceptable to the City of
Edmonton for use in the determination of the rate and amount of stormwater runoff for application to

the design of storm drainage conveyance and storage facilities.

13.2 General Considerations

The hydrologic aspects of urban drainage, i.e. peak rates of runoff, volumes of runoff and time
distribution of flow, most directly affect the potential success or failure of the resulting facility designs.
These factors determine the basis for planning, design and eventual construction of the drainage
facilities. Errors in the determination of any of these factors may result in undersizing the facilities,
oversizing them and incurring unnecessary expenditures, or unbalanced designs exhibiting both of
The design methodologies available are, however, capable only of defining
approximations of the hydrologic parameters and in the interest of the public good, a conservative

these characteristics.

approach to all designs is warranted.

13.3 Commentary on analytical methods

Application of computer simulation methods is recommended for all final analyses and detailed
designs. Utilization of the rational method should be restricted to preliminary design or to approximate
estimates of peak flow rates. The rational method may also be used for the detailed design of minor
drainage systems that drain areas of 65 ha or less. However, consultants are encouraged to apply

computer modelling methods for the design of all drainage systems.

13.4 Design basis - rainfall/level of service

13.4.1

Refer to Section 12.0, for definition of the level-of-service requirements that establish the design basis
for storm drainage system elements. In general, storm drainage system elements should be designed

to accommodate runoff flow rates and volumes as listed below:

System Elements

Design Basis
(rainfall return period)

Minor drainage system components
servicing areas of 30 ha and less

5 years.

Minor drainage system trunk sewers
servicing areas greater than 30 ha

5-year runoff rate plus 25%.

Major drainage system conveyance
elements

100 years.

Major drainage system storage

Generally, designs are to be based on elements
providing the volume equivalent of a 120 mm depth
of water over the total catchment area. Designs
are to be evaluated considering the most critical
storage event as may result from selected design
and historical rainfall events.

13.5 Rational Method

13.5.1 Application

i. The use of the rational method for final design calculations is to be limited to the design of minor
storm drainage system components proposed to accommodate flows from catchments with an

area of approximately 65 ha or smaller.
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ii. The rational method shall not be applied as the means for the design of stormwater management
storage facilities. The rational method shall not be applied as the means of the design of major or
minor system conveyance elements proposed to serve areas greater than 65 ha. Computer
simulation methods are required for design of all such facilities. Refer to Section 13.6.

13.5.2  Estimating runoff flow rates by the rational method

The rational formula for storm runoff is expressed as:

Q =CIA
360
Where:
Q = discharge in cubic metres per second (design flow rate)
C = adimensionless runoff coefficient
I = the average intensity of rainfall in millimetres per hour
A = thedrainage area in hectares

13.5.3 Runoff coefficients

The runoff coefficient, C, is to be consistent with the imperviousness for the respective land use. For
the purposes of this standard, imperviousness (imp) shall be expressed as a fraction equivalent to the
ratio of impervious area to the total area. The following formula relates ¢ and imp and is applicable for
the determination of runoff coefficients for storm events with return periods of 10 years or less.

C = (0.95 x imp) + 0.1(1.0 - imp)

13.5.4 Runoff coefficients may be calculated for site-specific conditions where details of ultimate site
development are known. Otherwise, values of ¢ are to be selected on the basis of zoning or general
land uses from the respective tables, Table A4 or Table A5, provided at the end of this section. These
values are to be applied only for determination of peak runoff rates for storms with return periods of 10
years or less.

13.5.5 For use of the rational method to determine peak rates of runoff due to storms with return periods
greater than 10 years, the values of runoff coefficients are to be increased from those identified above,
in accordance with the following listing, up to a maximum value of 0.95:

Design Return Period Runoff Coefficient
Modification

Above 10 year up to 25 year multiply C by 1.1

Above 25 year up to 50 year multiply C by 1.2

Above 50 year multiply C by 1.25

13.5.6 Rainfall design intensity

i.  The value of the design rainfall intensity, I, for the rational formula is selected from the appropriate
intensity duration frequency (idf) curve, with a duration chosen to coincide with the time of
concentration, t;. The time of concentration for runoff flow is the time required for runoff flow to

become established and reach the design location from the furthest point within the contributing
catchment area.

ii. Determination of t; requires estimation of two components, the "inlet time" and "travel time".

iii. The inlet time is the time for flow from the extreme limits of the catchment to reach the first point
of inflow into the defined conveyance system. It is dependent upon the imperviousness and the
size of the catchment.

iv.  The travel time is the length of time required for flow to travel within the conveyance system from
the point of inflow to the design location.
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13.5.7 Inlet time determination.

Appropriate values for inlet time may be selected from Table A6 at the end of this section. This
specifies values with respect to imperviousness and size of the catchment.

13.5.8 Intensity-frequency-duration (idf) curves

Rainfall IDF curves for the City of Edmonton for selected return frequency events are presented in
tabular form in Tables A7 and A8 at the end of this section.

13.6 Computer Simulation of Runoff

13.6.1 Application

All storm drainage conveyance system elements proposed to accommodate flows for servicing areas
larger than 65 ha and all stormwater management storage facilities shall be designed using computer
modelling techniques.

13.6.2 Methodology for computer simulations
Selection of computer models

i. Before commencing any computer modelling for purposes of area master plan or
neighbourhood design studies, the Developer or the Consultant shall obtain approval from
Drainage Services on the selection of the proposed computer model and version they will be
using. The selection and proper application of computer models is primarily the responsibility of
developers and their consultants. It is necessary to use computer models which have the
capability to generate hydrographs for a critical storm or series of storms and which can route
these hydrographs through a network of conduits, surface channels and storage facilities.

ii. The DHI — Mike Urban (or Mouse) and Mike 21 models are recommended for use in the design
of dual (major and minor) drainage systems.

iii. Storage facilities should be designed using reservoir routing techniques when discharges are
permitted during an event. This is dependent on downstream conditions and constraints.

13.6.3 Modelling procedures

i.  The basic approach involves a coarse discretization (lumped area) of the basin based upon the
latest available information, which may be a development proposal or area or neighbourhood
structure plan.

i. Runoff hydrographs will be calculated from these lumped areas and used for pipe sizing,
acknowledging the routing effects of the sewers. Post-development hydrographs are to be
determined at key points of the trunk sewer and major systems for the 5, 10, 25, and 100-year
design storms and for the most critical rare runoff event for the sizing of stormwater
management storage facilities.

iii. Drainage systems which involve a number of interconnected ponds in series, or which have
relatively restricted outlet flow capacity, will require analysis for sequential storm events or
modelling with a continuous rainfall record. At the detailed levels of design (neighbourhood
design report and beyond) the system inlets to the minor system must be designed to pass,
without exceeding ponding depth allowances, runoff flows from the 1 in 5 year design runoff
event. It must also be demonstrated that for events exceeding the 1 in 5 year design event,
excess runoff volumes will be accommodated by surface conveyance and ponding to depths not
exceeding major event ponding depth allowances.

iv. The 4-h Chicago distribution hyetographs should be used for analysis of major and minor
conveyance systems by computer simulation. When the design of stormwater management is
involved, the 24-h Huff distribution design hydrographs should be used along with the “Multiple
Event Time Series™ as recommended by Drainage Planning ie: yr1991 and/or yr2004.

v. See Appendix B for the Computer Model Transfer Requirement Check List.
13.6.4 Watershed data preparation

When modelling portions of the watershed that have been developed previously, data preparation shall
be based upon existing conditions. Data preparation for new areas shall be based upon the best
available planning information.
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13.6.5 Rainfall data

Tabulated rainfall data are provided at the end of this section. These data, as applicable, shall be
used for all computer modelling studies along with “Multiple Event Time Series™ and Long Duration
Time Series’ which are available from Drainage Planning.

13.6.6 Sensitivity analysis

When using computer models, sensitivity work of the hydrological parameters shall be required to
ensure proper calibration. Hydrological parameters should be discussed with “Drainage Planning”
personnel to ensure the values utilized are within acceptable ranges.

13.6.7 Presentation of modelling results

To obtain standardization in presentation of model results, planning reports shall include an
appropriate section that will indicate the following:

= type and version of computer model used;

= all parameters and specific simulation assumptions used;

= design storms used, to be clearly documented and plotted;

= volumetric runoff coefficient or total runoff obtained;

= peak flow versus area, plotted for each event studied; and

= peak flow/area versus time, plotted for each event studied.

13.6.8 Index - tables of runoff and rainfall information

Table A4 - Storm runoff coefficients and imperviousness according to zoning

Table A5 - Storm runoff coefficients and imperviousness according to land use

Table A6 - Design inlet time (minutes) with respect to catchment imperviousness and size
Table A7 - Intensity, Duration, Frequency (IDF)

One minute to one hour intervals for the 2-year, 5-year, 10-year, 25-year, 50-
year, 100-year and 200-year curves

Table A8 - Intensity, duration, frequency (idf)

Summary table for the 2-year, 5-year, 10-year, 25-year, 50-year, 100-year and
200-year curves.

Table A9.1 - The 2-year, 5-year, 25-year, 50-year, 100-year and 200-year design storm
hyetographs based on the Chicago distribution 4-h duration storm.

Table A9.2 - As above except based on a Huff distribution 24-h duration storm (first quartile
50% probability).

Table A10 - Recorded storm data - July 14 - 15, 1937.

Table A1l - Recorded storm data - July 10 - 11, 1978.

Table Al2.a - Recorded storm data — July 2-3, 2004.
Table A12.b - Recorded storm data — July 12, 2012.
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13.7 Table A4 - Storm Runoff Coefficients and Imperviousness
According to Zoning

Zoning or Classification Designation Runoff * Imperviousness °
Per Bylaw # 12800 ! Coefficient "Imp "
"c (%)

A, RR, AC 0.2 10-50
AP, Schools 0.3 10-50
RF1, RF2, RF3, RF4, RMH, AGU 0.5 40 - 65
MA, IH 0.5 40-70
RF5, RF6, RSL, RA7 0.65 40 - 90
RA8, US, PU 0.75 40 - 90
CNC, CSC, IB, IM, RA9, CB1, CHY, AGI, 0.9 40 - 100
Co

CB2 0.95 70-100
RMX, CMS, DC1, DC2, DC3, DC4 * 40 - 100

! For zonings not shown in this table, the runoff coefficient “C” and the percentage of
imperviousness “Imp%” shall be estimated by the designer.

% Minimum design values to be used without specific area analysis. To be used only for
calculation of peak runoff rates by the rational method.

% Typical ranges based on land use bylaw site coverage limits and typical paving practice.
13.7.1 *Special districts

The storm runoff factor for special district zonings are to be the same as the factors for the land use
designation which closest resembles the land use specified by the associated statutory plan overlay,
or area structure plan, covering the parcel being assessed.

13.7.2 Zonings not shown above

For zonings not shown in table A4, the runoff coefficient "C" and the percentage of imperviousness
Imp% shall be estimated by the designer.

13.8 Table A5 - Storm Runoff Coefficients and Imperviousness
According to Land Use
Land Use Runoff Imperviousness “ Imp “
Coefficient 1 (%)
n C n

Asphalt, concrete, roof areas 0.95 90 - 100
Industrial, commercial 0.60 50 - 100
Single family residential 0.65 40 - 60
Predominant grassed areas, 0.10 10-30
parkland

Minimum values to be used without specific area analysis. To be used only for calculation of peak
flow rates by the Rational Method.
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13.9

Table A6 - Design Inlet Time (Minutes)

with Respect to Catchment Imperviousness and Size

Imperviousness (%) 30 50 >70
Catchment Area (A)

A=8haorless 8 8 5
8ha<A<40ha 9.2 9.2 6
A =40 ha or more 104 104 7.25
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13.10

Table A7 - IDF Curves - Intensity Table (Part 1 of 3)

13 Rain Gauges’ upper bound IDF, Period: 1984-2010
Maximum Years of Record = 27

IDF Intensity (mm/hr)

Time Return Frequency
Minutes Hours 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
5 61.0 86.3 110.7 147.7 180.0 215.7 255.1
6 57.2 80.9 103.0 136.9 166.1 198.9 235.8
7 53.9 76.2 96.5 127.8 154.6 185.1 219.9
8 51.0 72.1 91.0 120.0 144.8 173.5 206.5
9 48.4 68.5 86.1 113.3 136.5 163.6 195.0
10 46.1 65.2 81.8 107.5 129.3 155.0 185.0
11 44.0 62.3 78.0 102.3 122.9 147.4 176.3
12 42.2 59.7 74.6 97.7 117.3 140.7 168.6
13 40.5 57.4 71.5 93.6 112.2 134.8 161.6
14 38.9 55.2 68.7 89.9 107.7 129.4 155.4
15 0.25 375 53.2 66.2 86.5 103.6 124.6 149.8
16 36.2 51.4 63.9 83.4 99.9 120.2 144.6
17 34.9 49.7 61.8 80.5 96.4 116.1 139.9
18 33.8 48.2 59.8 77.9 93.3 112.4 135.6
19 32.8 46.7 58.0 75.5 90.4 109.0 131.6
20 31.8 454 56.3 73.3 87.7 105.8 127.9
21 30.9 44.1 54.7 71.2 85.2 102.9 124.4
22 30.0 42.9 53.2 69.2 82.9 100.1 121.2
23 29.2 41.8 51.8 67.4 80.7 97.5 118.2
24 284 40.8 50.5 65.7 78.7 95.1 1154
25 27.7 39.8 49.3 64.1 76.8 92.9 112.7
26 27.0 38.8 48.1 62.6 74.9 90.7 110.2
27 26.4 37.9 47.0 61.2 73.2 88.7 107.8
28 25.8 37.1 46.0 59.8 71.6 86.8 105.6
29 25.2 36.3 45.0 58.5 70.1 85.0 103.5
30 0.5 24.7 35.6 44.1 57.3 68.7 83.3 101.5
31 24.1 34.8 43.2 56.1 67.3 81.7 99.5
32 23.6 34.1 42.3 55.0 66.0 80.1 97.7
33 23.2 335 41.5 54.0 64.7 78.6 96.0
34 22.7 32.9 40.7 53.0 63.5 77.2 94.3
35 22.3 32.3 40.0 52.0 62.4 75.9 92.7
36 21.8 31.7 39.3 51.1 61.3 74.6 91.2
37 214 31.1 38.6 50.2 60.3 73.4 89.7
38 21.1 30.6 38.0 49.4 59.3 72.2 88.3
39 20.7 30.1 37.3 48.6 58.3 71.0 87.0
40 20.3 29.6 36.7 47.8 57.4 69.9 85.7
41 20.0 29.1 36.2 47.0 56.5 68.9 845
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Table A7 - IDF Curves - Intensity Table (Part 2 of 3)
13 Rain Gauges’ upper bound IDF, Period: 1984-2010
Maximum Years of Record = 27
IDF Intensity (mm/hr)

Time Return Frequency
Minutes Hours 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
42 19.7 28.7 35.6 46.3 55.6 67.9 83.3
43 19.3 28.2 35.1 45.6 54.8 66.9 82.1
44 19.0 27.8 34.6 45.0 54.0 66.0 81.0
45 0.75 18.7 27.4 34.1 44.3 53.3 65.1 79.9
46 18.4 27.0 33.6 43.7 52.5 64.2 78.9
47 18.2 26.6 33.1 43.1 51.8 63.3 77.9
48 17.9 26.2 32.7 425 51.1 62.5 76.9
49 17.6 25.9 32.2 41.9 50.4 61.7 76.0
50 17.4 25.5 31.8 41.4 49.8 61.0 75.0
51 17.2 25.2 314 40.9 49.2 60.2 74.2
52 16.9 24.9 31.0 40.4 48.6 59.5 73.3
53 16.7 24.6 30.6 39.9 48.0 58.8 72.5
54 16.5 24.3 30.2 394 47.4 58.1 717
55 16.3 24.0 29.9 38.9 46.8 57.4 70.9
56 16.0 23.7 29.5 384 46.3 56.8 70.1
57 15.8 234 29.2 38.0 458 56.2 69.4
58 15.6 23.1 28.8 37.6 45.3 55.6 68.6
59 15.5 22.8 28.5 37.2 44.8 55.0 67.9
60 1.0 15.3 22.6 28.2 36.7 44.3 54.4 67.2
61 15.1 22.3 27.9 36.3 43.8 53.9 66.6
62 14.9 22.1 27.6 36.0 434 53.3 65.9
63 14.7 21.8 27.3 35.6 429 52.8 65.3
64 14.6 21.6 27.0 35.2 425 52.3 64.7
65 144 214 26.7 34.9 42.1 51.7 64.1
66 14.2 21.2 26.5 345 41.6 51.3 63.5
67 14.1 20.9 26.2 34.2 41.2 50.8 62.9
68 13.9 20.7 25.9 33.8 40.8 50.3 62.3
69 13.8 20.5 25.7 335 40.5 49.8 61.8
70 13.6 20.3 254 33.2 40.1 49.4 61.3
71 135 20.1 25.2 32.9 39.7 49.0 60.7
72 134 19.9 25.0 32.6 39.4 485 60.2
73 13.2 19.7 24.7 32.3 39.0 48.1 59.7
74 13.1 19.6 24.5 32.0 38.7 47.7 59.2
75 1.25 13.0 194 24.3 31.7 38.3 47.3 58.7
76 12.8 19.2 24.1 314 38.0 46.9 58.3
77 12.7 19.0 23.9 31.2 37.7 46.5 57.8
78 12.6 18.8 23.7 30.9 374 46.1 57.4
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Table A7 - IDF Curves - Intensity Table (Part 3 of 3)

13 Rain Gauges’ upper bound IDF, Period: 1984-2010
Maximum Years of Record = 27
IDF Intensity (mm/hr)

Time Return Frequency

Minutes Hours 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
79 12.5 18.7 23.5 30.6 37.1 458 56.9
80 124 18.5 23.3 30.4 36.7 454 56.5
81 12.2 18.4 23.1 30.1 36.5 451 56.0
82 12.1 18.2 22.9 29.9 36.2 44.7 55.6
83 12.0 18.1 22.7 29.6 359 44.4 55.2
84 11.9 17.9 22.5 29.4 35.6 44.0 54.8
85 11.8 17.8 22.3 29.2 35.3 43.7 54.4
86 11.7 17.6 22.1 28.9 35.1 434 54.0
87 11.6 17.5 22.0 28.7 34.8 43.1 53.7
88 115 17.3 21.8 28.5 34.5 42,7 53.3
89 114 17.2 21.6 28.3 34.3 42.4 52.9
90 15 11.3 17.1 215 28.1 34.0 42.1 52.6
120 2 9.1 13.9 17.6 23.1 28.2 35.1 44.0
180 3 6.7 10.4 13.3 17.6 215 27.1 34.3
240 4 53 8.4 10.9 14.4 17.8 22.5 28.7
300 5 45 7.2 9.3 12.4 15.3 19.5 24.9
360 6 3.9 6.3 8.2 10.9 135 17.3 22.3
420 7 34 5.6 7.4 9.8 12.2 15.7 20.2
480 8 3.1 51 6.7 8.9 11.2 14.4 18.6
540 9 2.8 4.6 6.2 8.2 10.3 13.3 17.3
600 10 2.6 4.3 5.7 7.7 9.6 12.4 16.2
660 11 2.4 4.0 53 7.2 9.0 11.7 15.2
720 12 2.2 3.7 5.0 6.7 8.5 11.0 14.4
780 13 2.1 35 4.7 6.4 8.0 10.5 13.7
840 14 2.0 3.3 4.5 6.1 7.7 10.0 13.1
900 15 1.9 3.2 4.3 5.8 7.3 9.5 12.5
960 16 1.8 3.0 4.1 55 7.0 9.1 12.0
1020 17 1.7 2.9 3.9 5.3 6.7 8.8 11.6
1080 18 1.6 2.8 3.8 5.1 6.5 8.5 11.2
1140 19 1.5 2.7 3.6 49 6.2 8.2 10.8
1200 20 15 2.6 35 4.7 6.0 7.9 10.5
1260 21 1.4 2.5 34 4.6 5.8 7.7 10.2
1320 22 1.4 2.4 3.3 4.4 5.6 7.4 9.9
1380 23 1.3 2.3 3.2 4.3 55 7.2 9.6
1440 24 1.3 2.2 3.1 4.2 5.3 7.0 9.3
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13.11

Table A8 - IDF Curves - Intensity Table.-.Summary
13 Rain Ganges upper bound IDF, Period: 1984-2010

Maximum Years of Record = 27

IDF Intensity (mm/hr)

Return Frequency
Minutes Hours 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
5 0.083 61.0 86.3 110.7 147.7 180.0 215.7 255.1
10 0.167 46.1 65.2 81.8 107.5 129.3 155.0 185.0
15 0.250 375 53.2 66.2 86.5 103.6 124.6 149.8
20 0.333 31.8 45.4 56.3 73.3 87.7 105.8 127.9
25 0.417 27.7 39.8 49.3 64.1 76.8 92.9 112.7
30 0.500 24.7 35.6 44.1 57.3 68.7 83.3 101.5
35 0.583 22.3 32.3 40.0 52.0 62.4 75.9 92.7
40 0.667 20.3 29.6 36.7 47.8 57.4 69.9 85.7
45 0.750 18.7 27.4 34.1 44.3 53.3 65.1 79.9
50 0.833 17.4 255 31.8 41.4 49.8 61.0 75.0
55 0.917 16.3 24.0 29.9 38.9 46.8 57.4 70.9
60 1 15.3 22.6 28.2 36.7 44.3 54.4 67.2
120 2 9.1 13.9 17.6 231 28.2 35.1 44.0
180 3 6.7 10.4 13.3 17.6 215 27.1 34.3
240 4 53 8.4 10.9 14.4 17.8 225 28.7
360 6 3.9 6.3 8.2 10.9 135 17.3 223
720 12 2.2 3.7 5.0 6.7 8.5 11.0 14.4
1440 24 1.3 2.2 3.1 4.2 5.3 7.0 9.3
IDE Parameters
Rate=a*(t+c)" Return Frequency
Parameters 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
a(tin min) 460.81 | 521.52 549.94 664.78 730.54 808.33 906.23
b -0.810 -0.749 -0.713 -0.697 -0.677 -0.652 -0.629
¢ (min) 7.152 6.024 4.477 3.649 2.927 2.578 2.503
R? 0.998 1.000 0.999 0.998 0.996 0.992 0.985
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13.12 Table A9.1 - Chicago Distribution (Modified) : 4-Hr Design Storm Data

Upper bound IDF, Period: 1984-2010
Maximum Years of Record = 27
Chicago Type Distribution - Design Storm (5-Minute Increment)

Time (min) Return Frequency

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr

0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.17 2.33 3.35 4.62 6.02 8.14 11.05
10 1.24 2.45 3.52 4.85 6.30 8.51 11.53
15 1.32 2.60 371 5.11 6.62 8.93 12.07
20 1.42 2.77 3.94 5.40 6.99 9.40 12.68
25 1.53 2.96 4.19 5.74 7.41 9.94 13.38
30 1.66 3.19 4.49 6.13 7.89 10.56 14.19
35 1.83 3.46 4.84 6.60 8.47 11.30 15.13
40 2.03 3.79 5.27 7.16 9.16 12.18 16.27
45 2.28 4.21 5.80 7.85 10.01 13.26 17.65
50 2.62 4.75 6.48 8.74 11.09 14.62 19.37
55 3.08 5.48 7.39 9.91 12.50 16.39 21.62
60 3.77 6.52 8.67 11.55 14.46 18.83 24.70
65 4.86 8.15 10.62 14.03 17.41 22.46 29.24
70 6.89 11.06 14.05 18.34 22.45 28.59 36.83
75 11.83 17.88 21.92 28.14 33.71 42.02 53.17
80 37.48 53.23 66.21 86.47 103.60 124.57 149.75
85 52.38 74.09 93.64 123.77 149.50 179.07 212.91
90 22.57 32.37 38.78 49.17 57.71 70.08 86.59
95 13.83 20.60 25.04 32.01 38.14 47.25 59.48
100 9.83 15.17 18.80 24.26 29.29 36.79 46.86
105 7.60 12.07 15.22 19.80 24.15 30.64 39.36
110 6.18 10.06 12.88 16.88 20.75 26.54 34.31
115 521 8.67 11.24 14.81 18.32 23.58 30.64
120 451 7.63 10.01 13.25 16.49 21.33 27.84
125 3.97 6.84 9.05 12.04 15.05 19.55 25.61
130 3.56 6.21 8.28 11.06 13.88 18.10 23.79
135 3.22 5.69 7.65 10.25 12.91 16.90 22.27
140 2.95 5.27 7.13 9.57 12.09 15.88 20.98
145 2.72 491 6.68 8.99 11.39 15.00 19.86
150 2.52 4.60 6.29 8.49 10.78 14.23 18.89
155 2.36 4.33 5.95 8.05 10.25 13.56 18.03
160 221 4.09 5.65 7.66 9.77 12.96 17.26
165 2.08 3.89 5.39 7.31 9.35 12.42 16.58
170 1.97 3.70 5.15 7.00 8.97 11.94 15.96
175 1.87 3.53 4,94 6.72 8.63 11.50 15.39
180 1.78 3.38 4,74 6.47 8.31 11.10 14.88
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Time (min) Return Frequency

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
185 1.70 3.25 457 6.24 8.03 10.73 14.40
190 1.63 3.12 4.41 6.02 7.76 10.40 13.97
195 1.56 3.01 4.26 5.83 7.52 10.08 13.57
200 1.50 291 4.12 5.65 7.29 9.79 13.19
205 144 2.81 3.99 5.48 7.09 9.53 12.84
210 1.39 2.72 3.88 5.32 6.89 9.27 12.52
215 1.34 2.64 3.77 5.17 6.71 9.04 12.21
220 1.30 2.56 3.66 5.04 6.54 8.82 11.92
225 1.26 2.49 3.57 491 6.38 8.61 11.66
230 1.22 242 3.48 4.79 6.23 8.42 11.40
235 1.18 2.36 3.39 4.67 6.08 8.23 11.16
240 1.15 2.30 3.31 4.57 5.95 8.06 10.93

Note: Intensity at t (time) is the average intensity between t-1 and t
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13.13 Table A9.2 - Huff Distribution: Design Storms for Lake Drawdown Analysis Only (Part 1 of 3)

Hours Huff Distribution (First-Quartile 50% Probability), mm/hr

IDF Period: 1984-2010
Maximum Years of Record = 27
Storm Duration = 24 hours

Time Return Frequency
Mins. Hrs. 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
0 0 0 0 0 0 0 0 0
15 0.23 0.40 0.55 0.75 0.95 1.26 1.67
30 0.45 0.80 1.10 1.49 1.90 2.51 3.34
45 0.68 1.20 1.65 2.24 2.85 3.77 5.01
60 1 0.91 1.60 2.20 2.98 3.81 5.03 6.68
75 1.21 2.13 2.93 3.98 5.08 6.71 8.92
90 1.82 3.20 4.40 5.98 7.62 10.07 13.38
105 2.42 4.27 5.87 7.96 10.15 13.42 17.83
120 2 3.04 5.35 7.35 9.97 12.72 16.80 22.33
135 3.65 6.42 8.83 11.98 15.28 20.19 26.83
150 4.04 7.11 9.78 13.27 16.92 22.36 29.72
165 4.15 7.31 10.04 13.63 17.38 22.97 30.52
180 3 4.26 7.50 10.31 13.99 17.84 23.57 31.33
195 4.37 7.69 10.57 14.35 18.30 24.17 32.13
210 4.48 7.88 10.84 14.71 18.75 24.78 32.93
225 441 7.77 10.68 14.49 18.48 24.42 32.45
240 4 4.24 7.46 10.26 13.92 17.75 23.45 31.17
255 4.04 7.11 9.78 13.27 16.92 22.36 29.72
270 3.87 6.81 9.36 12.70 16.19 21.39 28.44
285 3.67 6.46 8.88 12.05 15.37 20.31 26.99
300 5 3.47 6.11 8.41 11.41 14.55 19.22 25.54
315 3.28 5.77 7.93 10.76 13.72 18.13 24.10
330 3.10 5.46 7.51 10.19 12.99 17.16 22.81
345 2.90 5.11 7.03 9.54 12.17 16.08 21.37
360 6 2.71 4.77 6.55 8.89 11.34 14.99 19.92
375 2.53 4.46 6.13 8.32 10.61 14.02 18.64
390 2.38 4.19 5.76 7.82 9.97 13.18 17.51
405 2.21 3.88 5.34 7.24 9.24 12.21 16.23
420 7 2.05 3.61 4.97 6.74 8.60 11.36 15.10
435 1.90 3.34 459 6.23 7.95 10.50 13.96
450 1.78 3.13 431 5.85 7.46 9.85 13.09
465 1.66 2.92 4.02 5.45 6.95 9.19 12.21
480 8 1.54 2.71 3.73 5.06 6.46 8.53 11.34
495 1.42 2.50 3.44 4.67 5.96 7.87 10.46
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Table A9.2 - Huff Distribution: Design Storms for Lake Drawdown Analysis Only (Part 2 of 3)
IDF Period: 1984-2010
Maximum Years of Record = 27
Storm Duration = 24 hours
Hours Huff Distribution (First-Quartile 50% Probability), mm/hr

Time Return Frequency

Mins. Hrs. 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
510 1.33 2.35 3.22 4.38 5.58 7.37 9.80
525 1.28 2.26 3.10 4.21 5.37 7.10 9.43
540 9 1.23 2.17 2.99 4.05 5.17 6.83 9.08
555 1.19 2.09 2.87 3.90 4.97 6.56 8.72
570 1.14 2.00 2.75 3.74 4.77 6.30 8.37
585 1.09 1.92 2.64 3.58 4.56 6.03 8.02
600 10 1.04 1.83 2.52 3.42 4.36 5.77 7.66
615 1.00 1.75 241 3.27 4.17 5.51 7.33
630 0.95 1.67 2.29 3.11 3.97 5.25 6.97
645 0.90 1.58 2.18 2.96 3.77 4.98 6.62
660 11 0.86 151 2.08 2.82 3.60 4.75 6.31
675 0.82 1.44 1.98 2.68 3.42 4.52 6.01
690 0.78 1.37 1.88 2.55 3.25 4.29 5.70
705 0.73 1.29 1.78 241 3.07 4.06 5.40
720 12 0.69 1.22 1.68 2.27 2.90 3.83 5.09
735 0.67 1.18 1.62 2.20 2.81 3.71 4.93
750 0.65 1.14 1.56 2.12 2.71 3.58 4.76
765 0.62 1.10 151 2.04 2.61 3.44 4.58
780 13 0.60 1.05 1.45 1.97 2.51 3.31 4.40
795 0.57 1.01 1.39 1.89 2.41 3.18 4.23
810 0.55 0.97 1.33 1.81 231 3.05 4.05
825 0.52 0.92 1.27 1.72 2.20 2.90 3.86
840 14 0.50 0.88 1.21 1.64 2.09 2.77 3.68
855 0.47 0.83 1.15 1.56 1.99 2.62 3.49
870 0.46 0.80 1.10 1.50 1.91 2.53 3.36
885 0.45 0.80 1.09 1.48 1.89 2.50 3.33
900 15 0.45 0.78 1.08 1.46 1.87 2.47 3.28
915 0.44 0.77 1.06 1.44 1.84 2.43 3.23
930 0.43 0.77 1.05 1.43 1.82 241 3.20
945 0.43 0.75 1.04 1.41 1.79 2.37 3.15
960 16 0.42 0.75 1.03 1.39 1.77 2.34 3.12
975 0.42 0.74 1.01 1.38 1.76 2.32 3.08
990 0.41 0.73 1.00 1.36 1.73 2.28 3.04
1005 0.41 0.72 0.99 1.34 1.71 2.26 3.00
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Table A9.2 - Huff Distribution: Design Storms for Lake Drawdown Analysis Only (Part 3 of 3)

IDF Period: 1984-2010
Maximum Years of Record = 27
Storm Duration = 24 hours

Hours Huff Distribution (First-Quartile 50% Probability), mm/hr

Time Return Frequency
Mins. Hrs. 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr
1020 17 0.40 0.71 0.98 1.33 1.69 2.24 2.97
1035 0.40 0.70 0.96 1.31 1.66 2.20 2.92
1050 0.39 0.69 0.95 1.29 1.65 2.18 2.89
1065 0.39 0.68 0.94 1.27 1.62 2.14 2.84
1080 18 0.38 0.67 0.93 1.26 1.60 2.12 2.81
1095 0.38 0.66 0.91 1.23 1.57 2.08 2.76
1110 0.37 0.65 0.90 1.22 1.56 2.05 2.73
1125 0.37 0.65 0.89 1.21 1.54 2.03 2.70
1140 19 0.36 0.63 0.87 1.18 1.51 1.99 2.65
1155 0.35 0.62 0.86 1.16 1.48 1.96 2.60
1170 0.34 0.60 0.82 1.12 1.43 1.89 2.51
1185 0.33 0.58 0.79 1.08 1.37 1.81 2.41
1200 20 0.31 0.55 0.76 1.03 1.32 1.74 2.31
1215 0.30 0.53 0.73 0.99 1.26 1.67 2.22
1230 0.29 0.51 0.70 0.95 1.22 1.61 2.14
1245 0.28 0.50 0.69 0.93 1.19 1.57 2.09
1260 21 0.28 0.49 0.67 0.91 1.16 1.54 2.04
1275 0.27 0.47 0.65 0.88 1.13 1.49 1.98
1290 0.26 0.46 0.63 0.86 1.10 1.45 1.93
1305 0.25 0.45 0.61 0.83 1.06 1.40 1.86
1320 22 0.24 0.43 0.59 0.80 1.02 1.34 1.78
1335 0.23 0.41 0.56 0.76 0.97 1.28 1.70
1350 0.22 0.39 0.53 0.72 0.92 1.22 1.62
1365 0.21 0.37 0.51 0.69 0.88 1.16 1.55
1380 23 0.20 0.35 0.48 0.65 0.83 1.10 1.47
1395 0.19 0.33 0.46 0.62 0.79 1.04 1.38
1410 0.18 0.31 0.43 0.58 0.74 0.98 1.31
1425 0.17 0.29 0.40 0.55 0.70 0.92 1.23
1440 24 0.16 0.27 0.38 0.51 0.65 0.86 1.15
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13.14 Table A10 - Recorded Storm of July 14, 1937
Municipal Airport Rain Gauge

Time in Intensity Time in Intensity Time in Intensity Time in Intensity

Minutes (mm/h) Minutes (mm/h) Minutes (mm/h) Minutes (mm/h)

July 14 12.00 2.50 July 15 12.15 1.80
0.00 0.50 12.15 2.50 0.00 4.30 12.30 1.80
0.15 0.50 12.30 2.50 0.15 4.30 12.45 1.80
0.30 0.50 12.45 2.50 0.30 4.30 13.00 0.50
0.45 0.50 13.00 1.50 0.45 4.30 13.15 0.50
1.00 0.00 13.15 1.50 1.00 2.80 13.30 0.50
1.15 0.00 13.30 1.50 1.15 2.80 13.45 0.50
1.30 0.00 13.45 1.50 1.30 2.80 14.00 0.00
1.45 0.00 14.00 0.50 1.45 2.80 14.15 0.00
2.00 0.00 14.15 0.50 2.00 2.80 14.30 0.00
2.15 0.00 14.30 0.50 2.15 2.80 14.45 0.00
2.30 0.00 14.45 0.50 2.30 2.80 15.00 0.50
2.45 0.00 15.00 0.50 2.45 2.80 15.15 0.50
3.00 4.00 15.15 0.50 3.00 2.80 15.30 0.50
3.15 4.00 15.30 0.50 3.15 2.80 15.45 0.50
3.30 4.00 15.45 0.50 3.30 2.80 16.00 2.80
3.45 4.00 16.00 1.00 3.45 2.80 16.15 2.80
4.00 4.10 16.15 1.00 4.00 5.30 16.30 2.80
4.15 4.10 16.30 1.00 4.15 5.30 16.45 2.80
4.30 4.10 16.45 1.00 4.30 5.30 17.00 1.50
4.45 4.10 17.00 0.50 4.45 5.30 17.15 1.50
5.00 1.00 17.15 0.50 5.00 6.10 17.30 1.50
5.15 1.00 17.30 0.50 5.15 6.10 17.45 1.50
5.30 1.00 17.45 0.50 5.30 6.10 18.00 1.00
5.45 1.00 18.00 0.50 5.45 6.10 18.15 1.00
6.00 4.60 18.15 0.50 6.00 6.40 18.30 1.00
6.15 4.60 18.30 0.50 6.15 6.40 18.45 1.00
6.30 4.60 18.45 0.50 6.30 6.40 19.00 0.50
6.45 4.60 19.00 0.50 6.45 6.40 19.15 0.50
7.00 15.50 19.15 0.50 7.00 5.10 19.30 0.50
7.15 15.50 19.30 0.50 7.15 5.10 19.45 0.50
7.30 15.50 19.45 0.50 7.30 5.10 20.00 0.00
7.45 15.00 20.00 0.50 7.45 5.10 20.15 0.00
8.00 18.50 20.15 0.50 8.00 3.30 20.30 0.00
8.15 18.50 20.30 0.50 8.15 3.30 20.45 0.00
8.30 18.50 20.45 0.50 8.30 3.30 21.00 1.00
8.45 18.50 21.00 1.30 8.45 3.30 21.15 1.00
9.00 15.50 21.15 1.30 9.00 6.40 21.30 1.00
9.15 15.50 21.30 1.30 9.15 6.40 21.45 1.00
9.30 15.50 21.45 1.30 9.30 6.40 22.00 0.50
9.45 15.50 22.00 5.10 9.45 6.40 22.15 0.50
10.00 7.40 22.15 5.10 10.15 5.30 22.30 0.50
10.15 7.40 22.30 5.10 10.30 5.30 22.45 0.50
10.30 7.40 22.45 5.10 10.45 5.30 23.00 0.00
10.45 7.40 23.00 5.10 11.00 2.30 23.15 0.00
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Time in Intensity Time in Intensity Time in Intensity Time in Intensity
Minutes (mm/h) Minutes (mm/h) Minutes (mm/h) Minutes (mm/h)
11.00 2.30 23.15 3.80 11.15 2.30 23.30 0.00
11.15 2.30 23.30 3.80 11.30 2.30 23.45 0.00
11.30 2.30 23.45 3.80 11.45 2.30
11.45 2.30 12.00 1.80
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13.15 Table A1l - Recorded Storm of July 10 - 11, 1978
Municipal Airport Rain Gauge
Time Intensity Time Intensity Time Intensity Time Intensity
(mm/h) (mm/h) (mm/h) (mm/h)

July 10 1:00 6:15 11:30 105.60
20:00 1:05 6:20 11:35 88.80
20:05 1:10 6:25 11:40 55.20
20:10 7.20 1:15 6:30 11:45 33.60
20:15 24.00 1:20 6:35 11:50 26.40
20:20 21.60 1:25 6:40 11:55 28.80
20:25 2.40 1:30 6:45 12:00 9.60
20:30 1:35 6:50 12:05 16.80
20:35 1:40 6:55 12:10 48.00
20:40 1:45 21.60 7:00 12:15 33.60
20:45 1:50 79.20 7:05 12:20 16.80
20:50 1:55 74.40 7:10 12:25 4.80
20:55 2:00 21.60 7:15 2.40 12:30 7.20
21:00 2:05 7:20 12:35 14.40
21:05 2:10 7:25 12:40 9.60
21:10 2:15 7:30 12:45 9.60
21:15 2:20 7:35 12:50 4.80
21:20 2:25 7:40 12:55 2.40
21:25 2:30 7:45 13:00 4.80
21:30 2:35 7:50 13:05 4.80
21:35 2:40 7:55 13:10 4.80
21:40 2:45 8:00 13:15 9.80
21:45 2:50 8:05 13:20 4.80
21:50 2:55 8:10 13:25 2.40
21:55 3:00 8:15 13:30 2.40
22:00 3:05 8:20 13:35 4.80
22:05 3:10 8:25 13:40

22:10 3:15 8:30 13:45 2.40
22:15 38.40 3:20 8:35 13:50

22:20 14.40 3:25 8:40 13:55

22:25 4.80 3:30 8:45 2.40 14:00 4.80
22:30 4.80 3:35 8:50 9.60 14:05 9.60
22:35 4.80 3:40 8:55 19.20 14:10 2.40
22:40 19.20 3:45 9:00 12.00 14:15 2.40
22:45 7.20 3:50 9:05 9.60 14:20

22:50 2.40 3:55 9:10 12.00 14:25

22:55 4:00 9:15 19.20 14:30

23:00 2.40 4:05 9:20 14.40 14:35

23:05 2.40 4:10 9:25 9.60 14:40

23:10 4.80 4:15 9:30 16.80 14:45

23:15 28.80 4:20 9:35 9.60 14:50

23:20 9.60 4:25 9:40 2.40 14:55

23:25 2.40 4:30 9:45 2.40 15:00

23:30 4:35 9:50 24.00 15:05 4.80
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Time Intensity Time Intensity Time Intensity Time Intensity
(mm/h) (mm/h) (mm/h) (mm/h)

23:35 4:40 9:55 14.40 15:10 7.20
23:40 4:45 10:00 9.60 15:15
23:45 4:50 10:05 38.40 15:20
23:50 4:55 10:10 21.60 15:25 2.40
23:55 5:00 10:15 12.00 15:30
24:00 5:05 10:20 43.20 15:35

July 11 5:10 10:25 4.80 15:40 2.40
0:00 5:15 10:30 9.60 15:45
0:05 5:20 10:35 9.60 15:50
0:10 5:25 10:40 21.60 15:55
0:15 5:30 10:45 16.80 16:00
0:20 5:35 10:50 43.20 16:05
0:25 5:40 10:55 7.20 16:10
0:30 5:45 11:00 2.40 16:15
0:35 5:50 11:05 21.60 16:20 4.80
0:40 5:55 11:10 14.40 16:25 2.40
0:45 6:00 11:15 36.00
0:50 6:05 11:20 72.00
0:55 6:10 11:25 40.80
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13.16 Table A12.a - Recorded Storm of July 2 & 3, 2004 (total of 135mm)

Time in Intensity | Timein Intensity | Timein Intensity | Timein Intensity
Minutes (mm/h) Minutes (mm/h) Minutes | (mm/h) Minutes | (mm/h)
02-Jul-04 22:25 52.8 4:50 4.8 11:20 0
16:00 0 22:30 40.8 4:55 0 11:25 2.4
16:05 0 22:35 19.2 5:00 0 11:30 0
16:10 0 22:40 7.2 5:05 0 11:35 2.4
16:15 0 22:45 4.8 5:10 0 11:40 0
16:20 0 22:50 4.8 5:15 2.4 11:45 2.4
16:25 0 22:55 2.4 5:20 0 11:50 2.4
16:30 7.2 23:00 4.8 5:25 0 11:55 0
16:35 33.6 23:05 2.4 5:30 0 12:00 0
16:40 21.6 23:10 0 5:35 0 12:05 2.4
16:45 21.6 23:15 0 5:40 2.4 12:10 0
16:50 16.8 23:20 0 5:45 2.4 12:15 2.4
16:55 0 23:25 0 5:50 4.8 12:20 2.4
17:00 9.6 23:30 0 5:55 2.4 12:25 0
17:05 0 23:35 0 6:00 4.8 12:30 2.4
17:10 2.4 23:40 0 6:05 9.6 12:35 2.4
17:15 2.4 23:45 0 6:10 2.4 12:40 2.4
17:20 12 23:50 0 6:15 2.4 12:45 0
17:25 45.6 23:55 0 6:20 2.4 12:50 2.4
17:30 26.4 | 03-Jul-04 6:25 2.4 12:55 0
17:35 9.6 0:00 0 6:30 0 13:00 2.4
17:40 7.2 0:05 0 6:35 4.8 13:05 0
17:45 7.2 0:10 0 6:40 2.4 13:10 2.4
17:50 4.8 0:15 4.8 6:45 2.4 13:15 0
17:55 7.2 0:20 2.4 6:50 2.4 13:20 4.8
18:00 2.4 0:25 0 6:55 2.4 13:25 2.4
18:05 2.4 0:30 2.4 7:00 2.4 13:30 2.4
18:10 2.4 0:35 0 7:05 2.4 13:35 2.4
18:15 0 0:40 4.8 7:10 0 13:40 2.4
18:20 2.4 0:45 2.4 7:15 0 13:45 2.4
18:25 0 0:50 2.4 7:20 4.8 13:50 4.8
18:30 0 0:55 4.8 7:25 0 13:55 2.4
18:35 0 1:00 4.8 7:30 2.4 14:00 2.4
18:40 2.4 1:05 4.8 7:35 2.4 14:05 2.4
18:45 0 1:10 2.4 7:40 2.4 14:10 2.4
18:50 0 1:15 0 7:45 2.4 14:15 2.4
18:55 0 1:20 4.8 7:50 4.8 14:20 0
19:00 0 1:25 2.4 7:55 2.4 14:25 2.4
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Timein | Intensity Timein | Intensity Timein | Intensity Time in Intensity
Minutes (mm/h) Minutes (mm/h) | Minutes (mm/h) | Minutes (mm/h)
19:05 0 1:30 0 8:00 0 14:30 0
19:10 0 1:35 2.4 8:05 2.4 14:35 4.8
19:15 0 1:40 2.4 8:10 4.8 14:40 4.8
19:20 0 1:45 0 8:15 4.8 14:45 4.8
19:25 0 1:50 2.4 8:20 2.4 14:50 2.4
19:30 0 1:55 0 8:25 0 14:55 2.4
19:35 0 2:00 4.8 8:30 2.4 15:00 4.8
19:40 0 2:05 2.4 8:35 2.4 15:05 2.4
19:45 0 2:10 2.4 8:40 2.4 15:10 2.4
19:50 0 2:15 2.4 8:45 0 15:15 2.4
19:55 0 2:20 4.8 8:50 2.4 15:20 2.4
20:00 0 2:25 2.4 8:55 0 15:25 2.4
20:05 0 2:30 0 9:00 2.4 15:30 2.4
20:10 0 2:35 2.4 9:05 2.4 15:35 0
20:15 0 2:40 2.4 9:10 0 15:40 2.4
20:20 0 2:45 7.2 9:15 2.4 15:45 0
20:25 0 2:50 4.8 9:20 2.4 15:50 2.4
20:30 0 2:55 4.8 9:25 2.4 15:55 0
20:35 0 3:00 4.8 9:30 2.4 16:00 0
20:40 0 3:05 2.4 9:35 4.8 16:05 0
20:45 0 3:10 7.2 9:40 2.4 16:10 2.4
20:50 0 3:15 4.8 9:45 2.4 16:15 0
20:55 0 3:20 2.4 9:50 7.2 16:20 0
21:00 0 3:25 9.6 9:55 4.8 16:25 0
21:05 0 3:30 2.4 10:00 4.8 16:30 0
21:10 0 3:35 7.2 10:05 2.4 16:35 0
21:15 0 3:40 4.8 10:10 2.4 16:40 0
21:20 0 3:45 2.4 10:15 4.8 16:45 0
21:25 0 3:50 4.8 10:20 0 16:50 0
21:30 0 3:55 2.4 10:25 2.4 16:55 0
21:35 0 4:00 2.4 10:30 2.4 17:00 0
21:40 4.8 4:05 0 10:35 0 17:05 0
21:45 33.6 4:10 2.4 10:40 2.4 17:10 0
21:50 72 4:15 0 10:45 0 17:15 0
21:55 129.6 4:20 4.8 10:50 0 17:20 0
22:00 103.2 4:25 2.4 10:55 2.4 17:25 0
22:05 127.2 4:30 2.4 11:00 0 17:30 0
22:10 158.4 4:35 2.4 11:05 2.4 17:35 0
22:15 100.8 4:40 0 11:10 2.4 17:40 0
22:20 64.8 4:45 0 11:15 0 17:45 0
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13.17 Table Al12.b - Recorded Storm of July 12, 2012

Intensity

12-Jul-12 (mm/h)
2:45 0.00
2:50 28.80
2:55 43.20
3:00 48.00
3:05 18.00
3:10 93.60
3:15 110.40
3:20 52.80
3:25 55.20
3:30 20.40
3:35 39.60
3:40 25.20
3:45 15.60
3:50 4.80
3:55 10.80
4:00 18.00
4:05 8.40
4:10 3.60
4:15 0.00
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14.0 MINOR CONVEYANCE SYSTEM DESIGN

14.1 Scope of Section

14.1.1  This Section outlines the design criteria which apply to the preliminary and detailed design of storm
drainage minor conveyance systems for new developments. The emphasis of this section is on those
criteria that determine the size and grade profiles of storm sewers and certain elements of the system
arrangements, such as inlet requirements.

14.1.2  Major conveyance system requirements are addressed in Section 15.0.

14.1.3 Refer to Section 18.0 for other design considerations such as sewer alignments and the detailed
design of appurtenances.

14.2 Design Basis for Conveyance System Components

Storm sewer conveyance elements shall be designed to satisfy the level-of-service requirements
stated within Section 12.0 and are to be determined by the methods set out in Section 13.0.

14.3 Storm Sewers

14.3.1 Sizing of storm sewers

i. Capacity requirements
In summary, in accordance with 12.3.1, the requirements for capacity of storm sewers are as

follows:
Capacity Requirement System Elements
Runoff due to a 1 in 5 year rainfall Storm sewers servicing areas of
30 ha or less
1.25 times the runoff due to a Storm sewers servicing areas greater
1in 5 year rainfall than 30 ha
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ii. Methodology for sizing storm and foundation drainage sewers
All storm sewers shall be sized using Manning's formula to provide the required capacity when the

pipe is flowing full (d/Df = 1, d=flow depth, D= Pipe Diameter) conditions. Manning Equation "n
values to be used for various pipe materials are as follows:

All Smooth-Wall Pipe n = 0.013
Corrugated Metal Pipe - Unpaved n = 0.024
Corrugated Metal Pipe - Invert Paved n = 0.020
Corrugated Metal Pipe - All Paved n = 0.013

Note: Corrugated metal pipe (CMP) is not approved for use in permanent mainline
storm sewers or catch basin leads. Refer to Section 18.3.3.
iii.  Minimum size for storm and foundation drainage sewers

= Storm sewer shall not be less than 300 mm diameter, with the exception that catch basin leads
may be 250 mm diameter.

= Foundation drain sewers are not to be less than 200 mm diameter.
14.3.2 Storm sewer slope requirements
Velocity requirements

i. All storm sewers shall be designed with mean welocities, when flowing full, of 0.90 to 1.0 m/s
based on Manning's formula. Designs based on lower velocities are to be justified on the basis of
feasibility or unwarranted cost impacts. Mean velocities below 0.6 m/s will not be allowed.

ii.  Where design velocities in excess of 3.0 m/s are proposed, special provision shall be made to
protect against displacement of sewers by erosion or shock. No upper limit to flow velocities in
storm sewers is defined. Howewer, the designer shall ensure that supercritical flow does not
occur where steep grades are utilized, unless provisions are made in the design to address
structural stability and durability concerns. Flow throttling or energy dissipation measures may be
required to control the flow velocity or to accommodate the transition back to sub-critical flow.

iii. Sewers shall not be designed to operate in super-critical flow conditions during flows less than
design capacity conditions. Hydraulic structures are required under super-critical flow regimes
and to make the transition from super-critical flow to sub-critical flow. Hydraulic structures are
required to minimize Life Cycle costs and be designed to have a minimum 75 year Design Life

Slope requirements
i. Itis recommended that all storm sewers be designed with a slope of 0.4% or greater.

ii. No storm sewer shall have a slope of less than 0.1%.

iii.  The minimum slope shall be 0.4% for the most upstream leg of any storm system i.e. between the
terminal manhole and the first manhole downstream.

iv.  All catch basin leads shall have a minimum slope of 1.0%.

14.3.3 The following listing shows the minimum slopes which shall be permitted for various storm and
foundation drainage sewer sizes:

Sewer Size Minimum Slope
200 mm 0.40 % (foundation drain sewer)
250 mm 0.28 % (foundation drain sewer)
300 mm 0.22 %
375 mm 0.15%
450 mm 0.12 %
525 mm 0.10%
600 mm and larger 0.10 %
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14.3.4

For storm sewers aligned in a curve, the minimum slopes which shall be permitted for various sewer
sizes are as follows:

Sewer Size Minimum Slope
300 mm 0.25 %
375 mm 0.18 %
450 mm 0.15 %
525 mm 0.13%
600 mm and larger 0.10 %

14.4 Depth Requirements for Storm and Foundation Drainage Sewers

1441

14.4.2

14.4.3

14.4.4

14.4.5

14.4.6

All sewers shall be installed with sufficient depth to meet the following requirements:

Provide cover for frost protection. A minimum cover from finished grade to pipe obvert of 2.0 m for
storm sewer and foundation drain sewer is to be provided for all pipes smaller than 610 mm diameter.
If this cover cannot be achieved then provide adequate pipe insulation to prevent freezing. A minimum
of 1.5 m of cover to obvert is required for storm sewers equal to or larger than 610 mm in diameter.

The depth of the storm service and foundation drain service should match the sanitary service at the
property line. When this is not practical, provide a minimum cover from finished grade to pipe obvert
of 2.0 m for the storm service, and for the foundation drain service at the property line. If this cover
cannot be achieved, provide adequate pipe insulation to prevent freezing.

Adequate depth is to be provided to allow for drainage to the sewer main of the interior of sites where
interior finished grades may be lower than the finished grade at the property line.

Provide adequate depth for catch basin leads to allow them to extend to proposed catch basin
locations at the required slope of 1.0% or greater.

Provide adequate depth to allow sanitary sewer services to cross over the top of the storm sewer and
have the required minimum depth at the property line for typical parallel storm and sanitary sewer
alignments.

The Engineer may determine other depth requirements.

14.5 Manholes, Junctions and Bends - Pipe Elevation Considerations

1451

145.2

Accounting for energy losses

The designer is to ensure that sufficient change in sewer invert elevation is provided across manholes
and at junctions and bends to account for energy losses which will occur due to flow transitions,
turbulence and impingement. Refer to 18.6.4 for specific requirements and methodology to be applied
in this regard.

General requirements - sewer profile at manholes

i. Minimum invert change at manholes

= The invert slope across manholes from inlet to outlet shall not be less than the greater of the
slopes of the downstream or upstream sewers.

= The obvert elevation of a sewer entering a manhole shall not be lower than the obvert elevation of
the outlet sewer.

= Where there is a bend (a deflection of the horizontal alignment between incoming and outgoing
sewers) a drop in the sewer invert must be provided to account for energy losses. The amount of
the drop required is relative to the deflection in the sewer alignments and may be determined by
the methods described in 18.6.4.

= Bends shall be 900 or less. Exceptions shall require provision of suitable justification by the
designer and shall be subject to the approval of the Engineer.
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14.6
14.6.1

ii. Junctions at manholes

Where more than one inlet sewer enters a manhole, forming a junction, the laterally connecting
sewers entering the manhole are to be vertically aligned so that the spring line of each laterally
connecting sewer is at or above the 80% flow depth elevation of the outlet sewer. An exception is
that when the laterally connecting sewer is of a similar size to the outlet sewer, the requirements for
energy loss provisions of 18.6.4 shall apply.

iii. Drops at storm manholes

= Generally a smooth transition is to be provided between the inverts of incoming sewers and the
outlet sewer and extreme changes in elevation at manholes should be avoided whenever
feasible.

= Where drops of 1.0m or less occur at manholes, the designer is to ensure that free outflow and
low backwater conditions will exist in the downstream sewer so that hydraulic jump formation and
associated concentrated effects are avoided. For drops of greater than 1.0m, a specifically
designed drop structure may be required to address the hydraulic requirements of the change of
elevation, Refer to Section 18.10

Interception of Runoff in Public Rights-of-Way

Public right-of-way relationship to drainage systems

Public rights-of-way, including roadways, lanes, utility lots and walkways, serve as components of the
runoff conveyance system to collect runoff water from adjacent lands and convey it to the inlets of the
minor drainage system. They also function as the surface flow 14.4.1 conveyance elements of the
major drainage system.

Major drainage system requirements are addressed in Section 15.0.

14.7 Drainage of Roadways and Other Public Rights-of-Way - Minor System

14.7.1

14.7.2

14.7.3

14.7.4

General runoff interception and inlet requirements

i. Storm sewers and inlets shall be provided to directly drain all streets, lanes, walkways and other
public rights-of-way and to address the level of service requirements of Section 12.3.

ii. Sufficient inlet capacity is to be provided, in the form of catch basins or specifically designed inlets,
so that runoff from a 1 in 5 year rainfall event is conveyed into the minor storm drainage system
without inhibiting the use of roadways.

iii. The following specific considerations and requirements are to be addressed with respect to the 1 in
5 year rainfall event:

Flow in gutters

i.  When storm sewers exist within the right-of-way, it is preferable to transport the drainage in the
sewer rather than in the roadway gutters. Along sloped roadway sections, sufficient inlet capacity
is to be provided to take runoff from the gutter before it reaches the next downstream sag
location.

i. The depth of flow in gutters should not exceed the top of curb at any point.

iii. The width of flow along curbsides of roadways should allow for a minimum of one lane width free
of ponded water on collector roads and one free lane in each direction on two direction arterial
roads.

Flow through intersections

Drainage should not pass through intersections, but rather, sufficient inlet capacity is to be provided to
intercept all flow at the uphill side and at the upstream of the curb ramps at sag locations.

Ponding at sags

The depth of ponding at roadway sag locations and depressions is not to exceed 150 mm and should
not reach the rim elevation of any sanitary manholes located within or near the sags. Inlet capacity
provisions must consider the entire contributing area that may drain to the design location. At sag
locations, the determination of required capacity must account for flow that may bypass inlets at
upstream sloped gutter locations.
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14.7.5 Maximum spacing of inlets
Where closer spacing of inlets is not dictated by the requirements of 14.7.2 above, the spacing of
storm runoff inlets is to satisfy the following requirements:
14.7.6  Maximum flow distance in roadway gutters

Runoff shall not be required to flow a distance greater than 150 m along roadway gutters without
reaching a catch basin or other inlet to the minor storm drainage system.

14.7.7 Maximum flow distance in lanes and walkways

148 Lo
14.8.1

14.8.2

14.8.3

14.8.4

In lanes and walkways, runoff shall not be required to flow on the surface a distance greater than
180 m to a point of interception.

In the design of drainage inlets along walkways, lanes and utility rights-of-way, the designer must
consider the total area that may drain to them and space catch basins and inlets accordingly.
Often residential lots will drain onto the walkway, lane, or utility lot.

cation of Drainage Inlets

Locations for drainage inlets on roadways

i. Inlets required at sags at intersections should be located at the EC or BC of the curb return.

i. Where there is a continuous grade through the curb return at an intersection, stormwater catch
basins and catch basin manholes shall be located at the uphill side of the curb return (BC).
Normal design locations for catch basins and catch basin manholes are at sags at intersections,
turning bays and centre medians as governed by roadway design.

iii. Design locations for catch basins on residential or other roadways shall be chosen to avoid
conflict with driveway crossings wherever possible. Subject to roadway design, drainage
locations at property lines are preferred in these instances.

Location of drainage inlets at sidewalks and walkways

i.  Minor runoff event flows from swales or other flow channels draining significant areas of
residential development, parks, school sites, municipal reserve, public utility lots, or walkway lots,
shall not cross sidewalks or walkways (walks). To avoid excessive drainage of water across
walks, or ponding of water where flow is obstructed by walks, drainage inlets shall be provided at
strategic locations on the upstream side of walks to intercept concentrated drainage flows.

ii. Catch basin inlets are to be installed for this purpose and shall be located a minimum of 600 mm
from the edge of the walk.

iii. Subject to the approval of the Engineer, certain concentrated flows may be permitted to cross a
sidewalk or walkway through a 1.0 m wide concrete gutter or a monolithic curb and gutter
sidewalk section provided with such a flow channel.

Location of drainage inlets in lanes

Catch basins and catch basin manholes used to intercept drainage in lanes are to be located generally
at the longitudinal centre line of the lane and so as not to be within the typical wheel track area.

Drainage of private property

In residential subdivisions, no catch basins or leads are to be placed or extended beyond the limits of
the public rights-of-way. Low spots at the back or sides of lots must be filled and graded to ensure that
all potential collection areas drain directly or indirectly to a public right-of-way. Design requirements
for grading of private residential lots are addressed in Section 17.0.
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14.8.5 Catch basin inlets
Catch basin frame and cover types
The following Table A13 lists the current and non-current catch basin frame and cover types and
identifies the past and present applicability of each.
Table A13
Catch basin frame and cover application summary
Current types
ARITE and* Curb type _Mlnlmum bar_rel Allowable applications
cover type size (mm, nominal)
2a Straight faced 600 For catch basins only
4a Straight faced 1200 For catch basin manholes only
6 No curb 600 For off roadway locations or temporary inlets on
roadways only
K7 80mm rolled faced 600 Current preferred inlet for residential areas
DK7 80mm rolled faced 900 Current preferred inlet for residential areas
where increased capacity is needed
8 No curb 600 For lanes, swales, gutters and curb ramps
F-51 without No curb required 900 For situations requiring increased capacity over
side inlet 2a, or where there is no curb
F-51 with  Straight faced 900 For situations requiring increased capacity over
side inlet F-51
Non-current types
Frame and Curb type Minimum barrel Allowable applications
cover type* size (mm, nominal)
2 Straight faced 600 Replace with 2a
4 Straight faced 600 Replace with 4a
7 125mm straight 600 Use for replacement only
faced
K-2 Rolled faced 900 Not approved for future use. Replace with K-7
* Refer to the Construction Specifications for descriptive information on the various types.
14.8.6  Capacity of catch basin inlets

The designer is responsible for determination of the appropriate design capacity factors for the
proposed catch basin inlets. Available information with regard to the capacity and capture efficiency
of the current and non-current catch basins in provided in Appendix C.

14.9 Storm Sewer Service Connections

14.9.1

General requirements for storm services to properties

i. Residential properties

Foundation drain service connections are to be provided to all new detached, semi-detached
and duplex residential units. Storm service connections are also to be provided to the same
residential units when roof leaders’ discharges from one lot will drain to another lot. In addition,
storm service connections are to be provided when dictated by geotechnical requirements as
identified in the Hydrogeotechnical Impact Assessment or Slope Stability Evaluations for top-of-
bank locations.
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il Commercial/institutional, industrial and multiple residential properties

Storm sewer service connections for the connection of onsite storm drainage systems and/or
roof drains are to be provided to properties zoned or proposed to be zoned for commercial,
institutional, industrial and multiple residential land uses. When required service locations are
known, storm service connections should be installed concurrently with the general area
servicing. Otherwise, installation of connections may be deferred until the specific property
development is proposed.

14.9.2  Detail requirements - storm sewer services
Refer to Sections 18.4 and 18.5.

15.0 MAJOR CONVEYANCE SYSTEM DESIGN

15.1 Purpose of Section

Section 15.0 outlines the requirements and considerations which apply to the detailed design of the
conveyance elements, surface flow routes and ponding locations, of major drainage systems, which
carry flows not intercepted by or beyond the capacity of the minor drainage system.

15.2 Surface Drainage on Public Rights-of-Way - Major System

15.2.1 Level of service

i. As stated in Section 12.0, rights-of-way for roadways, walkways and other public purposes shall
be graded to provide a continuous surface drainage system to accommodate flows from rainfall
events of greater intensity than the 1 in 5 year event and convey these flows to appropriate safe
points of escape or storage.

ii. The level-of-service requirements for the major system include provision of a level of protection
against surface flooding and property damage for the 1 in 100 year return frequency design
storm. Through control of roadway and other surface elevations, designs should be such that
maximum flow ponding surface elevations are generally 0.35 m or more below the lowest
anticipated finished ground elevations at buildings on adjacent properties. An overflow must be
provided from all sags or depressions such that there will be a freeboard of at least 150 mm
above the overflow elevation to the proposed ground surface elevation at adjacent buildings and
the maximum depth of ponding is limited to 350 mm.

15.2.2  Flow capacity of streets

The theoretical street carrying capacity can be calculated using modified Manning's formula with an "n"
value applicable to the actual boundary conditions encountered. Recommended values are n = 0.013
for roadway and n = 0.05 for grassed boulevards.

15.3 Swales

A swale is a shallow sloped linear depression for conveyance of surface runoff.

15.3.1  Use of swales on public rights-of-way

Swales may be used on public rights-of-way, including easements, for the collection and conveyance
of major and minor runoff to appropriate points of interception or release. Swales on public rights-of-
way, except easements, should not to be provided with concrete flow channels or hard surface
treatments, except where such measures are required to address flow velocity or erosion concerns.

15.3.2  Use of swales on private property for drainage of other lands

The use of swales crossing private properties for collection of runoff and drainage control is not
permitted unless proper justification is produced and documented indicating that no other alternative is
feasible. If the Engineer approves use of such swales they are to be covered by easements in favour
of the City of Edmonton, to the satisfaction of the Engineer.

Refer to Section 17.0, Lot Grading and Surface Drainage Design, for details of the design and
application of public use swales on private property.
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15.3.3 Representation of the major conveyance system

i. The nature and detail of the major conveyance system is to be shown on the overall storm drainage
basin schematic within the detailed engineering drawings for subdivision developments and on lot
grading plans required for such developments or pursuant to other requirements or regulations.

ii. Information shown is to include the direction of surface flows on roadways, other rights-of-way and
all surface flow routes, areas subject to ponding and depths of ponding, elevations of overflow
points from local depressions and details of channel cross sections.

iii. Where significant major system flows are expected to discharge or overflow to a watercourse,
ravine, environmental reserve area, etc., the rate and projected frequency of such flows is to be
noted on the overall storm drainage basin schematic and the lot grading plan.

iv. For properties adjacent to storm water management facilities, requirements for appropriate control
of elevations for buildings are to be noted on the associated lot grading plans.

16.0 STORMWATER MANAGEMENT FACILITY DESIGN

16.1 Scope of Section

This section identifies the general design parameters and specific requirements that must be
considered and addressed in the planning and design of stormwater management facilities.

16.2 Basis for Detailed Design

16.2.1 Level of service

Stormwater management facilities shall be designed to satisfy the level-of-service requirements for
major system storage elements as stated in Section 12.0. The requirements for hydraulic performance
for stormwater management facilities including storage capacity, outlet restrictions, bypass and
drawdown rates and other basic design parameters such as elevations and design water levels are
required to be specifically defined and documented in the Neighbourhood Design Report (NDR) for the
respective development area.

16.2.2  Geotechnical considerations

Special geotechnical investigations to address issues related to the design of all constructed wetlands,
stormwater management lakes and dry ponds are to be undertaken as part of the planning and design
studies and are a prerequisite to the final design of such facilities.

16.2.3  Erosion and sediment control

A project specific ESC Plan shall be included with the engineering drawings. The Plan shall build on
the ESC Strategy and be developed according to the checklist presented in the ESC Guidelines.

16.2.4  Staged construction - standards for interim facilities

When stormwater management storage facilities are to be implemented in stages, the standards
applicable to the design and construction of the interim facilities are to be generally in accordance with
the standards set out herein for permanent facilities of that type. For example, where an interim dry
pond facility is proposed as a preliminary stage in the implementation of a stormwater lake system, it
shall be designed and constructed in accordance with the criteria and standards applicable to a
permanent dry pond. Any proposal for application of alternative standards will require special
approval. In all staged construction, erosion and sediment control shall be an important aspect to be
adequately addressed in the design.

16.2.5 Storage alternatives

The review of stormwater management facility alternatives should include the storage methods
described in this subsection. The optimum number and location of stormwater management facilities
must be determined bearing in mind the major/minor system concept. A combination of the various
types of facilities should be considered to select a cost-effective drainage system that minimizes
flooding and erosion and maximizes water quality improvement. Constructed wetlands or wet ponds
should be used as the final treatment process prior to discharging to the receiving watercourse.
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i. Retention storage

Retention storage collects and stores storm runoff for a significant period and releases it after the storm
runoff has ended. Retention storage is often associated with "wet reservoirs,” more commonly referred
to as "stormwater management lakes" or "wet ponds". These may accommodate special recreational or
aesthetic uses centred on a minimum number of permanent pools.

ii. Constructed wetlands

Constructed stormwater wetlands are human-made systems, designed, constructed and operated to
emulate natural wetlands or many of their biological processes. They are generally shallow
impoundments, planted with emergent rooted vegetation or colonized naturally by volunteer plant
species. Water is the primary factor controlling the environment and associated plant and animal life.
The water storage, filtering capacity and biological processes in wetlands can improve the quality of
stormwater discharge. They may be designed as single or multiple cell compartments to allow
redistribution of flows, maintenance of plant communities and flexibility in operation.  Multiple cell
wetlands may be designed as a series of cells or as parallel cells.

iii. Detention storage

Detention storage or “dry ponds” have been commonly used for storage in urban drainage works but
their use is actively discouraged by the City because of their shortcomings for stormwater quality
enhancement. When the inflow is large enough, the proper functioning of flow controls on the outlet
from the system restricts the outflow to a rate much less than the inflow and causes the excess to be
temporarily detained in the storage element. Dry ponds should only be used at the discretion of the City
when constructed wetlands and or wet ponds are not practical.

iv. Upstream storage

The storage of water close to the points of rainfall occurrence is referred to as upstream storage. This
may be retention or detention storage and usually consists of rooftop ponding, parking lot ponding,
property line swale ponding and small ponds in green areas. Although this method lends itself well to
planned unit development, it may only be applicable when suitable and effective means are established
to ensure that both implementation and long-term operating and maintenance responsibilities are met by
property owners.

v. Downstream storage

Water stored downstream of the area where the rainfall occurs is downstream storage. It may be of
either the retention or detention types.

vi. Offstream storage

A minor conveyance system may conduct low flows directly to an outlet, but have restricted outlet
capacity or flow control elements that allow only peak flows to be routed to a storm water management
facility for storage. This form of storage is usually termed "offstream" or "off-line" storage. The storage
may incorporate depressed open areas, reservoirs and low lying recreation fields.

vii.  Channel storage (blue-green storage)
Slow-flow channels with wide bottoms provide channel storage as an inherent part of their hydraulic
characteristics. As the channel fills to transport water it is also storing water.

viii. Onstream storage

Onstream storage is achieved through the construction of an embankment across a channel so that a
storage pond is formed. Spillway considerations are important to pass large floods exceeding the
design runoff.

16.3 Design Requirements Common to Storm Water Management Facilities

16.3.1  Outflow control works

i. The outlet from a stormwater management storage system must incorporate appropriate means
for control of outflow, to limit the rate of discharges as prescribed in the Neighbourhood Design
Report. In addition the outlet works must include provisions for operational flexibility and to
address unintentional blockage of the outlet and the possible need to either stop outflow or
increase the rate of outflow.
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ii. Outflow control gate

Each storage facility shall be provided with a slide gate or similar means to stop the discharge of
impounded water from the facility.

iii. Outlet control bypass and rapid drawdown provisions

=  The outlet works of each storage facility are to include the means to permit bypassing of the
control element and discharge at an increased rate, as may be required to drawdown water
levels at the facility more rapidly than the controlled rate would allow. Refer also to 16.8.8 in
regard to provisions for draining wet storage facilities.

=  These provisions may require that outlet connecting sewers be sized with capacity in excess of
that defined as the normal controlled outlet rate. An assessment of downstream system
capacities, considering conditions during and subsequent to rainfall events, is necessary to
define the constraints in this regard, including the impact of discharges from other stormwater
management systems that may be operating in parallel.

= In any case, the means should be provided to permit discharge from storage facilities at the
maximum rate of flow that the downstream system can accommodate after storm runoff peak
flows have passed and the flows from other contributing areas have decreased or ended. The
rate of discharge to be provided for rapid drawdown purposes is to be sufficient to restore the
availability of storage capacity above normal water level (NWL) to accommodate subsequent
runoff events within a reasonable time frame. To achieve this purpose, drawdown rates should
satisfy the following relationship:

Time after commencing Available volume between
drawdown from design full level design high water level (HWL) and NWL
24 h Volume equivalent to runoff from 1 in 5 year storm
48 h Volume equivalent to runoff from 1 in 25 year storm
96 h 90% of total storage volume above NWL

16.4 Emergency Overflow Provisions

Where feasible an emergency overflow spillway is to be incorporated in the facility design. The
designer is to identify the probable frequency of operation of the emergency spillway. Where provision
of an emergency spillway or overflow route is found to be unfeasible, the design is to include an
analysis of the impact of overtopping the storage facility and the probable frequency of occurrence of
overtopping. Both analyses should consider the possible consequences of blockage of the system
outlet or overloading due to consecutive runoff events, such that the storage capacity of the facility
may be partially or completely unavailable at the beginning of a runoff event.

16.5 Maintenance and Service Manual

As part of the responsibility for design of a stormwater management storage facility the designer
shall prepare and provide a Maintenance and Service Manual for the facility.

Six complete copies of the manual are to be provided to Drainage Services prior to the transfer of
operational responsibility to the City. The manual shall include complete equipment manufacturer's
operation, maintenance, service and repair instructions and complete parts lists for any
mechanized or electrical equipment incorporated in the design.

The manual is to include, at minimum, the following information:

= A copy of the approved engineering drawings relating to the stormwater management facility
and appurtenances, updated to "As-Built".

=  Acompleted Lake Data Summary Form.
=  Schematic diagrams of the inlet and outlet arrangements, connections to and arrangement of

upstream and downstream systems, including all controls, shutoff valves, bypasses,
overflows and any other operation or control features.

= Location plans for all operating devices and controls, access points and routes, planned
overflow routes, or likely point of overtopping when the design containment volume is
exceeded.
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= Head Discharge and Stage Discharge Curves with clear relationships of the stages to
surrounding features.

=  Stage-discharge relationships for receiving storm sewers or channels downstream of the
storage outlet, with indication of backwater effects which may restrict the outflow or which
shall be considered in the operation of the facilities outlet controls.

= An outline of the normally expected operational requirements for the facility.
=  An outline of emergency operating requirements under possible abnormal situations.

=  The manual shall include a simplified schematic and description for quick reference (a “user-
friendly drawing”) indicating operations modes, bypass considerations, basin area, etc.

16.6 Signage for Safety

Stormwater management facilities shall include mounting provisions for adequate signage to warn of
anticipated water level fluctuations, and markers indicating the design high water level. Warning signs
will be provided and installed by Drainage Operations.

16.7 Engineering Drawing Requirements

The engineering drawings for any SWM facility are to include the following information, in addition to
the physical dimensions:

Stage-Storage Volume and Stage-Area Curves and tables of the values.
The High Water Level (HWL) design event basis.

Elevations at Pond Bottom, Normal Water Level (NWL), 5 Year, 25 year, 100 year Level and
HWL.

Storage Volumes at NWL, 5 Year, 25 Year, 100 Year Level, HWL, and freeboard level.
Area at Pond Bottom, NWL, 5 Yr, 25 Yr, 100 Yr, HWL, and freeboard level.

Freeboard elevation.

Notation indicating the lowest allowable building opening elevation for lots abutting the lake.
Pond and forebay depth at NWL, 5 Year Level, 25 Year, 100 Year Level and HWL.

Length of shoreline at NWL, 5 Year Level, 25 Year, 100 Year, and HWL.

Pond and forebay area in ha. at NWL, 5 Year, 25 Year, 100 Year Level and HWL.
Contributing basin size in ha.

Measurements to locate submerged inlet(s), outlet(s) and sediment traps referenced to
identifiable, permanent features which are not submerged at NWL.

16.8 Design Details for Stormwater Management Lakes (Wet Ponds)

16.8.1 Land dedication and easement requirements for wet ponds

The requirement for dedication of land on which a stormwater management lake is to be situated
will be in accordance with the City’s current policy.

Generally, the area of land which would be covered by water when the lake level is at its normal
water level (NWL) will be designated as a "Public Utility Lot." This designation will also apply to
all rights-of-way for access to and protection of inlets, outlets and flow control facilities, and
maintenance access routes to the lake.

Land that is adjacent to a lake which is subject to flooding as per the design standard established,
but which is part of a privately owned developed parcel, will be required to carry easements to
allow for encroachment of water onto the affected land and to restrict the development of
improvements in areas subject to inundation. The easement document shall be prepared by the
Developer, naming the City as grantee, according to the City standard format.

A restrictive covenant will be placed upon lots abutting the lake to control lot development so as
not to compromise design requirements of the stormwater management facility and ensure that
an adequate freeboard is maintained.
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16.8.2  Minimum lake size

When a choice is necessary between using one larger lake as an alternative to two or more smaller
facilities, one of which would have a lake surface area of less than 2 ha at normal water level, then one
lake is to be used. This is to discourage proliferation of large numbers of small lakes and higher
maintenance costs.

16.8.3  Side slopes

i. Side slopes requirements are to be generally as shown in Figure 16.1.

i. Areas normally or infrequently covered by water, from the design high water level down to a point
1.0 m below the normal water level, shall have a maximum slope of 7 horizontal and 1 vertical.
This is to include all overflow areas that will be within easements on private property.

iii. A slope of 3 horizontal to 1 vertical shall be used from the 1.0 m depth point (below normal water
level) to the pond bottom. This is to minimize the area of shallow water when the lake is at
normal water level, to discourage the growth of unwanted vegetation.

iv. Where confined space or extremes of topography dictate, limited areas within overflow areas
located on Public Utility and Walkway lots may be graded with a slope of 5 horizontal and 1
vertical. Proposals to amend the slope requirements will be approved by the Engineer on a site
specific basis.

AREA MAY BE LAMDSCAPED WITH GRASS
AS PART OF LAKE CONSTRUCTION
£
e
£
a
& w PUBLIC UTILITY LOT
g OR
£ E PRIVATE PROPERTY
7m - EASEMENT
HIGH WATER LEVEL
2.m 2.m FREEE0ARD [ B.3m
NORMAL WATER LEVEL} | —FL AN He
g 'f'/ — N\ 711 SLOPE
‘S 5 TREATMENT MAXIMUM
i
POND
BOTTOM 3:1 SLOPE

MAXIMUM
NOTE: FREEBOARD REOUIREMENTS ARE TO BE
DETERMINED AS PART OF THE STORAGE
FACILITY DESIGN, AND MAY VARY IN
CONSIDERATION OF THE FACILITY
DESIGN BASIS.

Figure 16.1
Recommended Cross Section - Stormwater Management Lakes

16.8.4  Minimum depth

The minimum depth from normal water level to lake bottom (beyond the side slope area) shall be
2.5 m. Refer to Figure 16.1.

16.8.5 Lake bottom material
i. For areas where the ground water table is below the NWL, the lake bottom and side slopes are to
be composed of impervious material with a suitably low permeability (e.g. with a permeability
coefficient in the order of 1 x 1076 cm/s).

i. For areas where the ground water table is expected to be near or above the NWL, the lake
bottom may be of a pervious material as dictated by geotechnical considerations.
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16.8.6

16.8.7

16.8.8

Circulation requirements

Narrow and/or dead bay areas where floating debris may accumulate are to be avoided. Inlets and
outlets should be located to maximize detention time and circulation within the lake water body.

Inlet and outlet requirements

i. Submergence of inlets and outlets

Inlets and outlets are to be fully submerged, with the crown of the pipe at least 1.0 m below normal
water level. Inlet and outlet pipe inverts are to be a minimum 100 mm above the lake bottom.

ii.  Provision for free outfall from inlets to lakes

The invert elevation of the inlet pipe(s) to the first manhole upstream from the lake shall be at or above
the normal water level of the lake to avoid deposition of sediments in the inlet to the lake. To avoid
backwater effects in the upstream sewers the obvert of the inlet sewer at the first manhole upstream
from the lake shall be at or above the lake level for the 1 in 5 year storm. A drop structure upstream
from the lake will generally be required to achieve this. Inlet and outlet control calculations are required
to verify the mode of operation of the inlets.

iii. Separation of inlets and outlets

Whenever feasible and at the discretion of the City, the inlet and outlet should be physically separated
and be located at the perimeter of the facility. The inlet and outlet should be distanced as far as
possible from each other to avoid hydraulic short-circuiting.

iv.  Provisions for water level measurement

To permit direct measurement of water level in the lake, a manhole is to be provided and hydraulically
connected to the lake so that the level of water in the manhole will mimic the lake water surface level.

v. Inlet and outlet foundation should be designed to provide adequate support to the structures
(either through Class A bedding or piles)

Provisions for lowering the lake level

The provision of the means to drain the lake completely by gravity drainage is desirable. The
incorporation of this provision with the outlet control bypass should be considered. Refer, whenever
feasible, to 16.3.1 iii. Where a gravity drain is not feasible, provisions are to be made in association
with the outlet works or otherwise, so that mobile pumping equipment may be used to lower the lake
level.

16.9 Sediment Removal Provisions

The lake design shall include an approved sedimentation removal process for control of heavy
solids that may be washed to the lake during the development of the contributing basin.

Sediment basins shall be provided at all inlet locations for use after completion of the subdivision
development.

16.10 Lake Edge Treatment

Edge treatment or shore protection is required and shall be compatible with the adjacent land use.
The treatment used shall meet criteria for low maintenance, safety and ease of access to the
water’s edge.

The edge treatment is to cover the ground surfaces exposed by a lake level decrease to 0.3 m
below the normal water elevation (NWL) and covered by a lake level increase to 0.3 m above the
NWL (refer to Figure 16.1) and shall be adequate to prevent erosion of the lake edge due to wave
action. The typical edge treatment shall be a 250 mm deep layer of well graded washed rock, 75
mm minimum size, underlain with a woven polypropylene geotextile fabric.

The designer is encouraged to propose alternate edge treatments that exceed this minimum
standard. The final selection of edge treatment is subject to the approval of the Engineer.
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16.11 Maintenance Access Requirements

All-weather vehicle access must be provided to all lake outlet controls and works. An all-weather
vehicle access route shall also be provided to the edge of all stormwater management lakes suitable
to carry maintenance vehicles and for use as a boat launch point. The access shall be a minimum of
3.0 m wide, extend into the lake to a point where the normal water depth is 1.0 m and be accessible
from a public road right-of-way. Sharp bends are to be avoided and it shall have a straight run of 12 m
or more leading to the lake edge, to permit a straight run in for launching of boats and weed harvesting
equipment.

16.12 Landscaping Requirements

Landscaping of areas bounding the lake is to be part of the lake construction requirement, and plans
shall be submitted as part of the engineering drawings. This shall include all proposed public lands
comprising the lake and all easement areas on private property, including areas from the lake edge
treatment to the limit of inundation when the lake is filled to the design high water level,. The minimum
requirement for landscaping shall be the establishment of grass cover. Refer to Figure 16.1.

16.13 Design Details for Constructed Wetlands

16.13.1 For details refer to Figure 16.2 — Schematic Diagram of Constructed Wetland in Section 16.13 and to
Table 1 — Design Summary Guide for Constructed Wetland in Section 16.14.

16.13.2 Land dedication and easement requirements for constructed wetlands

i.  The land required for the constructed wetland will be dedicated to the City.
ii. Itis nota part of the municipal reserve provided by the Developer to the City.
iii. Itis not part of an environmental reserve.

iv. Generally, the area of land which would be covered by water when the water level is at the most
critical design storm event level, high water level, will be designated as a “Public Utility Lot.”
This designation will also apply to all rights-of-way for access to and protection of inlets, outlets
and flow control facilities, and for maintenance access routes to the wetland.

v. Lots abutting the constructed wetland are allowed provided that there are areas around the
wetland that are open for maintenance access routes to the wetland and secondary uses to the
public. Referto Section 16.13.21 and 16.13.22.

vi. A restrictive covenant will be placed upon lots abutting the constructed wetland to control lot
development so as not to compromise the design requirements of the stormwater management
facility and ensure that an adequate freeboard is maintained. Where overland overflow is
available, a minimum of 0.3 m freeboard above HWL is acceptable. Otherwise, a minimum of
0.5 m is required.

16.13.3 Suspended solids removal

The minimum design requirement for total suspended solids removal is 85% of particle size 75um or
greater, as recommended by Alberta Environment and Sustainable Resources Development, April
2001. Constructed wetlands are considered to be the most effective treatment for sediment control
and it is expected that this recommended criteria for reduction of total suspended solids will be
achieved. Refer to section 16.13.12 i.

16.13.4 Wetland drainage area
i. A minimum drainage area of 5 ha is required to generate constant or periodic flow to the
constructed wetland.

ii. The smallest practical drainage area is considered to be 20 ha. For drainage areas between 5
and 20 ha in size, the City may approve the use of constructed wetlands on a site-specific basis.

iii. To determine that a permanent pool can be maintained in a constructed wetland, hydrological
studies are to be conducted using the size and characteristic of the drainage area.

iv. The City prefers that fewer, larger wetlands be constructed rather than a series of smaller
constructed wetlands.
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v. The Developer is required to implement the ESC Plan during development in the drainage area
to minimize sediment loading to the forebay and wetland during the construction phase of the
project and during the staged construction of the stormwater management facility.

16.13.5 Wetland Soil Characteristics

i. For wetland deep water areas, low soil permeability of 107 m/s is recommended to maintain a
permanent pool of water and minimize exfiltration. Compacted sandy clays and silty clay loams
may be suitable provided that documented geotechnical testing demonstrates low soil
permeability.

i. Wetland vegetative zones can be constructed using soils from recently displaced wetlands,
sterilized topsoil, or peat from within the drainage basin or region. A layer of 10 cm to 30 cm of
soil shall be spread over the vegetation zones of the constructed wetland. Planting will be done
in this soil over the 2 years following construction.

16.13.6 Wetland vegetation

i.  After construction and placement of soil the entire vegetation area shall be planted with species
that are tolerant to wide ranges of water elevations, salinity, temperature and PH as the pioneer
colonizer to quickly establish a protective canopy and rigorous root development to stabilize the
soil.

ii. In the spring of the year following construction the entire vegetation zone shall be overseeded
with legumes and wild flowers. Also, at approximately the same time, the area above NWL shall
be planted with 50% of the woody species agreed upon as noted in Section 16.13.7. Plants
shall be selected for tolerance to flooding and oxygen-reduced environments.

iii. One year after completion of construction a stable mixture of water tolerant grasses shall be in
place.

iv. In the spring of the second year following construction the non-surviving woody plants shall be
replaced and the remaining 50% of the woody plants shall be planted.

v. Two years after completion of construction a diverse population of water tolerant grasses, native
grasses, wild flowers, and water tolerant woody plants shall have taken root.

vi.  Manipulation of water levels may be used to control plant species and maintain plant diversity.
vii.  Harvesting emergent vegetation is not recommended.
16.13.7 Upland vegetation in the extended detention storage area around the wetland
i. Requirements for screening the constructed wetlands, between NWL and HWL, from adjacent
land uses and for visual aesthetics shall be agreed by the Developer and the City.

i. A mow strip of a minimum of 2 m shall extend from the public utility lot boundary towards the
constructed wetland NWL. This is to act as a safety bench and weed barrier to prevent root
invasion of adjacent properties by Poplar and Aspen species.

16.13.8 Wetland water depth
i. Use a variety of water depths, 0.1 m to 0.6 m with an average permanent water depth of 0.3 m,
to encourage emergent vegetation.

i. Deep water areas, i.e. greater than 2 m, are to be limited to less than 25% of wetland surface
area.

iii. Water level fluctuation in excess of 1 m above NWL should be infrequent to prevent killing of the
vegetation.

16.13.9 Wetland surface area

i.  The surface area of the constructed wetland shall be a minimum of one hectare at the NWL.
i. The wetland surface area is typically about 3% to 5% of the drainage area.

16.13.10 Wetland volume

To achieve suspended solids removal for the highest level of protection, it is required to provide 80 m®
of dead storage volume per hectare for a drainage area 35% impervious. For an area 85%
impervious, a dead storage volume of 140 m? per hectare of drainage area is required.
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16.13.11 Length to width ratio
i.  The minimum ratio should provide an effective flow path length at low flow that is three times the
relative wetland width in order to increase the residence time.
i. Incoming water should be well distributed throughout the land and be conveyed as sheet flow to
optimize treatment.
16.13.12 Forebay
i. A forebay is required at each major inlet, to trap suspended solids before stormwater enters the
constructed wetland.
i. A majorinletis one that provides greater than 10% of the total storm inflow to the wetland.
iii. Aforebay is to be between 2.4 m to 3.0 m deep for major inlets.
iv.  Provide maintenance access at forebays to permit removal of sediments.
v. Runoff leaving the forebay should pass through shallow areas of emergent vegetation.
vi. Side slopes shall be a maximum of 7 horizontal and 1 vertical (7H:1V) along accessible areas
around open and deep water areas at the forebay.
16.13.13 Permanent pool at the outlet
i. The permanent pool requires a depth of 2.4 m to 3.0 m. Size can be variable depending on the
wetland’s configuration.
i. Side slopes shall be a maximum of 7H:1V along accessible areas around open and deep water
areas at the permanent pool.
16.13.14 Inlet and outlet

i. Inlets are to discharge to a forebay.

ii. A variable water level control structure is required on the outlets for maintenance and water
management purposes and to assist with the establishment and management of vegetation.
The control structure should be capable of maintaining water levels between 0.5 m below NWL
and 0.5 m above NWL. Variable water level control should be obtained through the
manipulation of stop logs or similar overflow devises.

iii. Inlets and outlets should be located to avoid short-circuiting and maximize the flow path.

iv. The maximum depth in the inlet and outlet areas is restricted to 3.0 m.

V. Inlets and outlets are to be fully submerged, with the crown of the pipe at least 1.0 m below
NWL. Inlet and outlet pipe inverts are to be a minimum of 100 mm above the bottom.

Vi. Provide reinforced grassed maintenance access, with a minimum width of 3 m, to forebay and

permanent pool to allow for sediment removal.
16.13.15 Grading
i. Slopes shall be 5H:1V or flatter to support larger areas of wetland vegetation. Terraced slopes
are acceptable.

ii. A 2 m wide shallow marsh bench around the wetlands at NWL with a 10H:1V slope and the use
of terraced grading is recommended to improve public safety.

iii. Side slopes around the accessible deep areas in sediment forebay and permanent pool areas
shall be a maximum of 7H:1V.

iv. The 2 m wide mow strip shall have a side slope of either 7H:1V at accessible deep water areas
or 5H:1V in other areas around the wetland.
16.13.16 Outflow control

The quickest drawdown time shall be 24 hours for a 1 in 2 year storm to facilitate settling. For the
most critical storm event, 90% of the total active storage volume shall have a drawdown time of 96
hours.

Time After Commencing Available Volume
Drawdown from Full Level at HWL Between HWL and NWL

> 24 hours Volume equivalent to runoff from 1 in 2 year storm
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48 hours Volume equivalent to runoff from 1 in 5 year storm
< 96 hours 90% of total storage volume above NWL

16.13.17 Floatables, oil and grease

To trap floatable materials, oil and grease, inlets and outlets are to be below normal water level.

16.13.18 Maintenance

i. The Developer is required to provide an operations and maintenance manual.

i. Maintenance and warranty period shall be two years from construction completion certificate
(C.C.C.) issuance.

iii. Removal of accumulated sediment during construction from forebays will be required prior to
issuance of the final acceptance certificate (F.A.C.).

iv.  Sediment traps are to be cleaned during the maintenance period.

v. Sediment removal is required when forebay and permanent pool volumes are reduced by greater
than 25%.

vi. Replace or adjust plantings and manage nuisance species during the maintenance period.

vii. During the maintenance period, the facility shall be inspected at least twice each year to
determine vegetation distribution and the preservation of design depth. These inspection reports
shall be submitted when applying for the F.A.C.

viii.  In future years, wetland vegetation regeneration should be possible by lowering the water level in
the fall season using the control structure.
16.13.19 Monitoring

i. The Developer shall monitor stormwater quality. If required by the City, effluent from the
permanent pool shall be sampled and tested for the following parameters: TSS, TP, NH3;, BOD
and faecal coliforms each year during the maintenance period and the data provided to the City.

i. The Developer shall also monitor wetland and upland vegetation and take any corrective action
required during the maintenance period.

iii. At the end of the maintenance period, before the issuance of the F.A.C., the Developer shall
ensure that at least 75% of the grass cover and 30% of the non-grass emergent vegetation
around the wetland’'s edge has established given normal seasonal conditions. A vegetation
survey by a qualified professional shall be submitted to the City.

16.13.20 Public Information

The Developer is required to inform the general public by means of signage and brochures that the
facility is a wetland constructed for stormwater management.

16.13.21 Recreational Uses

Planting strategies should deter direct public access to the wetland so as to avoid disturbance of the
wetland fauna.

16.13.22 Access

Access is required to all inlets and outlets for maintenance, operation of water control structures,
removal of debris and litter and vegetation management.

16.13.23 Fencing

i. The Developer is required to use natural solutions such as grading and planting strategies to
provide safety features for the wetland, inlets and outlets.
ii. The Developer shall provide a fence at the public utility lot boundary with openings for
maintenance and public access to trails.
16.13.24 Wildlife

At the discretion of the City and the Developer the design may incorporate features that either
encourage or discourage wildlife.
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16.13.25 Mosquito Control

The Developer shall include design features that minimize mosquitoes in a constructed wetlands

Features can include system design and vegetation management that would preclude
stagnant backwaters and shading of the water surface, providing habitat for purple martin, swallows,
baitfish, dragon flies, bats and other predators.

facility.

PERMANENT
P WETLAND POOL
[FOREBAY + PERMANENT) < 25% S.A. @ NWL
e o OQUTLET

HWL

Figure 16.2 — Schematic Diagram of Constructed Wetland
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16.14 Summary Guide for the Design of Constructed Wetlands

Table 1 — Design Summary Guide for Constructed Wetland

Design Design Objective Minimum Criteria Recommended
Element Criteria
Level of To provide appropriate level of  |Most critical storm event design and 85% TSS removal of particle size
Service/ protection and adequate volume |75um or greater for water quality.
Volumetric for quantity (retention) and Provide 80 m® of dead storage volume per hectare for a drainage area
Sizing quality (treatment). 35% impervious. For an area 85% impervious provide a dead storage
volume of 140 m® per hectare of drainage.
Land To apply appropriate designation |Public Utility Lot - area covered by water at the most critical design
Dedication for specific areas within the storm event; not part of municipal reserve, nor part of area's natural

wetlands facility

history, nor part of environmental reserve.

Drainage Area

Maintain the sustainability of the
wetlands, provide constant and
or periodic flows and prevent
stagnant and long periods of dry
conditions.

Minimum of 5 hectares.

20 hectares;

Wetland Minimum of 1 hectare at NWL.
Surface Area
Number of To provide higher and consistent |A series of small wetlands offering higher treatment capability can be  |Fewer, larger
Wetlands contaminant removal. provided. wetlands
preferred.
Soil To maintain a permanent pool of |For wetland deep water areas, 10" m/s soil permeability; sandy clays
Characteristics |water by minimizing exfiltration. |and silty clay loams may be suitable when compacted.
Construct wetland vegetation zones using soils from displaced
wetlands, sterilized topsoil or peat, to a depth of 10-30 cm of the bottom
of the wetland.
Wetland Stormwater quality treatment. Plant diverse species within one year after construction; use soils from
Vegetation For public safety. displaced wetlands or topsoil or peat to a depth of 10-30 cm of the
Upland To act as safety bench and also |POttom of the wetland.
Vegetation weed barrier to prevent root A 2 m wide shallow marsh area around the wetland at NWL.

invasion of adjacent properties
by Poplar and Aspen species.
To provide aesthetic buffer to
adjacent lands.

Screening requirements between NWL and the most critical design
storm event to be agreed between the Developer and City.

A mow strip, minimum 2 m wide, extending from HWL to NWL.

Water Quality

To provide stormwater treatment

TSS removal is 85% of patrticle size 75 um or greater.

Sediment
Forebay (inlet)

To provide sediment removal as
pre-treatment and have the
ability to re-direct incoming flows
as sheet flow with a submerged
inlet structure.

Required for major inlets.
Depth: 2.4 mto 3.0 m.
Total deep surface areas < 25% of wetland surface area.

Side slopes: maximum 7 horizontal to 1 vertical (7H:1V) around the
area.

Forebay Maximize flow path and minimize [Minimum of 2:1 measured along flow path.
Length to short-circuiting.

Width Ratio

Permanent To provide a submerged outlet |Depth: 2.4 m to 3.0 m.

Pool (outlet)

structure and have the ability to
regulate water levels.

Total deep areas < 25% of wetland area.
Side slopes: maximum of 7H:1V around the area.

Active Storage
Detention Time

To enhance treatment and
suspended solids settling.

Drawdown time: > 24 hrs for volume equivalent to runoff from a 1 in 2
storm;

48 hrs for volume equivalent to runoff froma 1 in 5
storm;

< 96 hours for 90% of total active storage volume
above NWL.

80 m* of storage volume/ha for a drainage area 35%
impervious.

140 m*® storage volume/ha for a drainage area 85%
impervious.

Dead storage:

Length to
Width Ratio

To maximize flow path and
minimize short-circuliting.
Provide longer contact time over
the surface area of the marsh.

Optimize treatment capability.

Effective flow path length to be 3 times the relative wetland width.

Incoming water should be well distributed throughout the land and
conveyed as sheet flow after the forebay.
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Design
Element

Design Objective

Minimum Criteria

Recommended
Criteria

Wetland Depth

To encourage emergent
vegetation.

Variety of water depths: 0.1 m - 0.6 m. Average depth: 0.3 m.
Deep water areas, >2 m, only in forebay and permanent pool.
Water fluctuation in excess of 1 m above NWL should be infrequent.

Recreational  |Public amenity and safety. A trail may be provided beside the mow strip between NWL and the
Uses private property boundary.
Planting strategies should deter direct access of public to wetlands.
Side Slopes To provide drainage and ensure |5H:1V along all edges except at accessible deep water areas in
safety along deep open water. forebay and permanent pool areas where shall be 7H:1V.
To provide erosion control and | Terraced slopes are acceptable.
accessibility for maintenance. | The 2 m wide shallow marsh area at the NWL boundary shall be
10H:1V slope.
Access For maintenance and operation [Required at all inlets and outlets.
of water control structures, litter
and debris removal and
vegetation management.
Inlet Safety and maintenance. Maximum depth: 3 m.
Distanced far away from outlet to avoid short-circuiting of flow.
Fully submerged: crown 1.0 m below NWL;
invert 100 mm above bottom.
QOutlet Safety, maintenance and Use variable water level control structures to regulate water levels
assistance in plant species between 0.5 m below NWL and 0.5 m above NWL.
management. Maximum depth: 3 m.
Distanced far away from inlet to avoid short-circuiting of flow.
Fully submerged: crown 1.0 m below normal water level;
invert 100 mm above bottom.
Maintenance |Access for equipment. Width: 4 m.

Vehicle Access

Fencing Safety. Use natural solutions such as grading and planting strategies.
Developer should provide fencing around the PUL with openings for
maintenance and public access to trails.

Signage Safety and public information. Can use sighage and brochures.

Erosion and Implement appropriate erosion and sediment controls during development in the drainage area during the

Sediment construction phase and during the staged-construction of wetland.

Control

Wildlife At the discretion of the Developer and the City.

Mosquitoes Incorporation of design features that minimize mosquitoes.

Floatables, Oil |To trap floatables, oil and Inlets and outlets are to be below NWL.

and Grease grease.

Maintenance |To properly operate and maintain [Maintenance and warranty period shall be 2 years from the date of the

constructed wetland; to optimize |Construction Completion Certificate.

treatment. Developer to provide an operations and maintenance manual.
Replacing and or adjusting plantings, managing nuisance species and
cleaning sediment traps are required.
Inspect at least twice each year.
Sediment removal required when sediment loading reduces forebay
and permanent pool volumes by greater than 25%.
Provide reinforced grassed maintenance access to forebay and
permanent pool, 4 m minimum width.

Monitoring To monitor, make necessary Developer to monitor stormwater quality during the maintenance

corrective actions, and compile
data on the use of constructed
wetland as a stormwater
management facility.

period.

Developer to monitor wetland and upland vegetation and take
corrective actions when necessary during the maintenance period.
Before issuance of the F.A.C., the Developer shall ensure that at least
75% of the grass and 30% of the emergent vegetation around the
wetland's edge has established.

A vegetation survey by a qualified professional shall be submitted to
the City.
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16.15 Design Standards for Dry Ponds

16.15.1

16.15.2

16.15.3

16.15.4

16.15.5

16.15.6

16.15.7

Land dedication for dry ponds

i. Dry ponds to be operated by the City of Edmonton are to be located within public utility lots that
encompass all lands subject to inundation at the 5 year design high water level.

i. Lands subject to inundation for larger storm events, to the limit of inundation for the design
maximum event, are to be either:

» included within the Public Utility lots, or

= privately owned land covered by an easement in favour of the City to permit the
encroachment of water onto the property and restrict development in areas subject to
inundation.

iii. A restrictive covenant is to be registered on the titles of lots abutting the dry pond onto which
ponded water will encroach in order to control lot development below HWL so as not to
compromise the dry pond design requirements. This will also ensure that an adequate freeboard
iS maintained.

Frequency of operation

i. All dry ponds shall be off-line storage areas designed to temporarily detain excess runoff and
reduce the peak outflow rates to the downstream system.

i. Designs that propose containment of runoff due to events more frequent than 1 in 2 years are to
include special provisions to facilitate clean up, i.e. paved bottom areas or having a slope of 2%
to the outlet to prevent ponding.

Depth of ponding

The maximum live storage limit in a dry pond is 3.0 m measured from the invert elevation of the outlet
pipe.

Dry pond bottom grading and drainage

The dry pond shall be graded to properly drain all areas after its operation. The pond bottom shall
have a minimum slope of 0.7% and a slope of 1.0% or greater is recommended where feasible.
Lateral slopes shall be 1.0% or greater. French drains or similar may be required where it is
anticipated that these slopes will not properly drain the dry pond bottom, or where dictated by multiple
use or other special considerations.

Side slopes

Side slopes subject to inundation upon filling of the dry pond shall have a maximum slope of 7
horizontal to 1 vertical within private property and a maximum slope of 5 horizontal to 1 vertical within
public property.

Landscaping

Landscaping of dry ponds will be considered part of the construction and plans shall be submitted with
the engineering drawings. The minimum requirement for landscaping of dry ponds shall be the
establishment of grass cover.

Inlets and outlets

i. All inlet and outlet structures associated with dry ponds shall have grates provided over their
openings to restrict access and prevent entry into sewers by children or other persons. A
maximum clear bar spacing of 150 mm shall be used for gratings.

ii. Grated outlet structures are to be designed with a hydraulic capacity of at least twice the required
capacity to allow for possible plugging. Further, the arrangement of the structures and the
location of the grating shall be such that the velocity of the flow passing through the grating will
not exceed 1.0 m/s. Appropriate fencing and guard-rails are to be provided to restrict access and
reduce the hazard presented by headwalls and wing walls.

iii.  Whenever feasible and at the discretion of the City, the inlet and outlet should be physically
separated around the perimeter of the dry pond. The inlet and outlet should be distanced as far
as possible from each other to avoid hydraulic short-circuiting.
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17.0 LOT GRADING AND SURFACE DRAINAGE DESIGN

17.1 Purpose of Section

This section outlines the requirements and considerations that apply to the detailed design of lot
grading and surface drainage plans.

17.2 Surface Drainage on Private Property

17.2.1 Level of service

The level-of-service requirements for lot grading include provision of protection against surface
flooding and property damage for the 1 in 100 year return frequency design storm. Through control of
surface elevations, designs should be such that maximum flow or ponding surface elevations are 150
mm below the lowest anticipated finished ground elevations at buildings. An overflow route or
sufficient ponding volume must be provided from or at all sags or depressions to provide for this 150
mm freeboard with the maximum depth of ponding is limited to 350 mm.

17.2.2 Intent and application of lot grading plans

i. The establishment of a lot grading plan is one of the principal means for establishing a critical
component of the major drainage system. The lot grading plan is a specific requirement within
the detailed Engineering Drawings for a subdivision under the terms of a standard servicing
agreement. Lot grading plans are required for most property developments involving building
construction or surface improvements and may be a requirement of a development permit or
pursuant to requirements of bylaws, regulations, other approvals or agreements.

i. Site grading shall ensure proper drainage of individual private properties or establish an effective
surface drainage system for a whole development area. A lot grading plan will establish the
drainage relationship between adjacent properties and its approval is an effective basis for the
control of grading of the properties.

iii. The lot grading plan shall be suitable for use as a tool to control surface drainage through the
development process and thereafter. The lot grading plan will be approved by Drainage Services
to establish the "Surface Drainage Plan" pursuant to the Drainage Bylaw #16200. The lot grading
plan may be enforced by the City, initially to implement the approved grading and then to have
the grading maintained by the property owner to prevent or correct obstruction of flow routes and
excessive or recurrent ponding of water around buildings.

iv. Refer to the Lot Grading Guidelines, published by Drainage Services, for an outline of the
mechanisms for establishment and control of lot grading and for drawings showing typical
standard grading patterns for unit residential, multi-family residential and commercial/industrial
properties. These guidelines are available directly from Public Services, Drainage Services or via
the Internet through the City of Edmonton’s home page.

v. General considerations in the establishment of lot grading plans

= In the design of lot grading plans, the designer must achieve a proper relationship and
balance between the street elevation, building grade elevation, surrounding development
and existing topography.

= The implications of required noise attenuation berms and other elevation controlling features
are to be fully addressed by the designer. It is also important to ensure that the lot grading
design and the anticipated house or building designs are complementary. Reverse slope
driveways and other features that would be likely to capture runoff or fail to drain during
major rainfall events should be discouraged.

= The Developer must ensure that builders are informed of any potential problems or
restrictions respecting building design and lot grading. The lot grading plan will be used as
one of the principle means by which this information is communicated.

17.3 Lot Grading Design Requirements

17.3.1  Details of grading within lots

Refer to Figure 17.0.1A and Figure 17.0.1B for typical lot grading details for various standard drainage
arrangements for detached residential developments.
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Also refer to the Lot Grading Guidelines, published by Drainage Services, for drawings showing
typical standard grading patterns for unit residential, multi-family residential and commercial/industrial
properties. These guidelines are available directly from Public Services, Drainage Services, or from

the Internet through the City of Edmonton’s home page.

Figure 17.0.1A

Typical Lot Grading Details — Rear To Front Drainage
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Figure 17.0.1B

Typical Lot Grading Details — Split/Front to Back Drainage
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17.3.2 Special Requirement for multi-plex development

17.3.3

17.3.4

17.3.5

For multi-plex developments comprised of three or more units with separate fee simple titles for each unit,
specific lot grading requirements apply.

For multi-plex developments where cross lot surface drainage is required to provide a drainage
path for the rear yards, a private to private easement and restrictive covenant document is required
to be registered on all the lots. The easement and restrictive covenant document shall be
registered to cover all the lots within a continuous block.

Each individually titled lot must be provided with a separate storm service to accommodate roof
leader connections and sump pump discharge connections.

All roof leaders for each dwelling unit shall be connected to the storm sewer service for that lot. No
roof leaders are permitted to discharge to the ground surface.

Roof leader drainage from accessory buildings such as garages must also be connected to the
storm sewer service of the individual lot or directed to discharge to the rear lane.

In situations where the rear yards of a titled lot cannot surface drain directly to a public Right-of-
Way and cross lot surface drainage is required the following Lot Grading Plan requirements apply:

e The Lot Grading Plan must clearly establish and define the drainage path on any downstream
lot that is required to convey surface runoff from an upstream lot. This will require that an
additional lot grade elevation be provided on the Lot Grading plan at the center of that lot
along the defined flow path (see typical multi-plex lot grading detail in Figure 17.0.1C).

e The minimum slope along the cross-lot swale shall be 1.5%. The flow path shall be clearly
illustrated using a flow arrow on the Lot Grading Plan.

e  Specific notes must be provided on the Lot Grading Plan to indicate the requirement for the
private to private easement and restrictive covenant document to be registered on all the lots.

Establishment of grade elevations at buildings

The finished grade elevations at buildings are basically established by following the Alberta Building
Codes, Part 9 — Housing and Small Buildings. The Alberta Land Surveyor, Engineer, Architect, or
other applicant for a building permit will set the elevation. The relative surface elevations must allow for
the slope of the ground adjacent to the building to be at a minimum of 10% for a distance of 2.0 m or to
the property line, on all sides of the house, with the slope directing drainage away from the building
and then for reasonable slopes in the order of 1.5% to 2.0% from all points within the property to the
property boundary at which the drainage may escape.

Overall slopes for property grading

Property line elevations are to be established such that lots have a minimum overall slope of 2.0%,
from the high point to the front or back property lines for split drainage situations, or between the
higher and lower, front and rear property lines with through drainage. The minimum grade (2%)
should normally be exceeded if topography allows.

Overall drainage arrangement

i. Lots abutting a public right-of-way at front and rear
Split drainage or through drainage (front to rear or rear to front drainage) will be allowed when a lot
is located such that there is a road, lane, or public right-of-way at both the front and back of the lot.
ii. Alleyless subdivisions
Rear to front drainage is preferred in alleyless subdivisions. Split drainage in alleyless subdivisions
will be permitted only if all of the following conditions are met:
= itis not feasible to achieve rear-to-front drainage due to extreme natural topography;
= the receiving downstream lot has an overall grade of 3.0% or more;
= there is no concentration of flow from upstream lots to downstream lots;
= only one lot drains to another lot;
= runoff from the roof of the upstream lot is directed to a storm service or the upstream lot's
grading is designed with the ridge as close to the rear property line as possible.
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In situations where split drainage may be problematic due to the above conditions not being met,

the use of a swale for the interception of split drainage and its conveyance to a public right of way
will be permitted.

Figure 17.0.1C
Typical Multiplex Lot Grading Details
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17.4 Use Of Swales

17.4.1

17.4.2

17.4.3

17.4.4

A swale is a shallow sloped linear depression for conveyance of surface runoff. The use of swales
crossing numerous properties for collection of runoff and drainage control is not permitted unless
justification is produced and documented to the satisfaction of the Engineer, indicating that no other
alternative is feasible.

If the Engineer approves a swale to drain nhumerous properties, it shall be covered by an easement in
favour of the City of Edmonton, to the satisfaction of the Engineer.

For private development projects, the servicing agreement may identify swales as a separate
improvement and therefore they would have their own construction completion certificates. Otherwise,
the swales shall be completed as part of, and as a prerequisite to the issuance of the construction
completion certificate for sewers.

Detail requirements for swales

When swales crossing several properties cannot reasonably be avoided, then the following
requirements shall be satisfied:

i. Grass swales serving lots on one side only

= Location: Rear of upstream lot in a 2.0 m easement

= Cross Section: V-shape, 150 mm minimum depth and 4H:1V maximum side slope

=  Longitudinal slope: 1,5% minimum

ii. Grass swales serving lots on both sides
= Location: Common rear property line as centre of a 4.0 m easement.

= Cross-section: Trapezoidal with 1.0 m bottom, 150 mm minimum depth and 4H:1V maximum
slope.

= Longitudinal slope: 1.5% minimum

iii. Grass swales with concrete gutter, serving lots on one or both sides
= Location: Upstream lot with the gutter preferably centred on the 2.0 meter easement.

=  Cross-section of gutter: V-shape, 75mm to 150mm deep, 500mm to 610mm wide with 4H:1V
maximum slope. 100mm minimum thickness with 3-10 M longitudinal bars and 3.0 m spaced
control joints.

=  Longitudinal slope: 0.75% minimum.

= Note: alternate design considerations with respect to minimum slope requirements for swales
will be considered when swales are located within existing developments or at locations where
infill development is proposed.

iv.  Other parameters and requirements
=  Capacity: Contain the 1:5 year storm flow within the concrete gutter and the 1:100 year storm
major flow within the easement.

= Interception: Provide a catchbasin upstream of a walkway to intercept the 1:5 year storm flow.
Limit the depth of ponding to 150 mm with 5H:1V maximum side slope all around the CB cover.

= No. of lots draining to swale — Depending on the concrete gutter and swale capacities, and the
CB'’s 1:5 year storm flow inlet capacity.
= Bends: Bends greater that 45 degrees shall be avoided, and no bend greater than 90 deg. shall

be allowed. When 45 deg. bend is exceeded, provide a 1.0 minimum centreline radius and
adequate curbing to contain the design flows within the gutter and easement.

= Conveyance: The grading of the boulevard and sidewalk shall be such that the major flow will
not be allowed to flow down the sidewalk.
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175

17.5.1

17.5.2

175.3

175.4

17.5.5

17.5.6

17.5.7

= Erosion and sediment control: Grass swales preferably shall be sodded, or at the least, shall be
topsoiled and seeded, Interim measures shall be provided to protect exposed surfaces from
erosion until the grass cover is established.

= Swales that convey flows from more than two lots must not be routed along the side yard of a
single family or duplex residential lot.

= Future swale extensions shall be identified and evaluated to ensure that anticipated constraints
and capacities are addressed.

= Details: Show on the Lot Grading Plan, the cross-section, inverts, slopes and lot grades along
the swale.

= Calculations for the swale’s minor and major flow capacities shall be submitted with the
engineering drawings.

Content of Lot Grading Plans

Lot grading plans required as part of the detailed engineering drawings for development servicing
agreements and as surface drainage plans necessary pursuant to other requirements or regulations
are to include the following items of information:

Legal descriptions

The general legal designation for all existing and proposed lots including lot and block humbers and
plan numbers when established.

Predevelopment topography

Existing contours within the subdivision and extending into the adjacent lands, at a maximum 0.5 m
interval and flow patterns on adjacent lands.

Representation of the major conveyance system

i. The nature and detail of the major conveyance system is to be shown on the lot grading plan,
including all major drainage flow directions, ponding areas and the extent and maximum depth of
ponding anticipated for a 1 in 100 year return frequency rainfall event. The overall major drainage
flow route is to be clearly defined and designated with prominent arrows. Refer to 15.3.3.

i. Information shown is generally to include the direction of surface flows on all surfaces, elevations
of overflow points from local depressions and details of channel cross sections.

iii. Where significant major system flows are expected to discharge or overflow to a watercourse,
ravine or environmental reserve area, the rate and projected frequency of such flows is to be
noted on the lot grading plan.

Surface slopes of roadways and other surfaces

Proposed roadway and other surface grades with arrows indicating the direction of flow.

Property boundary elevations

Proposed or existing elevations along the boundaries of the subdivision and design elevations at all lot
corners and changes of surface slope along property boundaries.

Lot drainage pattern

The direction of surface drainage for each lot is to be identified, to indicate whether split drainage or
through drainage is contemplated. Proposed surface drainage for abutting future development lands
is to be shown to the extent that it will impact on the subject lands.

Lot grading details

Typical detail diagrams of the various types of lot grading arrangements, which will normally conform
to the figures provided within the Lot Grading Guidelines, are to be used, identifying for each lot which
typical detail applies. When more than one sheet is required for the lot grading plan, each sheet is to
show the typical details which apply.
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17.5.8

17.5.9

17.5.10

17511

Roof drain provisions

i.  Roof drain connections are proposed:

Where storm sewer service connections are provided to each lot and/or roof drain downspouts
are intended or required to be connected to a storm sewer service, the proposed servicing and
connection requirements are to be noted on the lot grading plan.

ii. Surface discharge of roof drains is proposed:

= Only when supported by the conclusions of the geotechnical investigations applicable to the
development site.

= Where storm sewer service connections are not provided to each lot and/or roof drain
downspouts are not to be connected to a storm service, and roof leaders’ discharge will not
drain from one lot to another, provisions to carry and discharge roof drain flows away from the
building foundation and to control erosion at the discharge point are required. A splash pad,
provided by the house builder, is recommended at each roof downspout location. The splash
pads are to be anchored to the building foundation and oriented to carry the roof drainage water
to a point at least 1.17 m from the face of the foundation. Each lot grading plan, where this is
applicable, is to include a typical detail of the splash pad. Refer to Drawing 1585 provided in the
Lot Grading Guidelines for details of a suitable splash pad.

Foundation drainage details

Show in the lot grading plan the requirement of foundation drain service (for weeping tile flows only),
and storm service, when required (for weeping tile and roof leader flows), for all new detached, semi-
detached, duplex and multiplex residential units. The plan should also identify the need to use a sump
pump discharging to a downpipe connected to the foundation drain service. Alternately, a gravity
connection may be an option provided the grade allows it, and the consultant identifies no constraints
or restrictions. For a gravity connection, a backwater valve and a cleanout should be installed
downstream of the weeping tiles, in an accessible location. The legend indicating the different types
of sewer service shall be as follows.

. - or B o\ Single / Dual Service

> Existing Service

[ Water, Sanitary and Foundation Drain Service

o4 Water, Sanitary and Storm Service
(Foundation Drains and Roof Leaders)

Swale details

When the use of swales has been included in the design, the lot grading plan is to show locations,
easement requirements, slopes, cross sections and construction details for the swales.

Provisions for properties abutting stormwater management facilities

For lots backing onto stormwater management facilities, the lowest permitted building opening
elevations are to be above the ultimate design high water level for the facility by at least 300 mm if the
facility has an emergency overflow provided at the high water level, or by at least 500 mm if such an
overflow is not provided. Building footings shall also be at least 150 mm above the normal
(permanent) water level of wet storage facilities (lakes). Lot Grading Plans are to include appropriate
notation of the requirements to establish building elevations accordingly. This notation and the specific
requirements for building elevations and the grading of the property are to be consistent with the
requirements set out in easements and restrictive covenants to be registered against the affected
properties. Referto 17.5.12, below.

17.5.12 Easements and restrictive covenants

Requirements and locations for all easements and restrictive covenants related to drainage provisions
and development restrictions associated with the drainage of the property are to be shown and
identified on the lot grading plan. This is to include without limitation:



@iiont

DRAINAGE Chapter 3, Page 98 of 129

Design Standards December 2014

i. Easements and restrictive covenants relating to stormwater management facilities;

ii. Restrictive covenants relating to top of bank lot development restrictions and servicing
requirements;

iii. Other easements or restrictive covenants to contain requirements or limitations of development
with respect to drainage or sewer servicing as may apply to the subject lands.

18.0 SEWERS, APPURTENANCES AND STRUCTURES

18.1 Scope of Section

18.1.1

18.1.2

18.1.3

This section contains detailed design information applicable to sewers in general and appurtenances
and structures ancillary to sanitary sewer and storm drainage systems.

For general design criteria with respect to the various facilities, refer to Section 8.0 (sanitary) and 0
(storm and foundation drain).

Refer to the Construction Specifications for details on each item.

18.2 Rights-of-Way for Sewer and Drainage Facilities

18.2.1

18.2.2

Use of public rights-of-way

Whenever possible, sewer and drainage system facilities are to be located within road rights-of-way,
walkway rights-of-way or public utility lots. All manholes and drainage inlets and outlets are to be
located within and accessible through these rights-of-way.

Easements

Public sewers and associated sewer and drainage facilities required to cross through, or to be located
within, privately owned property or lands held or controlled by authorities other than the City of
Edmonton, shall be protected by easements naming the City of Edmonton as the grantee. Easements
shall be suitably located to permit access to the sewer and drainage facilities within them and are to
provide to the City rights of surface access for maintenance and for excavation for repair or
reconstruction by the City.

Sewer alignments and the easements protecting the sewer are to be on only one side of a property
line, i.e. a property line shall not longitudinally bisect an easement. The width of easements for sewers
shall be sufficient to provide a minimum clearance of 0.6 m on each side, measured from the limit of
the easement to outside edge of the sewer closest to that boundary. The minimum total width of
easements for sewers shall be 3.0 m. Wherever feasible, easements are to be located to provide a
clearance of 6.0 m between the easement limit and any anticipated or existing structure.

Manholes, drainage inlets and other sewer system appurtenances should not be located within
easements.

Refer to 16.8.1 in regard to easements and restrictive covenants for stormwater management lakes.

Refer to 17.5.12 in regard to easements for drainage swales.

18.2.3 Restrictions on service connections from sewers in easements

Service connections to properties zoned for single family or duplex residential land use shall not be
permitted from sewer mains located in easements in favour of the City.

Service connections to public sewers within easements in favour of the City may be permitted by
the Engineer subject to:

The premises being serviced and the easement are located on land zoned for multi-family
residential, commercial, institutional or industrial land use and

Physical access to the service connections located in the easement and access across the
adjoining property being unobstructed and suitable as determined by the Engineer.
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18.3 Sewers

18.3.1 Location of sewers within rights-of-way

18.3.2

18.3.3

Sewer alignment requirements

i. The alignment of sanitary and storm sewers within public road, walkway and utility rights-of-way
are to conform to the standard drawings for the location of utilities. Refer to Standard Roadways
Drawings, Utility Location Plans.

ii. Sewers are to be laid parallel with the centre line of the roadway or utility right-of-way within which
they are located. Sewers should be laid straight wherever possible, however, curving of sewer
alignments to parallel curved rights-of-way is acceptable.

iii. Sewers which are not laid parallel to a right of way centre line should be laid straight, and if
crossing a right-of-way, should be aligned as near to perpendicular to the right-of-way as
possible.

iv.  The slope of sewers is to be uniform and continuous between manholes.
Horizontal spacing of sewers

Except where laid in the same trench, sewers running parallel and within the same right-of-way shall
be horizontally separated by a minimum of 2.4 m, measured from centre line to centre line. When
installed in a common trench, pipes shall be laid with a minimum separation of 250 mm, measured
horizontally between vertical lines tangent to the adjacent outside faces of the pipes. For sewers in a
common trench, refer to 19.41.1 for comments on the design basis and 22.4.4 for requirements for
leakage testing of sanitary sewers.

General sewer materials requirements

i. Concrete pipe

Non-reinforced concrete and reinforced concrete pipe are approved for storm and sanitary
sewers, catch basin leads and permanent culverts. Refer to Section 19 for special considerations
for using non-reinforced concrete pipe.

i. PVC pipe
= PVC pipe is approved for use in residential areas for sanitary and storm sewers and
services.

= PVC pipe is approved for use as storm sewers or catch basin leads serving arterial
roadways and dangerous goods routes and any sewers conveying flows from these areas.

iii. Corrugated metal pipe (CMP)

Corrugated metal pipe is not approved for use in storm or sanitary sewer systems, or for interim
inlets and outlets. It is approved for culverts.

18.4 Sewer Service Connections

18.4.1

These requirements pertain only to the sewer service connections that are located between the
sanitary, storm or foundation drain main and the edge of the public sewer right-of-way. The City is not
responsible for ownership or maintenance of extensions from the sewer service connections into
private property.

Extension of services across gas easements

In areas where natural gas distribution facilities are to be installed within an easement across the front
or side of the property and the connection to sewer services cross the easement, then install these
connections to the private property side of gas easements. This is to reduce the risk of damage to the
gas main. Installation shall be as described in the Construction Specifications.
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18.4.2 Sizes and number of service connections required

18.4.3

Minimum requirements for sewer service connections

Class of Building Minimum Size of Minimum Size of
Sanitary Service Stormwater

Service

Single-Family Dwelling 150 mm ** 100 mm

Two-Family House 2 - 150 mm ** 100 mm

Side by Side

Two-Family House 1-150 mm ** 100 mm

Up and Down

Four-Family House 150 mm 100 mm

Commercial, Institutional 150 mm 150 mm

and Industrial

The minimum size and grade of the foundation service for detached, semi-detached, and duplex
residential units shall be 100 mm diameter and 1.0 % grade, respectively.

** Sanitary sewer services for single and duplex residential lots require a 150 mm to 100 mm reducer
to be installed at either the property line or public right-of-way boundary on the private side, or at the
property side limit of any natural gas system easement which must be crossed. Refer to the
Construction Specifications.

Increased service connection requirements

i. Services of size larger than those indicated in the above table will be required, where, in the
opinion of the Engineer, the length of service pipe or other conditions warrant.

i. Where more than one sanitary and one storm service is required, the sizes and locations of the
services shall be subject to the approval of the Engineer.

18.5 Sewer Service Connection Arrangement

18.5.1

18.5.2

Orientation of connections

The sanitary and stormwater services shall be oriented so that, when facing the lot being served, the
sanitary service connection shall be on the right and the stormwater service connection shall be on the
left. The alignment of the service connections shall intersect the property line at an angle as near to

900 as possible.

Location of connections
i. Single sewer service connections shall be located towards the middle 4.5 m of the property
frontage.

il. Dual sewer service connections shall be centred about the projection of the common property
line between the properties to be served.

iii. Not more than two service connections may be installed in a single standard sanitary manhole.

Refer to the Construction Specifications for the relative positions and construction details for service
connections.

18.5.3 Sewer service connection depth

i. Sanitary service connections

The depth of the sanitary sewer service connection at the property line shall be 2.75 m from
invert elevation to proposed finished grade. No variation shall be permitted without the written
approval of the Engineer.

ii. Storm service connections



@iiont

DRAINAGE Chapter 3, Page 101 of 129

Design Standards December 2014

The depth of storm sewer service and/or foundation drainage service connections should match
that of the sanitary sewer service connection. However, when this is not practical due to the
depth of the storm or foundation drainage sewers available, provide a minimum cover of 2.0 m for
the storm service and for the foundation drain service from the proposed finished grade to the
pipe obvert of the service at the property line. If a minimum cover of 2 metres is not achievable,
then provide insulated pipe to prevent freezing.

18.6 Manholes, Junctions and Bends

18.6.1

18.6.2

General manhole requirements

All manholes shall be 1200 mm minimum inside diameter and constructed to the Construction
Specifications. Manholes of 1200 mm diameter shall be installed at all changes in sewer size, grade
or alignment and at all junctions. Manholes are required to be 1500 mm diameter or larger when
connecting sewers 750 mm or larger, as shown on Standard Construction drawings, Location and
design of manholes connecting 1200 mm or larger sewers shall be designed in accordance with
hydraulic considerations contained within this section. Manholes for 1200 mm or greater diameter
sewer lines shall be installed in accordance with the maximum spacing requirements located herein.
Manholes are required at the intended permanent ends of all sewers, but are not required at the ends
of sewers stubbed off for future extension. All sewers shall have sufficient access manholes for
maintenance and to permit air venting. For access manholes deeper than 40 feet and on sewers 1200
mm in diameter and larger, manhole frames and covers shall be a minimum of 900 mm in diameter to
facilitate entry by inspectors’ breathing apparatus. For these access manholes, the top most rung of
the manhole shall not be designed to be closer than 750 mm from the lid.

Maximum spacing of manholes for access

i.  The maximum permitted manhole spacing for all sewers less than 1200 mm in diameter is 150 m.
For sewers 1200 to 1650 mm in diameter the access manholes may be spaced at a maximum of
500 m. For sewers 1800 mm in diameter or larger the access manholes may be spaced at a
maximum of 800 m.

i. Where sewers are to be used for storage, the maximum spacing of access manholes will be
evaluated on a site specific basis.

18.6.3 Location of manholes

18.6.4

i. Manholes for sewers located within roadway rights-of-way shall be located within the travel lanes
or centre median as appropriate, between the outside curb lines.

i.  No standard manhole shall be located such that its centreline is closer than 1.5 m from a roadway
curb face. Manhole frames and covers are not to be located within a sidewalk.

iii.  Sanitary manholes are to be located away from roadway sags and low areas where surface runoff
might pond. When this is unavoidable or the possibility of inundation by major drainage flows
exists then provisions shall be made to waterproof the sanitary manhole.

Energy loss provisions at manholes, junction and bends

i. There is a loss of energy when flow passes through a bend in a sewer, a manhole on a sewer
line, or a point where sewers meet in a manhole or a specially designed junction chamber. These
losses can be negligible as in the case of a small diameter sanitary sewer flowing partially full at
minimum velocities, or substantial as in the case of a large diameter storm sewer flowing full and
turning 90 degrees. It is the designer's responsibility to allow for the losses incurred. In cases
where the head available is limited, the designer will have to provide a system that is hydraulically
smoother.

ii.  Major junctions and bends
= Analysis requirements

For bends and junctions in large sewers or where high flow velocities are anticipated, or for
complex or unusual sewer junctions, detailed analysis may be required. The designer should
consult appropriate references; for example:

a) Sangster, Wood, Smerdon and Bossy at the University of Missouri,
b) Bulletin No. 41 entitled "Pressure Changes at Storm Drain Junctions”,
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c) ASCE Journal of the Hydraulics Division entitled "Pressure Changes at Open Junctions in
Conduits"-HY6-#2057.

= Guidelines for large bends and junctions

It is recommended that sudden, extreme changes of direction be avoided where large flows and
high velocities are involved. Changes of direction in the order of 90° are not recommended.
Where necessary, they require the approval of the Engineer and the following guidelines are to
be considered:

a) The ratio of the radius of the bend R, measured to the pipe centre line, to the pipe's inside
diameter D, should be greater than 2.

b) When R/D is less than 2, the maximum bend deflection at one point should be 450, i.e.
use two - 450 bends to turn 900.

c) Benching on the outside of bends in manholes should be carried upwards to provide
super-elevation to contain the flow in the channel.

d) Bends in large sewers should not be at the same location as junctions. Separate

structures should be provided to serve each function.

directions are not to be combined at one structure.

e) Manholes and structures where flows change direction must be designed with anchorage
to resist thrust and impact forces generated by the flow.

f)  Special consideration must be given to the provisions for safe access to these structures,
including appropriate location of manholes.

iii. Minor junctions and bends
Simplified methods for head loss calculation

Large inflows from opposing

= To facilitate the rapid determination of head losses in manholes, simplified methods, as outlined
below, are adequate for the majority of cases involving pipe sizes, 600 mm and smaller, and low

flow velocities.

* The head loss (H|) is computed by multiplication of the head loss coefficient (K| ) for the
particular bend or junction in the manhole by the velocity head of the flow through the outlet

sewer.

i.e.. HL =KL x (V02/29)

iv. Bends in small sewers
= Use of standard unit invert drops.

For sewers of 600 mm diameter and smaller, with invert slopes less than 1.5 times the minimum
slopes permitted by 8.10.3 and 14.3.2, for sanitary and storm sewers respectively, the following
standard drop provisions may be used:

- deflections less than 4509 require a 30 mm invert drop.
- deflections of 450 to 900 require a 60 mm invert drop.

= Determination of head loss coefficients for bends - design aid
Head loss coefficients (K| ) for bends may be determined in relation to the amount of deflection
and channel characteristics as follows:

Deflectio
n

Flow Channel Characteristics

909

No benching or deflector, or provided only to the sewer spring
line K =15

Benching or deflector provided to the sewer obvert level
KL=10

Less than
900

To determine the head loss coefficient, multiply the head loss
coefficient for a 90° bend and the appropriate flow channel
type by a head loss ratio factor from the following curve:

Head loss ratio factor — bends
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Figure 18.0.1
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18.6.5 Junctions with side outlets

= For junctions with inlets at or near right angles to the outlet, the head loss coefficient applicable
will vary depending on whether the incoming flow is deflected toward the inlet, or if incoming flows
impinge. When a deflector the full height and width of the incoming sewers is provided between
the inlets the loss is, K|_= 1.0, without a deflector between the inlets the loss is, K| = 1.5.

With Deflector Without Deflector

Cross junctions

For side and cross junctions, values of K| are obtained from Figure 18.0.3. Cross junctions where

flows from opposite directions impinge at the junction are not recommended. Wherever possible,
separate manholes should be used and inlet pipes should be aligned so as to maximize the velocity

component to the outlet direction. Measures are to be taken to channel the flow toward the outlet by
benching.
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Figure 18.0.3
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18.7 Catch Basin Inlets

18.7.1

18.7.2

18.8
18.8.1

18.8.2

General catch basin requirements

Details of approved catch basin structures and components are provided in the Construction
Specifications.

Catch basin frames and covers

Refer to Section 14.8.5, Table A13, for current and non-current frames and covers and their respective
uses. Non-current frames and covers are not to be used for new development, but only for
replacement or modifications associated with previously constructed curb types.

Catch Basin Leads

Catch basin lead size and grade

The catch basin lead size and grade shall be based upon hydraulic capacity requirements, except that
the minimum inside diameter for any catch basin lead shall be 250 mm and the minimum grade for
catch basin leads shall be 1.0%.

Catch basin lead arrangement
i. Catch basin leads must enter a manhole or a catch basin manhole. Catch basin leads may not
connect directly to a sewer, or a downstream catch basin.
ii. Under no circumstances is the length of lead from a 600 mm catch basin to exceed 30 m.

iii. If a catch basin lead of over 30 m in length is required, a catch basin manhole must be used as
the upstream inlet, rather than a catch basin.

iv. Catch basin leads are to laid straight wherever possible.

18.9 Catch Basin Manholes

Catch basin manholes shall be 1200 mm inside diameter and constructed in accordance with the
drawings.

18.10 Drop Manholes

I. Drop manholes are to be used to carry flow from sewers at higher elevation to those at a lower
elevation. Generally, these shall be vertical drop shafts with inlet (upper) and outlet (lower)
connection or chambers.

ii. Where the invert elevation of a sewer entering a manhole is more than 1.0 m above the invert of
the outlet sewer, then that manhole will be considered a drop manhole.

iii. Where inlet pipes entering a sanitary drop manhole are of 300mm diameter or less, the inlet
pipe must protrude into the manhole 150 mm to provide for the attachment of flexible ducting.
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iv. When the size of the inlet pipe is large in comparison to the drop shaft diameter and where it is

anticipated that the impingement of flow on the drop shaft wall opposite the inlet may create
unstable flow and impede smooth air passage, then the inlet shall provide a smooth transition of
flow from the horizontal direction to the vertical. Refer to 18.12.1.

V. When the rate of flow and the depth of the drop are of such a magnitude that there is potential
for significant entrainment of air, then the drop shaft and lower connection shall be designed to
provide for release of the entrained air and ventilation of the drop shaft. Refer to 18.12.2 and
18.12.3.

18.11 Baffled Drop Manholes

Use of baffled vertical drop shafts is generally not permitted due to potential maintenance and access
problems. Proposals to use baffled drop shafts must be supported by appropriate design calculations
and submitted to the Engineer for review.

18.12 Design Criteria for Drop Manholes

18.12.1 Inlet connection

An inlet connection providing for a smooth transition of flow from horizontal to vertical is required,
designed so that at the design flow rate the flow will not back-up in the inlet sewer. There is to be a
free outfall of the flow into the drop shaft, with critical depth control at the entrance. To achieve this,
the following conditions shall be met:

= The upstream flow in the inlet pipe shall be sub-critical and the pipe shall be of sufficient size so
that it does not surcharged.

= The pipe bottom profile, from the spring line down to the invert, shall form a smooth vertical curve
between the inlet pipe and the drop shaft, with no sharp breaks in grade, projections or edges.
The radius of the vertical curve shall be such that the nappe of the flow will maintain contact with
the inlet invert. The actual vertical curve radius used shall incorporate a minimum safety factor of
three, i.e. actual invert radius = three times theoretical radius when cavitation begins to occur.

18.12.2 Drop shaft

i. A drop shaft of a diameter equal to or larger than that of the largest inlet sewer pipe is
recommended. This will ensure that the drop shaft capacity exceeds the inlet sewer capacity
with ample provision for air flow and unforeseen conditions. For multiple large inlet pipes
connecting to a single drop manhole, an even larger drop shaft should be considered.

ii. Provision of air vents at intervals along the drop shaft is recommended. These vents should be
connected by a vent to a manhole above the inlet and to the outlet. The vent connection may
be a pipe placed outside of the drop shaft, or a divider wall within the drop shaft located no more
than one-fourth of the shaft diameter from the wall opposite the inlet.

iii. A standard manhole with a restraining cover mechanism, designed to withstand the pressures
resulting from air discharge and surcharging at the manhole, is to provided directly over the drop
shaft, extending from the inlet connection upward to the ground surface.

18.12.3 Outlet connection

i. The outlet connection shall provide a hydraulic jump basin to dissipate energy, to convert the
flow to sub critical velocity and to allow for the release of entrained air before the flow enters the
downstream sewer.

ii. The hydraulic jump may be of the free or forced type depending on the available length of outlet
pipe from the base of the shaft to the connection to the downstream sewer and the anticipated
operating tail water conditions.

iii. An air vent or manhole is to be provided at the crown of the outlet pipe downstream of the drop
structure to allow removal of air released at the lower connection. This vent or manhole is to be
located upstream of the point where full flow in the outlet pipe is anticipated under design flow
conditions. The air vent may be connected to the shaft vent system.
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18.13 Storm Sewer Outfall Structures

18.13.1 Requirement for outfall structures

At the end of an outfall sewer, energy dissipaters are often necessary to avoid downstream erosion
and damage of creeks, ravines or river banks from high exit flow velocities. Outfall structures are
required at locations where it is necessary to convert supercritical flow to subcritical, to dissipate flow
energy and to establish suitably tranquil flow conditions downstream.

18.13.2 Outfall structure hydraulic requirements

i. When sewers discharge at subcritical flow, then smaller concrete structures with suitable
baffles, aprons and rip-rap will be acceptable. For all outfalls, it is required that a rigorous
hydraulic analysis be completed, to ensure that the exit velocities will not damage natural
watercourses. The final exit velocities, where the flow passes from an apron or erosion control
medium to the natural channel, shall not exceed 1.0 m/s and may be further limited depending
on site specific soil and flow conditions.

ii.  Appropriate erosion control measures are to be provided at and downstream of the outfall to
prevent erosion in the downstream channel.

iii. Where high outlet tail water conditions or other downstream conditions may result in formation
of a forced hydraulic jump within the sewer pipe upstream of the outfall, special consideration
shall be given to the bedding and structural requirements of that section of sewer.

18.13.3 Outfall structure safety provisions

i. All sewer outlets shall be constructed with provisions to prevent the entrance of children or other
unauthorized persons. A grate with vertical bars spaced at no more than 150 mm shall be
installed with adequate means for locking in a closed position. Provide for opening or removal
of the gate for cleaning or replacing the bars. Grates should be designed to break away under
extreme hydraulic loads in the case of blockage.

ii. Guardrails or fences of corrosion resistant material shall be installed along concrete headwalls
and wingwalls to provide protection against persons falling.
18.13.4 Outfall aesthetics

Outfalls, which are often located in parks, ravines, or on river banks should be made as safe and
attractive as is reasonably possible. The appearance of these structures is important and cosmetic
treatment or concealment is to be considered as part of the design. Concrete surface treatment is
recommended to present a pleasing appearance. Bushhammered or exposed aggregate concrete is
recommended. Live stakes or bioengineering is encouraged wherever applicable.

18.13.5 Oultfall Structure Monitoring
Conditions that would trigger needing an outfall monitoring station:

i.  Outfall to North Saskatchewan River of pipe size greater than or equal to 1200 mm, or
ii.  Outfall to Whitemud, Blackmud or Mill Creeks of pipe size greater than or equal to 900mm, or
iii. Outfall to other creeks of pipe size greater than or equal to 500mm, or

iv.  Equivalent capacity for multiple outfalls servicing the complete development area, and
V. Any outfall upstream of the water treatment plant

(Details are in Appendix H )

18.14 Culverts

18.14.1 The Engineer may require submission of hydraulic design calculations to identify design flow
conditions and inlet head requirements for culverts. The need for energy dissipation and erosion
control measures is to be considered for each design. When hydraulic considerations or minimal
cover do not govern, the minimum culvert size shall be 400 mm, to allow for reliability and ease of
maintenance.

18.14.2 Culverts are to be constructed with approved sewer material when they will be permanent structures.

End treatment and traffic protection are to be suitable for the location under consideration. All
temporary crossings shall have culverts installed prior to road construction whenever feasible and are
to be extended sufficiently to prevent end blockage.
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18.14.3 Refer to the Construction Specifications for typical end treatment.

18.14.4 The discharge flow characteristics of culverts shall be analyzed and appropriate measures taken to
avoid erosion. For outlets of large culverts, the requirements of 18.13, Storm Sewer Outfall Structures,
shall apply, in respect of erosion control and safety.

18.15 Rural Runoff Inlets

18.15.1 The required inlet capacity to accept rural runoff will be addressed in the hydraulic portions of the Area
Master Plan and Neighbourhood Designs Report. Each inlet may be unique and appropriate
consideration must be given to provisions for grates, safety, debris interception, sediment catchment
and storage and maintenance. Normally a road right-of-way or a public utility lot will be required to
permit access to inlets for maintenance purposes.. Rural runoff inlets may be located within public
lands controlled by authorities other than the City of Edmonton. However, location of inlets in
easements on privately owned property will be permitted only where warranted by special
circumstances.

18.15.2 Gratings installed over the ends of rural runoff inlets shall be sized with hydraulic capacity of 200% of
the design flow rate to allow for the effects of blockage or fouling of the grate by debris carried by the
flow.

18.15.3 In general, the considerations of safety and aesthetics identified for sewer outfalls in 18.13.3 and
18.13.4 shall also apply to the design of rural runoff inlets.

18.16 Special Pipe Installation Methods

Where it is proposed to install sewers by special methods, for example tunnelling, jacking or boring, or
where the pipe passes through fill sections or unstable ground then design loadings and details of the
methods to be used for installing and supporting the pipe are to be submitted for the Engineer's
approval.

Refer to the Construction Specifications for details relating to installations by these special methods.

19.0 STRUCTURAL DESIGN FOR PIPE

19.1 Purpose of Section

This section outlines responsibilities for materials design, the design basis, parameters and
performance criteria applicable to the selection of sewer pipe.

19.2 Responsibility for Structural Design

The professional engineer responsible for preparation of engineering drawings is also responsible for
the structural design of sewer installations.

19.3 General Design Basis

19.3.1 General requirements

Structural design requirements for sewer pipes installed in Edmonton shall conform to the relevant
Standard Practice documents for Rigid and Flexible Pipe noted herein.

19.3.2 Rigid pipe

Rigid pipe shall be designed in accordance with “Standard Practice for the Design and Installation of
Rigid Gravity Sewer Pipe in the City of Edmonton” dated January 2008, located in Appendix D.

19.3.3  Flexible pipe

Flexible thermoplastic pipe shall be designed in accordance with the “Standard Practice for the Design
and Construction of Flexible Thermoplastic Pipe in the City of Edmonton” dated July 8, 2004 located in

Appendix E.
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19.3.4 Tunnelled Sewer

Tunnel sewers or sewer installed by tunnelling methods shall have their project requirements reviewed
with the City on a project specific basis.

19.4 Methods of Analysis

19.4.1 Common and/parallel trench pipe installation

i. While the city does not prefer installation by common trench methods it acknowledges that
common trench installations are required on certain installations. Further parallel trench
construction in close proximity to previously constructed utilities can also result in a number of
specialized loading cases for both new and existing pipelines.

ii. Where common and/or parallel trench is contemplated the Engineer shall carry out an
appropriate assessment of any specialized loading cases that may arise. While the Engineer is
permitted to utilize any recognized loading theory at their professional discretion to address
specialized loading cases a thorough analytical approach that addresses parallel pipes and
trenches is presented in “Buried Pipe Design”, 2" edition, by A.P. Moser, pp 121-136.

19.5 Documentation and Submission of Design Calculations

19.5.1 In all cases, designers shall keep a record of structural design calculation associated each project in
accordance with the appropriate Standard Practice. Design calculations for specific projects shall be
provided to the City upon request.

19.5.2 For rigid pipe designs in accordance with the ASCE 15-98, “Standard Practice for Direct Design of
Buried Precast Concrete Pipe Using Standard Installations (SIDD)”, the submission of pipe design
calculations is mandatory.
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20.0 DETAILED ENGINEERING DRAWINGS

20.1 Purpose of Section

This section outlines the requirements for the submission of detailed engineering drawings for approval by
Drainage Services pursuant to the terms of Servicing Agreements between the City and the Developer for
new subdivision development.

20.2 Prerequisites to Review of Engineering Drawings by Drainage Services

20.2.1 Neighbourhood design report

A Neighbourhood Design Report for the development area, defining the basis for detailed design of the
sewer and drainage system components may be required. Drainage Services may refuse to
undertake review for approval of detailed engineering drawings in the absence of an approved
Neighbourhood Design Report.

20.2.2  Detailed submission requirements

In order for review for the approval of detailed engineering drawings to be undertaken by Drainage
Services, the submission of the drawings shall be accompanied by support documents as described
below.

i.  Hydraulic calculations

The Developer shall provide all storm and sanitary hydraulic calculations and documentation for
justification of the pipe sizes and hydraulic structures presented in the engineering drawings. The
calculations and support documentation shall be to the satisfaction of the Engineer and may
include:

= a copy of the approved Neighbourhood Design Report including relevant computer
simulation output for storm water management facility designs and storm and sanitary sewer
design computations .

= storm sewer rational method design computations;
=  sanitary sewer design computations.

=  When not provided within the Neighbourhood Design Report, calculations to support designs
for hydraulic structures, including but not limited to outfalls to watercourses or lakes, inlets to
sewers or lakes, outlets from lakes, drop manholes and structures, junctions and pumping
stations .

i. Geotechnical reports
The Developer shall provide copies of all soil and geotechnical reports prepared for the
subdivision.

iii.  Trench loading calculations
The Developer shall provide all trench loading calculations for sewer mains with greater than 7.0
m of cover over the top of the pipe. Refer to Section 19.5.

iv.  Crossing permit drawings
The Developer shall also submit approved drawings for permits for any oil or gas pipeline, power
transmission main, or railway crossings. Refer to Chapter 1, Section 9.

v. Project cost information

= The Developer shall submit with the drawings a detailed breakdown of the costs of the storm
and sanitary system as shown on the plans, based on accepted bids or tenders, for use by
Drainage Services in preparation of the development cost analysis for the Development
Servicing Agreement.

= This cost information shall be updated and resubmitted after initial review or approval of the
drawings, if necessary, to account for revisions. A cost analysis will not be prepared until
after confirmation of the costs by the Consultant and until after an initial review of the
development engineering drawings.
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20.3 Engineering Drawing Requirements

20.3.1

20.3.2

iv.

Plan standards

All construction plans shall conform to the plan standards outlined in Chapter 1 of this document.

Detail content requirements

Further to the requirements of Chapter 1, Guidelines to Engineering Drawing Submissions, the
engineering drawings shall include details to address the following specific requirements:

i. Detail plans - plans and profiles shall be provided to show:
= The location of streets and rights-of-way and sewers.

= The ground profile, proposed final road grade, size and type of pipe, length and grade of pipe
between adjacent manholes, invert and surface elevation at each manhole.

= All manholes shall be numbered on the plan and correspondingly numbered on the profile. The
numbering on extensions should be in accordance with the overall numbering system. This
numbering system shall correspond to storm or sanitary calculation sheets.

ii. Special details - detail drawings, to a scale that clearly shows the nature of the design, shall be
furnished to show the following particulars:

= All structures and storm sewer outlets.

= Details of all sewer appurtenances such as special manholes or junctions, inspection chambers,
inverted syphons, sampling devices and weirs.

= Details of special bedding for pipe where the design includes high flow velocities. Where poor
foundation conditions are identified in advance of construction, details and limits of special
subgrade improvements are to be shown on the engineering drawings. When unsatisfactory
conditions are encountered during the progress of construction, the Engineer shall be advised of
the conditions and measures being taken in advance of their implementation. These measures
shall be subject to approval. The details and scope of application of special subgrade
improvements shall be shown on the as-built submission of engineering drawings.

= Specific details of all proposed Low Impact Development (LID) measures in accordance with the
Low Impact Development Best Management Practices Design Guide.

= The details must also include specific information on the LID measures including size of the
catchment area, size of the LID measure footprint, the depth and volume of amended soils and
the amended soil mix parameters. The details must also include information on the under drain
pipe size, length, slope, material as well as coordinates and invert elevations for the under drain
pipe at key locations (i.e. at ends, connections, bends etc.).
Lot grading plans

Refer to 17.5

Project specific ESC Plan designed in accordance with the ESC Guidelines.

20.4 Statutory Requirements for Approvals by Other Authorities

204.1

20.4.2

20.4.3

20.4.4

It shall be a responsibility of the Consultant undertaking a development project to comply with the
statutory requirements governing the work. The Consultant shall obtain all approvals from the
authorities having jurisdiction, including but not limited to those mentioned below.

Where these standards refer to bylaws, acts, regulations and standards, this shall mean the most
recent edition or amendment of the referenced document.

Where due to amendment of statutory requirements, conflicts or inconsistencies with these standards
arise, the Consultant is to be responsible for satisfying the more stringent requirement and shall refer
the discrepancy to the Engineer.

Alberta Environmental Protection and Enhancement Act

i. Letter of Authorization requirement
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20.4.5

20.4.6

20.4.7

20.4.8

20.4.9

Pursuant to the Alberta Environmental Protection and Enhancement Act, Drainage Services will
apply on behalf of the City for Letters of Authorization from Alberta Environment and
Sustainable Resources Development (AESRD, hereafter) to permit the construction of sewer
and drainage infrastructure for the areas of subdivisions approved by the City of Edmonton
Subdivision Authority. Construction of the sewer and drainage infrastructure for a specific
development shall not commence prior to the issuance by Alberta Environment and Sustainable
Resources Development of a Letter of Authorization including the development area.

. After approval by the Engineer, Drainage Services may require the engineering drawings to be
submitted to AESRD further to their requirements under the Alberta Environmental Protection
and Enhancement Act and/or the Water Act and to other authorities whose approval must be
obtained prior to commencement of any construction.

iii. Special features - Letter of Acknowledgement

= When a development proposal includes the construction of any infrastructure classified as a
“special feature” by AESRD a Letter of Acknowledgement be obtained from them prior to the
commencement of construction. Special features include stormwater management facilities,
storm system outlets to a natural watercourse, and sanitary system or storm drainage pumping
stations.

= It will be the responsibility of the Developer, through the Consultant to do all that is necessary
to obtain the Letter of Acknowledgement on behalf of the City from AESRD.

Water Act

Pursuant to the Water Act, a license is required for drainage facilities involving the impoundment of
water for the purpose of water management, or the diversion of water, or the discharge of water to a
watercourse. The Consultant shall be responsible for applying to AESRD for a drainage license when
required and for obtaining the necessary approvals prior to the construction of those facilities.

Restricted development area regulation

Any surface disturbing activity or change in land use within areas governed by the Restricted
Development Area Regulations further to The Department of the Environment Act requires the consent
of the Minister of the Environment. Applications are to be made to the Land Use Branch,
Environmental Assessment Division, AESRD. They may refer proposals to other affected branches for
review.

Public Lands Act

Where a proposed facility may encroach on crown lands, a License of Occupation would be required
under the Public Lands Act. Construction of an outfall discharging to a major watercourse is an
example of this.

Navigable Waters Protection Act

Should an improvement involve crossing over or under a "navigable water,” such as the North
Saskatchewan River, either a permit or an exemption from the requirement must be obtained from the
appropriate federal department.

River Valley Bylaw No. 7188

Development or construction that would impact the designated areas within the North Saskatchewan
River valley and ravine system within Edmonton requires assessment and review further to the
requirements of and in accordance with Bylaw No. 7188. The River Valley bylaw approval should be
obtained prior or concurrent to the review of the engineering drawings.

20.4.10 Edmonton Garrison Zoning Regulations

The Department of National Defence (DND) have regulations for height restrictions, bird hazard
mitigation and noise attenuation that impact areas adjacent to and under the flight paths for the
Edmonton Garrison. Contact Planning Services, Planning and Development for DND'’s requirements.
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20.5 Post Approval Submission Requirements

20.5.1

20.6

After engineering drawing approval and prior to commencement of construction the following
information shall be provided to Drainage Services:
= Three complete copies of the approved engineering drawings.

= Three additional full size copies and one reduced to letter size copy of the overall storm, sanitary
and water main installation plan,.

= Three additional copies of the lot grading plan.

= Construction cost estimates that include separate costs for storm sewers, sanitary sewers,
foundation drainage sewers, sanitary services and storm sewer services and/or foundation
drainage services as applicable.

= A schedule of the proposed construction including the starting date and the estimated duration of
construction.
Design Revisions after Approval of Engineering Drawings

Any changes to the sewer component of the engineering drawings are to be approved by the Engineer
prior to construction of the affected portion. Refer to Chapter 1 for the procedure to obtain approval of
revisions to approved engineering drawings.

21.0 AS-BUILT DRAWING REQUIREMENTS

21.1 Purpose of Section

This section outlines the requirements for submission of detailed engineering drawings revised "as-
built" with regard to sewer and drainage systems and facilities.

21.2 Requirements for Submission of As-Built Drawings

2121

21.2.2

Refer to Chapter 1 Intent and Use of the Design Standards, Volume 1 General for general information
in regard to the requirements for as-built drawings for sewers. As-built drawings are required within
six months of the issuance of the construction completion certificate for sewers.

Submission of Detailed Engineering As-Built Information

Detailed engineering “as-built” information is to be provided to Drainage Services by the Consultant.
The “as-built” information is to be provided electronically in the form of one “.pdf” drawing file and a
“Consultant Private Development As-Built Project” file both submitted through Drainage Services
Consultant Data Loading (CDL) program. If the Consultant is unable to access CDL program, he shall
produce one “pdf’ drawing file and an excel file consisting of “as-built” data formatted to Drainage
Services standard. The detailed engineering “as-built” information must be received and approved by
Drainage Services before Final Acceptance Certificate will be issued.

i. Changes to drawings that were initially approved that show “as-built” information are to be
marked in red or highlighted in yellow when appropriate, on the approved detailed engineering
drawings submitted in the form of one “.pdf” file.

ii. Allrevisions and field changes approved by the Engineer must be identified.

iii. Any other changes must also be shown. These will be checked against previous
correspondence.

iv.  As-built lot corner, swale and drainage route elevations are to be shown on the lot grading plan.
The specific approval of Drainage Services is required for changes of design elevations from
those shown on the lot grading plan as approved by the Manager, Drainage Services. Refer the
Lot Grading Guidelines.

Checking of Detailed Engineering “As-Built” Information

i. As part of the recording process, Drainage Services, Infrastructure Records sub-section, will
review as-built information to ensure sufficient information is included for the establishment of
permanent records. If deficiencies are found, and if necessary, files will be returned to the
Consultant for revision and resubmission.
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i. When the as-built files have been approved as complete, a letter confirming that the as built
information has been accepted as satisfactory to Drainage Services will be forwarded to the
Consultant.

21.3 Detail Requirements for As-Built Drawings

The following minimum requirements are to be addressed in the preparation of as-built plans:

21.3.1 Location of drainage facilities, for example manholes, catch basins and the end of pipe stubs.

i. Cadastral real world coordinates are to be provided based on the Alberta survey control system.
Note: Coordinates shall be given to the centreline of each manhole, catch basin or pipe stub, not to
the centreline of any cover.

21.3.2 Manholes, Oversized Manholes, Drop manholes and tunnel access manholes:
» Size;
» type - e.g. round, eye;
= description - e.g. baffles, access;

= directional offset from the centreline of sewer to the centreline of manhole -
e.g. 4.5 m E. of centreline of sewer;

= at the connection to tunnel give the size and invert elevation of the pipe section connecting the
drop or access manhole to the tunnel,

= elevation of bottom of manhole;
= oversize manhole transition top slab elevation
= |ocation - give coordinates. See 21.3.1.

21.3.3 Rims and inverts:

= Rim elevations only if in place;
= elevations of all inverts including previously constructed manholes and pumping stations to which
the new line is connected.
21.3.4  Alignments of centreline of trench or tunnel:

= Perpendicular tie to property line;
= azimuth where necessary.
21.3.5 Curves:
= Radius;
= central angle;
= sub-tangent;
= length of curve;
= B.C. and E.C Cadastral coordinates.

21.3.6  Distances to be checked between:

= Manholes;

= centrelines of chambers;

= outfalls;

= B.C.sandE.C.s of curves;

= points where sewer changes grade;

= underground drop structures, or similar.
= points where size of pipe changes

21.3.7 Sewer pipes and CB leads:
= Size;
= invert elevation at each end of pipe
= type or shape — e.g. round, eye, monolithic;
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21.3.8

21.3.9

21.3.10

21.3.11

21.3.12

21.3.13

= material - e.g. concrete, tile;

= pipe strength;

= slope of pipe;

» bedding type;

= trench foundation improvements noting ballasting, subdrainage or geotextiles installed - provide
detailed cross sections and limits;

= |ocations (see 21.3.1) are to be given for all horizontal and vertical bends in sewer pipe and
forcemains - accurate bend locations must be determined during construction before the trench is
backfilled.

Structures such as chambers, pumpwells and wing walls.

= Location - see 21.3.1;

= verification of construction as per plan, referring to drawing number.

= Any changes are to be noted, with a description and a sketch if constructed without plan or major
changes.

Special construction

= Reconnecting of catch basins - verification or a sketch;

= Cross connections - sketch, inverts and pipe size;

= plugs — placement, e.g. E. side of m.h.;

= weirs - elevation of the top, placement and a sketch description of any similar construction.

Lot grading information:

= All lot corner elevations are to be confirmed;

= Swales and drainage route locations (see 21.3.1) are to be provided at the beginning and end of
the swale, as well as any horizontal or vertical bends.

= swale and drainage route invert and channel edge elevations at property line crossings.
Stormwater storage facilities:

= Stage-storage volume and stage-area curves and tables of the values;

= the high water level (HWL) design event basis;

= elevations at pond bottom, normal water level (NWL), 5 year 25 year, 100 year level and HWL;

= storage volumes at NWL, 5 year, 25 year, 100 year level, HWL and freeboard level,

= area at pond bottom, NWL, 5 yr, 25 yr, 100 yr HWL and freeboard level

= freeboard elevation;

= notation indicating the elevation of the lowest allowable building opening for lots abutting the lake;

= depth of pond and forebay at NWL, 5 year level, 25 year level 100 year level, and HWL;

= |ength of shoreline at NWL, 5 year level 25 year, 100 year and HWL;

= pond and forebay area in ha at NWL, 5 year, 25 year, 100 year level and HWL;

= contributing basin size in ha;

* measurements to locate submerged inlets, outlets and sediment traps referenced to identifiable,
permanent features which are not submerged at NWL.

Culverts

= Location (see 21.3.1) at each end of culvert
= Material

= Diameter

= Invert at each end

= slope

General information:

= Name of the Contractor;
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» start date;
= completion data;
= unusual ground conditions.

22.0 PROJECT ACCEPTANCE

22.1 Purpose of Section

This section describes the Developers responsibilities with regard to certification and documentation of
quality control and system performance when applying to the City for acceptance of sewer and
drainage improvements constructed under the terms of a Servicing Agreement.

22.2 Developer Requirements at Construction Completion and Final Acceptance

22.2.1

22.2.2

22.2.3

22.2.4

Prior to or concurrent with an application for a construction completion certificate (C.C.C.), and a final
acceptance certificate (F.A.C.), the Developer is to address the following requirements:

Material inspection and testing certification

Certifications for all materials used are to be submitted as detailed in General Provisions for
Developers, Volume 1 General.

Leakage testing results

Leakage testing for C.C.C. shall be conducted in accordance with the requirements of Section 02958
of the Construction Specifications and the results of testing shall be submitted. Leakage testing for
F.A.C. shall conform to the requirements of Clause 22.4 herein.

Pre-Inspection by the Consultant

Prior to requesting inspection of sewer and drainage systems by the City or application for a
construction completion certificate or an final acceptance certificate, the Consultant shall inspect the
improvements and verify that the works are complete and functional, in accordance with the approved
engineering drawings and the requirements of these standards.

Commissioning of special structures (applicable for C.C.C.)

i. Where the improvements include special structures or devices, the Consultant shall fully test the
operation and function of these facilities to prove that they comply with the design specifications
including fail safe response and fault and status monitoring. For all such structures, the
Consultant shall submit a commissioning report to the Engineer in advance of or concurrently with
a request for a construction completion inspection or application for a construction completion
certificate. This report shall identify the scope of the testing performed and the specific
measurement and parameter values recorded. The report is to bear the stamp of the professional
engineer responsible for the project and include a statement that the facility meets all of criteria
specified in the approved design reports and engineering drawings.

ii. Specific requirements for commissioning of particular special structures are outlined below.
Similar requirements shall apply to other types of special structures as may be determined by the
Engineer.
= Pumping stations - the commissioning report for a pumping station is to include, but not

necessarily be limited to, the following items:

a) Test results and calibration of all major equipment including pumping pressures and
rates, power consumption of drivers, power supply voltage and amperage.

b) A checklist and verification of operability of all valves, gates, air release and blowoff
valves, and lifting equipment.

c) A ventilation system balancing report. See 10.14.5.

d) A completed checklist of the testing of all auxiliary devices including the lighting, heating,
plumbing and electrical utility systems.

A copy of the commissioning report for a pumping station is to be included in the maintenance
and service manual to be provided. Referto 10.18.1.
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= Stormwater management storage facilities - the commissioning report for a stormwater
management facility is to include, but not necessarily be limited to, the following items:
a) A complete checklist of all operating features, including valves, flow gates and control and
measurement devices, with verification of the proper function of such features.

b) Flow control mechanisms or devices are to be tested in the installed condition, calibrated
and verified to function in accordance with the design specifications.

22.2.5 A copy of the commissioning report shall be included within the maintenance and service manual to be
provided. Referto 16.5.

22.2.6  Surface grading verification (applicable for C.C.C.)

i. The Consultant is to provide certification to verify that the surface grading requirements for the
development have been established. “Established” means that all lot corner elevations and
swale invert profiles and cross sections, are within a tolerance of -70 mm to -200 mm below the
design elevation, measured on clay. Whenever site-specific constraints prevent the
establishment of specific surface elevations prior to the proposed date for C.C.C. application for
surface grading and swales, deficiencies are to be noted on the certification. In these cases, the
applications shall be accompanied by written confirmation of the intent to rectify the surface
grading deficiencies prior to final acceptance for sewer and drainage improvements and a
commitment to coordinate with all other parties so that the interim surface grading deficiencies
do not result in misinterpretation by others of the final grading requirements.

ii. Refer to the Lot Grading Guidelines.

22.2.7 The consultant shall ensure the implementation of the ESC Plan during construction and post-
construction stages in accordance with the ESC Guidelines and Field Manual. ESC reports and
inspections are to be completed, and the reports submitted weekly to the Drainage Private
Development Inspection group.

22.3 Inspection of Completed Systems by the City

22.3.1 Cleaning of the system

When the works are completed and prior to requesting inspection of sewers by the Drainage Services’
inspector, the Developer is to ensure that the system to be inspected is thoroughly clean and free from
mud or any other obstructions. Unsatisfactory conditions shall be remedied to the satisfaction of the
Engineer or the inspector at the Developer's expense.

22.3.2 Inspection by the City upon C.C.C. and F.A.C. application

Upon application by the Developer for a construction completion certificate, and also for a final
acceptance certificate for an improvement, the Drainage Services’ inspector will conduct visual
inspections of the improvement, provided that the Developer has reasonably complied with the
requirements of 22.2.

22.3.3 Inspection prior to completion of total systems

In response to reasonable requests from the Developer, at the discretion of the Engineer, the Drainage
Services’ inspector may inspect portions of the sewer and drainage improvements in advance of
formal application for a construction completion certificate. This is to identify and correct deficiencies in
underground works in advance of the construction of surface improvements or with regard to seasonal
considerations. The Engineer shall not be obliged, however, to conduct piecemeal inspections for
acceptance of work in progress, or to provide separate or advanced approval of a C.C.C. or an F.A.C.
for any portion of the sewer and drainage improvements constructed under the terms of a single
servicing agreement. Drainage Services will approve a C.C.C. or an F.A.C. only upon completion of all
portions of each separate improvement itemized within the servicing agreement.

22.3.4  Well Inspection Prior to Operation

A wet well inspection must be done by a City Engineer before flooding with sewage in order to inspect
proper seating/fastening of the pump and for any garbage left by the contractor in the well that could
cause clogging in the future.



@iiont

DRAINAGE Chapter 3, Page 117 of 129

Design Standards December 2014

22.4
22.4.1

22.4.2

22.4.3

22.4.4

Inspection and Testing Of Sewers

Manual visual inspection

All sewers greater than 1200 mm in diameter, and all manholes, catch basins leads, catch basins and
appurtenances shall be subject to visual inspection by the Engineer or an authorized inspector at
C.C.C. and where feasible to do so, at F.A.C.. Manual walk-through inspections shall conform to
Section 02954 of the Construction Specifications. Where manual walk-through inspections are not
feasible to be carried out at F.A.C., sewer inspection shall be carried out by CCTV methods meeting
the technical requirements of Section 02954.

Acceptance criteria for sewer pipe at both C.C.C. and F.A.C. shall conform to the requirements of
Section 02535, Clause 3.12 — Visual Inspection and Acceptance Criteria.

Manholes, catch basins and other appurtenances shall show no evidence of structural damage at
C.C.C. nor no evidence or premature material degradation at F.A.C.

Sewer inspection by CCTV methods

i. CCTV inspection of the sanitary and storm sewer improvements shall be completed in
accordance with Section 02954 of the Construction Specifications and the associated inspection
results submitted to the Engineer prior to application for a construction completion certificate
and a final acceptance certificate.

ii. This shall include all sewers not subject to visual walk-through inspections. The Consultant
shall review every CCTV inspection and provide to the Engineer a written summary indicating
any deficiencies detected, including recommendations for repair. The interpretation of the
CCTV inspection shall remain the responsibility of the Consultant.

iii. Any additional CCTV inspection of sewers to verify the Consultant's interpretation or to inspect
deficiency repairs shall be done at the Developer's expense.

iv. If CCTV inspection reveals that any of the conditions noted in 22.4.1 Manual visual inspection
exist, then these deficiencies shall be remedied to the satisfaction of the Engineer.
Leakage testing

All leakage tests shall be conducted after the service connections to the main have been installed.
Service connections include in-line tees, wyes and saddles.

No leakage testing other than visual interpretation of the CCTV inspections is required to comply with
Leakage Testing Criteria at F.A.C.

Scope of leakage testing required

i. Minimum requirement for leakage testing

Leakage tests shall be conducted on 10% of all sanitary sewers unless a further requirement for
testing is defined below. The Engineer shall choose those sewers to be tested after
construction is complete.

i.  Additional leakage testing in case of test failure

In the event that initial leakage tests described within the Construction Specifications reveal
deficiencies in the 10% of the system tested, then in addition to retesting after repairs have been
carried out, an additional 10% of the system shall be tested. Should this additional testing
reveal further deficiencies, then the remainder of the system shall also be tested for leakage. All
deficiencies detected shall be repaired and the system retested for leakage. The cycle of
testing and repair shall be repeated until leakage from the system is within the allowances
specified in the Construction Specifications.

iii. Sanitary sewers below the groundwater table
All sanitary sewers that are anticipated to be below the groundwater table at any time of year
are to be tested for leakage.

iv. Sanitary sewers located near top of bank

All sanitary sewers situated within top of bank as defined in the subdivision plan shall be tested
for leakage.



@iiont

DRAINAGE Chapter 3, Page 118 of 129

Design Standards December 2014

22.4.5

22.4.6

22.4.7

V. Storm sewers designed for surcharge

Storm sewers which are designed to operate under surcharged conditions for extended periods,
for instance in the case of an outlet from a stormwater management facility with flow controlled
at the downstream end, may be required to be tested for leakage at the Engineer’s discretion.

Methods for leakage testing

Leakage testing shall be conducted in accordance with Section 02958 of the Construction
Specifications.

Leakage Testing Acceptance at F.A.C.

As it is not feasible to conduct leakage tests at FAC, acceptance shall be based on visual acceptance
criteria based on the results of the CCTV inspections. The CCTV inspections shall be reviewed for
any infiltration type defect observations using the nomenclature noted in the “City of Edmonton Sewer
Physical Condition Classification Manual”.

Any observed infiltration greater than the “seeper” level of infiltration shall be rectified at the
Developer’s expense. Rectification of infiltration type deficiencies can be made utilizing approved
grouting or trenchless point repair techniques. The Consultant shall make a recommendation to the
City on an appropriate method of defect rectification in accordance with the methods outlined in
Section 02535, Clause 3.12.4 (Flexible Pipe Defects). or 3.12.5 (Rigid Pipe Defects) for Infiltration
through pipe defects or clause 3.12.6 for infiltration through Joint Defects and an appropriate
monitoring period to confirm that the defects were adequately rectified.

Easements and restrictive covenants

All easement, restrictive covenant and right-of-way documents indicated on the engineering drawings,
shall be registered against the properties and on file at the Land Titles Office before construction
completion certificates for the development will be issued.
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APPENDIX A

Design Guidelines for Electrical and Control Systems for Wastewater Pumping
Stations
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Standard Drawings

Drawing No. Drawing Description

03-E1 Electrical Symbol Legend

03-E2 Typical Electrical Building Plan

03-E3 Typical Dry Well Section

03-E4 Typical Wet Well Section

03-E5 Typical Wet Well Plan View

03-E6 Wet Well with Interior Electrical Boxes - Section
03-E7 Wet Well with Interior Electrical Boxes - Plan View
03-ES8 Typical Level Transducer Leads Mounting Detail
03-E9A Typical Single Line Power Diagram without GenSet
03-E9B Typical Single Line Power Diagram with GenSet and MCC
03-E10 Typical Main Panel Assembly and Panel System Schedule
03-E11 Outdoor Main Panel Assembly

03-E12 Exterior Panel Enclosure

03-E13 Typical Panel Schedules

03-E14 Control Panel Detail (With PLC)

03-E15 Typical PLC Layouts

03-E16 Typical FVNR Pump Motor Control

03-E17 Pump Motor Control Schematic (Soft Start)

03-E18 Typical AC Power Distribution

03-E19 Typical Pump Protection Relays Control Schematic
03-E20 Pump Control Typical PLC Inputs Slot 1

03-E21 Pump Control Typical PLC Inputs Slot 2

03-E22 Pump Control Typical PLC Outputs Slot 5

03-E23 Pump Control Typical PLC Analog Inputs

03-E24 Portable Start/Stop Station for Pumps
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1.0

11

1.2

2.0

2.1

2.2

2.3

2.4

ELECTRICAL DESIGN PHILOSOPHY

Basic Level-Of-Service Objectives

The electrical design for control, monitoring and provision of backup systems at
mechanical drainage facilities shall be based on producing a high degree of reliability
in the maintenance of:

e Public safety from flooding of roadways.
e Public health and property damage from flooding of property.

e Public health and protection of the natural environment from release of
pollutants to watercourses.

o Safety of the public and operators from hazards at facilities.
It is the aim of this guideline to reconcile the following factors:

« Allow scope for provision of the necessary degree of sophistication of electrical
design consistent with meeting the basic design criteria for drainage projects.

e Application of innovative techniques, if appropriate.

o Simplicity of the electrical design and standardization of components to
promote reliable operation and facilitate efficient maintenance and repair.

Supervisory Control and Data Acquisition (SCADA) System Overview

A SCADA system is being utilized to remotely monitor drainage sites such as pump
stations, storage facilities, monitoring facilities and gate controls located throughout
the City. The SCADA is running on Intellution iFIX software to collect and display
current status of all field devices, report and process alarms, and collect historical
information. It reports status changes and alarms to SCADA Servers as they occur
rather than being polled on a fixed interval. This ‘report by exception’ method reduces
network and server load by only transmitting changes.

All new facilities will require status monitoring, data logging and alarming of all
automated processes and devices to a level at which proper operation, in accordance
with the stated intentions of their design, can be remotely confirmed.

At the present time the SCADA is not configured to remotely control (start and stop)
field devices due to safety, security and technical support reasons. The requirement
and priority for remote control points, if required in future, shall be reviewed with
Drainage Services and the City IT Department prior to implementation.

The SCADA Host primary server is located in Century Place (9803 — 102A Avenue).
The SCADA host backup server is located in City Hall (1 Sir Winston Churchill
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2.5

2.6

3.0

3.1

3.2

3.3

3.4

Square). The SCADA system has a number of monitoring client locations at Drainage
Services offices and Roadway Dispatch Centre.

Monitoring data is sent to and from the field sites to the SCADA servers using Rogers
Communications GPRS, wireless network. The iFIX SCADA server updates its
database values, generates alarms, creates historical data, and accepts requests for
the data from view nodes or SCADA clients located throughout the City. If the primary
server fails, the backup server will automatically takeover and switch the PLC
reporting network over to itself.

The City also operates a separate Fisher Rosemount Delta V DCS based SCADA
system at Gold Bar Wastewater Treatment (GBWWTP).

Control

Automatic control of pumps shall be performed using a Programmable Logic
Controller (PLC) and level sensors/controllers. PLC types are described in Section
8.5. Level sensors/controllers are described in Section 9.

DeviceNet communication is preferred between the level controller and PLC. For
pump station applications, the level controller shall provide pump control backup in
the event of a PLC failure. A PLC fail output relay shall be used to provide the
transfer of pump control from PLC to level controller upon PLC failure. Pump
start/stop relays shall be provided and programming shall be provided in the level
controller, as required.

Manual pump control shall be provided by a “hand/off/auto” selector. This selector
shall directly energize and de-energize the motor starter relay circuit without relying
on any additional controller.

Controller settings shall be made with consideration of the hydraulic effects and long-
term reliability of the facility. Examples of such settings include:

« If a pump controller is configured for lead and lag operation, the pump stop set
points shall be different for the lead and lag pump, so that they do not switch off
simultaneously, thereby reducing deleterious, hydraulic surge effects in the pipe
work.

« Sufficient capacity shall be provided in the wet well between the lead and lag
pump stop elevations to allow the lag pump to stop before the water surface
falls to the lead pump stop elevation.

« Assignment of the lead or duty pump shall alternate automatically after each
cycle so as to tend to equalize the running time of each pump.

« Careful consideration shall be given to any fail-safe setting in the pump
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3.5

3.6

3.7

3.8

4.0

4.1

controller. Potential causes of failsafe conditions shall be identified and the
setting chosen to produce the least damaging effects consistent with the basic
levels of service stated in Section 1.0 and damaging effects to equipment such
as cavitating or overheating of pumps. The three fail-safe options available in
the MultiRanger controller are:

1. Fail safe high: switch on all pumps and high alarms
2. Fail safe low: switch off all pumps and low alarms
3. Hold last known settings

Where pumps and other devices are controlled by signals transmitted over
telecommunications systems from sensors at remote locations, the signals shall be
transmitted as digital data with modems or other approved means of transmitting
digital data. Communications via Roger's GPRS network is preferred. Hard links over
short distances, leased lines or other wireless technology may be considered where
GPRS signal is not possible and upon approval of Drainage Services.

Where the forcemain and pipe work is of sufficient strength to withstand the
maximum hydraulic surge pressures, but may be susceptible to long-term deleterious
effects from hydraulic surge pressures and slamming of check valves, the preferred
method of minimizing such effects is by means of solid state, soft start or variable
speed, motor controllers on pumps. Such motor controllers shall be specifically
designed to steadily vary the driving torque produced by pump motors during starting
and stopping. In cases where the pipe work and forcemain do not have sufficient
strength to withstand hydraulic surge effects, the method of hydraulic surge
protection shall be independent of the electricity supply.

Where pump motors are stopped by gradually reducing the speed over an extended
period, control level settings shall allow sufficient capacity in the wet well to avoid
drawing the water level below the pump suction after the stop sequence has been
initiated.

Where it is desirable to vary the pump discharges by varying the speed of the pumps,
the preferred method is to use pulse width modulated variable frequency, adjustable
speed motor drives. In such cases consideration shall be given to avoiding
deleterious surges caused by rapid speed changes and collection of solids in pipe
work caused by protracted operation at low speeds.

Monitoring

It is generally desirable to monitor as many aspects of the status of mechanical
drainage facilities as possible with the following objectives:

4.1.1 Maximizing reliable provision of the levels of service described in Section 1.0.
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4.2

4.1.2 Minimizing the effort needed for effective maintenance.

4.1.3 Recording the steps that lead to significant events in order to understand how
systems actually work during such events.

The critical aspects of the operation of the facility shall be identified and monitored by
means of backup circuits that work with the greatest degree of independence
possible. Critical aspects are those that may lead to immediate or imminent failure to
meet the basic levels of service described in Section 1.0. Typical examples include
the following sensors connected directly to the PLC so they will remain powered by
the uninterruptible power supply (UPS) in the event of main electricity supply failure.
These alarm circuits shall not be fitted with hardwired test switches or soft switches in
the HMI that could disable the circuit:

4.2.1 Float switch level sensor to sense high water level (separate from the
ultrasonic sensor high water signal), and to start one designated pump, if no
pump was running.

4.2.2 Float switch level sensor to sense low water level (separate from the
ultrasonic sensor low water signal)

4.2.3 Sanitary pump station with emergency overflow: float switch level sensor to
sense the onset of overflow.

4.2.4 Storm pump station for draining a road: float switch level sensor to sense the
onset of flooding of the road.

4.2.5 Door-mounted, limit switch to sense an intruder. Door switches shall be on the
main entrance door of buildings, doors of pole-mounted or freestanding
electrical cabinets, or access hatches for facilities with all construction below
ground.

4.2.6 Smoke detector to sense fire. Smoke detector shall be near electrical panel to
sense fire inside buildings, or inside freestanding electrical cabinets.

4.2.7 Main electricity supply sensor with delay programmed at one minute in the
PLC.

4.2.8 All Hand/Off/Auto switches for the main pumps in the Off position (excludes
dry well sump pumps and non-hazardous area ventilation fans).

4.2.9 Pump stations with a dry well: float switch to sense water depth 150 mm
above the dry well floor.

4.2.10 Emergency generator set failed.

4.2.11 Applied torque from an electric actuator in terms of torque and percentage of
capacity.
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4.3 Non-critical aspects of the operation of facilities are those for which a backup
operation system is available or which are unlikely to lead to an immediate or
imminent failure to meet the basic levels of service described in Section 1.0. Typical
examples include the following sensors connected to the PLC, to reduce provision for
relays:

4.3.1 When designated level settings for pump start are reached, the PLC relay
outputs are energized. These outputs are utilized in each pump starter control
circuit. A motor current signal from the pump starter E3 Plus overload or
current sensor, back to the PLC, shall initiate a time delay programmed into
the PLC and alarm after 20 seconds, when a pump fails in the demand mode.
This will transmit an alarm signal via the PLC.

4.3.2 Differential pressure - type switch to sense air flow failure in the dry well
ventilator.

4.3.3 Pump winding temperature via Flygt Mini CAS Il in the main control panel.
This alarm signal shall disable the pump. Where more than one temperature
sensor is provided in each pump, each sensor shall produce a separate
signal.

4.3.4 Liquid ingress into pump motor stator via Mini CAS 1l in the main control
panel. This alarm signal shall not disable the pump.

4.3.5 For larger pumps use Flygt - MAS 711 monitoring system with PAN311 power
analyzer for monitoring current (3 phases), voltage, winding temperature,
liquid ingress, and pump bearing temperatures. Excessive temperature
conditions shall disable the pump.

4.3.6 Pump failed - Over current (thermal overload) for each pump motor.
4.3.7 Pump failed - Phase loss for each pump motor.

4.3.8 Pump failed - Phase imbalance for each pump motor.

4.3.9 Pump failed - Under load for each pump motor.

4.3.10 Pump failed - Ground fault for each pump motor.

4.3.11 Pump failed - Jam for each pump motor.

4.3.12 Pump failed - Stall for each pump motor.

4.3.13 Pump failed to start

4.3.14 Pump motor stator leaking — for each pump

4.3.15 Pump lubricant chamber leaking — for each pump
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4.3.16

4.3.17

4.3.18

4.3.19

4.3.20

4.3.21

4.3.22

4.3.23

4.3.24

4.3.25

4.3.26

4.3.27

4.3.28

Motor current for each pump motor.

Pump failed - Loss of communications between overload relay and
programmable logic controller for each pump motor.

Reverse acting thermostat to sense low building temperature at 5° Celsius to
avoid freezing damage.

Pump stations with an emergency storage tank: ultrasonic or hydrostatic
transducer to sense the onset of tank filling, storage utilized in terms of
volume and percentage of capacity, and tank full.

Emergency generator set engine battery charge low.
Emergency generator set running

Emergency generator set failed - common trouble.
Valve or gate position and failure.

Transfer Switch position and trouble.

Discharge flow from the station, if the City Drainage Services requires a flow
meter.

For uninterruptible power supplies that provide power to mechanical
equipment: UPS power supply battery charge low.

For uninterruptible power supplies that provide power to mechanical
equipment: UPS fault: unable to produce alternating current.

For uninterruptible power supplies that provide power to mechanical
equipment: UPS charge as percentage of capacity.

4.4 SCADA Alarm Monitoring

44.1

4.4.2

Data and Alarms originating at a pump station or other facility are collected in
the PLC and then transmitted via GPRS radio modem through the Rogers
network to the master SCADA Server. The master server logs data from all
PLC’s and provides the required information to SCADA clients, including
Roadways Dispatch Centre, via the City of Edmonton local area network.

Roadways Dispatch Centre monitors the SCADA alarm status 24 hours a day
and acts upon any alarms which may develop in the system by advising the
Drainage Services operation and maintenance personnel.
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5.0

5.1

5.2

5.3

5.4

5.5

5.6

5.7

Maintenance and Operation

A written description of all modes of operation of the facility shall be included as the
first section of the operation and maintenance (O&M) manual, illustrating the control
logic. The description shall include system behaviour in all foreseeable
circumstances, together with the governing criteria for each mode of operation.
Criteria shall include control elevations and discharges, as applicable, at all sensors
for pumps, and automatic valves and gates, and normal valve or gate positions and
pump discharges under specified conditions. State also critical conditions and
relevant values, such as liquid levels, that are monitored such as “storage full”,
“overflow” etc. Include any governing, look-up tables, equations, and conditions
applied by means of feed-back loops etc.

All failure conditions for which allowance has been made in the control system shall
be listed together with the programmed response of the control system to each
condition.

The manual shall include a table of all monitored conditions and their respective
terminal number connections to the PLC.

The O&M manual shall include a table of the programmable settings and values
programmed for each programmable device, such as controllers, motor drives,
overload relays, adjustable speed drives and monitoring instruments. State the range
and span settings of instruments. For instruments that measure position, such as
water level, state the location of the position datum relative to the range. For signals
used to transmit the values of physical effects, state the calibration or scaling factors
used to produce the displayed values: this may be done by reference to specific lines
in a printout of the programmable controller logic included in the O&M manual.

The manual shall include copies of all commissioning reports including results, dates
of commissioning and names of witnesses.

The manual shall include a record of the manufacturer’s serial numbers of all
equipment and control devices.

All electronic backup files shall be provided on CDROM, such as:

e HMI program files.

e« Complete PLC program files including comments, descriptors, and electronic
data sheet (EDS) files for all equipment supplied with DeviceNet
communication interface.

e The non-contact ultrasonic shall have available software to backup parameter
and view echo profiles.
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e VFD setup files.

6.0 Lock Out Standard

6.1 Mechanical and electrical equipment shall be capable of Lockout in accordance to the
Alberta Occupational Health and Safety Act and the City of Edmonton “Hazardous
Energy Control Standard”. Refer to Appendix G for a copy of the City standard.
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DESIGN GUIDELINES

1.0 Electrical Power Supply System

1.1 General Electrical Requirements

All electrical systems and wiring shall be in accordance with the latest
requirements of the Canadian Electrical Code, Electrical Protection Branch,
Alberta Department of Municipal Affairs and Housing amendments, and the
local inspection authority. A copy of the inspection acceptance report shall be
provided to Drainage Services.

All electrical systems shall be in accordance with the requirements and
construction methods as outlined in these Design Guidelines and as directed by
the City of Edmonton, Drainage Services.

Electrical equipment such as switchboards, panel boards, industrial control
panels, meter socket enclosures, and motor control centres (MCC) that are
likely to require examination, adjustment, servicing or maintenance while
energized shall be field marked to warn persons of potential electric shock and
arc flash hazards.

1.2 Power Supply

When required, provide underground primary duct with pull cord from the Utility
Company switching cubicle to transformer pad primary. Maintain 3 metres
minimum clearance from all other underground services, pipes, manholes or
buildings.

Provide for power service feeder from transformer secondary, underground to
main power panel, unless specifically approved otherwise by the City.

600 volt, 3-phase, 3-wire power service is preferred to all wastewater pumping
facilities.

In order to accommodate for future capacity upgrade, the service entrance
conduit(s) shall be sized to accommodate service conductors of double the
required initial load or spare conduits of equal size

A coordinated main service, standby power transfer and motor control center is
preferred to loose wall mounted equipment.

Phase rotation shall be clockwise, and shall be labelled accordingly.

Where a 600-volt, 3-phase mains electricity supply is not readily available and
cannot be economically provided at the site of a pump station before it is
commissioned, and approval is obtained from the City, converting the available
electricity supply to 600 volt 3-phase shall be achieved utilizing variable
frequency drives.

The preferred means of converting single phase to three-phase power and

Design Guideline Rev December 2015



DESIGN GUIDELINES FOR ELECTRICAL AND CONTROL Page 12
SYSTEMS FOR WASTEWATER COLLECTION FACILITIES December 2014

1.3

electrical control of motor speed is by a variable frequency drive from ABB
ACS600, Toshiba G7, or Allen-Bradley PowerFlex ranges of adjustable speed
drives. Adequate cooling and ventilation shall be provided for such devices.
Outdoor enclosures for such devices shall be designed to maintain them within
the maximum and minimum operating temperatures specified by the
manufacturer. Short circuit protection for drives shall be provided in the form of
high speed fuses type HSJ unless protection is provided integral to the drive.

Install step-down transformer from 600 volt to 120/240 volt, 1-phase, 3-wire
lighting panel for miscellaneous lighting and power requirements.

Power factor correction is required only where billing will be on the basis of KVA
demand and electric motors 7-1/2HP and larger are used. The power factor of
any pump motor shall not be less than 0.8 and in general shall be as close to
0.92 as economically possible. The desirability of power factor correction shall
be established by consultation with the Utility Company on the power supply
conditions at the proposed site. The designer shall produce estimates of the
cost of providing power factor correction capacitors and the associated saving
on energy charges.

If power factor correction capacitors are used in conjunction with solid state soft
start devices, the soft starter shall be supplied with a separate auxiliary
contactor to be wired to the line side of the soft starter to switch the power
factor capacitors. The auxiliary contactor is to be energized when the soft
starter signals motor is at full speed. At no time must the power factor capacitor
be left connected to the supply bus without its motor running.

Main Panel Assembly

Where the main panel assembly is selected as a free standing modular unit
such as a motor control centre (MCC), it shall be mounted on a raised concrete
plinth.

MCC shall have shipping splits in groups of two, when required, such that they
can pass through doors when the MCC is turned on its side.

If large transformers are installed in MCCs and they require tipping,
consideration should be made for removal of the transformer.

Where the main panel assembly consists of wall-mounted equipment, all
components shall be mounted on a painted one-piece, good-one-side, fir
plywood backboard, securely attached to building wall. If the wall does not
contain thermal insulation, insulation shall be provided between the backboard
and the wall.

The main panel assembly shall be fabricated of steel and sized as noted in
details on the drawings.

On power services at 200 Amp and below, the meter socket shall be located on
the building exterior, unless otherwise agreed with the utility company.

The main power disconnect shall be located on the interior of the building.
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« Exterior meter sockets shall be protected by a custom fabricated, heavy-gauge
galvanized steel cage to reduce vandalism.

1.4 Grounding

e Grounding system to consist of copper clad steel ground rods 20mm diameter
by 3000 mm long as a minimum and interconnecting ground conductor. All
ground terminations shall be compression type. Provide additional grounding to
building structure, motor starter for each pump, major mechanical equipment,
building water main ahead of shut-off valve, and gas line.

1.5 Power Meters

e Main Power Supply Meters - Provision shall be made for a 3-phase voltmeter,
either displaying or with means of selecting A-B-C phases on the main power
supply line.

e Pump Power Supply Meter - In each starter enclosure, an elapsed time meter
and an ammeter on one phase shall be provided for each motor. The meters
shall be installed on the covers of the respective motor’'s combination magnetic
starters.

2.0 Telephone Service

2.1 Telephone Service (if required)

« Co-ordinate with the City authorized representative, on an individual project
basis, to determine if a telephone service is required.

3.0 Data Logger

« The requirement for a data logger will be specified by Drainage Services.
o The data logger shall be located adjacent to PLC panel.

e The data logger shall be Campbell CR800 with 2 MB or larger non-volatile flash
memory, and

e 12VDC, 1A, AC adapter, and
o External GPRS Sierra Wireless Raven X H4223-C modem

« Model CR800 has data logger inputs for up to three pumps and 4-20 mA inputs
for wet well level and discharge flow.

« Data logger shall be programmed to obtain data on levels and flows

o Data logger 4-20 mA analog signal for monitoring wet well level and discharge
flow must be wired from each transmitter through splitter (Phoenix Contact MINI
MCR-SL-UI-2I-NC) to both the PLC input and data logger input. Loss of either
data logger or PLC shall not interrupt the signal.
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4.0

4.1

4.2

« For further information on data logger, contact Campbell Scientific, Edmonton.

SCADA System
General Requirements for PLC

Remote site PLC equipment shall communicate pumping station and other drainage
facility system status, alarms and monitoring data to the SCADA host server in
Century Place. Where multiple remote sites have monitoring and control interlocks,
control communications shall be directly between remote sites. Monitoring data and
alarms shall be reported directly to the SCADA host from individual remote sites.

PLC and related control and communication equipment shall be installed within a
dedicated SCADA/PLC cabinet or enclosure.

SCADA Status and Alarms

Equipment status and alarms shall be reported from all remote drainage mechanical
and monitoring facilities via the PLCs. The host system shall communicate with the
remote PLCs to collect status data. The host shall be capable of initiating a data
request and the PLC shall respond. As well, the PLC shall be capable of initiating
communication on a report by exception basis.

The requirement and priority for the status and alarm points at any given site shall be
reviewed with Drainage Services during preparation of the design. A representative
sample of points for SCADA is as follows:

e Pump(s) Failure for each pump (incorporate a 20 second minimum time delay
prior to alarm initiation)

e Mains Power Failure (for plug-in-facilities it is indicated by a Power monitor
relay de-energized, and for transfer facilities by an open contact of the transfer
switch “source 1 connected and available”.)

e High Wet Well Level

e Dry Well Flood

e Building Low Temperature

e Door Entry (Intrusion)

o Fire

e Building And Dry Well Ventilator Air Flow (In Duct)
e Pump #1 Running/Stopped

e Pump #2 Running/Stopped
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4.3

Pump #3 Running/Stopped

All Pump Hand/Off/Auto Switches in the Off Position.
Generator Failure

Generator Common Trouble Including Low Battery Charge
Generator Running

Storage Facility Filling (Where storage exists)

Overflow to Watercourse (for sanitary and combined flows)

Pump Overheating for each pump (indicated by pump Mini CAS Il or MAS 711
monitoring relay)

Liquid in Pump Motor Stator for each pump (indicated by pump Mini CAS Il or
MAS 711 monitoring relay)

Bearing Temperature for each pump (indicated by pump MAS 711 monitoring
relay)

Automatic Valve or Gate Failure

Over Current for each pump motor (indicated by pump E3+ overload relay or
SMC)

Phase Loss for each pump motor (indicated by pump E3+ overload relay or
SMC)

Phase imbalance for each pump motor (indicated by pump E3+ overload relay
or SMC)

Ground Fault for each pump motor (indicated by pump E3+ overload relay or
SMC)

Jam for each pump motor (indicated by pump E3+ overload relay or SMC)
Stall for each pump motor (indicated by pump E3+ overload relay or SMC)

Loss of communications between E3+ overload relay and PLC for each pump
motor

For PLC and instrument uninterruptible power supply: UPS Low Battery

For PLC and instrument uninterruptible power supply: UPS Failed: unable to
produce alternating current

SCADA Analog Data

Analog data shall be reported from a remote station via the PLC. In cases where
significant changes in values from an analog signal would not be reported on change
of other values or statuses, report by exception control of transmission of the values
shall be provided by reference to a dead band or significant values. The requirement
and priority for analog data shall be reviewed with Drainage Services during
preparation of the design.
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Typical points for analog data are as follows:

e« Pump #1 Motor Phase B Current
e Pump #2 Motor Phase B Current
e« Pump #3 Motor Phase B Current
e Pump #1 Running Hours

e Pump #2 Running Hours

e Pump #3 Running Hours

o« Wet Well Water Depth

o Storage Tank Water Depth

o Discharge Flow

« Gate Or Valve Position

« Actuator torque for gate or valve actuators

4.4 SCADA Communication System

Each remote facility with a PLC shall be provided with equipment for communication

to the SCADA host in Century Place. SCADA communication shall be via the Rogers
GPRS network. Communications via Roger’'s GPRS network is preferred. Hard links

short distances, leased lines or other wireless technology may be considered where

GPRS signal is not possible and upon approval of Drainage Services.

GPRS Communication — Where possible, all sites shall be provided with the same
model of GPRS modem. The preferred GPRS modem is as follows:

e AirLink Raven EDGE E3214

e GPRS protocol

e Class 1 Div 2 Certified

e Quad Band EDGE (850/1900 Mhz and 900/1800 Mhz)

« TCP/UDP/Telnet Serial Device Server

e Operating environment range: —30 to 65°C, 5 to 95 % humidity non-condensing
e Mounting brackets and all hardware

4.5 Antennas

The preferred GPRS antennas are as follows:

4.5.1 Cabinet Mount Indoor Sites — Drainage Buildings
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MAXRAD MUF8005 SMF/Cellular Series (or approved alternate):

Low loss 50 Ohm Coax cable, length as required

TNC connector and

Cable length as required

PolyPhaser IS-B50LN-C2 Lightning Arrestor or approved alternate
All mounting hardware

4.5.2 Building Roof Mount sites

MAXRAD MAX Base 800/900 MHz Series (or approved alternate):

Low loss 50 Ohm Coax cable, length as required

TNC connector

Cable length as required

4 foot pole mount for roof mount, aluminium or stainless
PolyPhaser IS-B50LN-C2 Lightning Arrestor or approved alternate
All mounting hardware

45.3 OQutdoor Sites

MAXRAD MLPV800 Vandal Resistant Low Profile vertical antenna (or approved
alternate):

806-960 MHz operation

BNC Connector option

U.V. rated coil housing

Low loss 50 Ohm Coax cable length as required

TNC connector

Cable length as required

2 foot stainless steel pole for outdoor cabinet mount, aluminium or stainless
10 foot antenna pole for other sites as required, aluminium or stainless
PolyPhaser IS-B50LN-C2 Lightning Arrestor or approved alternate

All mounting hardware

MARAD BMOY Series 800/900 MHz Yagi (or approved alternate):

806-960 MHz operation
BNC Connector option
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4.6

5.0

5.1

e Low loss 50 Ohm Coax cable length as required

e TNC connector

o Cable length as required

e 10 foot antenna pole for other sites as required, aluminium or stainless
e PolyPhaser IS-B50LN-C2 Lightning Arrestor or approved alternate

e All mounting hardware

Outdoor equipment enclosure sites shall be supplied with a vandal resistant, low
profile antenna. High profile vertical antenna may be used within a secured area in
order to improve signal reception. The antenna shall be mounted on top of the
enclosure, preferably in the centre of the panel. The antenna base shall be sealed to
prevent water entry into the enclosure.

For underground pumping stations, an external antenna support structure shall be
provided. The antenna support structure shall be a freestanding, metal pole as close
as possible to the underground facility. The pole shall be a minimum of 4 meters in
height above ground level, and sufficiently strong to resist bending, breaking or other
vandalism. The pole shall be mounted on a concrete pile and grounded for lightning
protection. The antenna shall be mounted on a plate attached to the top of the pole
and all wires and cables shall be routed inside the antenna support pole and mounting
pad to the radio/modem in the underground facility. The antenna support pole shall be
visually compatible with the surrounding area.

SCADA Commissioning and Testing

It is a requirement of all projects to:

o Develop a list of SCADA logging and alarm points for the project with Drainage
Services,

« Arrange for updating the SCADA Host and Client databases,

« Arrange for development of new or modified screens for the SCADA Host and
Client HMI’s,

« Commission and verify in the presence of Drainage Services Operations staff
the proper operation of the facility, data logging and alarming of all required
SCADA points, including demonstration of alarms received at the Roadway
Dispatch Centre and Kennedale SCADA server.

Standby Systems

The requirement of not needing standby power or pumping at storm pump stations
shall be considered on a site by site basis. Standby power or pumping is generally
not required when no significant flooding or property damage is expected to occur
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5.2

5.3

5.4

5.5

5.6

5.7

during a 1:100 year rainfall event as defined by the City of Edmonton Design and
Construction Standards and during power failure.

Provision for bypass, emergency storage, standby power or standby pumping is
required at all sanitary pump stations. Standby systems shall be capable of handling
peak wet weather sanitary flows as determined by the City of Edmonton Design and
Construction Standards.

Connection from at least two independent power sources such as substations is the
preferred method of providing standby to pump stations. If two independent power
sources are not available, a high level bypass or 4 hours of emergency storage is
preferred.

Where connection from at least two independent power sources, high-level bypass or
storage it is not feasible, natural gas or diesel fired standby power or pumping shall
be provided.

Transfer Facility

o Automatic transfer switch rating shall match the selected utility service entrance
size.

o Preferably located in a motor control center.
Circuit Breaker

e A circuit breaker shall be provided to isolate the standby emergency power
source.

o Circuit breaker shall be rated to match the selected emergency power
connection electric current capacity.

Emergency Power Generator

When an emergency power generator is provided to ensure that back-up power is
immediately available during a utility power failure, the following design concepts shall
be established with Drainage Services.

o Diesel fuel establishes independence from utility source, but requires a fuel
storage tank within a heated space, a double walled fuel tank, and must be
within easy reach for filling. The size of a fuel storage tank shall be a function of
engine fuel consumption rate and duration of running time between fills. A fuel
tank low level alarm shall be specified with fuel tank. A fuel leak detection alarm
shall be specified with the fuel tank. Black iron pipe is preferred for fuel lines.
Galvanized pipe is not acceptable.

e Natural gas fuelled engines will be cleaner and not subject to a limited fuel
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source and preferred over diesel fuel engine, but are dependent on availability
of fuel during a natural disaster event, which may disrupt the natural gas
supply. Generator sets with facilities for using propane as a switchable
alternative fuel supply are most preferred.

« Cummins Onan, spark-ignited types of generator sets, with natural gas main
fuel supply and connection for a backup propane fuel supply mounted external
to the building, are preferred.

e The size of the generator is dependent on the loading. An agreement with the
Drainage Services will be made to determine if one (1) or multiple pumps need
to be connected to the generator supply.

o Generator voltage dip shall not exceed 20% during any load step.

e Generator shall be de-rated when Variable Frequency Drives without harmonic
correction are used

« When a single pump is to be powered, a safety feature to disconnect any
additional load such as a second pump shall be incorporated.

« Consideration shall be given to generators with electronic governors, and
permanent magnet exciters.

e Generator source shall match the utility supply voltage with 347/600-Volt, 3-
phase, and 4-wire as the standard source.

« Generator ‘run,’ trouble’, ‘fail’ and “low battery charge” conditions shall be
alarmed.

« The automatic transfer switch shall generally be located in the motor control
center and shall be supplied with voltage sensor, time delays and standard
safety features for phase protection, and under voltage.

« Automatic exercising control for the generator shall be included with the
transfer switch.

« Digital display and analog bar graph meters shall be included with the transfer
switch for adjusting transfer switch parameters and monitoring load voltages,
frequency, power factor and Kilowatts.

e Provide relay output option for source 1 available, source 2 available, not in
auto, and test active.

e Provide a retransfer inhibit kit with the transfer switch interlocked to pumps
running status to prevent the transfer switch from retransferring to normal
source until all pumps running on the generator have completed their pump
down cycle and have stopped.

« Cummins OTPC Transfer switch with level 2 controls is preferred.

o Automatic battery charger, 12 Amp at 12 Volt, for the generator shall be
provided with the following minimum capabilities:

o Capable of returning a fully discharged battery to charged condition within
24 hours,
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6.0

o 4-state charging algorithm type, trickle charge, bulk charge, adsorption
state and float charge,

o Wall mounting,

o Complete with two line LCD display of DC ammeter, voltmeter, display
alarm messages, and perform programming.

o AC input over current, over voltage and under voltage protection,
o DC output over current protection.

o AC input switch, LED lamps for normal charge, equalizing charge and fault
condition.

o Alarm output relay.
« Cummins Four-Stage battery charger is preferred.

e Noise reduction measures such as critical class mufflers, water-cooled engines,
or acoustic blocks shall be considered.

Lighting

Adequate lighting shall be provided for the entire facility. The light fixtures in interior
above or below-grade, clean areas shall be fluorescent fixture Type 1. Lighting in the
dry well shall be fluorescent Type 3. Exterior light fixtures shall be High Intensity
Discharge (HID) Type 2. Lights specifications shall meet the area classification.

For separate outdoor wet wells, lighting shall be arranged to be indirect (from outside
of the well) and maintainable without entering the wet well whenever feasible.
Corrosive effects make installation of lights inside sanitary wet wells undesirable.
Install a receptacle nearby to permit the use of a portable trouble lamp.

For wet wells forming part of the lift station building with an upper equipment room
and lower level wet well the upper equipment room lighting shall be Type 4 and the
lower level wet well lighting shall be Type 5. All fixtures shall be located and installed
to allow easy access for maintenance.

Unit Equipment emergency lighting units Type 6, shall be provided for plug-in facilities.
Remote lamp heads to be provided at the lowest dry well levels as practical.
Emergency lighting units shall be on same circuit as room lights, as required by C.E.C.
46-304(4)

Exterior lights shall be provided to illuminate all building entrance areas and outside
equipment access locations.

Supply and install the following type of fixtures:
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e Type 1. Surface ceiling-mount, 1200 mm long, fluorescent light fixture, 2-34
watt, cool white T-8 with electronic 120VAC ballast, porcelain enamel reflector,
and turret sockets.

e Type 2: Exterior wall mount high-pressure sodium light fixture 35 Watt,
120VAC, vandal-resistant, polycarbonate lens, bronze housing, with photocell
control.

o Type 3: Dry well lighting, vapour tight, 32-watt compact fluorescent, non-
metallic, 120-volt, wall or ceiling mounting, polycarbonate clear globe.

e Type 4. Wet well equipment room lighting, 600 mm long, Class |, Zone 2,
Hazardous area, 39-watt compact fluorescent, non-metallic FRP housing, clear
acrylic lens, 120-volt.

e Type 5: Wet well lower level lighting, Class |, Zone 2, Hazardous and Category
2area, 32-watt compact fluorescent, non-metallic, 120-volt, wall or ceiling
mounting, polycarbonate clear globe.

o Type 6: Emergency Light, self contained, Type 4X enclosure, sealed lead
maintenance free battery, 6 Volt, 2 @ 8 Watt integral Halogen sealed beam
heads, push to test switch, low battery disconnect, and provision for remote
heads. Battery sized for a minimum time period of not less than 30 min.

7.0 General Construction and Wiring
7.1 Labelling

All electrical equipment, junction boxes, control panels, instruments and power
equipment shall be clearly labelled with Equipment Tag number, Equipment name or
function and power source and Breaker number by means of 2-layer, 2.5 mm thick,
matte finish, lamicoid nameplates with black letters on a white background. Labels
shall state the full name of the equipment. Use of abbreviations or references from the
construction specifications and drawings alone is undesirable.

All breakers in MCCs or power distribution centers and low voltage distribution panels
shall be labelled with a number and the equipment it supplies.

All motor starters in MCCs or individually mounted shall be labelled with a tag number
and the equipment it supplies.

Each instrument and control device shall be labelled with a stamped or engraved tag
number. Stamped tags shall be stainless steel. Tags to be affixed to instruments and
control device with nylon tie wraps or adhesive. Do not use adhesive on curved
surfaces.

« Provide signage for operational instructions, overflow or flood levels, and pump
start/stop set points.
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o Label all power, control, instrumentation and data cable/conduit with a unique
tag number. Label where cable/conduit enters a device, panel or electrical
equipment. Tag number is to identify where the opposite end of the
cable/conduit terminates.

« All conductors shall be identified and numbered in accordance with the control
schematic. Labels shall be of the heat shrink type, appropriately sized for the
size of wire. Adhesive tape style labels are not acceptable.

7.2 Wiring

e All pump power cables in dry wells shall be continuous without splice or junction
between the motor and the starters where possible.

o All pump power cables in wet wells shall be wired to terminals in junction boxes
installed outside of wet wells, and above any flood levels. Cables in the wet well
shall be supported with stainless steel Kellem cable grips. Provide a reasonable
amount of spare pump cable between Kellem support and junction box to
facilitate pump removal and reinstallation. Power wiring from junction box to
motor controller to be sealed as required by the CEC. Wet well is rated Class 1,
Zone 2, and Category 2 corrosive.

e All VFD motor feeders shall be shielded type, with flexible armour and PVC
outer jacket where installed on cable try or run in RGS conduit.

« Ultrasonic level sensor cables shall be shielded, run in RGS conduit and
spaced 300 mm from any 600 volt motor feeders. (Note: VFD motor feeders
have caused interference with ultrasonic level sensor signals.)

o To alleviate corrosion in the wet well areas all wiring power, control or
instrumentation to be tinned or coated with Penetrox A-13 prior to termination.

e There shall be no disconnecting switch or junction box in a cable below ground
level.

o All cables for level sensor transducers and float switches in the dry wells shall
be continuous without splice or junction between the device and control panel
where possible and shall be supported from cable grips.

o All cables for level sensor transducers and float switches in wet wells shall be
wired to terminals in junction boxes installed outside of wet wells, and above
any flood levels. Cables in the wet well shall be supported with stainless steel
Kellem cable grips. Wet well is rated Class 1, Zone 2 and Category 2 corrosive.

« Equipment suitable for non-hazardous locations may be used in Class |, Zone 2
hazardous locations under the following conditions:

1. The equipment can be switched off at any time, without warning, without
causing any hazards;

2. An audible and visual alarm is actuated when the combustible gas
concentration reaches 20% of the LEL; and
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3. The equipment is automatically disconnected from the electrical supply
when the combustible gas concentration reaches 40% of LEL.

Verify that the cables supplied with motors are long enough for requirements.
Excessive lengths of cable shall not be left in wet wells.

Verify that the pump motor amperage and leakage protection wiring is provided
in the pump power feeder composite cable.

Level switches and other sensing devices, not rated for a Class 1, Zone 2 area
will require an intrinsically safe barrier at the control panel.

7.3 Electrical Cables, Conduits and Pull Boxes

Use rigid PVC conduit and fittings for all work in the dry well.

Use only Teck cable with putty type sealing connectors approved for Class 1,
Zone 2 and Category 2 for all work in the wet well. If Teck cable length is 10 m
or longer no seals are required.

Install all pull boxes in the dry well at ceiling level.
Install all pull boxes for the wet well outside the well area, where possible.

Where electrical metal tube (EMT) is used in areas other than wet or dry wells,
only water tight connections will be used. No set screw connectors shall be
used.

EMT and rigid conduit system will use FS (standard) or FD (deep) cast
aluminium boxes with matching cover for surface mounted outlets.

Conduits will be cast aluminium with threaded hubs solid gaskets and cast
covers.

7.4 Location of Electrical Equipment

All electrical and control equipment shall be located such that it cannot be
flooded under any foreseeable circumstances.

Local safety disconnect switches shall be located above potential flood level.

Any disconnect switches located away from the pump locations shall be
lockable.

Switchgear and combination magnetic motor starters shall be lockable and
located adjacent to the control panel.

Portable Start/Stop Station for Pumps: In a deep dry well pump application,
provide a submersible push-button control receptacle mounted 1200 mm above
the dry well floor, which shall be wired to MCC and shall allow remote control of
pumps using a portable start/stop station in the dry well. The MCC shall be
equipped with a four-position selection switch (Hand/Off/Remote/Auto) to allow
the required remote operational function. The intent is to allow operators to
carry a portable start/stop station and remotely control pumps (start/stop) at the
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dry well floor level for the pump service/maintenance purposes. Refer to
Drawing 03-E24 for details of the remote control receptacle and portable
start/stop station for pumps.

7.5 Pump Station Electrical Protection Requirements

« Facilities with an automatic transfer switch shall have the following Electrical
protection features provided by the transfer switch: phase imbalance, phase
loss, phase reversal and low voltage.

e Surge Protection shall be provided for all facilities. Cutler-Hammer, Supervisor
Series is the preferred product providing:

o 160 kA/phase surge rating,
o 3 phase wye connections,
o fault indicator lights/phase,
o form C alarm contact,

o audible alarm,

o transient counter,

o push to test,

o power quality meter, and

o A-B MCC mounting.

7.6 Receptacle Requirements

e 120-volt ground-fault-protected receptacles shall be provided, as necessary, for
convenient power supplies throughout the facility (except the wet well).

« Minimum receptacle requirements are as follows, on at least two separate
circuits, each on their own circuits:

o One at the control panel.
o One within the dry well (where applicable).

o At least one outside of the building. External receptacles shall be under
lockable weatherproof covers.

An additional 120-volt circuit shall be provided solely for the dry well sump pump.
8.0 Pump Station Control

8.1 Control/SCADA Panel — General Requirement

8.1.1 A control/SCADA panel shall be provided for control and monitoring of
pumps, gates, valves and other station equipment operation.
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8.1.2

8.1.3

The panel must be located so that it cannot be flooded under any foreseeable
circumstance.

Care must be taken when transmitting level changes over SCADA to limit the
number of transmissions to a reasonable number to prevent communication
system overload and excessive communication charges.

8.2 Pump Control Requirements

8.2.1

8.2.2

8.2.3

8.24

8.2.5

8.2.6

Provision shall be made to automatically alternate between at least two
pumps in normal service. Controls shall also be provided such that if, with one
pump operating, the sewage level in the wet well continues to rise, then the
additional pump or pumps shall automatically start once the sewage level
reaches a higher set point or points.

If in a two-pump station, one pump should fail to start for whatever reason or
if the Hand-Off-Auto switch is in Off, the PLC logic shall generate only a
single pump failed to start alarm and transfer all control to the remaining
working pump.

This pump control shall not apply if the design philosophy specifically states
that only one (1) pump shall be used, as in the case where downstream
capacity is not available and/or storage is utilized for inflow rates in excess of
pump capacity.

If an active pump fails in a station with a standby pump, the standby pump
shall assume the failed pump operation. This pump sequencing shall remain
constant until the fault has been rectified.

Tripping the high level float switch shall also start one or more designated
pump(s) through PLC control, if no pump was running.

Where the electrical power service or standby power is not capable of
supplying all pumps simultaneously, full operation shall be prevented by the
use of electrical interlocks.

8.3 Gate and Valve Control

To avoid a high rate of wear, control delays or stepped motion increments shall be
utilized to minimize gate or valve response frequency resulting from rapid and slight
changes in monitoring levels.

8.4 Station Control/SCADA Enclosure

For new installations, all control and SCADA shall be located in one panel.
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Indoor enclosures shall be CSA Type 12, gasketted. Indoor enclosures shall be wall
mounted using available space in the site equipment room. Indoor enclosures shall be
un-insulated and ventilated.

All outdoor enclosures shall be CSA Type 4X stainless steel supplied with a hinged,
pad-lockable door. Outdoor enclosures shall be heated and shall be supplied with air
vents to prevent extreme heat. Enclosures for outdoor sites shall be frame-mounted.
Frames shall be anchored to two concrete piles. Wherever possible, one frame size
shall be used for all enclosure sizes to standardize on installation and mounting
details.

To provide trouble free operation during extreme hot and cold temperatures, outdoor
enclosures shall be insulated with 25 mm fire resistant, high R-value, foam insulation
on all the inside surfaces of enclosure walls, floors, ceilings and doors. Insulation shall
be specified for exposure to high temperatures that may be experienced during hot
summer days. Equipment panels shall be mounted on studs to clear the insulation
without compression.

The SCADA enclosure shall contain, but not be limited to, the following:

e GPRS radio modem (Section 4.4)

« GPRS antenna (Section 4.5)

e Allen Bradley PLC (Section 8.5)

e UPS (Section 8.6)

e« 120 VAC to 12 VDC power supply (Section 8.7)

e 400 watt blower/heater with integral thermostat, quantity as required to suit size
of enclosure (outdoor enclosures only). Preferred blower/heater is Hoffman
model D-AH4001B

e Smoke detector (outdoor enclosures only)

e Terminal strips as required

e Door switch (outdoor enclosures only)

e Thermostat (outdoor enclosures only)

e Airvent
Control wiring shall be #16 AWG, TEW wire, with appropriate fuse protection.
Auxiliary control relays, if required, shall be Omron, Potter-Brumfield, or Allen-Bradley
of the octal-base type, 8-pin, general-purpose relay, with a minimum contact rating of
10 amps. Time delay relays, if required, shall be Omron Type H3BA, or Allen Bradley,

or an approved equivalent industrial grade. Indicating lights, pushbuttons, and selector
switches, where required, shall be 800T style, 30.5 mm, Allen-Bradley.
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8.5

Both indoor and outdoor assemblies shall be located as close to existing equipment
as possible, to minimize lengthy cabling between enclosures. Coordinate exact

location with City of Edmonton Drainage Services. All interconnecting wiring shall be
run in conduit. Conduit between outdoor enclosures shall be trenched in as required.

For new installations the SCADA shall be integrated into the station control system

PLC.

Programmable Logic Controller (PLC)

8.5.1

8.5.2

8.5.3

8.5.4

Primary process communications between the PLC, soft starters, non-contact
ultrasonic level monitor and power protection relay shall be via DeviceNet.
Analogue and discrete communications shall be provided as backup.

Automatic pump control for typical lead and lag, and duty and standby types
of operation shall be by means of the ultrasonic level controller c/w relays and
analog output. Analog output shall be connected directly to the station PLC
for Control of the pumps. Relays of the level controller are hard wired in pump
motor starters for backup control in the event of PLC failure. Pump control
must be independent of operation of local indication or annunciation
equipment. In the eventuality of a level controller failure the pump control
shall be provided through the PLC by using the high and low level alarm level
switches.

For control of large and medium size pump stations and gate stations with
large I/O counts, smart motor controllers and Real-Time Control masters,
supply and install an Allen Bradley SLC/503 PLC.

e Allen Bradley 1746-A10 - ten slot panel mount chassis (Quantity 1)

e 1746-P2 120 VAC input Power Supply (Quantity 1)

e 1747-L531 SLC 5/03 Processor with 8K Memory, with EEPROM back-up
& DH-485 communication port (Quantity 1)

e 1746-1A16 16 Pt. 120 VAC Digital Input module (Quantity as required by
individual site requirements)

e 1746-0OX8 Isolated Contact Digital Output module (Quantity as required by
individual site requirements)

e 1746-NI4 4 Pt. Analog Input module (Quantity 1 or more as required by
individual site requirements)

e 1746-NO4I 4 Pt. Analog current output module (Quantity as required by
individual site requirements)

e Prosoft Technology 3150MCM Modbus Master Communications module
(Quantity 1 — required only for sites that act as RTC Masters to existing
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Modbus Slave PLCs).

o 1747-SDN DeviceNet Scanner Module.

« Other modules as required to support facility equipment

8.5.5 For control of small pump stations, gate stations, level monitoring stations and

other small sites, supply and install an Allen Bradley MicroLogix 1500 PLC.

e 1764-LSP - MicroLogix 1500 Processor with two RS-232 ports and DF1
half duplex protocol (Quantity 1)

e Two 20 KHz high speed Counters

e 1764-24AWA - Panel Mount Base Unit; 12 110 VAC inputs, 12 relay
outputs (Quantity 1)

e 1764-MM1RTC—-Combination Back-up Memory and Real-time Clock
Module (Quantity 1)

e 1769-IF4 - Analog Input module; 4 input voltage/current module (Quantity
1 or more as required by individual site requirements):

e 1769-1A16 16 Pt. 120 VAC Digital Input module (Quantity 2 or more as
required by individual site requirements)

e 1769-ECR Terminator (Quantity 2)

e 1761-NET-AIC+, DH-485 interface for local programming & RS-232-C to
radio modem

e Allrequired cables

e 1764-LRP Communications Module with Modbus RTU Master driver
(Quantity 1 — required only for sites that act as RTC Masters to existing
Modbus Slave PLCs)

o 1769-SDN DeviceNet Scanner Module
« Other modules as required to support facility equipment
8.5.6 For major pump stations and complex gate control stations, using A-B SLC
5/03, provide Allen Bradley Panelview 1000 touch screen operator interface
with multiple screens for:
o Overall system layout, showing remote sites
e Level /flow monitoring
e Pump status
» Gate status
e Local control of pumps
e Local control of gates
e Set points
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o Alarms
For smaller sites provide Allen Bradley Panelview 550T touch screen operator
interface as required by Drainage Services.

Refer to Appendix A for colour codes and sample screens.
8.6 Uninterruptible Power Supply (UPS)

Powerware Model 9120, 1000 VA with extended battery module or approved alternate
UPS shall be provided to power control/SCADA equipment and shall have the
following features:

e 120 VAC, 1000 VA Uninterruptible Power Supply

e 50/60 Hz auto sensing

e Bypass Relay

e Operating Temperature: 0 - 40 °C (32 - 104°F)

o LCD display of UPS meters and settings

« Battery type to be maintenance-free

e UPS battery adequate for minimum 1 hour back-up

o Extended battery module for 1 hour back-up time

8.7 12 VDC POWER SUPPLY FOR SCADA PANELS

Lambda VS100B-12 or approved alternate (for all GPRS Radios) shall be supplied with the
following features:

e 85-132 VAC to 12 VDC Power Supply

e 100 Watt

o Output Voltage Adj Range +10%

o Load Regulation 96mV at 12V

e Ripple and Noise 150mV at 12

e Operating Temperature Range - 10° to +60°C

o Certification UL1950, CSA

8.8 Pump Motor Starters and Overload Protection

8.8.1 Electrical protection for individual pumps regardless of type of motor starter or
variable speed drive shall have protection for phase imbalance, phase loss,
phase reversal, and low voltage in the form of a multifunction monitoring relay
located in pump motor starter or drive. Provide a Carlo Gavazzi, true RMS
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600 VAC, 3-phase + N type DPC-01-D-M69 with its own fuses rated 3 amp. .
The Carlo Gavazzi relay is to operate to shutdown a pump or prevent a pump
from starting before the pump overload or drive protective functions trip to
lockout the pump. A single relay for all pumps in a station is not acceptable.

8.8.2 Where the Engineer determines, through hydraulic transient analysis, that
maximum pressures are within the capacity of the pipe system but repeated
hydraulic surge effects or excessive slamming of check valves may cause
damage or a significant reduction in the useful life of the pipe system, or
excessive noise; then the preferred method of eliminating such effects is with
soft start/stop motor controllers such as SMC with Pump Control Option
designed specifically for control of pump motors.

8.8.3 Full-voltage, electric motor starters shall be Allen-Bradley combination circuit
breaker and magnetic type starters, rated for the line voltage specified.
Combination starters shall include a control transformer with primary and
secondary fusing. Contactors for motor starters shall be selected in
accordance with NEMA standard ICS2-321 for jogging and plugging duty and
shall have replaceable contacts and coils. Short circuit protection devices
shall be provided in accordance with the Canadian Electrical Code such that
the contactor or starter shall cause no damage to persons or the installation,
and shall be suitable for further use after reconditioning if necessary.
Contactors rated in accordance with both NEMA and IEC standards shall be
marked with the NEMA rating only. MCCs and combination motor starters
manufactured by Allen-Bradley are preferred. The designer shall be required
to provide justification for the selection of alternative equipment, and this
selection shall be subject to the approval of the City Drainage Department.

8.8.4 Where soft start/stop type of motor starters are required, in accordance with
clause 7.5.1, they shall be Allen-Bradley, Bulletin 150, Smart Motor Controller
(SMC) Dialog Plus with pump control option, and appropriately sized for
specified motor loads, with integrated silicon control rectifier fusing, as
prescribed in the SMC Dialog Plus manual. Where a bypass contactor is
provided once pump reaches full speed, each motor controller shall be fitted
with an Allen-Bradley, Bulletin 825 converter module to ensure current
metering/protection is not lost. SMC motor starter configuration shall be
specified by the Engineer in consultation with the City Drainage Department.
SMC motor starters shall be programmed by the contractor with assistance
from manufacturer’s service representative as required.

8.8.5 All pump motor starters, full voltage and SMC types, shall be complete with
Allen Bradley Bulletin 800T, 30.5 mm Hand/Off/Auto selector switch, red “run”
pilot light and “Mushroom” type emergency stop push button and Hobbs
elapsed time meter (available at Gregg Distributors, Edmonton). Emergency
stop buttons shall override the stop option of Smart Motor Controllers.

8.8.6 Adjustment of trip settings of all overloads and circuit breakers shall be done
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to correctly co-ordinate tripping order. Overloads shall be adjusted to suit the
full-load current without nuisance tripping. HMCP (motor circuit protectors)
breakers shall have the magnetic trip settings adjusted to the appropriate
setting.

8.8.7 If full-voltage pump motor starters are used, they shall each include an Allen-
Bradley, Bulletin 592, E3 Plus overload relay for protection against overload,
phase loss, phase imbalance, ground fault, jamming and stalling. The E3 Plus
shall be connected to the programmable logic controller by means of the
standard DeviceNet communications system, to convey the following
information:

e Average electric current in the motor
« Percentage of thermal capacity utilized
e Full-load current settings
e Manual Reset after trip
e Trip cause and warning indications:
o Overload (Refer to A
o Appendix B for trip class selection)
o Phase loss
o Current imbalance (warning only)
o Ground fault (warning only)
oJam
o Stall
o Loss of communication with programmable logic controller (warning only)
Refer to Appendix B for additional information on the E3 Plus setup.

8.8.8 If Bulletin 150, Smart Motor Controller (SMC) Dialog Plus with pump control
option is used, it shall each be connected to the programmable logic
controller by means of 20 Comm D module and DeviceNet scanner module,
and shall convey the following information:

e Average electric current in the motor

« Percentage of thermal capacity utilized

e Full-load current settings

e Manual Reset after trip

e Trip cause and warning indications:
o Overload (Refer to Appendix C for trip class selection)
o Phase loss
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o Current imbalance (warning only)

o Ground fault (warning only)

oJam

o Stall

o Loss of communication with programmable logic controller (warning only)
Refer to Appendix C for additional information on the SMC Dialog Plus setup.

8.8.9 Where the engineer determines that variable speed pumps shall be used, the

preferred variable speed drive shall be from the ABB ACS 600, Toshiba G7,
or Allen-Bradley PowerFlex ranges, appropriately sized for specified motor
loads, with integrated silicon control rectifier fusing. Variable speed drive
configuration shall be specified by the Engineer in consultation with the City
Drainage Department. Variable speed drives shall be programmed by the
contractor with assistance from manufacturer’s service representative as
required. If a PLC is used for station control the variable speed drive shall be
connected to the PLC by means of a standard DeviceNet communication
system, to convey the following information:
e Average electric current in the motor
o Percentage of thermal capacity utilized
e Full-load current settings
e Manual Reset after trip
« Trip cause and warning indications:

o Over current

o Phase loss

o Phase imbalance (warning only)

o Ground fault (warning only)

o Jam

o Stall

o Loss of communication with programmable logic controller (warning
only)

8.8.10 Starters and VFDs shall be preferably mounted in a Motor Control Center or
alternately if approved by City Drainage Department CSA type 1, general-
purpose enclosure with a disconnect device operating mechanism,
interlocked with the enclosure door to prevent opening of the door with the
device in the “ON” position. The operating handle shall be lockable in the
“OFF” position with up to three padlocks. If VFDs are located in control
panels, the control panel voltage shall be limited to 250 V maximum.
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8.8.11 When pump speed is used to regulate flow, consideration should be made for
periodic operation at full speed for forcemain flushing.

8.8.12 Where Smart Motor Controllers and variable frequency drives are mounted in
motor control centres, provide windows in the MCC doors to allow viewing the
liquid crystal displays on the drives without opening the doors.

8.9 Non-pump Motor Starters and Overload Protection

Full-voltage starters shall comply with Section 8.8.2 and have the following features.

« Hand/off/auto selection
e Red, run pilot light
« Allen Bradley Type E2 overload relay, or approved alternate.

9.0 Level Controllers/Float Switches

9.1 Primary Level Controller

9.1.1 Ultrasonic level sensor from Siemens (Milltronics) range of ultrasonic level
sensing and control devices shall be the primary level sensing device, where
applicable. Acceptable models include:

e Pulsar Ultra 3 (3 relays, 4-20mA output — level, volume, pump control,
open channel flow)

e Pulsar Ultra 5 (5 relays, 4-20mA output — level, volume, pump control,
differential, open channel flow)

e Pulsar Zenith (6 relays , 4-20mA output, 4-20mA input — level, volume,
pump control, differential)

e MultiRanger 100 and MultiRanger 200

e SITRANS LU 01/AiRanger SPL

e SITRANS LU 02/AiRanger DPL Plus

e SITRANS LU 10/AiRanger XPL Plus

e SITRANS LUC 500/EnviroRanger ERS 500
e HydroRanger 200

e HydroRanger Plus

e Open Channel Meter OCM llI

Or a City engineer approved equal. The proposed device should be vetted
with the city early in the design process.
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The models with DeviceNet communications interface to PLC a preferred for
typical wastewater applications, unless other features are required.

The level controller shall be mounted in the control/SCADA panel or on a wall
near the control panel at an easily viewable and accessible location.
Configure the level controller with automatic control functions indicating pump
cycle alternation and fail-safe mode appropriate to the design requirements of
the station.

9.1.2 Transducer Type
Pulsar

The dB ultrasonic range of fully digital transducers are compatible with all
Pulsar controllers. All have the Effective 3° beam up to a 50m range. The
dBMACHS3 specifically for high accuracy open channel flow applications.
Ensure a submersible shield is fitted in application where the transducer may
get submerged. Intrinsically Safe versions are available.

Siemens (Milltronics)

The XPS-15 ultrasonic transducer is preferred where feasible (0.3 to 15 m
depth) and is compatible with all controllers above except the OCM Illl. Where
deeper applications (0.6 to 30 m depth) are required the XPS 30 ultrasonic
transducer is preferred. The XPS 3 0 is compatible with the LU series
controllers only. The OCM lll is compatible with the XRS-5 transducer (0.3 to
8 m depth) only. Other transducers may be considered where warranted and
approved by the City. Level controllers shall be installed in accordance with
standard drawing E4.

9.1.3 Transducer Installation - Wet Well, Tanks and Manholes

The ultrasonic level transducer shall be installed in accordance with the
specifications in the ultrasonic manufactures manual, in a PVC rigid guide
pipe extending to an elevation above potential flood level in the wet well. The
transducer shall be fitted with a custom made plastic collar to insure that
transducer remains central. The transducer face shall be flush with the
bottom of the guide pipe. There shall be an unobstructed path for the cone
shaped signal transmission from the transducer to the water surface and
back.

The installation of the transducer and the range and span settings shall cover
the full range of variation of the liquid level from the bottom of the well, tank or
manhole as datum to the highest level of concern, such as overflow or flood
level.
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9.2

9.3

9.4

Prior to commissioning, the transducer installation shall be checked and
adjusted as necessary to insure a stable, satisfactory signal confidence
reading at the ultrasonic controller

Alternative Primary Level Controller

At locations where it is not feasible to measure accurately or reliably liquid level over
the full range of level variation with an ultrasonic level sensor, a hydrostatic level
sensor or radar level sensor may be used on approval of the City instead of or in
conjunction with an ultrasonic type level senor.

Preferred types of hydrostatic level sensor include: Model 311-M351 as manufactured
by GP50 with a Tefzel cable for chemical resistance is the City preferred pressure
transducer.

The preferred type of radar level sensor is Siemens Probe LR.

Where multiple level sensors of different types are used, and normal operation may
render a level sensor inoperative, such as exceeding the span of an ultrasonic
transducer, transmission of a fault alarm should be inhibited while the liquid level
exceeds the span.

Multiple Primary Level Controllers

At locations where the depth, operating conditions, or layout of the wet well make the
reliability of a single type of level sensor questionable, three or more sensors of at
least two different types shall be provided. The station programmable controller shall
compare the readings from the different sensors to identify any sensor signal that may
be erroneous but an acceptable amount of sensor drift shall be programmed into the
controller. A reading found to be in error shall be rejected for control and identified in
the SCADA system with an alarm. Consideration shall be given to the potential causes
and consequences of level sensor failure when choosing the level sensing system.

Level Switch Installation for Wet Well and Dry Well

Float switches to be Flygt ENM-10, micro-switch design. Mercury type, float switches
are not acceptable.

A float switch shall be provided in the dry well for a flooding alarm, set at an
appropriate elevation near the bottom of the well. Where a sump pit is incorporated, a
float switch shall be installed within the sump pit.

A float switch is to be provided in the wet well to serve as a backup to the ultrasonic
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9.5

9.6

10.0

10.1

10.2

High Water Level sensor in the event of a failure. The high level switch alarm shall be
programmed in the PLC to energize one designated pump, if no pump was running.

A float switch is to be provided in the wet well to serve as a backup to the ultrasonic
Low Water Level sensor in the event of a failure.

Where applicable a separate float switch shall be provided in the wet well suspended
at an appropriate elevation to detect an overflow condition, and activate an alarm.

Dry well float switches are to be directly connected to the PLC.

Wet well float switches shall be installed in accordance with standard drawing E4 and
Section 7.2 Wiring.

All level sensor transducers and float switches shall be mounted so that they are
easily removable and serviceable without entry into the wet well.

All cables for the devices shall be factory sealed and shall be of sufficient length to
reach the control panel or above grade junction box and PLC without any intermediate
splices. Junction boxes must be installed outside wet wells and above any flood level.

Wet wells and other chambers with flowing wastewater are rated as a Class 1 Zone 2
hazardous area and the Flygt level switches shall require a hazardous area isolating
relay, MTL model 2213 in the control panel and field wiring isolated from all other
panel wiring.

Flow Meter

Forcemain flow meters are required in all pump stations unless otherwise approved

by Drainage Services. The flow meter shall be a magnetic flow meter with a remote

secondary flow transmitter mounted in the control panel or on a wall near the control
panel at an easily viewable and accessible location. Other types of flow meters may
be considered if approved by the City Drainage Services.

Primary Flow Element

Siemens MAG 5100W or approved alternate, including:

e Hard rubber or neoprene liner, or Teflon liner where chemicals deleterious to
rubber such as ferric chloride, are present in the wastewater.
o Electrodes: 316 SST flush type.

e Supply 316 SST ground rings or magmeter integral ground electrode when
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10.3

11.0

111

11.2

11.3

11.4

11.5

11.6

installed in lined pipes.

e Minimum 5 pipe diameters upstream and 3 pipe diameters downstream straight
pipe run or manufacturers recommendation if less. Magmeters are available
with very short upstream/downstream pipe runs if necessary.

« Installed ahead of control valves.

e Installed in piping which shall maintain a full pipe at all times.

e Ground with minimum #8 AWG copper to main station ground grid.

e Installed in vertical pipes, where possible, to even out wear on the liner.

« Install cables/conduits to provide watertight seal to guard against accidental
submergence.

Flow Transmitter

Siemens MAG 6000 or approved alternate, including:

o Wall or cabinet mount
« Dual LCD readouts for instantaneous and total flow
e The flow transmitter shall communicate with the PLC via DeviceNet

Heating and Ventilation

Specify power connections to all mechanical heating and ventilation equipment.
Specify disconnect switches where required and where not provided with the
equipment. Verify all equipment sizes and power requirements with the mechanical
designer.

Specify conduit for all low-voltage control wiring. Co-ordinate exact locations and
routing with the mechanical designer.

Ensure that air supply fan is permanently energized to maintain continuous airflow in
the dry well.

Specify a paddle type flow switch in the dry well air duct, Johnson Control Type
F62AA, and connect to the PLC system. Mechanical designer shall select a location
in duct that is free of air turbulence.

Provide interlock control circuitry between air exhaust fan and make-up-air unit where
applicable.

Where electric heaters are required, units shall be sized to required BTU output and
specified with internal thermostatic control, connected to the main power supply. Unit
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11.7

11.8

11.9

11.10

12.0

13.0

13.1

rating shall be adjusted to permit ‘off-the-shelf’ purchase.

For pump stations requiring wet well ventilation, there shall be an interlock between
fans and motorized dampers to prevent the escape of odours when the fan is not
running.

Ventilation and damper controls for generators and the building shall operate from a
common, compatible voltage and signal.

The design of wet well ventilation systems shall be such that the fan motor and
electrical wiring shall be external to the ventilation conduit/duct.

In accordance with Alberta Environment Standards And Guidelines For Municipal
Waterworks, Wastewater And Storm Drainage Systems, wet well ventilation shall be
designed to provide continuous 6 air changes an hour or 30 air changes an hour
during occupation. Provisions for portable ventilators in lieu of permanent ventilation
may only be considered on approval from Drainage Service. Intermittent ventilation of
30 air changes an hour is a generally preferred operating mode depending upon the
size and type of the pump station. Coordinate with Drainage Services Operations for
the preferred/required ventilation mode on each project.

Renovation of Existing Facilities

12.1.1 Where appropriate, include in the contract price, the removal of electrical
equipment and conduit and wiring from the existing lift station subject to
modification or upgrading.

12.1.2 Prior to disposal of equipment, invite Drainage Operations staff to salvage any
items that may be of use at other locations.

12.1.3 Prior to construction of new work, arrange for temporary power connection to
pumping facilities and as described in the general contract documents.

Miscellaneous Systems
Building Low Temperature

Specify a Johnston Controls Model A19BAC-1C, SPDT, -1 to 43 °C range, mounted
on a wall in the pump house, set at 5 degrees Celsius, and connect to the main
control panel alarm circuit and the PLC.

Contact to PLC to open on low temperature alarm.
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13.2

13.3

13.4

13.5

13.6

Specify a plywood mounting back plate behind thermostat if wall is of concrete block
construction.

Intrusion Alarm

Specify heavy-duty lever-operated switches (Allen-Bradley 802 T-D or equal) on
exterior access hatches or exterior doors, connected to the alarm system and
operated at 120 VAC, from the PLC.

Fire Alarm

Specify an American Sensors model ESA5011 ULC certified smoke detection device,
operated at 120 V AC, from the UPS.

Auxiliary relay output contact, connected to the PLC.

Smoke detection devices are required inside outdoor-mounted enclosures. Smoke
detection device(s) are required in main equipment and generator set rooms of pump
houses.

Electric Hoist

When required show power to the hoist drive, complete with a disconnect switch.
Verify the exact location and load requirement with the process engineer.

For hoists of 1 tonne or less, portable hoists shall be provided with Class 1, Zone 1
rated plugs and receptacles.

Storage Pond Gate Control and Level Monitoring Sites

The standard PLC preferred by the City Drainage Department is the A-B SLC 50/3.
However for gate control and level monitoring sites which require very few I/O the A-B
PLC may be a MicroLogix 1500. See Section 8.5 for details.

Level monitoring shall utilize a Siemens (Milltronics) MultiRanger 100. Refer to
Section 9.1 for additional details.

Storage Tank Facilities Level Monitoring

Level monitoring shall utilize an approved listed ultrasonic device. Refer to Section 9.1
for additional details, or City approved equal

Design Guideline Rev December 2015



DESIGN GUIDELINES FOR ELECTRICAL AND CONTROL Page 41
SYSTEMS FOR WASTEWATER COLLECTION FACILITIES December 2014

13.7 Portable Start/Stop Station for Pumps

For stations with deep dry well pump installation, provide a submersible remote
control receptacle 1200 mm above the dry well floor complete with a portable
start/stop station. Refer to Section 7.4, and standard drawing E24 in the appendix for
further detalils.
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Appendices:

HMI Design Standards

E3 Plus Overload Relay Configuration

SMC Starter Configuration

Variable Speed Drive Configuration

Transfer Switch Configuration

Standard Drawings and Data Logger User Manual

City of Edmonton Occupational Health and Safety — Lockout Standard

OGTMmMOoOO®@>
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APPENDIX A

HMI Design Standards
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IFIX Screens
The following color coding convention is to be followed.

On equipment

RED equipment is active, pumps on, valves open
Green equipment is safe, pumps off, valves closed
Magenta valves in travel

Yellow indicates an alarm condition

On all screens

Blue text is animated displays a real time value
Black text is a fixed note

On map screens

Green Storm sewers

Red Sanitary sewers
Purple Combined sewers
Yellow Stations with alarms
Notes:

1) Screens and programming to include intuitive naming else descriptors shall be
provided.

2) The use of abbreviations and esoteric terms is discouraged unless clarified on the
same screen.
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Site Graphics
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APPENDIX B

Allen-Bradley E3 Plus
Overload Relay
Configuration

REFERENCES:

1. A-B User Manual: E3 and E3 Plus Overload Relay
2. Drawing 03-E16; Typical FVNR Pump Motor Control
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Protective Parameter Enabled/ Range Setup
Feature Disabled
Overload Class 5,10,15,20,30 15
Warning Disabled
Trip Enabled 0.04 to 90 Amps Motor FLA
Phase Loss Trip Delay Enabled ‘0.1to 25 Sec 5 Sec
Inhibit Time 0 to 250 Sec 15 Sec
Ground Fault Warning Level Enabled 1To 5 Amps 1.5 Amps
Trip Level Disabled 1To5 Amps
Trip Delay 0.1to 25 Sec
Inhibit Time 0 to 250 Sec 15 Sec
Stall Trip Level Enabled
KVA Code E 100 - 600 % FLA | 475 %
KVA Code F 100 - 600 % FLA | 530 %
KVA Code G 100 - 600 % FLA | 600 %
KVA Code H 100 - 600 % FLA | 600 %
KVA Code J 100 - 600 % FLA | 600 %
Enable Time 0 to 250 Sec 5 Sec
Jam Warning Level Enabled 50 — 600 % FLA 150 %
Trip Level Enabled 50 - 600 % FLA 250%
Trip Delay 0.1 to 25 Sec 5 Sec
Inhibit Time 0 to 250 Sec 15 Sec
Underload Disabled
PTC Not normally Disabled Protection
used provided by
Flygt MiniCAS
Current Warning Level Enabled 10 — 100 % FLA 35 %
Imbalance Trip Level Disabled 10-100 % FLA
Trip Delay 0.1 to 25 Sec
Inhibit Time 0 to 250 Sec 15 Sec

Note: All setup values to be confirmed by coordination study prepared by a professional engineer.
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APPENDIX C

Allen-Bradley SMC Dialog Plus Controller

Configuration

REFERENCES:

1. A-B User Manual: SMC Dialog Plus Controller
2. Drawing 03-E17; Pump Motor Control Schematic (Soft Start)
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ABBREVIATIONS
o Default Value
NP  Not Programmed

MS  Motor Specific
RO Read Only

Note:

All setup values to be confirmed by coordination study prepared by a professional engineer.
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Appendix B
Parameter Information
Table B Parameter List
Parameter Parameter Display Scale Default User
fAroup Description |  Number Units Factor M Mazimum Setting Setting
Voltage
Phase A-B 1 i ! - - - RO
Voltage
Phase B-C z vty 1 - - - RO
Voltage
Phase C—A 3 Volts 1 - - - RO
Current
Shasok 4 Amps 10 o e = RO
Current
Phase B 5 Amps 10 — — — RO
Metering @ Current _
S B Amps 10 - - - RO
Wattmeter 7 KW 10 — — — RO
Kilowatt
Hours g s L - - - RO
Elapsed
e 9 Hours 1 = = =2 RO
Power
Factor 10 - b - - - RO
Motor Thermal ]
Usiige 11 Y% 1 — — — RO
Clear Fault 18 it = No, Yes No NP
Fault
Buffer #1 @ 1 - L - - - NP
Fault
Buffer #2 @ 2 - L - - - NP
Faults Fault 5i i
Buffer #3 @ - - - - NP
Fault
Buffer #4 @ =2 - 1 - - - NP
Fault
Buffer #5 @ 23 - 1 - - - NP
Standard, Soft Stop, Pump Control, Preset Slow
SMGC Option @ 14 — — Speed, Smart Motor Braking, Accu-Stop, or Slow PUMP
Speed with Braking
Starting Mode 28 = — Soft Stop, Current Limit Soft Start SOFT
: Ramp Time #1 30 Seconds 1 0 30 10 30
Basic Setup —
S 31 % LAT 1 0 80 70 45%
Current Limit ; 2 :
Level 34 % FLC 1 50 600 50 NP
Kickstart Time 35 Seconds 10 0.0 20 0.0 (0ff) 0

«@ Read-only capability.
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B-2 Parameter Information
Table B.1 {cont.) Parameter List
Biiii Parameter Parameter Display Scale Minimunm M Default User
p Description Number Units Factor Setting Setting
Stall Delay 37 Seconds 10 0.0 10.0 0 (0ff) 5 seconds
Eneragy Saver 38 — — Off, On off ®
Al Lunts 39 = e Normal, Up-to-speed Normal | Up-to-speed
1and 2
(¥
B uaontact 40 — — Normal, Fault Normal Normal
Contact 3
Config 4 — — N.0., N.C. N.0. *
Parameter Ready, Defautt Init. ]
Manmt. 17 - - Recll Frm EEStore In EE Ready |Store in EE
Control Options
soft Stop
< [=d
“0;}';;0” 42 Seconds 1 0 50 0 15 seconds

Pump Control

Starting Soft Start, Current Limit,
Mode - - - and Pump Start e Pumpaian
Pump Stop g
i 42 Seconds 1 0 120 15 seconds
Preset Slow Speed
Basic Setup
(cant) SID:;EE?BU 14 _ - Low, High High NP
Sl[f;l‘«rﬂ;;?sﬁd 45 o . Reverse, Forward Forward NP
ggﬁ\rr::r:]c:el 48 % FLC 1 0 450 0 NP
-k 47 % FLC 1 0 450 0 NP
SMB Smart Motor Braking
e R e B L L L
Accu-Stop
sm;\re lse;;?ed m o _ Low, High High NP
ol
dlgnvri?]ctel 48 % FLC 1 0 450 0 NP
i a7 % FLC i 0 450 0 NP
g | @ | wRe | 1 | 0 | o | o | e
|G [ | | 0 | |0 | W
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Parameter Information B-3

Table B.1 (cont.) Parameter List

dFiid Parameter Parameter Display Scale S—— — Default User
p Description Number Units Factor Setting setting
Slow Speed with Braking
Slow Speed . 3
Select - = — Low, High High NP
Slow Accel 2 :
Basic Setup Current 46 % FLC 1 0 450 0 NP
{cont.) Slaw
Bunning 47 % FLC 1 0 450 0 NP
Current
Braking .
current 48 % FLC 1 0 400 0 NP
Dual Ramp 29 e = No, Yes Mo
Hamf;' I 32 Seconds 1 0 30 10 NP
'””'a'gq”e 33 % LAT 1 0 a0 70 NP
Undervolt % Line )
Level 5% Voltage L R = biem 0
Undervolt :
Delay 53 Seconds 1 0 2it] 0 NP
Qvervolt 5 % Line
Level 54 Voltage 1 0 199 0 (0ff) 0
Overvolt :
Delay 55 Seconds 1 0 0g 0 NP
Jam Level 56 % FLC 1 0 999 0 (0ff) 250%
Jam Delay 57 Seconds 10 0.0 10.0 0 5 seconds
Unbalance
58 % 1 0 25 0 (0ff) 0
Advanced Level ° ’ °
Setup Unbalance
Delay 86 Seconds 1 0 99 0 NP
Rebalance 59 = = 0ff, On off Off
Underload i 3
Level 60 % FLC 1 0 99 0 (0ff) *
Wieriug 61 Seconds 1 D 09 D i
Delay
Phase .
i) 82 e = 0ff, On off On
Starts per .
Hour 83 — —1 0 99 0 {0ff) 10
Restart . .
Atempts & - L 3 = 2 0
Restart Delay 65 Seconds 1 0 60 0
ETM Reset 15 — — Off, On Off
Parameter Ready, Default Init. =
Management 12 - - Recll Frm EE Store In EE Ready Store in EE
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B-4 Parameter Information
Table B.1 {cont.) Parameter List
ol Parameter Parameter Display Scale Minimum Maximum Default User
P Description Number Units Factor Sefting Setting
Overload
Class 36 — — Off, 10, 15, 20, and 30 0ff 15
aerical 88 Manual-Auto Manual *
Reset - - =
Motor HP i
Rating 74 HP 10 0.0 6,553.5 0.0 MS
Mator KW
Rating 80 KW 10 0.0 6,553.5 0.0 NP
Line Voltage ] Volts 1 0 099g 480 600
Motor FLG 70 Amps 10 1.0 999.9 1.0 Ms
Service
Factor 84 — 100 0.0 1.09 115 MSs
Mator Code A B CDEFGH,.JKL
Calibrate Letter % - - M,M,P.R,S, T U, and V 5 M$s
LRC Ratio &1 — 10 0.0 19.9 0.0 NP
RERCRE; 74 — — None, 20, 180, 630 None #
Rating
5, 50, 75,100, 150, 200,
CT Ratio 75 — — 250, 300, 400, 500, 600, 750, 5:5 *
800, 1000, 1200 :5
Calibration 76 — — Off, Activate Qff *
Enter Calib. )
i 77 Amps @ 0.01 999.9 0.0 RO
Current
Plisse Ay 4 Amps 10 — — — RO
Parameter Ready, Default Init. : .
Mamt. 17 - - Recll Frm EE,Store In EE Ready Store in EE

@ Read-only capability.
@  The scale factor is 100 when Motor FLC, parameter 70, has a programmed value of up to 10.0 Amps; above 10.0 Amps, the scale factor is 10.

NOTE: The pump stop time shall be set to the minimum value required to eliminate significant water
hammer effects when the pump switches off. The pump stop time may be determined in the hydraulic
design or as the result of a transient analysis. In any case the pump stop time shall be reconciled with
the pump control level settings to keep minimum submergence for pumps and to avoid loss of prime
of dry-well-mounted pumps.
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APPENDIX D

Variable Speed Drive
Configuration

REFERENCES:

1. VFD User Manual:
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Table D.1 VFD Setup Values

Feature Parameter Enabled/ Range Setup
Disabled

Note: All setup values to be confirmed by coordination study prepared by a professional engineer.
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APPENDIX E

Cummins Power Generation
OTPC Power Command Transfer Switch
Configuration

REFERENCES:

1. Cummins Power Generation OTPC User Manual:

Design Guideline Rev December 2015



DESIGN GUIDELINES FOR ELECTRICAL AND CONTROL

SYSTEMS FOR WASTEWATER COLLECTION FACILITIES December 2014

Table E.1 Transfer Switch Setup Values

Feature Parameter Enabled/ | Range Setup
Disabled
Sensing Single or 3 1 Phase — 2
Phase Wire
1 Phase — 3 3 Phase
Wire
3 Phase
System Voltage ‘110 — 600 Volt 347
Under Voltage | Pick-up Level 85 - 100% 90%
Dropout Level 75 — 98% 90%
Trip Delay 0.0t0 1.0 Sec 0.5 Sec
Over Voltage Pick-up Level | Enabled |95 —98% 95%
Dropout Level 105 -135% 110%
Trip Delay 0.5t0 120 Sec 3 Sec
Frequency Nominal Enabled |45-65Hz 60
Pick-up 5-20% 10%
Dropout 1-5% 1%
Delay 0.1 — 15 Sec 5 Sec
Imbalance Dropout Enabled |2 -10% 5%
Delay 2 —20 Sec 10 Sec
Loss of Phase Enabled
Phase Rotation Enabled
Current Warning Level | Enabled | 10-100% FLA |35 %
Imbalance Trip Level Disabled | 10— 100 % FLA
Trip Delay 0.1to 25 Sec
Inhibit Time 0 to 250 Sec 15 Sec

Note: All setup values to be confirmed by coordination study prepared by a professional

engineer.
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Page 61

Table E.2 Transfer Switch Time Delay Setup

Feature Parameter Range Setup
Engine Start Time Delay 0—-120 Sec 3 Sec
Normal to Emergency Transfer. | Time Delay 0—-120 Sec 10 Sec
Emergency. To Normal Transfer | Time Delay 0—30 Min 10 Min
Engine Cool Down Time Delay 0—30 Min 10 Min
Programmed Transition Time Delay 0—-60 Sec 5 Sec
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APPENDIX F

STANDARD DRAWINGS

03-E1 Electrical Symbol Legend

03-E2 Typical Electrical Building Plan

03-E3 Typical Dry Well Section

03-E4 Typical Wet Well Section

03-E5 Typical Wet Well Plan View

03-E6 Wet Well with Interior Electrical Boxes - Section
03-E7 Wet Well with Interior Electrical Boxes - Plan View
03-E8 Typical Level Transducer Leads Mounting Detail

03-E9A Typical Single Line Power Diagram without GenSet
03-E9B Typical Single Line Power Diagram with GenSet and MCC
03-E10 Typical Main Panel Assembly and Panel System Schedule
03-E11 Outdoor Main Panel Assembly

03-E12 Exterior Panel Enclosure

03-E13 Typical Panel Schedules

03-E14 Control Panel Detail (With PLC)

03-E15 Typical PLC Layouts

03-E16 Typical FVNR Pump Motor Control

03-E17 Pump Motor Control Schematic (Soft Start)

03-E18 Typical AC Power Distribution

03-E19 Typical Pump Protection Relays Control Schematic
03-E20 Pump Control Typical PLC Inputs Slot 1

03-E21 Pump Control Typical PLC Inputs Slot 2

03-E22 Pump Control Typical PLC Outputs Slot 5

03-E23 Pump Control Typical PLC Analog Inputs

03-E24 Portable Start/Stop Station for Pumps

DATA LOGGER (PD-4 BY OPTIMUM INSTRUMENTS) USER MANUAL: Refer to
Monitoring and Assessment for details.
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APPENDIX G

LOCK OUT STANDARD

Design Guideline Rev December 2015



DESIGN GUIDELINES FOR ELECTRICAL AND CONTROL Page 64
SYSTEMS FOR WASTEWATER COLLECTION FACILITIES December 2014

Employee Safety
Wellness

Managing the Control of Hazardous Energy

Formerly know as Lockout Tagout.
Introduction

What was formerly known as Lockout/Tagout has now been changed to Managing the Control
of Hazardous Energy. If machinery, equipment or powered mobile equipment is to be
serviced, repaired, tested, adjusted or inspected, an employer must ensure that it is
completely stopped, de-energized, have secured energy-isolating device/s and is rendered
inoperative to prevent accidental activation. Managing the control of hazardous energy is
required under Part 15 of the OHS Code. Types of hazardous energy include: electrical,
hydraulic and pneumatic pressure, mechanical, thermal and chemical energies. The term
lockout refers to methods, devices and procedures for preventing the sudden and
uncontrolled release of energy from a system, machine or piece of equipment

General Requirements

1. No City of Edmonton employee or contractor will work on any equipment or process
without protecting themselves from the inadvertent start up of the equipment or process.

2. All workers performing any task requiring lock out must be properly trained in the use of
and follow proper lock out procedures.

3. Before a lock is applied, all parts, attachments and extensions of machinery and
equipment must be secured or blocked against any movement, and all stored energy
must be isolated prior to maintenance.
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4.

5.

Equipment must be inspected to ensure that it does not contain stored energy. All
equipment which contains stored energy shall only be installed, operated or maintained
after proper written procedures have been developed to protect the worker against the
stored energy or in accordance to manufacturers’ recommendations and procedures.

Where work must be performed on energized equipment, written procedures must be
developed to ensure the safety of the worker(s) and the worker(s) performing the task
must be competent.

Personal Locks

1. Personal locks must be applied to lock out points before workers work on any equipment

requiring lock out. Every worker shall work under his/her own personal lock. If more
locks are required, please refer to the Group Lock section.

All personal locks must be tagged with the name of the person owning the lock and a
contact number.

. No person shall place or remove another person’s lock(s) or direct someone to remove

another person’s lock. This will be considered a severe violation of the standard.

. Personal locks must be removed when work is completed and the task is about to start

up. If work is not completed, then the system will continue to be locked and tagged out at
all times. If a second worker needs to complete the work, then the lock of the first worker
shall not be removed until the second worker has reviewed the procedure,
documentation, and has their lock appropriately in place.

. If a personal lock or key is damaged or lost, that lock along with the other locks in the set,

must be returned to your supervisor for replacement.

. A list of issued personal locks will be maintained and administered by the section issuing

the lock.

Section Locks

1. Business sections within the City, that are required to participate in lock out activities, are

to ensure section locks are available for lock out situations.

2. Section locks must be applied on all de-energized equipment if:

3.

a) the number of lockout points exceed the number of personal locks that were
issued to the employee,

b) if group lock box procedures are being initiated
c) or after an employee’s personal lock is removed and

Section locks must remain on the equipment until the equipment is returned to service.
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Group Lock Box Procedures

1.

Group lock box procedures may be used whenever multiple lock out points and or
multiple workers will be working and are required to be locked out.

. Group lock boxes are to be supplied by the owners of the equipment being worked on.
. All group lock boxes must be labeled to correspond to the equipment they represent.

. When in use, group lock boxes must have all keys to the section lock(s) which lock out

the equipment secured within the lock box. Each employee required to work under lock
out must apply their personal lock to the outside of the lock box before starting work on
the de-energized equipment.

. All personal lock standards apply when utilizing group lock box procedures.

Basic De-energizing/lsolation Procedure

1.

2.

Identify the need for a de-energization/isolation. Do a hazard assessment for the task.

Notify the operations staff of the need to lock out and outline the details and nature of the
work to be performed.

. Review lock out procedure for specific equipment.

. Fill out the proper lock out documentation if necessary.
. Shutdown the system or equipment.

. Verify that all moving parts have stopped.

. Lock and tag each energy-isolating device in the proper sequence and with appropriate

lockout devices. (Be sure to use durable tags and your own personal locks with only one
existing key for each lock, which you hold.)

. Isolate all stored energy. Verify that the system has been neutralized/ isolated/ de-

energized.

. Verify that each lockout has accomplished its purpose and that equipment is completely

isolated from all energy sources.

Lock out Check Sheets

1.

2.

Lock out check sheets are required whenever multiple lock out points are required to
safely secure the equipment from start up.

Lock out check sheets will be available at the work site and will list all de-energizing
points which require locks for the equipment or process the sheet applies to.
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3.

Temporary changes to the lock out check sheets may occur if the nature of the work to be
performed deems it impossible to follow the approved lock out check sheet. Changes
must be approved by the supervisor or designate and a qualified worker(s), and be
documented on the check sheet.

Site in Control Procedures

1.

The term site in control refers to the disconnecting of equipment from its power source
where the plug or power attachment (electrical plug, hydraulic quick connects, air line
couplers, etc.) remains within the immediate control of the worker.

. Site in control lock out procedures are to be followed by workers doing minor adjustments

to power tools. This includes changing discs on grinders, changing blades on power saws
or any other type of power tool adjustment that can cause injury if the tool was
accidentally turned on.

. Steps of a site in control lock out procedure include:

a) turn off the equipment;

b) disconnect power source (either unplug equipment or disconnect air or hydraulic
line and keep within worker’s sight);

c) try to start the equipment twice;
d) complete maintenance work (blade change, etc.) replace all guards; and
€) reconnect power source.

Lock Removal

1.

2.

3.

4.

Personal locks are to be removed by the person the lock is issued to, when the worker
has completed his/her task or at the end of the workers shift, whichever comes first.

Section locks are to be removed by an authorized employee from the originating section
when all work is complete on the equipment.

When all locks have been removed from the system, operations are to be informed that
the work is completed and the system is safe to operate.

When a personal lock is left on a piece of equipment and the equipment is required to be
started, the following procedure for removal of the lock shall apply:

a) A committee of two shall be formed, with one member being from the section
completing the maintenance work, and one being from the facility the work is being
done in, or a supervisor from outside the area.

b) The committee shall identify the personal lock and check the immediate area, and
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make all reasonable efforts to find the employee who owns the lock.

c) If the employee is contacted:

I. the committee must receive permission to remove the personal lock; or
ii. the employee must return to the jobsite and remove the lock himself/herself at
no cost to the City.

d) If the worker cannot be found on the jobsite, the committee of two will:

i. check and confirm the personal lock number; and
ii. phone the contact number on the lock,

e) If the owner of the lock is not contacted, the committee will again check the
immediate area for the worker, and if the worker is not found, the committee will
cut the lock off.

5. The committee of two will then complete a lock removal form detailing:
a) the name of the employee the lock belongs to
b) how it was removed
c) when it was removed

d) why it was removed

6. The completed lock removal form should then be forwarded to the director of the
employee that left the lock on.

Equipment Identification

1. All breakers in the switch rooms are to be labeled with the breaker number and
equipment they supply.

2. Hard wired electrical equipment must be labeled with the equipment name and breaker
number which supplies it.

Supporting Documentation

General Lockout Guidelines
Lock Out/Tag Out Record Sheet
Lock Out Check Sheets

Lock Out Removal Sheet
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APPENDIX B

COMPUTER MODEL TRANSFER REQUIREMENTS CHECKLIST
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Computer Model Transfer Requirements Check List

The Model
O Name- e.g. DHI MOUSE
O version- e.g. Mike Urban 2005 service pack 2 or Mouse 2005
(0] Operating environment- e.g. Windows XP service pack 2

Model Facts Sheet
O # of nodes/links (combined, sanitary, storm) (regular and dummy connections)
O of stormwater management facilities and RTCs.
O #of open and natural channels.
O #of special hydraulic elements: weirs, orifices, pump stations.

O Total study area and # of sewersheds/ catchments

Overall Maps
O Location map and catchments or sewershed delineation maps
O Schematic maps
O schematics of all changes made to an existing model.

O special structure details

Basic Model Setup
O Listof assumptions and boundary conditions
O Detailed list of all changes made to an existing model.
O Detailed description of all scenarios.
O cConnection points to City’s network (GTM, SDM)

Hydrological Data
(0] Major inflow source (rainfall/ design storms/ inflow hydrograph)
Population (domestic flow components)

0

O surface runoff parameters — Confer with Drainage Services for recommended range of values or
support use of others.

0

I/l components, etc. — Confer with Drainage Services for recommended range of values or support use
of others.

Hydraulic Parameters
O Cross-sections, connectivity, diversions, etc.
(0] Rating curves (pump stations, lakes, storage nodes, etc.)

O control set points, etc.

Simulations and Results

O Trial runs, calibrations, verifications and scenarios
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O Grade Line Factor (GLF), Theoretical Loading Factor (TLF), Hydraulic Condition Ratings (HCR).
O conclusions, recommendations and implementation plan

O Final report (e-file)
O Presentation slides (e-file)

O A Input and output files (organized with descriptions) (on disc)
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APPENDIX C

CATCHBASIN INLET CAPACITY CURVES
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1.0 Introduction

This standard practice covers the design and construction of rigid pipe for use in gravity flow applications
within the City of Edmonton. While the Standard Practice is primarily focused on the use of concrete
pipe, it is applicable to other rigid pipe products intended for use in gravity applications.

The standard practice provides an overview of both indirect and direct design methods. As direct design
methods are applicable to the standard installations developed for reinforced pre-cast concrete pipe, they
are generally not applicable to be applied to other rigid pipe products with the possible exception of the
load theory associated with direct design.

The overview provided in the standard practice presents a balance of theoretical and historical context for
design practices and recommendations specific to the manner in which indirect and direct design is
desired to be carried out in the City of Edmonton as well as general guidance as to what situations are
most applicable for each design method.

The standard practice is intended to be used as a reference by the owner or owner’s engineer in
preparing project specifications within the City of Edmonton based on the standard design and installation
practices specified herein.

The design procedures given in this standard are intended for use by engineers who are familiar with the
concept of soil-pipe interaction and of the factors that may impact both the performance of the pipe and of
the soil envelope. Before using the design procedures, the engineer should review the guidance and
requirements given in the primary design manuals that cover indirect and direct design more fully
including a detailed accounting of the theory behind each design method. Both design methods are
described fully in the Concrete Pipe Technology Handbook* while the Standard Practice of Direct Design
is detailed in ASCE Standard Practice 15-98°.

For ease in use versus other references, the notations utilized are consistent with the Concrete Pipe
Technology Handbook and the primary values of dimensions and quantities are expressed in inch-pound
(English) units with conversions expressed in Sl unit values. For convenience notational standards are
re-produced in Appendix A.

1.1 Direct and Indirect Design Process Overview

While the direct and indirect design methods are markedly different they are essentially geared towards
reaching the same overall objective, the selection of an appropriate balance of pipe structure and soil
supporting structure for a given design condition.

Direct design as a process is well suited to larger diameter pipe both due to the thoroughness of design
checks and the ability to achieve a more cost effective design that conventional indirect design with
ASTM C76 pipe cannot achieve due to the restrictive nature of Class pipe standard design sections. Due
to the most common governing modes of structural failure, it would be prudent to carry out all direct
design checks in pipe diameters of 900 mm or larger irrespective of whether the practitioner is utilizing
direct or indirect design concepts to ensure that all critical failure modes are reviewed in instances where
the capital investment in the product are high as typically are the consequences of failure.

! American Concrete Pipe Association, “Concrete Pipe Technology Handbook — A Presentation of Historical and Current State-of-
the-art Design and Installation Methodology”, ACPA, 1993

2 ASCE, “ASCE 15-98, Standard Practice for Direct Design of Buried Precast Concrete Pipe Using Standard Installations (SIDD)",
American Society of Civil Engineers, 1998
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At the highest level each of the design processes involves the following necessary steps:
1. Establish basic design criteria

° Inside diameter of pipe

Height of cover and unit weight of earth
° Surface design loads

o Design internal pressure (not possible to use indirect design if required and limited to 15
m of head in direct design applications)

° Type of Standard Installation

o Pipe initial design parameters such as wall thickness, concrete strength, thickness of
cover over reinforcement, steel arrangement, type and strength of reinforcement (all
required for direct design only)

2. Determine design loads and earth pressure distribution

o In direct design applications earth loads and soil response is facilitated through the use of
the Standard Installations and the Heger pressure distribution model

° In indirect design this is accomplished through either the Marston-Spangler pressure
distribution approach or the Heger pressure distribution assessment for vertical loads and
the use of bedding factors

° Live load determination is carried out in a identical manner for direct and indirect design.
3. Select design factors
o In direct design various load and resistance factors and crack control factors are

applicable based on a limit states design approach and minimum values permitted by the
ASCE Standard Practice

o In indirect design, a single safety factor is selected based on the recommendations of this
Standard Practice and whether the designer is working with reinforced or non-reinforced
pipe. Non-reinforced pipe is not permitted in direct design applications.

4, Perform structural analysis

o In direct design structural analysis involves a comprehensive determination of all
moments, thrust, and shears produced by the applied design loads.

° In indirect design, structural analysis is limited to applying the appropriate bedding factors
to the applied design loads.

5. Design the pipe

° In direct design the pipe wall is designed selecting the appropriate balance between pipe
structure and selected soil structure.

CITY OF EDMONTON INTRODUCTION 2
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° In indirect design a pipe class strength is specified in terms of an appropriate three edge
bearing strength to be supplied in conjunction with a specified installation type.
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2.0 External Loads and Pressure
Distribution

The designer shall evaluate the various loads that affect the pipe structurally. The effects of loads and
the resulting pressures that act on the pipe are complicated by the effects of pipe-soil interaction that
occur as a result of subtle deformations of the pipe and the surrounding soil. The significance of pipe-soil
interaction and the role it plays in pipe design is discussed more fully in Section 3.0.

While it is necessary to understand different components of loads in different manners dependent of
whether the practitioner is utilizing indirect or direct design methods, the same basic range of external
loads must be understood in order assess pipe design requirements.

Typical loads that must be considered when analysing or designing a buried pipe installation include:

. Weight of the pipe
. Earth loads
o Weight of the fluid and internal pressure, if any
. Live loads
o] Surface concentrated loads
o] Surface surcharge loads

2.1 Pipe Weight

Pipe weight may or not be a significant component of load relative to other loads in buried pipe analysis.
In indirect design, the structural design of the pipe is based upon the strength of the pipe in a three edge
bearing test. As the pipe self-weight is already accounted for in a three-edge bearing test it can be
ignored in accounting for overall loads in analysis. In direct design, however, pipe weight is a true
component of overall loads and should be considered in design, particularly in larger diameter structures.
Approximate weights of pipe may be calculated as follows:

Circular Wp =3.3h(D, + h) (2-1)

The wall thickness for circular pipes is often referred to in standard nomenclature of “A”, “B”, or “C” walll

thicknesses. The relationship between wall thickness, wall thickness type and inside diameter is
governed by the following expressions (Note: dimensions are in inches):

Wall A he D (2-2)
12
D.
h=—+1 (o
Wall B 12 (2-3)
CITY OF EDMONTON EXTERNAL LOADS 4

STANDARD PRACTICE FOR THE DESIGN AND INSTALLATION
OF RIGID GRAVITY SEWER PIPE



D.
h=—+1.75 .
Wall C 1 (2-4)

2.2 Earth Loads

The earth load that acts on a buried pipe is significantly affected by the relative deformation of the pipe
and the adjacent soil. Two common methods are used for estimating earth loads and the resultant
pressure distribution around the pipe:

. Heger Pressure Distribution Loads
. Marston-Spangler soil-structure interaction analysis

Earth loads and pressure distributions determined via the finite element model (FEM) and model studies
used in SPIDA (Soil Pipe Interaction Design and Analysis) are the most current and modern assessment
of earth loads and the resultant pressure distributions around rigid pipe. This method of earth load
assessment and the soil response is commonly referred to as the Heger Pressure Distributions. This is
the method of earth load determination that is used for direct design and is incorporated into the Direct
Design Standard Practice ASCE 15-98. In terms of earth load predictions, however, it can be used for
both direct and indirect design methods.

Marston-Spangler soil-structure analysis has been utilized for decades to compute earth loads on rigid
buried pipes and a form a soil-pipe interaction through the use of bedding factors. In this Standard
Practice it is still an acceptable means of determining earth loads for indirect design.

2.2.1 Earth Loads — Heger Pressure Distributions

The major feature of the Heger pressure distributions are the use of nomenclature that relate vertical and
horizontal loads to the prism load at the top of the pipe and the use of non-dimensional “Arching Factors”
and “Pressure Distribution Ratios” (the pressure bulbs Al, A2, A4, A5, and A6 in Figure 1 below) to define
the distribution of loads within the embedment zone in response to the applied vertical and horizontal
loads.

Figure 1 - Heger Pressure Distribution
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The vertical and horizontal components of earth and horizontal loads on the pipe are defined in terms of
arching factors with the following definitions:

VAF =\Ne

(2-5)

Where
VAF = vertical arching factor
W, = total vertical earth load

PL = prism load

— Wh
HAF = b o6

Where

HAF = horizontal arching factor

W, = total horizontal load on the side of pipe
PL = prism load

The HAF should not be confused with the ratio of lateral to vertical earth load that is used in other design
methods. In terms of Heger pressure distributions the ratio of lateral to vertical earth load can be
determined by the expression:

RatioOfLateralToVeritcalEarthLoad = %

The datum for both vertical and horizontal loads on pipes in Heger distributions is the prism load, PL, in
the form:

+DO(4—7Z')
8

PL=w H }Do (2-7)
where,

w = unit weight of soil (Ibs/ft°)

H = height of fill (ft)

D, = outside pipe diameter (ft)

The prism load, PL, is defined as the unit weight of backfill soil over the pipe times the volume of a one
foot thick prism over the outside diameter of the pipe.
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For any of the Standard pipe-soil installations in the City of Edmonton, the VAF and HAF may be
established by relating it to soil-structure analysis that has been previously carried out (the SPIDA
parametric studies) and, therefore, the resultant earth load and horizontal load on the side of the pipe can
be computed through expressions (2-5), (2-6), and (2-7), respectively. The Standard Installation Types
for use in the City of Edmonton are depicted in Figure 2. While the selection of specific Standard
Installation Types is a function of economics (e.g. in terms of the balance invested in pipe structure
versus soil structure) and end use considerations (e.g. a Type 4 installation may not be appropriate for
use under a pavement due to the amount of consolidation that may be anticipated) each installation Type
can be appropriate in the appropriate circumstances.

VAF ratios typically range between 1.2 and 1.5 for positive projecting embankment loads. Higher ratios
can develop with soft soils on firm foundations (e.g. without the middle third of the bedding placed loose
as noted). VAF ratios for trench installations are generally significantly less than these values and can be
significantly less than 1.0 in very narrow trenches with firm natural soil walls.

HAF ratios typically range from 0.5 to 0.3 for positive projecting embankment loads and may drop to less

than 0.1 in very narrow trench installations. The optimum balance in pipe design is achieved by ensuring
adequate trench widths to facilitate proper placement of embedment material in the haunch area as noted
in Figure 2. While Class A bedding is still permitted for use in Edmonton under special design cases it is

not a recognized Standard Installation Type nor it is recommended for widespread use.

Based on the use of the minimum trench widths and the materials noted in the City of Edmonton
Standard specifications, the VAF and HAF values noted in Table 1 shall be used for design for each
installation type.

Table 1 - VAF and HAF for Standard Installations

Standard Installation Type VAF HAF

Type 1 1.35 | 0.45
Type 2 1.40 | 0.40
Type 3 140 | 0.37
Type 4 1.45 | 0.30

The principle of the Heger Pressure distributions has been verified in numerous field trials including trials
carried out in the City of Edmonton®. The embedment soil response to applied loads is largely reflected in
pressure bulbs Al, A2, A4, and A5 in Figure 1, with pressure bulbs A2 and A4 increasing in value with
improved placement of material in the haunch area (i.e. picking up and transferring more of the load) and
pressure bulbs Al and A5 decreasing in value with improved placement of material in the haunch area
(i.e. picking up and transferring less of the load).

It is important to understand the principle that increasing the quality of embedment (i.e. higher quality
material placed at higher densities) minimizes load transfer directly to the invert pressure bulb and
maximizes load transference to the haunch area, which results in a more balanced distribution of

? Simpson, Gumpertz, & Heger, Inc., “Instrumented Concrete Pipe test, Cranston Development, Edmonton, Alberta”, February
1999.
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pressure around the pipe. This phenomenon is depicted in Figure 3 for each of the ASCE Standard

Practice Installations.

Figure 2 - Standard Installation Types - City of Edmonton
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Figure 3 - Pressure Distributions Associated with Standard Installations
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2.2.2 Marston-Spangler Soil Structure Analysis

Marston-Spangler soil-structure analysis determined loads on buried pipes for various installation types,
the essential features of which are detailed in Figure 4 below.

Figure 4 - Marston-Spangler Installation Types — Essential Features

GROUND SURFACE

TOF OF EMBANKMENT

-~ By ——=

Positive Projecting
Embankment

Megative Projecting
Embankment

Jacked or
Tunneled

Tremch

This Standard Practice will deal with the computational procedure of determining trench and positive
projecting embankment loads only. Tunnelled or jacked loads are beyond the scope of this Standard
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Practice and while usually considerably lower in magnitude than conventional loads, they are influenced
by considerably more complex phenomena. From a practical perspective, trench loads and positive
projecting embankment loads are the most quantifiable of loading conditions related to open cut
installations and typically represent an extreme range of the minimum and maximum earth loads that can
occur over buried rigid pipe in conventional construction.

In Marston’s research it was determined that earth loads on rigid pipe installed in a trench could be
estimated by the following expression:

W, =C,wB} (2-8)
where,

Cq4 = load coefficient as defined below
w = unit weight of soil (Ib/ft®)

Bq = trench width at top of pipe (ft)

And C,4 can be determined by the following expression

-2 Ky'Bi
_ l-e ¢ (2-9)
2Ky

d

where,
K = Rankine lateral soil pressure coefficient
' = coefficient of sliding friction between fill material and sides of trench

The product of the Rankine’s lateral soil pressure coefficient and the coefficient of sliding friction between
fill material and sides of trench angle is summarized for various soil types in Table 2 below.

Table 2 - Product of Rankine Coefficient and Coefficient of Sliding Friction between Fill Material
and Sides of Trench

Soil Type KW

Max for Granular materials

without cohesion 0.1924

Maximum for Sand and Gravel 0.165

Topsoil 0.150

Maximum for Saturated Clay 0.110
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Figure 5 - Trench Load Coefficient, Cq4
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Earth loads are normally calculated for either the greater of utilizing sand and gravel backfill with a density
of 135 Ib/ft* (2165 kg/m®) or saturated clay backfill with a density of 120 Ib/ft® (1920 kg/m®). Standard
Practice in the City of Edmonton is to utilize an assumption of sand and gravel backfill for all installations.

Values of C4 may be calculated directly from expression (2-9) above or estimated based on graphical
solutions such as Figure 5. Having determined the load coefficient the earth load, W,, may be computed
directly from expression (2-8) above.

Similar to earth loads due to trench conditions, Marston developed the following expression for estimating
earth loads on rigid pipe exposed to pure embankment conditions:

W, =C wB; (2-10)

Where,
C. = positive projecting embankment load coefficient as defined below
B. = outside diameter of pipe (ft)

The positive projecting embankment load coefficient, C,, is a function of the ratio of the height of backfill
to the outside pipe diameter as well as the following soil and installation parameters:

) Rankine lateral soil pressure coefficient times the internal soil friction angle

. Projection ratio, p, for positive projecting pipe, where p is the ratio of the vertical height of the top
of the pipe above the embankment subgrade to the pipe outside diameter.

. Settlement ratio, rgy, Where rqq is the ratio of the difference between the settlement of the soil
adjacent to the pipe and the top of the pipe.

While considerable work has been undertaken to quantify the parameters impacting positive projection
load coefficients, they are complex and do not lend themselves to uniform application by a wide range of
practitioners. The most current Concrete Pipe Design Manual and this Standard Practice, therefore,
recommend the use of Heger VAF's to determine embankment loading for indirect design applications.
As noted in Section 2.2.1, the VAF’s for use in Edmonton are based on the prism load, PL, and vary
according to Standard installation type with:

Prism Load equal to: Pl — W|:H N D, (4—72')}[)
8 0

And the embankment condition earth load determined by:
W, =VAF *PL (2-11)

The values for VAF vary in accordance with the Standard Installation Type as detailed in Table 1 in
Section 2.2.1.
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In embankment loading the earth load is independent of the trench width and, therefore, no contractual
controls are necessary to ensure that anticipated earth loading is not in excess of contemplated loading
based on a contractor’s proposed construction method. In this Standard Practice it is recommended to
use embankment loading values to calculate anticipated earth loading unless specific contractual controls
are in place to limit trench widths to specific or narrow trench values.

The point at which embankment loading and trench loading are computationally equal is commonly called
the transition width. The point at which the transition occurs is complex and is a function of the height of
fill, the pipe diameter as well the settlement (rsq) and projection (p) ratios. Figure 6 provides a graphical
solution to estimate transition widths for Marston-Spangler analysis for a range of rgp values in granular
backfill. From a practical perspective rggp values that are less than 0 approach true trench conditions,
while rggp values greater than 2 approach true embankment conditions.

Figure 6 - Transition Width Ratios”
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2.2.2.1 Pressure Response — Marston-Spangler Analysis

Marston and Spangler tested different installation configurations and confirmed that the resultant load
experienced by the pipe was largely dependent on installation conditions. In their original work bedding

4 ACPA, “Concrete Pipe Handbook” American Concrete Pipe Association, 1998, pp 4-7
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classifications included largely qualitative terms ranging from impermissible, ordinary, and first class
bedding as depicted in Figure 7 below.

Figure 7 - Marston-Spangler Load Distribution Assumptions for Embankment Conditions

I
r{l+cosa)
P&
¥,
(I +cosa)
oh

h=

T
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The load response requirements of the pipe in Marston-Spangler analysis is carried out by means of a
bedding factor, By, which, in theory is the ratio of the strength of the pipe under the installed condition of
loading and bedding to the strength of the pipe in a controlled three edge bearing test. This same ratio
was originally defined by Spangler as the load factor. This latter term, however, was subsequently defined
in the ultimate strength method of reinforced concrete design with an entirely different meaning. To avoid
confusion, therefore, Spangler’s term was renamed the bedding factor.

The three-edge bearing test as shown in Figure 8 is the normally accepted plant test that is used as a
datum prior to evaluating the in-field strength of an installation. Proper procedures for the test are
detailed in Section 4 of CSA Standard A257.0-03 Methods for Determining Physical Properties of Circular
Concrete Pipe, Manhole Sections, Catch Basins, and Fittings.

Figure 8 - Three-Edge Bearing Load Test
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Spangler’s research is documented in a 1933 paper entitled, The Supporting Strength of Rigid Pipe
Culverts. Spangler presented the three bedding configurations depicted in Figure 7 and the concept of a
bedding factor to relate the supporting strength of the buried pipe to the strength obtained in a three-edge
bearing test.

Spangler’s theory postulated that the bedding factor for a particular pipeline and, consequently, the
supporting strength of the buried pipe, was dependent on two installation characteristics:

e Width and quality of contact between the pipe and bedding.
¢ Magnitude of lateral pressure and the portion of the vertical height of the pipe over which it acts.

For the embankment condition, Spangler developed a general equation for the bedding factor, which
partially included the effects of lateral pressure. For the trench condition, he established conservative
fixed bedding factors, which neglected the effects of lateral pressure, for each of the three embedment
conditions noted.

In theory, Spangler’s elastic analysis of the pipe ring resulted in the following equation for bedding factor,

Br. 1.431
Bf =———
N —Xxq
Where:
° N varies with the type of bedding
° X varies with the projection ratio, p
° g varies with the Rankine pressure coefficient K

Parametric studies carried out since Spangler’s original work in conjunction with the ASCE Standard
Installations have modified the values of recommended bedding factors somewhat, but analytically they
remain reasonably true to the original derivation.

The development of bedding factors for Standard Installations follows the same concept utilized in Direct
design reinforced concrete design theory. The basic definition of bedding factor is the ratio of maximum
moment in the three-edge bearing test to the maximum moment in the buried condition, when the vertical
loads under each condition are equal, therefore:

Bf — MTest

M Field

(2-12)

where:

B; = bedding factor

Mrest = maximum moment in pipe wall under three-edge bearing test load (inch-pounds).

MEieis = maximum moment in pipe wall under field loads (inch-pounds).

To evaluate the proper bedding factor relationship, the vertical load on the pipe for each condition must

be equal, which occurs when the springline axial thrusts for both conditions are equal. In accordance with
the laws of statics and equilibrium, Mgt and Mgieq are:
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Mo =(0.318N ) *(D; +h) (2-13)

Mg =(M)—(0.38*h*N;)-(0.125* N, *c) (2-14)
where,
N¢s = axial thrust at the springline under a three-edge bearing test load (Ib/ft)
D; = internal pipe diameter (inches)
h = pipe wall thickness (inches)
Ms = moment at the invert under field loading (inch-pounds/ft)
Nj = axial thrust at the invert under field loads (Ib/ft)
¢ = thickness of concrete cover over the inner reinforcement, inches

Combining the above equations yields the following expression:

B (0.318N ) * (D, + h)
- (M fl)_(038*h* Nfl)_(0125* Nfi *C)

f (2-15)

Using the Standard Installations program PIPECAR to calculate moments and thrusts, bedding factors
were determined for a range of pipe diameters and depths of burial. These calculations were based on
one inch cover over the reinforcement, a moment arm of 0.875d between the resultant tensile and
compressive forces, and a reinforcement diameter of 0.075t. Evaluations indicated that for A, B and C
pipe wall thicknesses, there was negligible variation in the bedding factor due to pipe wall thickness or the
concrete cover, ¢, over the reinforcement.

Actual bedding factors vary with the size of pipe, the quality of the installation, and the width of the trench,
therefore, are truly variable between the minimum values associated with a pure narrow trench
installation and the maximum values associated with embankment installations. While a valid analytical
approach to determine bedding factors between these two extremes is presented in the Concrete Pipe
Technology Handbook®, it is not very practical to utilize variable bedding factors in day-to-day practice.

This Standard Practice recommends to consider the method used to estimate earth load when
determining which bedding factor is appropriate in indirect design. The use of variable bedding factors as
indicated above should be restricted to analytical cases in instances where indirect design methods are
being utilized to gain a better appreciation of actual pipe-soil interaction under unique circumstances.

In instances where the designer uses traditional Marston-Spangler Trench Loading theory to estimate
earth loads, trench bedding factors should be utilized as the actual trench width is very difficult to regulate
or control in the field. If Heger VAF's are utlized, however, full embankement bedding factors can be
utilized as the design case of full embankment loading with embankment bedding factors will always
govern over any proportional reduction in earth loading and horizontal side support. This approach is
summarized in Table 3 with the recommended bedding factors for use in indirect design noted in Table 4.

> American Concrete Pipe Association, “Concrete Pipe Technology Handbook — A Presentation of Historical and Current State-of-
the-art Design and Installation Methodology”, ACPA, 1993, pp. 3-11
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Table 3 - Type of Bedding Factor to Use versus Design Approach

Method Used to Estimate Earth Load Bedding Factor Selection

Use B¢ for Embankment Installation and
Heger VAF's as per Table 1 appropriate Installation Type and Diameter from
Table 4

Marston-Spangler Trench Loading as per Equation | Use By for Trench Installation and appropriate
(2-8) Installation Type from Table 4

Table 4 - Bedding Factors (B) for Standard Trench and Embankment Installations

By - Trench Installation

Pipe Diameter Type 1 Type 2 Type 3 Type 4
All 2.3 19 1.7 15
12 in (300mm) 4.40 3.20 2.50 1.70
15in ( 375mm) 4.35 3.15 2.48 1.70
18 in (450mm) 4.30 3.10 2.45 1.70
21 in (525mm) 4.25 3.05 2.43 1.70
24 in (600mm) 4.20 3.00 2.40 1.70
30 in ( 750mm) 4.10 2.95 2.35 1.70
36 in (900mm) 4.00 2.90 2.30 1.70
42 in (1050mm) 3.97 2.88 2.28 1.70
48 in (1200mm) 3.93 2.87 2.27 1.70
54 in (1350mm) 3.90 2.85 2.25 1.70
60 in (1500mm) 3.87 2.83 2.23 1.70
66 in (1650mm) 3.83 2.82 2.22 1.70
72 in (1800mm) 3.80 2.80 2.20 1.70
144 in (3600mm) 3.60 2.80 2.20 1.70
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Where embankment bedding factors are utilized on pipes larger the 1800 mm in diameter, the designer
may interpolate between pipe diameters for the correct B;. In instances where Class A bedding has been
provided the designer should consult the Concrete Pipe Technology Handbook for guidance on bedding
factor selection.

2.2.3 Fluid Loads and Internal Pressure

The weight of fluid in a rigid pipe, W;, generally produces bending effects that are about the same in
magnitude as those caused by pipe weight (except for thrust which is tensile). Unlike pipe weight,
however, fluid weight must be considered in both indirect and direct design. While the effects are small in
small diameter pipe (~450 mm and smaller), they become increasing significant with increasing diameter
and should be considered in design.

Fluid loads can be computed by simply calculating the weight of the fluid per unit length as per the
expression:

D, 2-16
Wf = 4I *j/w ( )

Where:
Vw = unit weight of water (Ib/ft®)
D; = inside diameter of the pipe

If D; is expressed in inches and W; is desired in units of Ibs/ft, the expression becomes:
W, =(0.5454x107%) *y, * D/ (2-17)

Gravity pipes are often designed for full flow conditions with little to no anticipated surcharge conditions.
However, under conditions where significant surcharge conditions are anticipated (i.e. the hydraulic grade
line is anticipated to rise above the obvert of the pipe), the pipe will be subjected to combined loading and
these pressures should be considered in design.

Where internal pressure conditions are anticipated the pipe should only be designed by direct design
methods as indirect design methods do not consider internal pressure as a design condition.

2.3 Live Loads

Live loads or surface loads on pipe can introduce significant loads on buried pipe and should be
considered in both direct and indirect design. Surface loads can be static loads such as those due to
structures or transient loads such as those introduced by concentrated wheel loads (e.g. vehicular or
airplanes), the distributed loads due to train traffic, or concentrated or distributed construction traffic
loads.

Surface loads are normally classified as either concentrated loads, such as wheel loads, or as uniformly
distributed loads, such as those produced by tracked vehicles, rail traffic, and building foundations. While
several analytical methods exist for addressing surcharge loading effects, some of which are presented
below, the most predominant methods to estimate surface loads are based on a solution by Boussinesq
that was developed in 1885.
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The Boussinesq equation was developed with the assumption that a point load is applied to a working
surface and is transferred through an ideally elastic, isotropic mass of material to act on a small area at

Boussinesq Load Theory

depth. The distribution of stress at depth produces a bell-shaped stress distribution for any given depth z.
As a rule, the effect of vertical stress will decrease with depth and horizontal distance from the origin. The
general expression for the Boussinesq Equation is depicted in Figure 9.

P

2

Figure 9 - Boussinesq Equation Stress Distribution with Depth

Where:

e (0, is the vertical stress acting on a plane at depth

e P isthe concentrated load acting at the surface

e risthe radial distance (horizontal) from the point of origin
to the plane at depth

e zis the vertical distance from the plane of the origin to the
plane at depth

The Boussinesq equation can be used to determine the stresses produced by a concentrated load at the

surface acting on a pipe at depth or by a distributed load at the surface acting on a discrete area with

depth. In either case it is helpful to examine the effect of changes in depth and distance from the origin to

gain an understanding of the influence regions as proposed by Boussinesq theory. Figure 10 is an

example of two and three dimensional stress distributions for varying depth and distance from the point of

origin.
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Figure 10 - Effect of a Point Load Acting at Varying Depth and Distance from Origin
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In buried pipe design, it is often necessary to analyze the effects of an external load acting over a point
source and being distributing with depth over a larger area or a distributed load at the surface that has a
peak value with depth at a specific point. This may take the form of a point load at the surface such as an
individual wheel load, or a distributed surface load such as a footing or a tracked piece of construction
equipment. Both of these situations can be handled using integrated solutions for the Boussinesq
equation.

Holl's integration for instance, allows us to analyze the effect of a point load acting on a rectangular area
at depth, having one corner directly below the origin.

Newmark’s solution on the other hand, is an integration of the Boussinesq equation for a rectangular,
uniformly distributed load resulting in a unit pressure at a point below the surface.

Figure 11 (a) shows the basic configuration for a concentrated point load acting over a rectangular area at
depth. Figure 11(b) shows the basic configuration for a rectangular distributed load acting over a point at
depth.
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Figure 11 - Basic Geometry and Theory for Boussinesq Integrations
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The result for Holl's Integration for a concentrated point load at the surface is:

c 1 1 ._1\/ A2 4B+ H? ABH ( 1 1 j
=———]|sin"H ( -

—= +
p 4 2r A>+H?)B*+H?)| JA?+B?+H2Z\A*+H? B?+H?

The result for Newmark’s Integration for a rectangular distributed surface load is:

o _ 1| 2ABH(A"+B?+H?) A’4B’+2H’ (. . 2ABH(A’+B’+H’)

b 4z HY(A’+B2+H2)+ A’B2 A2+ B?+H? H?(A?+B?+H?2)+ A2B?

Where in each case:
° H is the vertical distance from surface to pipe crown
° A and B are dimensions of the rectangle as seen in Figure 11.

As the equations are considered cumbersome by most to use, the solutions are often reduced to the form
of Wyg for concentrated loads and oag for distributed loads as follows:

WAB = Ct p (2-18)
o =CiPp (2-19)
where,

C: = load coefficient dependent on the magnitude of A, B, and H
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p = unit surface load, either in the form of a concentrated load for Holl's solution or in terms of and
average load per unit area in the case of Newmark’s solution.

Values of the load coefficient, Ct, are presented in Table 5

Table 5 - Values of Load Coefficient C,for use in Holl's and Newmark’s Integrations

m =A/H
0.1
0.005
0.009
0.013
0.017
0.020
0.022
0.024
0.026
0.027
0.028
0.029
0.030
0.031
0.031
0.031
0.032
0.032

0.2
0.009
0.018
0.026
0.033
0.039
0.043
0.047
0.050
0.053
0.055
0.057
0.059
0.061
0.062
0.062
0.062
0.062

0.3
0.013
0.026
0.037
0.047
0.056
0.063
0.069
0.073
0.077
0.079
0.083
0.086
0.089
0.089
0.090
0.090
0.090

0.4
0.017
0.033
0.047
0.060
0.071
0.080
0.087
0.093
0.098
0.101
0.106
0.110
0.113
0.114
0.115
0.115
0.115

0.5
0.020
0.039
0.056
0.071
0.084
0.095
0.103
0.110
0.116
0.120
0.126
0.131
0.135
0.136
0.137
0.137
0.137

0.6
0.022
0.043
0.063
0.080
0.095
0.107
0.117
0.125
0.131
0.136
0.143
0.149
0.153
0.155
0.155
0.156
0.156

0.7
0.024
0.047
0.069
0.087
0.103
0.117
0.128
0.137
0.144
0.149
0.157
0.164
0.169
0.170
0.171
0.172
0.172

0.8
0.026
0.050
0.073
0.093
0.110
0.125
0.137
0.146
0.154
0.160
0.168
0.176
0.181
0.183
0.184
0.185
0.185

0.9
0.027
0.053
0.077
0.098
0.116
0.131
0.144
0.154
0.162
0.168
0.178
0.186
0.192
0.194
0.195
0.196
0.196

1.0
0.028
0.055
0.079
0.101
0.120
0.136
0.149
0.160
0.168
0.175
0.185
0.194
0.200
0.202
0.203
0.204
0.205

1.2
0.029
0.057
0.083
0.106
0.126
0.143
0.157
0.168
0.178
0.185
0.196
0.205
0.212
0.215
0.216
0.217
0.218

15
0.030
0.059
0.086
0.110
0.131
0.149
0.164
0.176
0.186
0.194
0.205
0.216
0.224
0.227
0.228
0.230
0.230

2.0
0.031
0.061
0.089
0.113
0.135
0.153
0.169
0.181
0.192
0.200
0.212
0.224
0.232
0.236
0.238
0.240
0.240

25
0.031
0.062
0.089
0.114
0.136
0.155
0.170
0.183
0.194
0.202
0.215
0.227
0.236
0.240
0.242
0.244
0.244

3.0
0.031
0.062
0.090
0.115
0.137
0.155
0.171
0.184
0.195
0.203
0.216
0.228
0.238
0.242
0.244
0.246
0.247

5.0
0.032
0.062
0.090
0.115
0.137
0.156
0.172
0.185
0.196
0.204
0.217
0.230
0.240
0.244
0.246
0.249
0.249

10.0
0.032
0.062
0.090
0.115
0.137
0.156
0.172
0.185
0.196
0.205
0.218
0.230
0.240
0.244
0.247
0.249
0.250

In practice loads are not always applied directly above the point of interest, but rather at some offset point
or eccentricity. In cases such as these, the load can be calculated by a simple algebraic difference of
applied stresses. This methodology is depicted in Figure 12 and Figure 13, for three typical loading cases
for concentrated and distributed loads, respectfully.

Figure 12 - Procedure for Calculating Offset Concentrated Surface Loads

[l Bl |

W= 2(Wsa, +Wap,)

LELLE

D‘\,_;

=B
Case 3
W= 2{Wag, —Wag))

- 6,
e B,

CITY OF EDMONTON

STANDARD PRACTICE FOR THE DESIGN AND INSTALLATION

OF RIGID GRAVITY SEWER PIPE

EXTERNAL LOADS

22



Figure 13 - Procedure for Calculating Offset Distributed Surface Loads
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To express live loads in the same units as those calculated in the preceding sections for earth and fluid
loads, they must be expressed in the form of load/linear length along the pipe. For concentrated live
loads this would take the form of:
W, = Wae (2-20)

BC

And the following form for distributed loads:
W, = o *B, (2-21)

2.3.2 Impact Factors

Transient surface loads at shallow covers produce dynamic effects which amplify the magnitude of live
loads. Shallow transient loads, therefore, should be modified by an Impact Factor, I, such that live loads
are calculated as follows:

W, =Ws(@1+1;) (2-22)

This Standard Practice recommends ignoring the impacts of pavement bridging for standard vehicular
loads and to decrease impact factors with increasing depth. AASHTO has prepared guidelines for impact
factors for unpaved surfaces and these are recommended for use in this Standard Practice. Table 6
outlines recommended impact factors at varying depths of cover.
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Table 6 - Recommended Impact Factors for Vehicular Loads

Caover (ft) Caver (m) l
1-0" 0.30 0.50
2a" 0.61 0.50a
25" 0.76 0.43
3" 0.91 0.35
IB" 1.07 0.30
40" 1.2 0.23
48" 1.37 017
50" 1.52 0.1o
55" 1.658 0.04

59" + 1.75 0.00

For railway loading, the American Railway Engineering and Maintenance-of-Way Association (AREMA)
recommend the use of an impact factor of 40% at minimum covers of 300 mm decreasing to zero at 3 m
of cover.

2.3.3 Truck and Traffic Loads — AASHTO Method

The simplified AASHTO Method can be used to estimate concentrated wheel loads for either AASHTO
series vehicles or standard vehicle configurations conforming to the CL series trucks as set out in the
CAN/CSA-S6-00 Canadian Highway Bridge Design Code (CHBDC).

The CL-W series truck, for example, is a simplified five-axle vehicle for which the W indicates the total
gross vehicle load in kN as set out in the CAN/CSA-S6-00 Canadian Highway Bridge Design Code
(CHBDC). A CL-625 design vehicle would therefore have a gross vehicle weight of 625kN. The load is
distributed over both sets of dual tires (each 0.60m x 0.25m), at approximately 1.80m centre on centre.
The per-axle load distribution for CL-W series trucks is shown in Figure 14 from the CHBDC.

Figure 14 - CL-W Truck load distribution®
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6 Figure 2.5: CAN/CSA-S6-00 Canadian Highway Bridge Design Code
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The AASHTO HS series design vehicle also represents a simplified or idealized five-axle truck. In this
case however, the associated load is given for the single axle carrying the largest load. The following
table lists some typical AASHTO design vehicles and their associated loads.

Table 7 - Typical AASHTO Design Vehicles

Design Vehicle Single Axle Single Axle (kg) Single Axle

Load (kN)

(Ib) |

HS 20 (MS 18.15) 32,000 14,520 142
HS 25 (MS 22.69) 40,000 18,150 178
HS 30 (MS 27.23) 48,000 21,780 214
HSS 25 (MSS 22.95) 40,500 18,360 180
HS 20 (LRFD) 32,600 14,790 145

Under the AASHTO simplified live load method the load for a single axle is considered to be distributed
over dual tires with a total contact area of 0.25m x 0.51m (10"x20") spaced at approximately 1.83m
(6.0ft). The load is assumed to increase with depth in a pyramidal fashion as depicted in Figure 15.

Figure 15 - Zones of Influence and Impact Factors at Depth’
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! Figure 2.7: Ameron Concrete Cylinder Pipe Design Manual 1988
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At a depth of 0.75m (2.5ft) the influence areas overlap and the total load from both sets of tires is
assumed to be evenly distributed over the entire area. Thus, for depths less than 0.75m, the single axle
load can be divided by two. For depths greater than 0.75m, the pressure can be calculated as noted in
Figure 16.

Figure 16 - AASHTO Method for Single Vehicle Loads

single axle load )
W, = Sl units
(2.34+1.75H)(0.25+1.75H)
SAL ) )
W, = Imperial units
(7.67+1.75H)(0.83+1.75H)

Where H is the depth below the surface at which the load is to be estimated.

In some situations, it may be prudent to consider the effect of more than one vehicle. For calculating the
live load effect of two passing trucks, refer to Figure 17

Figure 17 - AASHTO Method for Dual Passing Vehicles

double axle load

W, = :
" (5.39+175H)(025+175H) [ U8
DAL - .
W= Imperial units
(17.67 +1.75H)(0.83+1.75H)

Once the pressure per unit length w has been determined, the total live load W, must again be converted
to pipe load units consistent with the load per unit length format identified for earth loads and include the
effects of impact loads. The expression is then in the form of:

W, =wB.(1+1;) (2-23)

Minimum live loads to be covered by this Standard Practice would be based on the AASHTO method
using calculated vehicular load due to a CL 800 design vehicle.

2.3.4 Cooper Series Railway Loads

A live load due to a passing train can be calculated using a design vehicle concept set out by the
American Railway Engineering and Maintenance-of-Way Association (AREMA)®, known as Cooper Series
loading. The magnitude of the loading will vary dependent on the nature of the crossing; however, a
minimum Cooper E-80 loading is normally used for mainline railway crossings in Canada. The designer

8 Chapter 8, Part 10, AREMA Manual of Railway Engineering 1999
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is cautioned to check with local railway authorities, however, as more recent trends have been utilizing
increasing Cooper loads with some crossings design for traffic Cooper loads up to the E-100 level.

With design vehicles or locomotives designated as Cooper E-Series vehicles, the E designation
corresponds to the axle weight of the train in kips. A Cooper E-80 load, for example, would have a design
axle weight of 80 kips, with 4 axles in total. The axle load is assumed to be uniformly distributed by the
railway ties over an area of 20 ft long by 8 ft wide (6 m long by 2.4 m wide). Figure 18 shows the
suggested axle configuration and corresponding load.

Figure 18 - Cooper E-Series Axle Spacing and Load Configuration

30 R|p 20 kip 80 kip 80 R|p

|‘ 20.0°
2.3 2.0° 3.07 é) 8.0°
}

In addition to the axle load the tracks are assumed an applied load of 200 Ib/lin ft. Total Cooper series
loading, therefore, in terms of a distributed load at ground surface would be:
E=+1000 200=20
p= + =25(E+1)
20+8 20+8

Where

p = distributed surface load in Ib/ft*

E = Cooper series load

The load W5 acting on the pipe at depth H can then be calculated using Newmark’s integration of the
Boussinesq solution as described in Section 2.3.1 of this report and the Impact Factors for railway loading

described in Section 2.3.2.

The total contribution of the locomotive and the dead load can be seen graphically for an E80 Cooper
load in the example shown in Figure 19.

CITY OF EDMONTON EXTERNAL LOADS 27
STANDARD PRACTICE FOR THE DESIGN AND INSTALLATION
OF RIGID GRAVITY SEWER PIPE



Figure 19 - Typical Live and Dead Load Components with a Cooper E80 Live Load
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3.0 Pipe Design

After determining the basic design criteria and the design loads and resultant pressure distribution, the
remainder of the design process in terms of pipe selection can be carried out.

As indicated in Section 1.1, structural design of the pipe is completed in the following final three steps in
the overall design process:

1. Select design factors
2. Perform structural analysis
3. Design the pipe

While there are numerous similarities in terms of determining relevant basic design requirements and
assessing design loads and pressure distributions, the structural design procedures employed using
direct and indirect methods are markedly different.

Even from a process perspective, indirect design usually has a designer ultimately selecting an
appropriate pipe strength based on a specified installation condition, while in direct design the designer of
record typically specifies a range of design criteria to be utilized and a range of acceptable installation
types, and reviews the Shop Drawing design submission of a contractor or subcontractor (usually a pipe
manufacturer) to check for conformance to the specified requirements and the requirements of a
prescriptive Standard Practice.

The primary purpose of the conventional designer in becoming well versed in direct design is typically to
facilitate an educated review in the Shop Drawing process as well as increasing one’s understanding of
the true economies that can be achieved in design by gaining a more thorough understanding of all of the
factors that impact structural requirements for reinforced concrete pipe design.

3.1 Direct Design — Overview of Limit States Design Factors and Structural Design Process

Direct design was developed as a Standard Practice under ASCE Standard Practice 15. The most
cugrent version of the Standard Practice at the time of this Standard Practice development was ASCE 15-
98°.

The ASCE Standard Installation Direct Design (SIDD) Standard Practice was developed to ensure that all
possible modes of failure were evaluated for concrete pipe and to assure that appropriate factors of
safety were attached to each aspect of the design process in proportion to the level of uncertainty
associated with that aspect of the design process. This is known as the limit states design method. SIDD
designs use limit states design methods to evaluate reinforcing steel requirements for:

1. Service cracking based on the degree of crack control desired,
2. Ultimate flexural load
3. Limiting conditions for concrete radial tension strength

? ASCE, “ASCE 15-98, Standard Practice for Direct Design of Buried Precast Concrete Pipe Using Standard Installations (SIDD)",
American Society of Civil Engineers, 1998
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4, Limiting conditions for shear (diagonal tension)

The latter two checks are not carried out in indirect design yet are common governing conditions in the
intermediate to larger diameter range when direct design is carried out. Further, as bedding and load
distribution around the pipe is better distributed to minimize overall steel requirements they also become
more critical limiting conditions to assess.

The overall SIDD design procedure involves structural design to provide:

a Minimum ultimate strength equal to the strength required for expected service loading multiplied
by a load factor.

a Control of crack width at the expected service load to maintain suitable protection of
reinforcement from corrosion, and to limit infiltration or exfiltration of fluids.

In addition, provisions are incorporated to account for the potential reduction of nominal strength and
crack control because of variations from nominal design dimensions and strength properties.

As opposed to the single factor of safety utilized in indirect design, direct design uses individual load
factors for strength design that are multipliers of the governing moments, thrusts, and shears to account
for variations in load and their effects in actual installation from those calculated using the design
assumptions and to provide a margin of safety against structural failure. The following load factors are
required to be used based on the ASCE Standard Manual of Practice and minimum required load factors
recommended for use in the City of Edmonton:

a Dead and earth load - shear and moment 1.3
a Dead and earth load - compressive thrust
) Tension reinforcement 1.0
. Concrete compression 1.3
a Live load - shear and moment - single truck 2.17
. thrust - single truck 1.3
. shear and moment - multiple trucks 1.3
. thrusts - multiple trucks 1.0
a Internal pressure - tensile thrust 15

Strength reduction factors are applied to account for variations in material properties that occur as a result
of their manufacture or due to the fabrication of the pipe. These are applied as multipliers of the
parameters that define the strength of the pipe. The ASCE Standard Manual of Practice recommends the
following strength reduction factors:

a Reinforcement: tensile yield strength 0.95
Q Concrete: shear and radial tension 0.90

Crack control factors can be applied if specific application requirements are more stringent than 0.01”. For
normal gravity applications, a service crack width factor of F., = 1.0 is adequate.

Where non-circular steel arrangements are selected, a minimum cage misorientation factor of 8 =10°
should be utilized. Similarly there are provisions to increase or decrease process factors based on a
manufacturer’s substantiated ability to deliver increased performance in radial or diagonal tension. Under
this Standard Practice, process factors for both radial and diagonal tension shall be 1.0.
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Structural design of the pipe using the ASCE Standard Practice is then carried out in the following
manner:

1.

The amount of reinforcement required near the inner and outer pipe faces of the pipe wall is
determined, based on the tensile yield strength limit state. For most circular pipe the inner
reinforcement area is usually governed by the combined factored moment and thrust that act at
the invert. The outer reinforcement is usually governed by the combined factored moment and
thrust near the springline.

A check is carried out to determine if the maximum factored moments that cause tension at the
inside face (at the invert and crown), combined with the associated thrusts at those locations,
cause radial tension stresses that exceed the radial tension strength limit.

A check is carried out to determine if the maximum factored moments at the crown, invert, or
springline, combined with the associated thrust at those locations, cause compressive strains that
exceed the appropriate limits.

A check is carried out at critical wall sections to determine if the critical shear force exceeds the
shear (diagonal tension) strength limit. This is a critical check in larger diameter pipelines.

If any of the strength limits are exceeded the design is modified accordingly.

A check is then carried out to determine if the service load moments at the crown, invert, or
springline, combined with the associated thrusts, cause reinforcement stresses that exceed the
service load limit for crack width control. The reinforcement area that is required for flexural
tension strength (or the increased area when required for shear) must be sufficient to provide the
desired degree of crack control.

While the designer can use hand computations based on the formulae developed and prepared for the
ASCE Standard Practice, it is assumed that direct design is typically carried out using the software design
package developed by Simpson, Gumpertz, & Heger to evaluate Standard Installations known as
Pipecar'®.

3.11

Direct Design — Reasonable Assumptions for Initial Design Parameters

The direct design process requires the designer to make a series of assumptions relative to initial pipe
design parameters such as wall thickness, concrete strength, thickness of cover over reinforcement, steel
arrangement, type and strength of reinforcement. While all of these parameters can have significant
variance dependent on the manufacturer of the pipe, there are both practical and reasonable
considerations that should be accepted and understood by the local design community. A brief
discussion follows for each of the initial pipe design parameters.

3.1.1.1 Wall Thickness

As noted in Section 2.1 reinforced concrete pipe is typically manufactured in one of three standard walll
thickness configurations, Wall A, B, or C. Of the manufacturers that most commonly supply the
Edmonton market most diameter ranges are normally supplied with only a single standard Wall thickness
configuration in each diameter range and typically in either a “B” Wall or “C” Wall configuration. The exact
configuration carried can be ascertained by applying the standard dimensional formulae noted in Section
2.1 and reviewing each manufacturer’s catalogue.

10 Simpson, Gumpertz, & Heger, Inc., “Pipecar, A Computer Program for the Analysis and Design of Circular and Reinforced
Concrete Pipe”, Version 3.07, October 2001
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The designer is encouraged to examine the impact of varying wall thickness configurations on design (not
to actually modify them but to understand the sensitivity of design to the different manufacturers standard
wall thickness sections), particularly for designs based on “A” or “B” Wall thicknesses, as these design’s
more commonly encounter limiting conditions where the wall thickness is inadequate to overcome
compression and the use of a thicker wall will be required to meet some design conditions in lower
classes of Standard Installations (i.e. higher Installation Type numbers).

3.1.1.2 Concrete Strength

Concrete strengths is usually specified as the standard 28-day compressive strength as defined in ASTM
C39/C39M-05e1 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens.

Typical design practice locally is to use strengths between f.' = 4,000 psi (28 MPa) and f.’ = 5,000 psi (35
MPa). Higher strengths can be readily be obtained but the designer is cautioned to pursue evidence of
the manufacturer to consistently deliver the required design strength in accordance with Appendix A,
Clause A.7.2.3 of the ASCE Standard Practice and the time period that the pipes are actually being
installed in. While modern precast manufacturing processed can readily achieve much higher 28 day
strengths than the above typical design values, larger diameter pipe often has a much tighter time frame
between manufacture and installation and the designer should be cognizant of this in their selection of an
appropriate design value.

The maximum strength that can be used in the ASCE Standard practice is limited to f,’ = 7000 psi (48
MPa). This is because the experimental basis for some of the semi-empirical design procedures has
never been verified on pipes with strengths in excess of this value.

3.1.1.3 Thickness of Cover over Reinforcing Steel

Most designs are based on a minimum of 25 mm of cover over the reinforcing steel for corrosion
protection and are not that sensitive to reinforcement cover beyond that.

The designer should be cognizant of steel placement in designs where service cracking governs in
design, as the baseline for service cracking control, F,, = 1.0, is 0.01 inch cracking measured at a point 1
inch (25 mm) beyond the inner or outer reinforcement. In pipe designed to have 1 inch (25 mm) of cover,
this corresponds to the inner or outer surface, however, if the pipe is designed (or built) with greater
cover, the crack at the surface would be greater than the 0.01 inch criterion.

3.1.1.4 Steel Arrangement and Reinforcing Type

Most precast reinforced concrete pipe products are manufactured using closely spaced wire
reinforcement in the form of welded wire fabric (either supplied as a product or wrapped on a cage
making machine in the pipe fabricating plant). Local manufacturers in Edmonton have cage making
machines and currently use closely spaced welded wire fabric either smooth or in a deformed form (Type
2 or 3 below).

As a designer previewing designs with Pipecar, consult your local manufacturer to determine what
standard practice is for them, in terms of steel selection for inventory and what practical limitations they
have in their manufacturing processes.

Reinforcement types are classified in the design procedure for crack width control in ascending order in
terms of their bonding qualities as follows:
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Type 1 — smooth wire or bars, or smooth welded wire fabric with cross wire spacing in excess of 8 inches

(200 mm).

Type 2 — welded smooth wire fabric with cross wire spacing of 8 inches (200 mm) or less.

Type 3 - cold drawn deformed wire, or welded deformed wire fabric, or deformed steel mild steel bars

Figure 20 - Typical Reinforcing Steel Arrangements
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One of the primary reasons to carry out a preliminary screening of design checks is to examine whether

any unusual reinforcing arrangements are required that may require special considerations in handling or
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in manufacture. A variety of reinforcing schemes are depicted in Figure 20 while Figure 21 depicts a
unigue reinforcing scheme required to overcome excessive radial or diagonal tension.

Figure 21 - Stirrup Requirements and Arrangements

The vast majority of designs can be accomplished with the use of steel arrangements a.) or b.) from
Figure 20 (double or single circular cages). If so, no special precautions are required to be undertaken to
transfer the design to construction. All other reinforcing schemes including all reinforcing schemes
involving stirrups require that the pipe be installed in a specific orientation and, therefore, have specific
handling considerations in the field that should be brought to the contractor’s and field inspection
personnel’s attention.

3.1.1.5 Strength of Steel Reinforcement

The strength of steel reinforcement typically has a marked impact on overall design and design values
should be based on demonstrated long term performance and consistency in supply.

Based on current steel supply to the local market place it is reasonable to be utilizing a design value of
steel yield strength of 65 ksi (448 MPa).

Higher values may be utilized when using Pipecar for analytical purposes (e.g. when trying to assess a
definitive limit state, for example or to better quantify risk) based on more detailed assessment of
strength, however, the current maximum limit recommended for design purposes is 65 ksi (448 MPa)
unless the manufacturer can produce a reliable rationale foe higher design values.

3.1.2 Direct Design - Designing the Pipe

As noted earlier, the primary role of the conventional designer in the direct design process is more of a
screening role and a higher level review of economics by carrying out reviews to examine the overall
benefits of upgrading embedment support on reducing structural requirements for the pipe, especially in
instances where it eliminates the need for unusual or more complex reinforcing requirements.
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Many screening reviews will highlight the subtleties and limitations of different manufacturer’s use of fixed
wall thickness configurations, particularly thinner wall configurations, when trying to meet extreme loading
cases.

Appendix B of this Standard Practice provides an overview of the Pipecar input screens with guidance on
user input requirements and the fixed range of design assumptions that are either limited by the ASCE
Standard Practice or recommended for use in the City of Edmonton, based on this Standard Practice.

3.2 Indirect Design

In Section 2.0 of this Manual, guidance was provided on the first two steps in the design process, the
selection of basic design criteria and the determination of design loads and resulting pressure distribution
around the pipe. This section will focus on the last three aspects of the overall design process; the
selection of design factors, structural analysis, and the design of the pipe.

3.2.1 Indirect Design — Design Factors

Unlike the limit states approach of direct design, indirect design utilizes a single factor of safety approach
to account for all uncertainty that exists in the design/installation process.

Standard practice in the application of indirect design in North America has been to design to allow
service cracking to occur and to define the factor of safety as the relationship between ultimate strength in
a Dy oap three-edge bearing strength test and the 0.01 inch crack D oap. Specifically, the following factors
of safety are required by both ASTM C76-05b Standard Specification for Reinforced Concrete Culvert,
Storm Drain, and Sewer Pipe and ASTM C655-04el Standard Specification for Reinforced Concrete D-
Load Culvert, Storm Drain, and Sewer Pipe:

° For Dy ; loads of 2000 Ib/ft/ft of diameter or less FS = 1.5

° For Dy loads > 2000 Ib/ft/ft of diameter and < 3000 Ib/ft/ft of diameter FS = a linear reduction
from 1.5 to 1.25

° For Dy, loads of 3000 Ib/ft/ft of diameter or more FS = 1.25

For ASTM C76 pipe, this reasonably assures the designer of the following relationships:

1. Class | Pipe
o] Do.01= 800 Ibf/lin ft/ft diameter
o] Dy= 1200 Ibf/lin ft/ft diameter
2. Class Il Pipe
o] Do.01= 1000 Ibf/lin ft/ft diameter
o] Dy= 1500 Ibf/lin ft/ft diameter
3. Class Il Pipe
o] Do.o1= 1350 Ibf/lin ft/ft diameter
o] Dy= 2000 Ibf/lin ft/ft diameter
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4, Class IV Pipe

o Do.01= 2000 Ibf/lin ft/ft diameter

o] Dy= 3000 Ibf/lin ft/ft diameter
5. Class V Pipe

o] Do.01= 3000 Ibf/lin ft/ft diameter

o] Dy= 3750 Ibf/lin ft/ft diameter

The designer is cautioned to understand these relationships, evaluate them on a case by case basis
dependent on the degree of contractual controls in place to ensure that loading and pipe support
objectives will be met, the consequences of failure, and acceptability of the service cracking criterion for
the intended application (e.g. some higher risk wastewater applications, may warrant more stringent crack
control) and adjust factors of safety accordingly. The above factors of safety are the minimum permitted
under this Standard Practice.

Where non-reinforced concrete pipe conforming to ASTM C14-05a Standard Specification for Non-
reinforced Concrete Sewer, Storm Drain, and Culvert Pipe is utilized there is obviously no protection
between service cracking and ultimate load even though the pipe will continue to function in typical pipe
soil interaction applications. In using non-reinforced concrete pipe a minimum FS of 1.5 is recommended
on the load required to produce 0.01 cracking.

3.2.2 Indirect Design — Structural Analysis and Design of the Pipe

In indirect design the process of structural analysis and design of the pipe is a seamless and simple one.
Design is based on:

1. Acquisition of basic design criteria (in terms of pipe size, etc.)
2. Calculation of design loads and pressure response in terms of We, W\, Ws, and B;.
3. Rationalizing an appropriate Factor of Safety

Structural analysis and pipe selection then consist of determining the required strength of the pipe in a
three-edge bearing test (TEB) as per the following expression:

W, + W +W,)

f

TEB = (3_1)

If service cracking can be tolerated (and 0.01 inch cracking is acceptable performance in most
applications) then the FS = 1.0 in the above formula for reinforced pipe and 1.5 for non-reinforced pipe
applies. Where more stringent criteria need to be applied to the service cracking criterion based on the
designer’s assessment of risk, uncertainty or the intended application; an increased FS should be
applied.

Applied in the above manner the above pipe selection method yields factors between service cracking
and ultimate failure varying from 1.5 to 1.25 dependent on the strength class selected as noted in Section
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3.2.1. Again based on the designer’'s assessment of risk, uncertainty or the intended application; an
increased FS could be applied.

In any event designers would be encouraged to evaluate pipe performance utilizing direct design
methods to ascertain the governing modes of failure under the intended application. A limiting feature of
indirect design as previously noted is its focus entirely on service cracking and its relationship to ultimate
flexural load. While these are typically valid governing failure modes for smaller diameter pipe (typically
450 mm and smaller), they are often not the governing failure mode on intermediate to larger diameter
pipe. Inthese instances the designer would be well advised to utilize direct design methods to
reasonably ensure that design life objectives are truly achieved.

Sample problems applying the indirect design method are contained in Appendix C for the practitioner’s
convenience.
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Appendix A
Notations for Indirect and Direct Design



Units used in this

Symbol Definition Standard Practice
coefficient of friction for trench backfill
u against sides of trench)
B, outside diameter of pipe Feet
By width of trench at top of pipe Feet
B; bedding factor
bedding factor — true embankment
Bre conditions
B bedding factor — narrow trench condition
B: diameter of tunneled hole Feet
coefficient for calculating Marston earth
C. load in positive projecting embankments
coefficient for calculating Marston earth
Cq load in trenches Ibs/foot
Do.oi 0.01 inch crack load (D-load) Ibs/ft/ft of diameter
D, inside diameter of pipe Inches
D, outside diameter of pipe Inches
Dy ultimate D-load Ibs/ft/ft of diameter
crack width control factor for adjusting
crack control relative to average
maximum crack width of 0.01 inch at 1
inch from the tension reinforcement
Fer when F,, = 1.0
FS,FOS | factor of safety
h wall thickness Inches
H design height of earth above top of pipe Feet
defined by Equation
HAF horizontal arching factor 2-6
s impact factor
ratio of lateral to vertical pressure
K (Rankine earth pressure coefficient)
maximum moment in pipe wall under
MEieid field loads inch-lbs
maximum moment in pipe wall under
M-est three-edge bearing test load inch-lbs
coefficient to determine bedding factor
N that varies with bedding type
projection ratio (ratio of distance between
natural ground and top of pipe to outside
p diameter of pipe
negative projection ratio (ratio of height
of natural ground above top of pipe to
p' outside diameter of pipe
prism load (weight of the column of earth
PL over the outside diameter of the pipe) Ibs/foot
coefficient to determine bedding factor
that varies with Rankine pressure
q coefficient

CITY OF EDMONTON

STANDARD PRACTICE FOR THE DESIGN AND INSTALLATION

OF RIGID GRAVITY SEWER PIPE

APPENDIX A

1



Units used in this

Definition Standard Practice
settlement ratio — ratio of the difference
between the settlement of the soil
adjacent to the pipe and the top of the
Isd pipe
defined by Equation
VAF vertical arching factor 2-5
w unit weight of soil Ibs/ft®
live load due to a concentrated surface
Wag load per unit area (no impact) Ibs/ft®
W, vertical earth load on pipe Ibs/foot
W weight of fluid in the pipe Ibs/foot
Wy horizontal (lateral load on pipe) Ibs/foot
W, live load with impact Ibs/foot
live load per unit area due to a
concentrated surface load - AASHTO
W, method Ibs/ft*
W, weight of the pipe Ibs/foot
Ws live load without impact Ibs/foot
coefficient to determine bedding factor
X that varies with the projection ratio
live load due to a distributed surface load
o per unit area (no impact) Ibs/ft?
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Appendix B
Direct Design Sample Application of Pipecar and Recommended Ranges of Input Values



Design Aids — PIPECAR™

| INntro screen

B-1



PIPECAR™

Main Menu

. Pipecar - Main Menu

Options:

Create an 51 Unit Direct Input File

Create an Impenal Unit Direct Dezign Input File

Betneve Input or Output File

Reconfigure Default Parameters

Three Edge Beanng Calculation

Delete OId Files

Exit Pipecar

Data Directory: (C-\Pipecaridatal
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i On following Input pages,

= Note:

» Shaded areas require designer’s judgment
or design specifics

= Remaining values dictated by Edmonton
and ASCE Standard Practice
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“A” Wall = D;/12

PIPECAR™ “B” Wall = D/12 +1

Page 1 Input

“C” Wall =Di/12 + 1.75
Max Reinforcing

w. Pipecar - Design (page 1)

FILENAME: [Example3 | PIP Load ? L/ Yleld Strength fOr

JOB DESCRIPTION: |3E" trench condition - 20° |

- PIPE SHAPE: Design = 65.0 ksl

f« CIRCULAR

Pipe Inner Diameter: in.

" ELLIPTICAL

Type 1 — Smooth wire > 8" spacing
Type 2 — Smooth WWF < 8”

Pipe Wall Thickness: in. SpaCi ng

~MATERIALS PROPERTIES: re
Steel Reinforcing Yield Strength: 65.0| ksi Type 3 _ Deformed WWF
Reinforcing Type: 2 !

5555

Number of Layers: T | deformed bars or any reinforcing
Design Concrete Strength: 5.000| ksi -
Concrete Density: 150.000| pcf With Sti rru ps
rSOIL PRESSURE DISTRIBUTION: [ |
* Heger Pressure Distribution
(" Radial Pressure Distribution \ _— 1
-l e Utilize Heger | TYPICal Concrete Strength

pressure 4-5 ksi, max 7 ksi

distribution B-4



oad Factors and

Strength Reduction

P I PECARTM Factors — use
Page 2 Input Standard Practice
Pipecar - Design (pags Values as noted

—LOAD FACTORS AMD MODIFIERS: STREMGTH REDUCTION FACTORS: — ?
Dead Load Moment And Shear: 1.20 Flexure: 095
Dead Load Thrust: 1.00 Diagonal Tension: 090
Live Load Moment And Shear: 217 Radial Tension: 0.90
Live Load Thrust: 1.30 Limiting Crack Width Factor: [0.900
Internal Pressure Thrust: 1.50
PROCESS FACTORS:
(Hadial Tenszion Process Factor: 1.000 Shear Process Factor: 1.000
—IMSTALLATION CONDITIONS - S1DD S0IL PRESSURES: .
Ins_tallatmn Type !1_—4]: 2 - DeS I g n e r‘
Height OF E arth Fill: 20| —
Do you wish to change these defaults? ™ ez v Mo Se I eCtI O nS -

and Height of Fill

Process Factors —

;?ZC?;[(?Q(i/aar.:j €S as et by
u <<Previous Page DEfaUItS by

noted Standard Practice 8.5




PIPECAR™

i Page 3 Input

A

Add Pressure Head
for Surcharge Design
Max = 50 ft.

Edmonton Standard
Practice = 135 [Ib/ft3]

Assume full pipe

| HS30 equivalent to CL-800

Note: RTAC design vehicle

/

B-6



Minimum 1 inch cover by

PIPEC ARTI\/I Standard Practice

Page 4 Input

Designer Selection

=, Pipecar - Design [page 4)

FREINFORCING CAGE TYPE: ?
{* Double Circular {3 Single Elliptical {0 Single Circular + Elliptical
) Single Circular {O Double Circular + Mats {0 Double Circular + Elliptical
r COMCRETE COVER:
Inside Face: 1.000{ in.
Outside Face: 1.000{ in.

Only used to calculate moment
r REINFORCING DIAMETER: . . .
Insid-e Flein-furcin-g Dia-meter, Asi: 32 |n <« angles, nOt SenS|t|Ve In mOSt
Outside Reinforcing Diameter, Aso: 22| in design’ use defaUIt Values and
check final design

r MAXIMUM REINFORCING SPACING:

Inside Reinforcing 5pacing. Asi: annn| in L
Outside Reinforcing Spacing, Aso: £.000] in. \ q U se d ef au It V al ues an d
check sensitivity, designs
«reviusPage || oo (|| Ot generally governed

by max spacing

B-7



PIPECAR™

Hit Options to save and Execute

i. Pipecar - Design (page 4)

r AEINFORCING CAGE TYPE:
{2 Double Circular {3 Single Elliptical
O Single Circular ) Double Circular + Mats

r CONCRETE COYER:

Inzide Face:
Outzide Face:

r REINFORCING DIAMETER:

Inside Reinforcing Diameter, Asi:
Dutside Reinforcing Diameter, Aso:

Pipecar - Options

Save Input and Execute PIPECAR

Save Input and Return to Main Menu

Heturn to Main Menu Without Saving

Cancel
r MAXIMUM REINFORCING SPACING: l
Inside Reinforcing Spacing, Asi A4.000] in.
Outside Reinforcing Spacing. Aso: 4.000] in.

<<Previous Page

B-8



PIPECAR™

Select Desired Level of Output

i. Pipecar - Design (page 4)

—REINFORCING CAGE TYPE:

{2 Double Circular {3 Single Elliptical {3 Single Circular + Elliptical

O Single Circular ) Double Circular + Mats {O Double Circular + Elliptical
r CONCRETE COVER:

Inside Face: 1.000] in.

Dutside Face: 1.000] in.
—~REINFORCING DIAMETER:

Inside Reinforcing Diameter, Asi: 32| in.

Dutside Reinforcing Diameter, Aso: 22| in.
r MAXIMUM REINFORCING SPACING:

Inside Reinforcing Spacing, Asi A4.000] in.

Outside Reinforcing Spacing. Aso: 4.000] in.

<<Previous Page

: Options




PIPECAR™

Output Screens — Page 1

M Pipecar - Output E|
FIPECAR — EXAMPLEZ - 36" trench condition — 20' - Page 1 -

PIPECAER 1

A Microcomputer Program for the Analvsis and Design of Circular
and Horizontal Elliptical Reinforced Concrete Pipe Culverts

Version 3.07 for Windows
29 Octpber 2001

Verzion 3.07 incorporates the loading svstem and design method
of the ASCE, "Standard Practice for Direct Design of

Buried Precast Concrete Pipe Uzing Standard Installations
(SIDD)." See the Uszer Manual for Details.

¥E 3636 3636 36 36 36 3 36 3636363636 3636 36 36 36 36 36 36 6 36 3363636363636 36 3636 36 36 I I I 2333636363636 3636 36 I 6 I I I3 36I6 363 363K KK
WARHING
¥E 3636 3636 36 36 36 3 36 3636363636 3636 36 36 36 36 36 36 6 36 3363636363636 36 3636 36 36 I I I 2333636363636 3636 36 I 6 I I I3 36I6 363 363K KK
The =success=sful application and use of this =oftware product i= dependent
on the application of =skilled enginesering judgement and i= the
responsibility of the user. The user mnust =elect input wvaluss =uitable
to hi= specific installation. The information presented in the computer
output iz for review, interpretation. application and approval by a
qualified engineer

ANY IMPLIED OR EXPEESS WARRANTIES COVERING THE SOFTWARE FROGEAM COR -
FROCEAM TTSFR WAHTIAT THETTINTHS ANV WARRANTTRS MF MFRCHANTARTT TTV mT f
3

Return to Print This
Plizy | aes | Legi | Input Form Dutput File ‘ bice ‘
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PIPECAR™

Ultimate Force summary Table

M Pipecar - Dutput

PIPECAR — EXAMFLEZ - 36" trench condition — 20' - Page 4
1
TABLE OF ULTIHMATE FORCES
LOCATION HOMENT THRUST SHEAR
DESIGH
DEG FROM IN.KIPS-FT KIPS-FT KIPS-FT
INVERT
oo 44 880 2.016 .aoo
12.25 I5 GE7 2.690 3.656
a0.00 —-31.930 6.474 .noz
157 .75 23,369 2.230 —-2.3z20
1a0.00 32,889 1.4485 .aoo
<
: Return to Print This
Ao | iy | Input Form Output File ‘

)
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PIPECAR™

Governing Design Table

ASC 2.84 .180

471 482

HOTES:

REINF.

1. REINFORCIHG REQUIRED FOR 0.01 INCH CRACK IS DETERMIHED EY
MULTIFLYING THE DESIGH INDEX BY THE FLEXURAL REINFORCEMENT .

2. IF THE DIAGONAL TEHSION IWDEX IS GREATER THAN 1.0, THE
RETINFORCEMENT REQUIRED FOR DIAGOHAL TEWSION IS GREATER
THAN THE FLEXURAL AND CRACKING REINFORCEMENT. IF THE
DIAGONAL TEWSION INDEY IS GREATER THAW 1.0 AHND THE REQUIRED
REINFORCING RATIO IS GREATER THAN 0.02 THEW STIRRUFS HMUST
BE USED. THIS IS INDICATED BV 4 "+" AFTER THE DIAGOHAL
TENSION INDEX.

3. IF THE RADIAL TEHWSION INDEX IS GREATER THAN 1, STIRRUPS MUST
USED.

DEFTH GOVERNING DESIGH

REQUIRED REINF. STIRRUPS GOVERNING
AREA RATIO REQUIRED? MODE
IN. (50.IN.~FT)

AST
ASO
ASC

2.84 L2582 .0074 HO FLEXURE
2.84 .1z20 .0035 HO FLEXURE

<

2.84 180 .00o583 HO FLEXURE
| LIJ

Input Form Dutput File

First | Prev | Next | Last | Return to Print This ‘ Done
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Pl

Required Reinforcing Scheme Design Table

il

PECAR™

B Pipecar - Qutput

PIPECAR - EXAMPLEFRE - 36 inch design - Page 7

EEINFORCIUHNG DATA

X

F

REINFORCING CAGE TYFE

INVERT- INSIDE REINFORCING
SPRINGLINE- OUTSIDE REINFORCING
CROWH- INSIDE REINFORCING

DOUELE CIRCULAR

d = MAXIHTH REINFORCING
REINFORCING AREA

(IN.) SEACING{IN.) (SQ.IN.~FT)

2. 800 4.000 317

2 800 4.000 138

2 800 4.000 207

IF THIS PIPE IS MANUFACTURED WITH ANY REINFORCING SCHEME OTHER THAN

4 SINGLE OR DOUBLE CIRCULAR CAGE, THE MANUFACTURER MUST CLEARLY MARK
THE PIPE TO IWNDICATE THE PROPER ORIEHTATION IN THE GROUND. REINFORCING
DESIGHS SHOULD ALLOW FOR SOME TOLERANCE IN LOCATION OF PIPE INVERT IN

THE FIELD INSTALLATION.

* d IS THE DISTANCE FROM THE COMPRESSION FACE To THE CENTROID OF THE

TENSION REINFORCEMENT AWD IS USED TO DETERMINE THE REQUIRED

REINFORCEMENT . IF SELECTION OF REINFORCEMENT RESULTS IN & SMALLER d
THAN THIS VALUE, THE DESIGH SHOULD BE REEVALUATED.

First | Prev | MNext |

Return to
Input Form

Print This
Output File | e ‘
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Indirect Design — Sample Pipe Selection Problems



EXAMPLE PROBLEMS
EXAMPLE C.1
Trench Installation and the Use of Marston-Spangler Trench Loading Theory

A 36” circular pipe is to be installed in a trench with 20’ of cover over the top of the pipe. The intended
width of the trench is 2’ wider than the pipe on each side of the pipe and there are no contractual controls
in place to ensure that trench width is rigidly controlled to this value. The local supplier of concrete pipe
indicates that their 36” pipe is manufactured with a C-wall, wall thickness configuration.

The pipe will be installed in a Type 2 installation condition, and will be backfilled with sand and gravel
material having a unit weight of 135 [Ib/ft3]. The pipe alignment is a major arterial with a high probability
of exposing the pipe to dual passing vehicles.

The designer has chosen to estimate earth loads using Marston-Spangler methods. The settlement
ratio/projection ratio product (rsgp), to ascertain an estimate of transition width, is approximately 0.7 for
ordinary soil.

Determine the required pipe class for this situation.

Example C.1

1. Determine the Earth Load

The C-wall configuration means that the wall thickness of the pipe is 4.75 inches (Equation 2-4)
and the outside diameter of the pipe, B, becomes 3.79 feet. The intended trench width, By, is
then 7.79 feet.

While the installation is in a trench, the trench width needs to be compared to the transition width
to ascertain which of the two installation conditions noted in Figure C.1 above, applies. The
designer can reference Figure 6 - Transition Width Ratios. Based on rsgp = 0.7, and known
values for H/B. (20/3 = 5.27), it can be interpolated from Figure 6 that:

CITY OF EDMONTON APPENDIX C 1
STANDARD PRACTICE FOR THE DESIGN AND INSTALLATION
OF RIGID GRAVITY SEWER PIPE



B

d—transition _, 2.4

B

c

Therefore, the transition width = 2.4 * B, = 2.4 * 3.79 = 9.09 feet

As the proposed trench width is less than the transition width trench loading theory applies and
the earth load can be estimated by Equation (2-8) as follows:

W, = C,wB;

where,

Cq4 = load coefficient as defined below

w = unit weight of soil (Ib/ft®) = 135 Ib/ft®

Bq = trench width at top of pipe (ft) = 3 +2*2) = 7 feet

And C4 can be determined by Equation (2-9):

d = 2Kyt
where,
K = Rankine lateral soil pressure coefficient
' = coefficient of sliding friction between fill material and sides of trench
The product of the Rankine’s lateral soil pressure coefficient and the coefficient of sliding friction
between fill material and sides of trench angle is summarized for various soil types in Table 2,
where it can be seen that the maximum Ky’ value for a sand and gravel backfill material is 0.165.
Based on this C4 can be determined to be 1.73 and the earth load, W, is determined to be:
W, = 1.73 * 135 * 7.79° = 14,173 [Ib/ft]

2. Determine the Live Load

Based on the design condition of a major arterial, we shall select two passing CL-800 vehicles for
the live load. As depicted in the Equations in Figure 17:

W, = 100,600
(17.67 + 1.75H)(0.83+1.75H)
W, = 100,600
(17.67 + 1.75(20))(0.83+1.75(20))
wy, = 53 [Ib/ft]]
CITY OF EDMONTON APPENDIX C 2
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These are converted to a live load using Equation (2-23); W = w B(1+l;) where I; is the impact
factor which is zero for depths greater than 6 feet (see Table 6).

Therefore:
W =53 *3.79 = 201 [Ib/ft]
3. Determine the Fluid Load

Fluid load will be based on the inside area of the pipe and a fluid density of 62.4 [Ib/ft3]. Thus from
Equation (2-16):

W; = n*D? * 62.4 = 441 [Ib/ft]
4

4, Selection of Bedding Factor

As the designer has chosen to use Marston Loading theory for trenches and we have determined
that trench loading as opposed to embankment loading conditions exist, we should use trench
bedding factors from Table 4 - Bedding Factors (B, for Standard Trench and Embankment
Installations. While this is a very conservative assumption it is the only valid assumption that is
permitted by the Standard Practice when using Marston Trench Load Theory and the practical
considerations of an unregulated trench width during the construction phase.

Based on a 36” diameter pipe and a Type 2 Installation, the By = 1.9.
5. Pipe Strength Requirement
The required 3-Edge Bearing Strength is given by Equation (3-1):
TEB = (We + W, + W) *FS
Based on the uszfof reinforced concrete pipe, conservative loading and bedding support
assumptions, and the acceptability of 0.01” service cracking as a design condition, a TEB factor

of safety of 1.0 is appropriate:

TEB = (14,173 + 201 + 441) * 1.0 = 7797 [Ib/ft]
1.9

The required D-Load in units of Ibs/ft/ft of diameter is given by:

Doo1 = TEB
D,
Therefore:

Do.or = 7797 = 2599 [Ib/ft/ft]
3

As per ASTM C76 and Section 3.2.1, Dgo; = 2599 [Ib/ft/ft] correlates to a CL-V pipe. The
completed design has actual FOS against service cracking and ultimate failure as follows:

CITY OF EDMONTON APPENDIX C 3
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_3000_, ¢

Service cracking FOS = D0.01C|assv —

DAppliedTEB 2599 -

DuCIassV _ 3750

Ultimate FOS — —
DAppliedTEB 2599

=1.44

As these are both greater than our design objectives (FOS of 1.0 for service cracking and 1.25 for
ultimate for TEB capacity greater than or equal to 3000 Ib/ft/ft diameter) the design is adequate.

CITY OF EDMONTON APPENDIX C 4
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EXAMPLE PROBLEMS
EXAMPLE C.2
Use of Heger VAF's in Indirect Design

A 36” circular pipe is to be installed in a trench with 20’ of cover over the top of the pipe. The intended
width of the trench is 2’ wider than the pipe on each side of the pipe and there are no contractual controls
in place to ensure that trench width is rigidly controlled to this value. The local supplier of concrete pipe
indicates that their 36” pipe is manufactured with a C-wall, wall thickness configuration.

The pipe will be installed in a Type 2 installation condition, and will be backfilled with sand and gravel
material having a unit weight of 135 [Ib/ft3]. The pipe alignment is a major arterial with a high probability
of exposing the pipe to dual passing vehicles.

The designer has chosen to estimate earth loads using Heger VAF’s and, therefore, it is not required to
determine transition width and accordingly no estimate settlement ratio/projection ratio product (rsgp)is
required to be made.

Determine the required pipe class for this situation and the revised analytical approach.

Example C.2

6. Determine the Earth Load

The C-wall configuration means that the wall thickness of the pipe is 4.75 inches (Equation 2-4)
and the outside diameter of the pipe, B, becomes 3.79 feet. The intended trench width, By, is
then 7.79 feet. However, as the designer is utilizing Heger VAF's to estimate earth loading, earth
loads are already based on their most conservative values, embankment conditions (as depicted
to the right of the Figure above). It is not required, therefore, to estimate transition width.

To determine the Earth Load, we can use simplified Heger distribution based the weight of the
prism of soil above the pipe multiplied by a vertical arching factor (VAF) selected by installation
type (Modified form of Equation (2-5)). In this case, we will be using a Type 2 standard
installation therefore:

W, = VAF*PL  [Ib/ft]

CITY OF EDMONTON APPENDIX C 5
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Based on Equation (2-7):

PL =w* (H + Dy(4-n)) * D, [Ib/ft]
8

Where VAF = vertical arching factor based on installation type
W = unit weight of soil [Ib/ft]
H = height of fill above pipe [ft]

D, = outside diameter of pipe [ft]

Based on Table 1 - VAF and HAF for Standard Installations, VAF for a Type 2 Installation would
be 1.40. Therefore:

PL =135 (20 + (3.79 (4— n)/8)) 3.79 = 10,441 [Ib/ft]
For a Type 2 installation, VAF = 1.40, therefore W, = 1.40 * 10,104 = 14,617 [Ib/ft]
7. Determine the Live Load

Based on the design condition of a major arterial, we shall select two passing CL-800 vehicles for
the live load. As depicted in the Equations in Figure 17:

w = 100,600
(17.67 + 1.75H)(0.83+1.75H)

W, = 100,600
(17.67 + 1.75(20))(0.83+1.75(20))

w, = 53 [Ib/ft]]

These are converted to a live load using Equation (2-23); W = w B(1+l;) where I; is the impact
factor which is zero for depths greater than 6 feet (see Table 6).

Therefore:
W =53 *3.79 = 201 [Ib/ft]
8. Determine the Fluid Load

Fluid load will be based on the inside area of the pipe and a fluid density of 62.4 [Ib/ft*]. Thus from
Equation (2-16):

W; = m*D? * 62.4 = 441 [Ib/ft]
4

CITY OF EDMONTON APPENDIX C 6
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9. Selection of Bedding Factor

As we are using Heger VAF's to estimate earth loads which are based on embankment loading
conditions (the most conservative earth loading condition), we can safely use embankment
bedding factors from Table 4 - Bedding Factors (B, for Standard Trench and Embankment
Installations. This is because any reduction in horizontal support that may result from a narrower
trench in the construction phase will also be accompanied by a proportional reduction in real
earth loading.

Based on a 36” diameter pipe and a Type 2 Installation an embankment loading factor can be
determined from Table 4 as Bt = 2.9.

10. Pipe Strength Requirement
The required 3-Edge Bearing Strength is given by Equation (3-1):

TEB = (We + W, + W) *FS

By
Based on the use of reinforced concrete pipe, conservative loading and bedding support
assumptions, and the acceptability of 0.01” service cracking as a design condition, a TEB factor
of safety of 1.0 is appropriate:

TEB = (14,617+201+441) * 1.0 = 5262 [Ib/ft]
2.9

The required D-Load in units of Ibs/ft/ft of diameter is given by:

Doo1 = TEB
D,
Therefore:

Do.o1 = 5262 = 1754 [Ib/ft/ft]
3

As per ASTM C76 and Section 3.2.1, Dgo; = 1754 [Ib/ft/ft] correlates to a CL-IV pipe. The
completed design has actual FOS against service cracking and ultimate failure as follows:

_ 2000 114
DAppIiedTEB 1754

Service cracking FOS = Do.01C|ass|V _

Ultimate FOS _ DuCIassIV _ 3000 :1 71
I:)AppliedTEB 1754

As these are both greater than our design objectives (FOS of 1.0 for service cracking and 1.5 for
ultimate for TEB capacity greater less 2000 Ib/ft/ft diameter) the design is adequate.
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STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

PART |: GENERAL

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Scope

This standard practice covers the design and construction of flexible thermoplastic pipe for
use in installations within the City of Edmonton. While the Standard Practice is primarily
focused on the use of PVC pipe, it does address HDPE pipe products to illustrate some of
the subtle differences between the two thermoplastics that must be addressed in design.

When buried, it must be recognized that thermoplastic pipes are a composite structure made
up of the plastic ring of the pipe and the soil envelope around them, and that both materials
play a vital part in the structural design requirements for the pipe. It also essential that the
designer and installer recognize that the soil envelope in typical trench installations is
composed of two components — the embedment zone soil and the native soil and that the
interaction of these materials can play a significant role in pipe performance.

Part II of this standard practice presents the proposed design method for flexible pipe
design using the standard installation configurations that are specified herein. This design
method is predicated on the principle that controlling deflection to within acceptable limits
will be sufficient to meet both structural requirements of the pipe based on the materials
specifically covered in this standard and the standard installations detailed herein, and the
functional requirements of pipe performance such as joint integrity, connections to other
structures, etc. in the majority of design situations. This does not preclude the fact that the
designer should carry out the appropriate structural design checks as detailed in Part II of
the standard practice to ensure that performance limiting factors other than deflection do
not control in any site specific design.

Part III of this standard practice presents the construction requirements for thermoplastic
pipe designed and installed in accordance with this standard practice.

This standard practice shall be used as a reference by the owner or owner’s engineer in
preparing project specifications within the City of Edmonton based on the standard design
and installation practices specified herein.

The design procedures given in this standard are intended for use by engineers who are
familiar with the concept of soil-pipe interaction and of the factors that may impact both
the performance of the pipe and of the soil envelope. Before using the design procedures
given in Part II, the engineer should review the guidance and requirements given in other
sections of this standard practice and its accompanying commentary.

The values of dimensions and quantities are expressed in SI unit values with conversions
expressed in inch-pound (English) units for convenience.

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc 1



STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

2.0

21

2.1.1

2.1.2

2.1.8

2.19

2.1.10

2.2

221

222

223

224

Applicable Documents

ASTM (American Society for Testing and Materials)

D420-98 Guide to Site Characterization for Engineering, Design, and Construction
Purposes

D2321-00 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers
and Other Gravity-Flow Applications

D2487-00 Standard Classification of Soils for Engineering Purposes (Unified Soil
Classification System)

D2488-00 Standard Practice for Description and Identification of Soils (Visual-Manual

Procedure)

D3034-00 Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and
Fittings

D3212-96a Standard Specification for Joints for Drain and Sewer Plastic Pipes Using

Flexible Elastomeric Seals
D3350-02a Standard Specification for Polyethylene Plastics Pipe and Fittings Materials

F679-01 Standard Specification for Poly(Vinyl Chloride) (PVC) Large-Diameter Plastic
Gravity Sewer Pipe and Fittings

F794-99 Standard Specification for Poly(Vinyl Chloride) (PVC) Profile Gravity Sewer Pipe
and Fittings Based on Controlled Inside Diameter

FF894-98a Standard Specification for Polyethylene (PE) Large Diameter Profile Wall Sewer
and Drain Pipe

CSA (Canadian Standards Association)

B182.2, PVC Sewer Pipe and Fittings (PSM Type)

B182.4, Profile PVC Sewer Pipe and Fittings

B182.6, Profile Polyethylene Sewer Pipe and Fittings for Leak-Proof Sewer Applications

B182.8, Profile Polyethylene Storm Sewer and Drainage Pipe and Fittings

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc 2



STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

2.2.5 B182.11, Recommended Practice for the Installation of Thermoplastic Drain, Storm, and
Sewer Pipe and Fittings

2.3 AWWA (American Water Works Association)

2.3.1  AWWA M45, Fiberglass Pipe Design Manual

3.0 Definitions

3.1 Figure 1 illustrates the definitions and limits of the terms, foundation, subgrade, bedding,

haunch, lower side, initial backfill, pipe zone, embedment zone, backfill or overfill, invert,
crown, springline, top of pipe, and bottom of pipe as used in this standard practice.

Figure 1 Standard Terminology

L5
EXCAVATED TRENCH WIDTH =
=
4 D, FPE WIDTH o
E TOP OF PIPE % 33 ¢
8 3 E
[T}
§ SPRING LINE 3 B
m - — | 9 i
T S
| | a L
BOTTOM OF PPE | |
L _ ]
g
2x0
gid
OUTER BEDDING
INVERT
D./3 MIDDLE BEDDING
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4.0 Notations

A = cross sectional area (m°)

B. = width of pipe (m)

B, = width of trench (m)

C, = coefficient of curvature (unitless)
C, = coefficient of uniformity (unitless)
D, d = pipe diameter (m)

A x = hotizontal deflection (m)

Ay = vertical deflection (m)

D, = deflection lag factor (unitless)

E = flexural modulus of elasticity (kPa)

E'= modulus of soil reaction (kPa)

E', = modulus of soil reaction - embedment soils (kPa)

" = modulus of soil reaction - composite design value (kPa)

! J—

e — Modulus of soil reaction - native soils (kPa)
€= bending strain (mm/mm)
I" = soil density
H = height of cover (m)
I'= moment of inertia
I, = impact factor (unitless)

J = Masada's bedding angle/bedding factor constant

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc
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K = bedding factor (unitless)

LI = liquid limit

M = bending moment

v = Poisson’s Ratio

P = external load expressed as a pressure (kPa)
P, = critical buckling pressure (kPa)

PI = plasticity index

PS§ = pipe stitfness (kPa)

g, = unconfined compressive strength

R = radius

S, = composite soil support factor (unitless)
g, = yield point stress

SPD = standard Proctor dry density

SPT = standard penetration test blow count
¢t = wall thickness

W = total load (kN/m)

W, = earth load (kN/m)

W, = live load (kN/m)

w; = live load pressure (kN/m?)
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5.0 Summary of Standard Practice Approach

5.1 The design approach of this standard practice is based upon the assumptions inherent in the
original Spangler load distribution' for flexible pipe. In this approach, the vertical reaction
on the bottom of the pipe is equal to the vertical load on the top of the pipe and is equally
distributed over the bedding. Passive horizontal pressures on the sides of the pipe have a
parabolic distribution over the middle 100 degrees of the pipe (see Figure 2).

Figure 2— Load Distribution based on Spangler?

BASIS OF SPANGLER'S DERIVATION OF THE IOWA
FORMULA FOR DEFLECTION OF BURIED PIPES

TOTAL LOAD = W

5.2 Earth load effects are computed based upon the pressure distributions presented herein.
While both embankment loading and trench loading nomenclature are presented for clarity,
all design is based upon developing full prism loads as opposed to Marston load theory.

5.3 Soil stiffness values (modulus of soil reaction, E’) for material in the embedment zone are
based upon the research of Duncan and Hartley’ and McGrath®. The soil stiffness values to
be utilized in design are based upon a direct substitution of the one-dimensional constrained
modulus, M, for E’. In the absence of direct measurement of constrained modulus values,
the design values determined by McGrath’s research are recommended for use herein.

1 Watkins, R.K. and M.G. Spangler, “Some Characteristics of the Modulns of Passive Resistance of Soil — A Study in Similitude”, Highway
Research Board Proceedings, 1958.

2 Uni-Bell PVC Pipe Association, :Handbook of P1'C Pipe — Design and Construction”, 314 Edition September 1991, pp. 204
3 Hartley, J.D. and .M. Duncan, “E’ and Its Variation with Depth”, Journal of Transportation Engineering, September 1987.

4 McGrath, T.J., ‘Replacing E’ with the Constrained Modnlus in Flexible Pipe Design”, Proceedings of the Pipeline Division Confetrence, San
Diego, ASCE, 1998.
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54 The soil stiffness values should be further modified, if required, based on the trench width

and the nature and properties of native soils encountered in accordance with the procedure
articulated in AWWA Manual of Practice M45.

5.5 Lastly, the Modified Iowa formula, as developed by Spangler-Watkins, should be corrected to
solve for vertical as opposed to horizontal deflection in accordance with the procedure
proposed by Masada’® and reproduced herein and the recommendations presented in Part IT
of the standard practice.

> American Water Works Association, “Manual of Water Supply Practices — M45; Fiberglass Pipe Design”, 15t Edition, 1996.

¢ Masada, T., "Modified lowa Formula for Vertical Deflection of Buried Pipe”, Journal of Transportation Engineeting, September/October
2000.
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PART Il: DESIGN METHOD FOR FLEXIBLE PIPE DESIGN USING CITY
OF EDMONTON SPECIFIED INSTALLATION CONDITIONS

6.0

6.1

6.2

6.3

7.0

7.1

General

Design criteria and methodology shall conform to the applicable sections of this standard
practice.

The designer shall carry out design checks in accordance with this standard practice to
ensure that the maximum localized distortion and net tension strain of the installed
thermoplastic pipe shall not exceed the specified limits based upon the pipe selected for use,
the embedment material properties specified, the native soil conditions that are anticipated
to be encountered, and the installation configuration specified.

As the native soil component can significantly impact both short and long-term pipe
performance, and its impact may vary with both trench configuration and embedment
material selection, the designer shall clearly indicate the combination of native soils,
embedment soils, and installation configuration assumed in design and articulate this
information to the installer in the manner prescribed by Section 7.2.

Design Requirements
General Design Approach

The performance limits for thermoplastic pipe can include wall crushing (stress), localized
wall buckling, reversal of curvature (over-deflection), excessive deflection (i.e. deflection that
compromises functional performance), strain limits, longitudinal stresses, shear loadings, and
fatigue (see typical examples of most common modes in Figure 3).

In practice, limiting deflection to within tolerable limits is satisfactory to meet all
performance requirements for PVC thermoplastic pipe products in the vast majority of non-
pressure applications. The designer is encouraged to determine the conditions under which
other performance limits will govern in design to facilitate streamlining the design process.
However, the designer should understand that he alone is responsible for carrying out all
necessary performance limit checks for each specific design situation.

Both low DR and solid-wall and HDPE thermoplastic pipe products should be reviewed by
the designer for the full range of design checks before applying the design principles
articulated in this Standard Practice so that the designer is fully cognizant of the performance
limiting factors that will govern in design.
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Figure 3 - Typical Petformance Limiting Modes for Gravity Thermoplastic Pipe

Wall Crushing Localized wall buckling

O il p—— -

o . -
.
.~ S . .
/V’ A
U 5,
. ]
¥ I'

Illl,.-' I I : ] I \\'..
M
i :
I'l III'. n'J .lll

K
\%\_5 L

The three parameters that are most essential to consider in all flexible pipe design include
load (primarily driven by depth of bury), soil stiffness in the pipe zone (both embedment and
native soil), and pipe stiffness.

Soil is obviously a major component of the soil-pipe interaction system and is actually the
component that supports the load. While the designer must take this into account in
developing his design assumptions, the installer ultimately must be aware of those design
assumptions, such that soil conditions in the field that are at variance with the design
assumptions can be readily identified and the design, if necessary, modified to account for
actual field conditions.

The design process, therefore, consists of:
a Determining external loading conditions,

] Assessing whether any special design conditions other than conventional trench
loading will govern in design,

Q Determining or estimating in-situ soil conditions based on either site specific
geotechnical investigations or experience,
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7.2

7.2.1

7.2.2

7.2.3

7.2.4

8.0

8.1

8.1.1

8.1.2

8.1.3

Q Selection of the desired balance of soil and pipe stiffness to meet the anticipated
loading conditions for the duration of the design period, and

a Articulating the assumptions utilized in design to the installer to ensure that any
conditions that arise or become apparent during construction that are at variance
with the design assumptions can be reviewed to confirm whether the design is still
valid or requires some modification to meet the design objective.

Minimum Information Transfer to Contractor and Contract Administrator

The minimum level of information transfer to the installer for each design where the use of
flexible thermoplastic pipe is contemplated includes:

Pipe material and minimum pipe stiffness
Assumed installation configuration
Embedment material and required placement density

Assumed trench width and assumed native soil characteristics (qualitative description and
E’ .. value)

native

Pipe Material Requirements

Pipe material requirements are general pipe material requirements to conform to this
Standard Practice. They are not to be construed as general approval for the use of these
products within the City of Edmonton. Specific products approvals are addressed by the
City on a product-by-product basis outside of this Standard Practice.

Smooth-wall PVC Products

Smooth wall PVC pipe products and fittings shall conform to Sections 4 and 5 of CSA
Standard B182.2 for all basic material requirements and manufactured quality and
dimensional tolerance.

Materials used for pipe shall come from a single compound manufacturer and shall have a
cell classification of 12454-B, 12454-C, or 12364-C as defined in ASTM Standard D 1784.
Materials used for moulded fittings shall come from a single compound manufacturer and
shall have a cell classification of 12454-B, 12454-C, or 13343-C as defined in ASTM
Standard D 1784.

Notwithstanding the requirements of Section 4 of CSA Standard B182.2, compounds with
different cell classifications than that noted above shall not be used without the prior
approval of the City of Edmonton.
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8.2

8.2.1

8.2.2

8.2.3

8.3

8.3.1

8.3.2

Profile PVC Products

Closed profile, dual-wall corrugated, and open profile PVC pipe products and fittings shall
conform to Sections 4 and 5 of CSA Standard B182.4 for all basic material requirements and
manufactured quality and dimensional tolerance.

Materials used for pipe and fittings shall come from a single compound manufacturer and
shall have a cell classification of 12454-B, 12454-C, or 12364-C as defined in ASTM
Standard D 1784.

Notwithstanding the requirements of Section 4 of CSA Standard B182.4, compounds with
different cell classifications than that noted above shall not be used without the prior
approval of the City of Edmonton.

Polyethylene (PE) Profile Wall Products

Closed profile and open profile PE pipe products and fittings shall conform to Sections 4
and 5 of CSA Standards B182.6 and B182.8 for all basic material requirements and
manufactured quality and dimensional tolerance for sanitary and storm sewer applications,
respectively.

Materials used for pipe and fabricated fittings shall come from a single compound
manufacturer and shall be made from virgin polyethylene compounds having the following
minimum cell classifications as defined in ASTM Standard D3350:

Product Outside Profile, Inside lining, waterway
corrugations wall
Storm Sewer and Fabricated 324420 C or 321120C or
Fittings 324420 E 321120E
Sanitary Sewer and Fabricated 324430 C or 324430 C or
Fittings 324430 E 324430 E

8.3.3

Resin compounds shall be tested for slow crack growth resistance in accordance with
Appendix SP-NCTL in ASTM Standard D5397 as modified in Clause 8.8 of CSA B182.8.
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9.0

9.1

9.2

9.3

Bedding and Foundation Material Requirements
Classification of Materials

Materials for use as foundation, embedment, and backfill are classified in Table 1. They
include natural, manufactured, and processed aggregates and the soil types classified
according to ASTM Test Method D 2487.

Installation and Intended Use of Materials

Table 2 provides recommendations on installation and use based on class of soil or
aggregates and their location in the trench.

Class I, Class 11, and Class 111 materials are suitable for use as foundation material and in the
embedment zone subject to the limitations noted herein and in Table 2.

Class IV-A materials should only be used in the embedment zone in special design cases, as
they would not normally be construed as a desirable embedment material for flexible pipe.

Class IV-B, Class V Soils, and Frozen Materials are not recommended for embedment, and
should be excluded from the final backfill except where specifically allowed by project
specifications.

Description of Embedment Material

Sections 9.3.1 through 9.3.7 describe characteristics of materials recommended for use in the
embedment zone.

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc 12



STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

Table 1 - Classes of Embedment and Backfill Materials?

Percentage Passing Sieve Sizes Atterberg Limits Cocfficients
Class Type Soil Group Description 20 mm 4.75 mm 0.075 mm LL PI Uniformity Curvature
Symbol (3/4 in) (No. 4) (No. 200) Cu Cc
D2487
IA Manufactured None Angular, crushed stone or rock, crushed 100% <10% <5% Non Plastic
Aggregates:  open- gravel, broken coral, crushed slag, cinders
graded, clean. or shells; large void content, contain little
or no fines.
1B Manufactured, None Angular, crushed stone (or other Class 1A 100% <50% <5% Non Plastic
Processed materials) and stone/sand mixtures with
Aggregates;  dense- gradations selected to minimize migration
graded, clean. of adjacent soils; contain little or no fines
(see commentary in Appendix B).
1I Coarse-Grained GW Well-graded  gravels and  gravel-sand 100% <50%  of <5% Non Plastic >4 1to3
Soils, clean mixtures; little or no fines. “Coarse
GP Poorly-graded gravels and gravel-sand Fraction” <4 <1 or>3
mixtures; little or no fines.
SW Well-graded sands and gravelly sands; little >50%  of >6 1to3
or no fines. “Coarse
Sp Poorly-graded sands and gravelly sands; Fraction” <6 <l or>3
little or no fines.
Coarse-Grained e.g. GW- | Sands and gravels which are bordetline 100% Varies 5% to 12% Non Plastic Same as for GW, GP, SW and
Soils, botdetline | GC, SP-SM between clean and with fines. SP
clean to w/fines
111 Coarse-Grained GM Silty gravels, gravel-sand-silt mixtures. 100% <50%  of | 12% to 50% <4 or <’A”
Soils With Fines “Coarse Line
GC Clayey gravels, gravel-sand-clay mixtures. Fraction” <7 and >"A”
Line
SM Silty sands, sand-silt mixtures. >50%  of >4 or <’A”
“Coarse Line

7 Table excerpt from D2321-00 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications. Maximum aggregate size modified.
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Percentage Passing Sieve Sizes Atterberg Limits Cocfficients
Class Type Soil Group Description 20 mm 4.75 mm 0.075 mm LL PI Uniformity Curvature
Symbol (3/4 in) (No. 4) (No. 200) Cy Cc
D2487
SC Clayey sands, sand-clay mixtures. Fraction” >7 and >7A”
Line
IVAA | Fine-Grained Soils | ML Inorganic silts and very fine sands, rock 100% 100% >50% <50 <4 or <"A”
(inorganic) flour, silty or clayey fine sands, silts with Line
slight plasticity.
CL Inorganic clays of low to medium plasticity, >7 and >”A”
gravely clays, sandy clays, silty clays, lean Line
clays.
IVB Fine-Grained Soils | MH Inorganic silts, micaceous or diatomaceous 100% 100% >50% >50 <”A” Line
(inorganic) fine sandy or silty soils, elastic silts.
CH Inorganic clays of high plasticity, fat clays >”A” Line
\Y% Organic Soils OL Organic silts and organic silty clays of low 100% 100% >50% <50 <4 or <’A”
plasticity. Line
OH Organic clays of medium to high plasticity, >50 <”A” Line
organic silts.
PT Peat and other high organic soils.
Highly Organic
Alncludes Test Method D2487 botrdetline classifications and dual symbols depending on plasticity index and liquid limits.
NOTE - “Coarse Fraction” as used in this table is defined as matetial retained on a 0.075 mm (No. 200) sieve.
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Table 2 — Recommendations for Installation and Use of Soils and Aggregates for Foundation,
Embedment and Backfills

Soil Classes (see Table 1)A

Class TA Class 1B Class 11 Class 111 Class IV-A

General Do not use where | Process materials | Where  hydraulic | Do not use where | Obtain

Recommendations | conditions may | as  requited to | gradient exists, | water conditions in | geotechnical

and Restrictions cause migration of | obtain  gradation | check gradation to | trench may cause | evaluation of
fines from adjacent | which will | minimize instability. proposed material.
soil and loss of | minimize migration | migration. “Clean” May not be suitable
pipe support. | of adjacent | groups suitable for under high earth
Suitable for use as a | materials (see | use as drainage fills, surface applied
drainage  blanket | Commentary in | blanket and wheel loads, and
and underdrain in | Appendix B). | underdrain under heavy
rock cuts where | Suitable for use as vibratory
adjacent material is | drainage  blanket compactors and
suitably graded (see | and underdrain. tampers. Do not
Commentary in use where water
Appendix B) conditions in

trench may cause
instability.

Foundation Suitable as | Suitable as | Suitable as  a | Suitable as | Suitable only in
foundation and for | foundation and for | foundation and for | foundation and for | undisturbed
replacing over- | replacing over- | replacing over- | replacing over- | condition and
excavated and | excavated and | excavated and | excavated trench | where trench is dry.
unstable trench | unstable trench | unstable trench | bottom as | Remove all loose
bottom as | bottom. Install and | bottom as | restricted  above. | material and
restricted  above. | compact in 150 | restricted above. | Do not wuse in | provide firm,
Install and compact | mm maximum | Install and compact | thicknesses greater | uniform trench
in 150 mm | layers. in 150 mm | than 300 mm total. | bottom before
maximum layers. maximum layers. Install and compact | bedding is placed.

in 150 mm
maximum layers.

Bedding Suitable as | Install and compact | Suitable as | Suitable only in dry | Suitable only in dry
restricted  above. | in 150 mm | restricted  above. | trench conditions. | trench conditions
Install in 150 mm | maximum layers. | Install and compact | Install and compact | and when optimum

maximum  layers.
Level final grade by
hand. Minimum
depth 100 mm (150

mm in rock cuts).

Level final grade by
hand. Minimum
depth 100 mm (150

mm in rock cuts).

in 150

maximum

mm
layers.
Level final grade by
hand.  Minimum
depth 100 mm (150

mm in rock cuts).

in 150

maximum

mm
layers.
Level final grade by
hand.  Minimum
depth 100 mm (150

mm in rock cuts).

placement and
compaction control
is maintained.
Install and compact
in 150

maximum

mm
layers.
Level final grade by
hand.  Minimum
depth 100 mm (150

8 Table excerpt from D2321-00 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-

Flow Applications. Minimum initial backfill and embedment compaction values modified.
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Soil Classes (see Table 1)A

Class IA Class IB Class 11 Class 111 Class IV-A
mm in rock cuts).
Haunching Suitable as | Install and compact | Suitable as | Suitable as | Suitable only in dry
restricted  above. | in 150 mm | restricted  above. | restricted  above. | trench conditions
Install in 150 mm | maximum layers. | Install and compact | Install and compact | and when optimum
maximum  layers. | Work in around | in 150 mm | in 150 mm | placement and
Work in around | pipe by hand to | maximum layers. | maximum layers. | compaction control
pipe by hand to | provide uniform | Work in around | Work in around | is maintained.
provide  uniform | support. pipe by hand to | pipe by hand to | Install and compact
support. provide  uniform | provide uniform | in 150 mm
support. support. maximum  layers.
Wortk in around
pipe by hand to
provide  uniform
support.
Initial Backfill Suitable as | Install and compact | Suitable as | Suitable as | Suitable as
restricted  above. | to a minimum of | restricted  above. | restricted  above. | restricted  above.
Install to a | 150 mm above | Install and compact | Install and compact | Install and compact
minimum of 150 | pipe crown. to a minimum of | to a minimum of | to a minimum of
mm above pipe 3000 mm above | 300 mm above | 300 mm above pipe
crown. pipe crown. pipe crown. crown.
Embedment Place and work by | Minimum density | Minimum density | Minimum density | Minimum density
Compaction hand to insure all | 90% Std. Proctor | 90% Std. Proctor | 95% Std. Proctor | 95% Std. Proctor
excavated voids | Use hand tampers | Use hand tampers | Use hand tampers | Use hand tampers
and haunch areas | or vibratory | or vibratory | or vibratory | or impact tampers.
are filled. For high | compactors. compactors. compactors. Maintain moisture
densities use Maintain moisture | content near
vibratory content near | optimum to
compactors. optimum to | minimize
minimize compactive effort..
compactive effort.
Final Backfill Compact as | Compact as | Compact as | Compact as | Suitable as
required by the | required by the | required by the | requited by the | restricted  above.
Engineer. Engineer. Engineer. Engineer. Compact as

required by the
Engineer.

AClass IV-B (MH-CH) and Class V (OL, OH, PT) Materials ate unsuitable as embedment. They may be used as final backfill as
permitted by the Engineer.

BWhen using mechanical compactors avoid contact with pipe. When compacting over pipe crown maintain a minimum of 150 mm

cover when using small mechanical compactors. When using larger compactors maintain minimum clearances as required by the

Engineer (see Commentary in Appendix B).

CThe minimum densities given in the table arte intended as the compaction requirements for obtaining satisfactory embedment

stiffness in most installation conditions (see Section 13).
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9.3.1 Class IA Materials

Class IA materials provide maximum stability and pipe support for a given density due to
angular interlock of particles. With minimum effort these materials can be installed at
relatively high densities over a wide range of moisture contents. In addition, the high
permeability of Class IA materials may aid in the control of water, and these materials are
often desirable for embedment in rock cuts where water is frequently encountered. However,
when ground water flow is anticipated, consideration should be given to the potential for
migration of fines from adjacent materials into the open-graded Class IA materials (see
commentary in Appendix B).

9.3.2 Class IB Materials

Class IB materials are processed by mixing Class IA and natural or processed sands to
produce a particle size distribution that minimizes migration from adjacent materials that
contain fines (see commentary in Appendix B). They are more densely graded than Class IA
materials and thus require more compactive effort to achieve the minimum density specified.
When properly compacted, Class IB materials offer high stiffness and strength and,
depending on the amount of fines, may be relatively free draining,

9.3.3 Class II Materials

Class II materials, when compacted, provide a relatively high level of pipe support. In most
respects, they have all the desirable characteristics of Class IB materials when densely
graded. However, open graded groups may allow migration and the sizes should be checked
for compatibility with adjacent material (see commentary in Appendix B). Typically, Class II
materials consist of rounded particles and are less stable than angular materials unless they
are confined and compacted.

9.3.4 Class III Materials

Class III materials provide less support for a given density than Class I or Class 1I materials.
High levels of compactive effort may be required unless moisture content is controlled.
These materials provide reasonable levels of pipe support once proper density is achieved.

9.3.5 Class IV-A Materials

Class IV-A materials require a geotechnical evaluation prior to use and are only permitted to
be used in special design applications such as in cut-off walls or in areas where a short
section of low permeability soil is required by design.

Moisture content must be near optimum to minimize compactive effort and achieve the
required density. Properly placed and compacted, Class IV-A materials can provide
reasonable levels of pipe support; however, these materials may not be suitable under high
fills, surface applied wheel loads, or under heavy vibratory compactors and tampers. Do not
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9.3.6

9.3.7

10.0

10.1

10.2

use where water conditions in the trench may cause instability and result in uncontrolled
water content.

Moisture Content of Embedment Material

The moisture content of embedment materials must be within suitable limits to permit
placement and compaction to required levels with reasonable effort. For non-free draining
soils (that is, Class III, Class IVA, and some borderline Class II soils), moisture content is
normally required to be held to +3% of optimum (see ASTM Test Methods D 698). The
practicality of obtaining and maintaining the required limits on moisture content is an
important criterion for selecting materials, since failure to achieve required density, especially
in the pipe zone, may result in excessive deflection. Where a chance for water in the trench
exists, embedment materials should be selected for their ability to be readily densified while
saturated (that is, free-draining, cohesionless granular materials).

Maximum Particle Size

Maximum particle size for embedment is limited to material passing a 20 mm (3/4 in.) sieve
(see Table 1). To enhance placement around small diameter pipe and to prevent damage to
the pipe wall, a smaller maximum size may be required (see commentary in Appendix B).
When final backfill contains rocks, cobbles, etc., the Engineer may require greater initial
backfill cover levels (see Figure 1).

Characterization of Native Soil Conditions
Characterization of Native Soils

Native soils must be characterized to determine their potential impact on both short and
long term pipe performance.

Soil characterization to evaluate short-term implications shall be geared towards assessing
the impact of native soils on the modulus of soil reaction, E".

Soil characterization to evaluate potential long-term implications shall be geared towards
assessing the potential for migration of native soils into the embedment material or other
conditions that may cause degradation of the embedment material’s performance with time.

Implication of Native Soils versus Embedment Material Selection

Short-term performance shall be evaluated to determine whether the modulus of soil
reaction in design, F’,, , needs to be adjusted based on native soil conditions in accordance
with Section 13.2.1.6.

Potential native soil impact on long-term pipe performance shall be assessed in accordance
with the recommendations for matching various embedment classes to native soil conditions
in Table 2.
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11.0

12.0

121

12.2

12.21

12.2.2

12.2.3

Standard Installation Configurations

Standard installation configurations are presented on Figure 10, Figure 11, and Figure 12 in
Part III of this Standard Practice for narrow, sub-ditch, and wide trenches.

External Loads

The designer shall evaluate external loads in response to both dead and live loads. Based
upon the specifics of the installation, the designer may be required to assess specialized
loading conditions such as those noted in Section 12.3.

Dead Load Design Requirements

The earth load from fill over the pipe shall be calculated based on the prism load as
determined by:

W, =y *H *B, )

where ¥ = p*(g

The minimum density (p) used in design shall be 2165 kg/m’ (135 Ib/ft)), and the
acceleration of gravity (g) used shall be 9.8064 m/s’. Should an engineered backfill be
utilized with densities markedly higher or lower than this value, the designer shall review the
specifics of the material’s long-term performance characteristics with the Approving
Authority to seek approval for use of alternate design values.

Minimum Live Load Requirements

Minimum live load requirements shall be the live load generated by a CL-800 truck as
defined by Canadian Highway Bridge Design Code (CAN/CSA-S6-00). Where warranted
based on traffic volumes, sewer alignment, and the nature of the traffic route, the designer
shall review the possible impact of dual or passing CL-800 trucks.

Where pipes cross or could be impacted by railway loads, live loads shall be estimated based
on the AREA designated Cooper E-series loads. The minimum live load for consideration
in design shall be a Cooper E-80 live load unless the Approving Authority indicates that a
greater live load needs to be accommodated.

Requirements for aircraft or other live loads shall be as required by Approving Authority in
each specific design.
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12.3  Special Design Considerations

The designer shall note that the primary design checks articulated in this Standard Practice
relate to dead and live loads acting on a single conduit in a variety of conventional trench
configurations. There can exist, in design, a number of conditions that warrant special
consideration as unique design conditions that are beyond the scope of the design checks
suggested by Section 13.0. This could include:

1) Shallow Parallel pipes subjected to heavy surface loads

1i) Parallel trenches

1if) Sloped trench walls

iv) Situations involving longitudinal bending, support spacing, and thermal contraction

and expansion.

A brief discussion on each of these situations follows complete with references to additional
resources to evaluate these unique design situations.

12.3.1 Shallow Parallel Pipes subjected to Heavy Surface Loads

Where buried pipes are installed in parallel as illustrated in Figure 4 below, the principles of
analysis for single pipes still apply. The design of parallel pipes, however, subjected to heavy
surface loads requires additional analysis to determine minimum cover requirements. The
designer should consult a suitable reference to conduct this analysis such as the analytical
technique proposed by Moser’.

Figure 4— Shallow Parallel Pipes, Heavy Surface Loads

9 A.P. Moset, Buried Pipe Design — 2 Edition”, published by McGraw-Hill, 2001, pp. 121.

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc 20



STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

12.3.2 Parallel trenches to Existing Flexible Pipes

Where a parallel trench is cut adjacent an in-place flexible pipe, the width of sidefill soil
beside the flexible pipe should be reviewed to ensure that it is sufficiently thick to maintain
adequate side support for the pipe (see Figure 5). A suitable analytical technique for this
analysis is presented in Moser'".

Figure 5 — Vertical Trench Parallel to Flexible Pipe Initiating Active Soil Wedge

12.3.3 Sloped trench walls

Where sloped trench walls are cut adjacent to flexible pipes at deeper heights of cover (see
Figure 6), the pipe ring stiffness should be reviewed to determine that it is sufficient to
withstand the resulting pressure distribution that is imposed upon the pipe. A suitable
analytical technique is presented in Moser' .

10°A.P. Moset, Buried Pipe Design — 2+ Edjtion”, published by McGraw-Hill, 2001, pp. 130.
11 AP. Moset, Buried Pipe Design — 2% Edition”, published by McGraw-Hill, 2001, pp. 132.
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Figure 6 — Slope Adjacent Trench Wall — Pressure Distribution

12.3.4 Longitudinal bending, Support spacing, and Thermal contraction and expansion
12.3.41 Longitudinal Bending

Where flexible pipe is required by design to be subjected to horizontal alignment
modifications without the use of bends, deflection typically occurs as a result of
longitudinal pipe bending as opposed to individual joint offsets. Where the designer
or installer intends to accomplish horizontal offsets in this manner they should
review the analytical method and performance limitations of the specific products in
use. Analytical procedures and performance limitations for PVC pipe are presented
in the PVC pipe Handbook".

12.3.4.2 Support Spacing

In buried applications, a flexible pipe’s strength in longitudinal bending is rarely, if
ever, a performance limiting design feature. Where flexible pipe is required to be
supported either temporarily or in permanent free span installations such as pipe
installed within encasement pipes, its strength in longitudinal bending must be
reviewed in greater detail.  This is particularly true for some profile wall
configurations that provide equivalent strength in terms of equivalent ring stiffness
to solid wall products but markedly lower strength in longitudinal bending. Support
spacing requirements for both solid wall and profile wall PVC products are presented
in the PVC pipe Handbook".

12 Uni-Bell PVC Pipe Association, “Handbook of PV'C Pipe — Design & Construction”, 4 edition, August 2001.
13 Uni-Bell PVC Pipe Association, “Handbook of P1/C Pipe — Design & Construction”, 4™ edition, August 2001.
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12.3.4.3 Thermal Contraction and Expansion

13.0

131

Flexible thermoplastic materials have markedly higher coefficients of thermal
contraction and expansion than most rigid pipe materials. This is particularly true
for thermoplastics such as HDPE. Where flexible thermoplastic pipes, however, are
installed in buried applications, even with shallow cover, there is typically enough
skin friction to overcome axial contraction and expansion (e.g. about 600 mm of
cover is generally sufficient to overcome axial movement in smooth wall HDPE
pipe). Where thermoplastics are installed in special design situations without the
benefit of skin friction, such as in encasement pipes, the effects of thermal
contraction and expansion should be reviewed closely.

Specific Design Approach
Design Objective

While deflection is required in flexible pipe installations to transfer overburden load to the
adjacent soils, deflection must be controlled within tolerable limits to meet both structural
and functional requirements for the pipe installation. Controlling deflection to acceptable
levels will:

Q Avoid reversal of curvature

a Limit bending and strain

] Avoid pipe flattening

a Maintain hydraulics

a Maintain hydrostatic integrity at joints

Controlling deflection will be a function of the load, pipe stiffness, and soil stiffness. In
practice, deflection can readily be controlled to within acceptable limits with:

] Proper material selection (both pipe and embedment material)
a Proper construction techniques

While the designer has limited control over the use of proper construction techniques, he
can have a greater assurance that his design will be successfully implemented in practice by
ensuring that the design is practical and achievable with adherence to normal good pipe
installation practices. Any design that requires the use of specialized materials or an unusual
level of installer effort to assure success should have those additional requirements cleatly
articulated to the installer as an output of the design process, to ensure that the installer can
make the appropriate adjustments to their normal construction method(s).
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13.2  Deflection and Deflection Limits
For PVC pipe materials specified in Sections 8.1 and 8.2, short and long-term deflection

shall meet the requirements of Table 3. HDPE deflection limits will vary with DR and will
be identified at a later date.

Table 3 — Short and Long-Term Deflection Requirements

Maximum Allowable Deflection

Short-term Long-term

5.00% 7.50%

Short-term deflection shall be deemed to be any deflection measured not sooner than 30
days after backfilling an installation up to 1 year after backfilling an installation.

Long-term deflection shall be deemed to be any deflection measured after 1 year of
backfilling.

Allowable deflection limits for specific pipe materials shall be measured as indicated in
Appendix A, which incorporates the appropriate allowances for out-of-roundness and other
manufacturing tolerances permitted by this Standard Practice.

13.2.1 Modified Iowa Formula

The modified Iowa formula in the following form shall be used to estimate horizontal
deflection (expressed as a percent change in original diameter):

100D.KP ©)
0.149(PS) + 0.061E'

-

design
13.2.1.1  Deflection Lag Factor, D,

A deflection lag factor, D,, of 1.0 shall be used in all analysis where long-term loading
has been estimated based on prism load theory.

13.2.1.2  Bedding Factor, K

A bedding factor, K, of 0.10 shall be utilized in design, for all standard installation
configurations specified herein. This is based on the assumption that bedding angles of
060-75 degrees are readily achievable in practice with adherence to good pipe installation
practices (see Figure 7 for an illustration of bedding angle).
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Figure 7 - Bedding Angle 6, a measure of the pipe’s interface with the Bedding Material

13.2.1.3  External Load, P

External loads shall be estimated as detailed in Section 12.0 for the appropriate dead and
live loading condition. For use in the modified Iowa formula, dead and live loads shall
be converted to the equivalent overburden pressure acting over the pipe as follows:

p_ W +W,) ©
B

c

13.2.1.4  Pipe Stiffness, PS

Pipe stiffness, PS, shall be the load required to deflect the pipe to 5% deflection as
measured in an ASTM D2412 parallel-plate loading test. The pipe stiffness value is
calculated by dividing the force per unit length by the deflection. While these values are
commonly reported in units of kilopascals (kPa) in SI and pounds per inch® (psi) in the
inch-pound system, the values do not represent an equivalent resisting force and should
not be construed as such.

The minimum PS recommended by this Standard Practice is 320 kPa (46 psi).

If lower pipe stiffness materials are used the designer should exercise considerable
caution, carry out all necessary design checks, and carefully consider all contributing
factors that may impact pipe-soil interaction. It would be prudent if using pipe
materials with less than 320 kPa (46 psi) PS, to employ only Class I embedment material.
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In carrying out analytical checks for pipes with PS values less than 320 kPa (46 psi), the
designer should note that the analytical model proposed herein may no longer be valid
as experimental load cell tests have shown markedly greater observed vertical deflection
for pipe products with PS values less than 260 kPa (37 psi). This fact is illustrated in
Figure 8 based on research carried out at the Utah State.

Figure 8 — Observed Vertical Ring Deflection in Buried Plastic Pipe as a Function of Pipe Stiffness!4

Note that Figure 8 represents medium embedment compaction conditions (approximately 85%
Standard Proctor Density). Under similar loading conditions, denser embedment conditions have a
significant impact on the observed vertical deflection for pipe with PS values less than 260 kPa (37
psi). This is evident from Figure 9, representing compaction density of approximately 90-94%
Standard Proctor Density.

14 Uni-Bell PVC Pipe Association, “Handbook of P1/C Pipe — Design & Construction”, 4 edition, August 2001.
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Figure 9 — Observed Vertical Ring Deflection in Buried Plastic Pipe as a Function of Pipe Stiffness, Denser
Embedment Compaction (Note Loading and Embedment Conditions as per Figure 8)15

13.2.1.5 Modulus of Soil Reaction, E’5— Embedment Soils

The values for modulus of soil reaction for embedment soils may be estimated based
upon a direct substitution of the one-dimensional constrained modulus, M, for EE”. The
values published by McGrath have been related to embedment materials permitted for
use in the City of Edmonton by this standard practice and are reproduced in Table 4
below. These values may be utilized in design subject to the cautionary notes below.

15 A.P. Moset, RK. Watkins, and R.R. Bishop, “The Structural Response of Buried P1'C Pipe” , Utah State University, 1972
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Table 4 — E’, Values for Embedment Soil based on McGrath

Height | Class I, II Embedment | Class III Embedment Class IVA
of Cover Embedment
95% 90% 85% 95% 90% 85% 95% 90% 85%
SPD SPD SPD SPD SPD | SPD | SPD | SPD | SPD
0-2 m 13.8 8.8 32 9.8 46 2.5 3.7 1.8 0.9
(3-6£) | ©@ooo) | @300 | 00y | 400) | ooy | ooy | 00) | (300) | (100)
2-4 m 17.9 10.3 3.6 11.5 5.1 2.7 4.3 2.2 1.2
(6-13ft) | @o00) | (as00) | o0y | az00) | (7000 | ooy | ooy | (00) | (200)
4-8 m 20.7 11.2 3.9 12.2 52 2.8 4.8 2.4 1.4
(13-26 ft) | Go0o) | (1600) | (©00) | (1800) | (800) | (400) | (700) | (300) | (200)

Note 1: E’ in MPa (psi rounded to nearest 100 in brackets)
Note 2: Use E’ values for 4-8 m of cover and for all heights of cover greater than 8 m.

The following commentary is provided to the designer in terms of selection of
appropriate design values from the above table:

Q

Class IV-A materials (fine grained soils, CL. and ML) are only permitted as
embedment materials in specialized design situations (such as cut-off walls, for
example). In practice, obtaining uniform densities greater than 85% with fine-
grained materials is very difficult to attain unless considerable quality control
efforts are exercised and moisture is tightly controlled during construction.

In practice, consistently obtaining densities higher than 90% is very difficult to
achieve with the use of Class III materials (standard bedding sand with greater
than 12% fines). Where greater values are required to facilitate design, the
designer is encouraged to review the feasibility of utilizing a higher standard of
embedment material to achieve a more practical, readily achievable design for
the installer.

In practice, densities of 90% or more are readily achieved with moderate
compactive effort with Class II materials. The practitioner is encouraged to
review the Commentary in Appendix B, Section B7 to determine the
appropriate methods of compaction for each embedment class.

In practice, it is requires considerable compactive effort to consistently achieve
densities of 95% or higher in the embedment zone unless Class I materials are
utilized. In situations where site conditions and design requirements truly
require the consistent development of densities as high 95% SPD, the designer
would be wise to require the use of Class I embedment materials.
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Q

13.2.1.6

The E’ value to be utilized in design shall be a composite E

The designer is encouraged not to arbitrarily specify an unreasonably high level
of compactive effort unless that level of effort is required by design. As
illustrated in Appendix B and the design examples of Appendix C, consistently
achieving composite ', values in excess of 1000 MPa is what is truly required

for adequate long term performance in the vast majority of design situations.

The designer is further advised to exercise caution for any construction to be
carried out under winter conditions, as the use of frozen embedment materials
can preclude achieving any of the density values noted irrespective of the level
of compactive effort exercised due to the difficulties in generating free moisture
in the embedment material under winter construction conditions.

Influence of Native Soils (Determining Composite E’ Values)

s
design

value, based upon the

E’, of the embedment material as indicated in Section 13.2.1.5 and the designer’s

understanding of both native soil conditions, E£

E}

native

s
native

and specified trench width.

values can be estimated based upon Table 5 below.

Table 5 - E’,..ivefor Various Native Soil Conditions

In-situ Soils
Granular Cohesive E' native
Unconfined
SPT (Blows/0.3 Compressive
m) Description Strength q,(kPa) Description kPa (psi)
>0-1 very, very loose >0-12 very, very soft 345 (50)
1-2 very loose 12-24 very soft 1380 (200)
2-4 24-48 soft 4825 (700)
4-8 loose 48-96 medium 10,340 (1,500)
8-15 slightly loose 96-192 stiff 20,680 (3,000)
15-30 compact 192-383 very stiff 34,470 (5,000)
30-50 dense 383-575 hard 68,940 (10,000)
>50 very dense >575 very hard 137,880 (20,000)

The designer shall determine an E

’
design

based upon combined interaction of the

embedment soils specified, the native soils anticipated, and the specified trench

width. The value for E’

El

design

i Shall be determined from the expression:

=S, xE, 0

where, S is determined interpolation of the values provided in Table 6 below.
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13.2.1.7

13.3

13.31

Table 6 — Values of S, Versus E?% and E’p.ive

E'vaiive/E's |Ba/Be B4/B. B4/B. B4/B. B4/B. B4/B.

15 2 2.5 3 4 5
0.1 0.15 0.30 0.60 0.80 0.90 1.00
0.2 0.30 0.45 0.70 0.85 0.92 1.00
0.4 0.50 0.60 0.80 0.90 0.95 1.00
0.6 0.70 0.80 0.90 0.95 1.00 1.00
0.8 0.85 0.90 0.95 0.98 1.00 1.00
1.0 1.00 1.00 1.00 1.00 1.00 1.00

Calculation of Vertical Deflection

Computed values for horizontal deflection shall be converted to vertical deflection
based on Masada’s'® simplified integration of the modified lowa formula:

,, Q0094E 4y, 5
=1+—
(PS)

2y
AX

Strain Limits

Strain is more commonly a performance limiting factor in thermosetting (e.g. fiberglass,
CIPP, GRP) as opposed to thermoplastic (e.g. PVC, HDPE) materials. Strain as described
herein is total circumferential strain, which is comprised of bending strain, ring compression
strain, hoop strain due to internal pressure, and strain due to Poisson’s effect. In gravity
sewer applications, bending strain is by far the largest and other components are typical small
in comparison. Therefore, if bending strains approach the materials strain limit, a more
comprehensive review would be warranted.

Bending Strain

Bending strain in the hoop direction may be reasonably approximated by the following
expression:

38y
D | _,4&
D

16 Masada.
2000.
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13.3.2

13.3.3

Wall Crushing

Wall crushing describes the condition of localized yielding for a ductile material or cracking
failure for brittle materials. The performance limit is reached when the in-wall stress reaches
the yield stress or ultimate stress of the pipe material. Ring compression stress is the
primary contributor to this performance limit, where:

. . PD
RingCompression = — v
g p oA 7)

However, wall crushing can also be influenced by circumferential bending stresses, where:

Mt
2

BendingStress = :

8)

Wall crushing is typically performance limiting in only rigid or brittle pipe products. In
flexible thermoplastic pipes, it is not usually performance limiting unless stiffer pipes are
subjected to very deep cover, in highly compacted backfill.

Localized Wall Buckling

Localized wall buckling is not normally performance limiting in conventionally buried gravity
sewer pipes. Localized buckling may govern in the design of flexible pipes subjected to
internal vacuum, high external hydrostatic pressure, or in instances where pipe is subjected
to high soil pressures in very highly compacted soil. Localized buckling typically governs in
flexible pipes installed as close-fitting liners and should be reviewed more closely in profile
wall applications, dependent on the design of the profile section, and particularly in
instances when HDPE profile pipe is utilized to its lower flexural modulus.

For long circular tubes subjected to plain strain, the critical buckling pressure is determined
by:

Et?

P =——M—
T 41-v*)R® ©

For buckling in the inelastic range (materials with a pronounced yield point), the critical
buckling point in terms of the materials yield point is:
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t o
Pcr z_*—yz (10)
R 1+GyR
Et?

However, critical buckling pressures can be significantly impacted by the geometry of the
deflected conduit and the nature of the medium that the pipe is buried in. Calculated critical
buckling pressure should be modified to account for geometric effects and should be
reviewed to assess the impact, if any, of the surrounding medium"’.

In restrained buckling situations, such as in close-fitting liner pipe installations, the flexural
modulus is also impacted by phenomenon of creep and the use of the apparent long-term
flexural modulus as determined by ASTM D2990'® is more appropriate than use of the short
term modulus.

For a thorough review of localized buckling in soil situations the designer should review
Moser" and for the use of thermoplastics as close-fitting liners the designer should review
the recommended design procedure in Appendix X1 of ASTM Standard F1216™.

17 F1216-07b Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-
Impregnated Tube, pp 5

18 D2990-01 Standard Test Methods for Tensile, Compressive, and Flexural Creep and Creep-Rupture of Plastics

19 A.P. Moset, Buried Pipe Design — 2+ Edition”, published by McGraw-Hill, 2001, pp. 110, pp 470

20 F1216-07b Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-
Impregnated Tube
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PART lll: CONSTRUCTION OF SOIL/FLEXIBLE PIPE SYSTEMS

14.0

14.1

15.0

15.1

16.0

16.1

17.0

171

17.1.1

17.1.2

General

The soil-flexible thermoplastic pipe system shall be in configurations that conform to the
requirements of Figure 10, Figure 11, and Figure 12, the criteria and design concepts
presented in Parts I and II, and to the line and grade designated on the plans and the City of
Edmonton Standard Specifications. Owners are advised to provide for or require adequate
inspection of the pipe installation at the construction site.

Safety

Safety requirements for construction shall be in accordance with the applicable federal,
provincial, and local standard regulations.

Excavation

The maximum earth load on flexible pipes results from the consolidated prism of soil
directly over the pipe, which has been considered in design by this standard practice. The
load on the pipe will not increase beyond these values with increasing trench width. The
installer, therefore, shall construct the trench as wide as is dictated by practical and economic

considerations but in all cases wide enough to permit proper placement of the material in
the embedment zone.

Trench Construction
General

Standard construction practices may necessitate the construction of supported or
unsupported trenches in variations of narrow or wide trench configurations.

Unsupported trenches include

m} Narrow, unsupported vertical-walled trenches;
0 Sub-ditch trenches; and
m] Wide trenches

Supported trenches may involve the construction of either narrow vertical-walled trenches
or sub-ditch trenches but as supported trenches with the appropriate movable sheeting,
trench boxes, shields, or other protective apparatus in place to facilitate construction.
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Figure 10 — Narrow Unsupported Trench — Typical

Note 1: Do not over
densify — middle-third  of
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Note  2: Technical
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B,/D, > 5. Practical
transition at B,/ D, > 3.

Figure 11 — Sub-ditch Trench Configurations - Typical
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Figure 12 — Wide Trench —Typical
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material an ! ST Foundati . o

compaction eac! ,—— Foundation

P side, same

requirements
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17.1.3 A wide trench is defined as any trench whose width at the top of the pipe measures wider
than 5 pipe diameters. By inference, all trenches less than 5 pipe diameters are narrow
trenches.

From a practical perspective, the influence of native soils on embedment soils diminishes
rapidly at trench widths beyond 3 pipe diameters. Installers should review the values
reprinted in Table 6 of Part II of this Standard Practice to gain an appreciation for
conditions under which native soils may impact embedment soils in a deleterious manner.

17.2  Narrow, unsupported vertical-walled trenches

17.2.1 Where site conditions and safety regulations permit, the trench may be constructed as a
narrow, unsupported vertical-walled trench. The width of trench under these conditions
shall be the minimum required for a worker to safely place and compact material within the
embedment zone in accordance with the specified installation requirements and the
compaction equipment and methods required to achieve the specified embedment densities.

17.2.2 The installer should note that the embedment soil support in all narrow trench installations
is impacted by native soil characteristics. At trench widths less than 3 pipe diameters, native
soil characteristics have an increasingly significant impact on embedment soil support (see
Table 6 of Part II). The installer, therefore, should pay particular attention to the designer
of record’s design assumption for native soils in all narrow trench installations and report
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17.3

17.3.1

17.3.2

17.4

17.4.1

17.4.2

17.5

17.5.1

soils at variance with the design assumptions to the Engineer in a prompt manner to
determine what design modifications, if any, are required to be implemented.

Unsupported sub-ditch trenches

Sub-ditch trenches are variations of the narrow vertical wall trenches, where the vertical-
walled portion above the pipe has been backcut or sloped. The minimum width of the
lower trench for sub-ditch trenches shall conform to the requirements of 17.2.1.

The installer should note that sub-ditch trenches, by design, have the narrowest of trench
widths within the embedment zone and, therefore, pipe performance will be significantly
impacted by native soil characteristics in all sub-ditch trench applications. As noted in
17.2.2, the installer shall promptly notify the Engineer in all cases where the conditions
encountered are at variance with the stated design assumptions.

Wide trenches — See Figure 6

Where design or field conditions dictate that a wide trench configuration be utilized the
minimum width of embedment zone densification shall extend for a distance of 2.5 pipe
diameters on either side of the pipe. The designer may permit a narrower width of
embedment zone densification if it can be demonstrated that the composite embedment
zone structure will produce acceptable pipe functional and structural behavior. In these
cases the requirements for material type and density outside the embedment zone shall be
clearly articulated to the installer.

In instances where wide trench construction is employed, the installer is not required to
inform the Engineer of native soil condition characteristics that are at variance with the
design assumptions.

Supported trenches
Support of Trench Walls

Where required based on safety regulations, field conditions, or design, the pipe shall be
installed in a supported trench.

Where unstable or flowing soil conditions are encountered in the trench wall, such as may be
encountered in excavations below the water table and/or in weak non-cohesive soils, the
unstable soils shall be stabilized prior to proceeding with pipe installation.

When supports such as trench sheeting, trench jacks, trench shields, or boxes are used,
ensure that support of the pipe and its embedment is maintained throughout installation.
Ensure that sheeting, where required, is sufficiently tight to prevent washing out of the
trench wall from behind the sheeting. Provide tight support of trench walls below existing
utilities or other obstructions that restrict driving of sheeting;
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17.5.2

17.5.3

17.5.4

18.0

18.1

18.2

18.3

19.0

19.1

Supports Left in Place

Unless otherwise directed by the Engineer, sheeting driven into or below the pipe zone
should be left in place to preclude loss of support of foundation or embedment zone
material. When top of sheeting is to be cut off, make cut 500 mm or more above the crown
of the pipe. Leave rangers, whalers, and braces in place as required to support cutoff
sheeting and the trench wall in the vicinity of the pipe zone. Timber sheeting to be left in
place is considered a permanent structural member and shall be treated against biological
degradation as necessary, and against decay if above the groundwater table. Certain
preservative and protective compounds react adversely with thermoplastics, and their use
should be avoided in proximity to the pipe material.

Movable Trench Wall Support

Do not disturb the installed pipe and its embedment when using movable trench boxes and
shields. Movable supports shall not be used below the top of the pipe zone unless an
approved method is used to maintain the integrity of the embedment material. Before
moving supports, place and compact embedment to sufficient depths to ensure protection
of the pipe. As supports are moved, finish placing and compaction of embedment material.

Removable Trench Wall Support

Where sheeting or other trench wall supports are used within or below the pipe zone, ensure
the foundation and embedment materials are not disturbed by support removal. Fill any
voids left on removal of supports and compact all material to required densities.

Foundation

The foundation soil shall be moderately firm to hard in situ soil, stabilized soil, or
compacted fill material.

When unsuitable or unstable material is encountered, the foundation shall be stabilized.

Where groundwater and soil characteristics may contribute to the migration of soil fines into
or out of the foundation, embedment soils, sidefill, and/or backfill materials, methods to
prevent migration shall be provided. Commentary on the potential and means to preclude
migration of soil fines are presented in Appendix B of this standard practice.

Bedding and Initial Backfill Requirements
Verification that Proposed Construction Method is Consistent with Design Intent

Project specific design requirements for the in-place density of outside bedding material,
haunch material, and initial backfill shall be noted on the plans or in the project
specifications. As the precise measurement of these densities in-place during construction is
often not technically feasible, the installer shall demonstrate to the Engineer for the project
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19.2

19.2.1

19.2.2

19.2.3

19.3

19.3.1

19.3.2

19.3.3

19.3.4

that their proposed method of placement of these materials is sufficient to achieve the
specified results, through a trial compaction demonstration.

Should the materials proposed for use in the embedment zone change during the course of
the works the installer shall notify the Engineer and carry out additional compaction trials,
sufficient to demonstrate that their proposed method of placement is consistent with
achieving the specified requirements.

The trial compaction demonstration shall in no way relieve the installer from their
contractual requirement of meeting the minimum performance criteria for completed
installations as specified herein.

Placement of Bedding Materials

The bedding shall be constructed as required by the project specifications and in accordance
with the installer’s proposed construction method as verified in the compaction trial
demonstration. Bedding shall be placed in such a manner to maximize the bedding angle
achieved, to provide uniform load-bearing reaction, and to maintain the specified pipe grade.

The bedding layer shall be placed as uniformly as possible to the required density, except that
loose, un-compacted material shall be placed under the middle third of the pipe, prior to
placement of the pipe.

Bell holes shall be excavated in the bedding when installing pipe with expanded bells such
that the barrel and not the pipe bells support the pipe.

Placement of Haunch and Initial Backfill Materials

Placement of haunching and initial backfill embedment materials shall be carried out by
methods that will not disturb or damage the pipe.

Work in and tamp the haunching material in the area between the bedding and the underside
of the pipe before placement and compaction of the remainder of the material in the
embedment zone.

Use compaction equipment and methods that are compatible with the materials used, the
location in the trench, and the in-place densities required. In addition to the requirements of
the compaction trial demonstration, review commentary in Appendix B of this Standard
Practice.

The primary purpose of initial backfill is to protect the pipe from any impact damage that
may arise from the placement of overfill materials. Minimum thickness of the initial backfill
layer shall be as indicated on the standard installation drawings. In instances where overfill
material contains large objects or is required to be deposited from very high heights, initial
backfill shall be extended to such additional height above the pipe as is necessary to prevent
damage from occurring to the pipe during backfilling operations.
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19.3.5

20.0

20.1

20.2

20.3

21.0

21.1

21.2

21.3

22.0

221

22.2

Before using heavy compaction or construction equipment directly over the pipe, ensure that
sufficient backfill has been placed over the pipe to prevent damaging either the pipe or the
embedment zone materials as indicated in Section 22.0.

Change in Native Soil Conditions

The designer will apprise the installer of the assumed in-situ soil conditions that the design
was based on. As noted in Part II of this standard practice, in-situ soil properties can
significantly impact both short and long term pipe performance in narrow trench and sub-
ditch type trench configurations. Should a change in site conditions be observed that would
result in impacting either short or long term pipe and/or embedment soil performance, the
installer shall notify the Engineer, such that the validity of the original design concept can be
reviewed by the designer of record. If necessary, the design will be modified to suit the
actual conditions encountered in the field.

Where such modifications are required, they shall be addressed as a change in site conditions
and valued for payment in accordance with the requirements of the specific contract
provisions for changed site conditions. Where no adjustments are required, there shall be no
adjustments in contract price.

In all instances where the designer of record’s input is sought, it shall be provided in as
expeditious a manner as possible so as to minimize the impact on construction progress.

Backfill (Overfill) Materials
Construction of the backfill zone shall be as specified in the specific project requirements.

The soil shall be approved material containing no debris, organic matter, frozen material, or
large stones or other object that may be detrimental to the pipe or the embedment materials.
The presence of such material in the embedment may preclude uniform compaction and
result in excessive localized deflections.

The installer shall ensure that there is sufficient cover over the pipe and embedment zone
materials to facilitate all construction operations associated with the placement and
compaction of overfill material.

Minimum Cover Requirements for Construction Loads

To preclude damage to the pipe and disturbance to the embedment zone, a minimum depth
of backfill should be maintained before allowing vehicles or heavy construction equipment
traverse the pipe trench.

The minimum depth of cover should be established by the project engineer based on the
specific project requirements.
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22.3

23.0

23.1

23.2

24.0

241

In the absence of such a detailed investigation, the installer shall meet the following
minimum cover requirements before allowing vehicles or construction equipment to traffic
the trench surface, assuming that the minimum embedment zone densities as noted in Table
2

Q Provide minimum cover of at least 600 mm or one pipe diameter (whichever is
larger) where Class I embedment materials have been utilized, or

a Provide minimum cover of at least 900 mm or one pipe diameter (whichever is
larger) where Class II or lower embedment materials have been utilized, and

Q Allow at least 1200 mm of cover before using a hydrohammer for compaction
directly over the pipe, and

] Where construction loads may be excessive (e.g. cranes, earth moving equipment,
etc.) consult with the project engineer to determine minimum operating cover
requirements.

Connection of Flexible Pipe to Manholes

The installer shall use flexible water stops, resilient connectors, or other flexible systems
approved by the project engineer to make watertight connections to manholes and other
structures.

The designer should review the structural requirements associated with installing flexible
pipes within manholes and should ensure that sufficient manhole structure is provided to
accommodate the installation of a flexible pipe.

Completion of Construction Criteria and Acceptance Testing
Vertical and Horizontal Alignment Tolerances

The pipe shall be installed to the line and grade noted on the construction drawings.
Acceptance variance shall be:

a 6 mm plus 20 mm per m of diameter for vertical grade, and

a within 150 mm of the designated alignment for horizontal grade of pipes up to 900
mm in diameter or 50 mm per 300 mm of diameter of the designated alignment for
pipes greater than 900 mm in diameter, and

No variance from grade shall be permitted that results in individual joint deflections in
excess of the manufacturer’s recommended value to maintain hydrostatic integrity to the
limits specified herein.
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24.2  Infiltration/Exfiltration Limits

Elastomeric gasket joints for pipe and fittings shall meet the requirements of ASTM D3212,
except that the internal hydrostatic pressure shall be 100 kPa (15 psi).

243  CCTV Inspection

All pipe up to and including 1200 mm NPS shall be inspected by CCTV Inspection methods
as per Section 02954 — Inspection of Sewers of the City of Edmonton Standard
Specifications. Pipes larger than 1200 mm NPS shall be inspected by man-entry methods as
per Section 02954 — Inspection of Sewers of the City of Edmonton Standard Specifications.

244 Deflection Testing

Where closed circuit television (CCTV) or visual walk-through inspections show evidence of
excessive or non-symmetrical deflection (e.g. a non-elliptical deformation pattern), formal
deflection tests shall be conducted. Where formal deflection testing is required it shall be
carried out in accordance with the procedures of Appendix A of this standard practice to
confirm that the installed pipe meets the requirements for either short or long term
deflection limits as per Section 13.2 and Appendix A. Deflection tests shall not be carried
out sooner than 30 days after installation and backfilling complete to assess short-term
deflection and not sooner than 1 year to assess long-term deflection.
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APPENDIX A: MANDREL REQUIREMENTS FOR DEFLECTION TESTING

Al1.0

Scope

Appendix A covers the technical requirements for deflection testing of flexible
thermoplastic pipe installations within the City of Edmonton designed and constructed in
accordance with this standard practice.

Inspection Method

Where closed circuit television (CCTV) or visual walk-through inspections show evidence of
excessive or non-symmetrical deflection (e.g. a non-elliptical deformation pattern), formal
deflection tests shall be conducted.

Where formal deflection tests are required:

J Pipe up to and including 900 mm NPS diameter shall be inspected with “go/no-go”
mandrel device as described herein.

° Pipe larger than 900 mm NPS diameter shall be inspected with a suitable proving
device to confirm that vertical deflection does not exceed either the maximum
allowable short or long term deflection limits stipulated by Section 13.2.

The mandrel or proving device shall be pulled through the pipe in such a manner so as to
ensure that excessive force is not used to advance the device through any deflected portion
of the pipe.

Deflection testing shall be performed in conjunction with a closed circuit television
inspection. The mandrel shall be located in front of, and in clear view of, the television
camera. An appropriate distance is typically from 1.5 to 2.5 pipe diameters in front of the
television camera.

The mandprel shall be cylindrical in shape, constructed with 9 evenly spaced arms and shall
generally conform to Figure Al.
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Figure Al — General Mandrel Configuration

Manderels larger than 450 mm in diameter shall be constructed of special breakdown devices
to facilitate entry through access manholes.

Mandrel Dimensional Requirements

The minimum diameter of the circle scribed around the outside of the mandrel arms shall
be equal to the values indicated in Section A3 for each specific pipe material, within a
tolerance of +/- 0.25 millimetres. The contact length of the mandrel shall be measured
between the points of contact on the mandrel arm as indicated in Figure Al. The outside
radius of the mandrel arms shall be checked for conformance with these specifications with
a proving ring.

An oversized proving ring may be used, which shall be manufactured to a diameter equal to
the outside diameter of the mandrel plus 1 millimetre, to facilitate undertaking
measurements to confirm that the size of the mandrel conforms the dimensions and
dimensional tolerances specified herein. The proving ring shall be manufactured to within
0.25 millimetres of the specified size. The proving ring shall be fabricated from 6 millimetre
minimum thick steel.

As an alternative, a “go/no-go” proving ting device shall be permitted in which case the
proving ring shall be sized up to 0.30 millimetres less than the circle that would be scribed by
the specified mandrel size. If a “go/no-go” proving ring is utilized, an acceptable mandrel
will not be able to pass through the proving ring. “Go/no-go” proving rings shall not be
less than 0.1 millimetres of the specified dimension.
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A3.0

The radius of mandrel arm required to assess short and long-term deflection limits is noted
in Section A3 for all pipe materials contemplated by this Standard Practice.

The barrel section of the mandrel shall have a contact length of at least 75% of the base
inside diameter of the pipe.

Acceptance Test Limits

Mandrel or visual walk-through proving devices shall be sized to confirm that either short or
long term vertical deflection limits are not in excess of the appropriate allowance as dictated
by Section 13.2. Deflection shall be measured versus the appropriate base inside diameter
for each specific pipe material as indicated in the following sections.

Base inside diameter for the purposes of this Standard Practice is the base inside diameter as
defined by the appropriate CSA Standard than governs manufacture of the specific pipe
being tested.

The base inside diameter is the minimum inside pipe diameter prior to calculating allowable
deflection and is derived by subtracting a statistical tolerance package from the pipe’s average
inside diameter. The tolerance package includes allowances for variation in outside diameter,
ovet-thickened walls, and initial out-of-roundness.

Solid Wall DR35 and DR 41 PVC Pipe

CSA
Spec B182.2
Solid Wall PVC
Allowable Vertical
DR 35 Deflection (mm)
Base
Average Inside
Inside | Diameter Short Radius of Mandrel Arm
NPS Diameter (BID) Term |Long Term (r) (mm)
(mm) (mm) 5.00% 7.50% | Short term | Long term

100 100.57 98.40 935 91.0 47.0 45.9
150 149.73 146.50 139.2 135.5 70.0 68.3
200 200.42 196.11 186.3 181.4 93.7 91.4
250 250.55 245.16 232.9 226.8 117.1 114.3
300 298.27 291.86 277.3 270.0 139.4 136.0
375 365.09 357.25 3394 330.5 170.6 166.5
450 446.23 436.64 414.8 403.9 208.5 203.5
525 526.08 514.77 489.0 476.2 245.8 239.9
600 591.84 579.11 550.2 535.7 276.6 269.9
675 666.99 652.64 620.0 603.7 311.7 304.2
750 763.57 747.68 710.3 691.6 357.1 348.5
900 913.89 894.77 850.0 827.7 427.3 417.0
1050 1061.84 | 1039.51 987.5 961.5 496.4 484.5
1200 1212.14 | 1186.60 1127.3 1097.6 566.7 553.0




STANDARD PRACTICE FOR THE DESIGN AND CONSTRUCTION OF
FLEXIBLE THERMOPLASTIC PIPE IN THE CITY OF EDMONTON
City of Edmonton

CSA
Spec B182.2
Solid Wall PVC
Allowable Vertical
DR 41 Deflection (mm)
Base
Average | Inside
Inside | Diameter Radius of Mandrel Arm
NPS Diameter | (BID) |Short Term|Long Term (mm)
(mm) (mm) 5.00% 7.50% | Short term | Long term
200 202.33 198.02 1881 1832 4.6 9.3
250 252.92 24755 2352 229.0 1182 1154
300 301.09 294.69 280.0 2726 140.7 137.3
375 36853 360.69 3427 3336 172.3 1681
450 45043 | 440.85 4188 407.8 2105 2055
525 53104 | 519.75 493.8 480.8 2482 2422
600 597.42 584.71 555.5 540.9 279.2 2725
675 673.28 658.97 626.0 609.5 3147 3071
750 770.78 754.91 717.2 698.3 360.5 351.8
900 922,51 903.42 858.2 835.7 431.4 421.0
1050 1071.86 | 1049.55 997.1 970.8 501.2 489.1
1200 122358 | 1198.07 1138.2 1108.2 572.1 558.4
A3.2 Profile Wall PVC Pipe
CSA
Spec B182.4
Profile PVC Pipe
Allowable Vertical
PS 320 kPa Deflection (mm)
Base
Average | Inside
Inside | Diameter | Short Long |Radius of Mandrel Arm
NPS Diameter (BID) Term Term (mm)
(mm) (mm) 5.00% 7.50% | Short term | Long term
100 100.71 98.54 93.6 91.1 47.1 45.9
150 149.71 146.51 139.2 135.5 70.0 68.3
200 200.41 196.11 186.3 181.4 93.7 91.4
250 250.55 245.19 232.9 226.8 117.1 114.3
300 298.13 291.75 277.2 269.9 139.3 136.0
375 365.09 357.28 339.4 330.5 170.6 166.5
450 448.31 438.70 416.8 405.8 209.5 204.5
525 527.05 515.75 490.0 477.1 246.3 240.4
600 596.90 584.17 555.0 540.4 279.0 272.3
675 673.10 659.49 626.5 610.0 314.9 307.4
750 749.30 734.14 697.4 679.1 350.6 342.1
900 901.70 883.46 839.3 817.2 421.9 411.7
1050 1054.10 | 1032.79 981.2 955.3 493.2 481.3
1200 1206.50 & 1182.12 1123.0 1093.5 564.5 550.9
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APPENDIX B: COMMENTARY*

B.1

B.2

B3

B.4

B.4.1

B.4.2

Those concerned with the service performance of a buried flexible pipe should understand
factors that can affect this performance. Accordingly, key considerations in the design and
execution of a satisfactory installation of buried flexible thermoplastic pipe that provided a
basis for the development of this practice are given in this Appendix.

General — Sub-surface conditions should be adequately investigated prior to construction, in
accordance with Practice D 420, as a basis for establishing requirements for foundation,
embedment and backfill materials and construction methods. The type of pipe selected
should be suited for the job conditions.

Load/ Deflection Performance — The thermoplastic pipes considered in this practice are classified
as flexible conduits since in carrying load they deform (deflect) to develop support from the
surrounding embedment. This interaction of pipe and soil provides a pipe-soil structure
capable of supporting earth fills and surface live loads of considerable magnitude. The
design, specification and construction of the buried flexible pipe system should recognize
that embedment materials must be selected, placed and compacted so that pipe and soil act
in concert to carry the applied loads without excessive strains from deflections or localized
pipe wall distortions.

Pipe Deflection — Pipe deflection is the diametral change in the pipe-soil system resulting from
the process of installing the pipe (construction deflection), static and live loads applied to
the pipe (load-induced deflection), and time dependent soil response (deflection lag).
Construction and load induced deflections together constitute initial pipe deflection.
Additional time dependent deflections are attributed primarily to changes in embedment and
in-situ soils, and trench settlement. The sum of initial and time dependent deflections
constitutes total deflection. The analytical methods proposed in this Standard Practice are
intended to limit total deflection to within acceptable limits.

Construction Deflection — Construction deflections are induced during the process of installing
and embedding flexible pipe, even before significant earth and surface loads are applied.
The magnitude of construction deflections depends on such factors as the method and
extent of compaction of the embedment materials, type of embedment, water conditions in
the trench, pipe stiffness, uniformity of embedment support, pipe out-of-roundness, and
installation workmanship in general. These deflections may exceed the subsequent load-
induced deflections. Compaction of the side fill may result in negative vertical deflections
(that is, increases in pipe vertical diameter and decreases in horizontal diameter).

Load-Inducted Deflection — Load-induced deflections result from backfill loads and other
superimposed loads that are applied after the pipe is embedded.

2l Modified from ASTM 2321-00, Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and
Other Gravity Applications
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B.4.3

B.4.4

B.4.5

B.5

B.6

B.6.1

Short-term Deflection — Short-term deflection is the deflection in the installed and backfilled
pipe. It is the total of construction deflections and load-induced deflections determined
after a sufficient portion of the long-term load has developed on the pipe. For the purposes
of this Standard Practice the short-term deflection shall be total deflection as measured after
a time period not shorter than 30 days after backfilling,

Time Dependent Factors — Time dependent factors include changes in soil stiffness in the pipe
embedment zone and native trench soils, as well as loading changes due to trench settlement
over time. These changes typically add to the short-term deflection; the time involved varies
from a few days to several years depending on soil types, their placement, and initial
compaction. Time dependent factors are accounted for in this Standard Practice by
adjusting acceptable short-term deflection limits by a factor of 1.5.

Long-term Deflection — Long-term deflection is the total long term deflection of the pipe. It
consists of initial deflection adjusted for time dependent factors as noted. While
acknowledged the time-dependent deflection can occur for many years, the experience has
shown that the vast majority of long-term deflection (typically 90% or more) has occurred
after the first year of installation. For the purposes of this Standard Practice, therefore, the

long-term deflection shall be considered to be any deflection measured one year or later
after backfilling,

Deflection Criteria — Deflection criteria are the limits set for the design and acceptance of
buried flexible pipe installation. Deflection limits for specific pipe systems may be derived
from both structural and practical considerations. Structural considerations include pipe
cracking, yielding, strength, strain, and local distortion. Practical considerations include such
factors as flow requirements, clearance for inspection and cleaning, and maintenance of joint
seals. Acceptable short and long-term deflection limits are presented for all pipes addressed
by this Standard Practice in Appendix A.

Deflection Control — Embedment materials should be selected, placed, and compacted so as to
minimize total deflections and, in any event, to maintain installed deflections within specific
limits. Methods of placement, compaction, and moisture control should be selected based
on soil types given in Table 1 of Part II of this Standard Practice and on recommendations
given in Table 2 of Part II of this Standard Practice. The amount of load-induced
deflection is primarily a function of the stiffness of the pipe and soil embedment system.
Other factors that are important in obtaining deflection control are outlined below.

Ewmbedment at Pipe Hannches — Lack of adequate compaction of embedment material in the
haunch zone can result in excessive deflection, since it is this material that supports the
vertical loads applied to the pipe. A key objective during installation of flexible
thermoplastic pipe (or any pipe) is to work in and compact embedment material under pipe
haunches, to ensure complete contact with the pipe bottom, and to fill voids below the pipe.
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B.6.2

B.7

B.8

B.8.1

B.8.1.1

Ewmbedment Density — Embedment density requirements should be determined by the engineer
based on deflection limits established for the pipe, pipe stiffness, and installation quality
control, as well as the characteristics of the in-situ soil and compatibility characteristics of
the embedment materials used. The minimum densities given in Table 2 are based on
attaining an average modulus of soil reaction (E’) of greater than 6.9 MPa (1000 psi) except
under special circumstances where Class IVA embedment material is used. Where higher
modulus of soil reaction values are required the designer should refer to Table 4 as well as
making the appropriate adjustments if necessary to account for the impact of native soils
that may have modulus values lower than the proposed embedment soils.

Compaction Methods — Achieving desired densities for specific types of materials depends on
the methods used to impart compactive energy. Coarse-grained, clean materials such as
crushed stone, gravels, and sand are more readily compacted using vibratory equipment,
whereas fine materials with high plasticity require kneading and impact force along with
controlled water content to achieve acceptable densities. In pipe trenches, small, hand-held
or walk-behind compactors are required, not only to preclude damage to the pipe, but to
ensure thorough compaction in the confined areas around the pipe and along the trench
wall. As examples, vibratory plate tampers work well for coarse grained materials of Class I
and Class II, whereas hand tampers or air driven hand-held impact rammers are suitable for
the fine-grained, plastic groups of Class III and IV A. Gas or diesel powered jumping jacks
or small, walk-behind vibratory rollers impart both vibratory and kneading or impact force,
and hence are suitable for most classes of embedment and backfill material.

Migration — When coarse and open-graded material is placed adjacent to a finer material, fines
may migrate into the coarser material under the action of hydraulic gradient from ground
water flow. Significant hydraulic gradients may arise in the pipeline trench during
construction when water levels are being controlled by various pumping or well-pointing
methods, or after construction when permeable under drain or embedment materials act as a
“French” drain under high ground water levels. Field experience shows that migration can
result in significant loss of pipe support and continuing deflections that may exceed design
limits. The gradation and relative size of the embedment and adjacent materials must be
compatible in order to minimize migration (see B.8.1 below). In general, where significant
ground water flow is anticipated, avoid placing coarse, open-graded materials, such as Class
IA, above, below, or adjacent to finer materials, unless methods are employed to impede
migration such as the use of an appropriate stone filter or filter fabric along the boundary of
the incompatible materials. To guard against loss of pipe support from lateral migration of
fines from the trench wall into open-graded embedment materials, it is sufficient to follow
the minimum embedment width guidelines in B.10.

The following filter gradation criteria may be used to restrict migration of fines into the
voids of coarser material under a hydraulic gradient:

D,;/ds; < 5 where D,; is the sieve opening size passing 15% by weight of the coatser
material and Jj; is the sieve opening six passing 85% by weight of the finer material.
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B.8.1.2

B.8.1.3

Dy,/d;, < 25 where Dy, is the sieve opening size passing 50% by weight of the
coarser material and d;, is the sieve opening size passing 50% by weight of the finer
material. This criterion need not apply of the coarser material is well-graded (see
Test Method D 2487).

If the finer material is a medium to highly plastic clay without sand or silt partings
(CL or CH), then the following criterion may be used in lieu of B.8.1.1: D,; < 15%
by weight of the coarser material.

Note — Materials selected for use based on filter gradation criteria, such as in B.8.1, should be handled and placed in

B9

B.10

B.11

a manner that will minimize segregation.

Maxcinum Particle Size — Limiting particle size to 20 mm (%4 in.) or less enhances placement of
embedment material for nominal pipe sizes 200 mm (8 in.) through 375 mm (15 in.). For
smaller pipe, a particle size of about 10% of the nominal pipe diameter is recommended.

Ewmbedment Width for Adequate Support — In certain conditions, a minimum width of
embedment material is required to ensure that adequate embedment stiffness is developed to
support the pipe. These conditions arise where in-situ lateral soil resistance is negligible,
such as in very poor native soils (for example, peat, muck, or highly expansive soils) or along
highway embankments. Under these conditions, for small diameter pipe (12 in (300mm) or
less), embedment should be placed and compacted to a point at least 2.5 pipe diameters on
either side of the pipe. For pipe larger than 12 in. (300mm), the engineer should establish
the minimum embedment width based on an evaluation of parameters such as pipe stiffness,
embedment stiffness, nature of in-situ soil, and magnitude of construction and service
loads.

Other Design and Construction Criteria — The design and construction of the pipe system should
recognize conditions that may induce excessive shear, longitudinal bending, or compression
loading in the pipe. Live loads applied by construction and service traffic may result in large,
cumulative pipe deflections if the pipe is installed with a low density embedment and
shallow cover. Other sources of loads on buried pipes are: freezing and thawing of the
ground in the vicinity of the pipe, rising and falling of the ground water table, hydrostatic
pressure due to ground water, and localized differential settlement loads occurring next to
structures such as manholes and foundations. Where external loads are deemed to be
excessive, the pipe should be installed in casing pipe or other load limiting structures.
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Appendix C - Design Examples

This Memorandum provides a couple of design examples to compute deflection based on the
application of the analytical model recommended by this Standard Practice.

The design method recommended by this Standard Practice is comprised of the following basic
steps:

1. Determine external loading (both Dead and Live Loading). Dead loading is directly related
to the height of cover, while live loading will be a function of the height of cover and the
anticipated live loading vehicle (e.g. standard truck loads, railway loads, and/or airport

loading).

2. Evaluate whether any special design conditions need to be evaluated and evaluate them
independently.

3. Determine a representative Modulus of Soil Reaction, E’. The effective or composite

Modulus of Soil Reaction will be a function of the embedment soil we select, native soil
conditions, and trench width.

4, Select the remaining Modified Iowa Formula parameters including the deflection lag factor
(D,), bedding factor (K), and pipe stiffness (PS).

5. Calculate horizontal deflection utilizing the Modified Iowa Formula.

0. Calculate the vertical deflection using Masada’s simplified integration of the Modified Iowa
Formula. Review the answer versus our performance limits for deflection to determine
whether we need to carry out additional iterations with modified bedding conditions,
increased trench width, etc.

This is intended to be a relatively simple set of examples, and purposely has omitted reviews of any
evaluation of specialized design conditions.

EXAMPLE NoO. 1

A 300 mm PVC pipe is to be installed with a maximum of 7.3 m of cover. Proposed material for
use as bedding and initial backfill is standard City of Edmonton bedding sand. This material has
been confirmed to have a fines content in the 5-12% range.

The trench configuration is anticipated to be a wyed sub-ditch type of trench with a trench width of
O.D. plus 0.6 m at pipe depth (0.9 m).
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The installation location is within the right-of-way of a typical residential subdivision within the City
of Edmonton.

Based on geotechnical investigations carried out in the area, native soils in the pipe zone are
predominately comprised of cohesive soils with visual descriptions varying from soft to very soft.
Grain size approaches silt or varved silts in clay. Based on the borehole investigations these soils are

reported to have unconfined compressive strengths on the order of 15-20 kPa at anticipated pipe
depth.

Design computations would include:
1. Dead and Live Load

a. Dead Load (as per Clause 12.1 of the Standard Practice)

W, = p* g H *B,

W, = (2]001(g/m3 ') ¥ (9.8064111/5‘2 ') ¥ 7.3m * 0.3m * (1kN/1000N)
=45.10 kN/m
b. Live Load

We'll use the AASHTO Live Load calculation method for simplicity. As this is a residential
street we’ll assume only 1 large truck as opposed multiple passing trucks. Using this method
average pressure is calculated (in SI units) by:

W= AxleLoad
" (2.34m+1.75H)(0.25m +1.75H)

Total live load per unit length of pipe is then calculated by:
W =w B (1+15),
where I, = Impact factor

Typical Impact factors (I;) range from 0.5 at 0.3 m of cover to 0 at 1.8 m of cover or greater.

080206 Standard Installation Practice Flexible Thermoplastic Pipe.doc



Appendix C
Page 3

The AASHTO method is calculating an average stress at pipe depth based on the load
distribution assumptions noted in the Figure below.

16,000 Ib 16,000 Ib Rear axle

1k6'0f [—14"t030'—/\,
Il O

fe——————— 767+1.75H fe— 0.83+1.75H —

We'll use an AASHTO HS 20 vehicle (depicted above in Imperial units), which has a total
axle load of 142.34 kN (32,000 Ibf).

Using SI units, live load pressure is then:

142.34kN

w, = =0.72kN /m? = 0.72kPa
(2.34m +1.75*7.3m)(0.25m +1.75*7.3m)

Total live load is therefore,

W, =0.72kN /m?*0.3m(1+0) = 0.22kN /m
C. Total Dead + Live Load as a Pressure

As per Clause 13.2.1.3 of our Standard Practice:

W, +W,
BC

P

Therefore, our total live + dead load is:

_ 45.10kN /m+0.22kN /m
0.3m

We now move on to the lowa Formula.

P =151.06kN /m? =151.06kPa
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2.

Interpolating from the table, S, = 0.81, E

Evaluate Special Design Conditions
Based on a review of Section 12.3 of the Standard Practice, none present.

Determine Modulus of Soil Reaction E’,,,,

b4
native>

B,y Will be a function of our embedment material, E%, native soil conditions, E

our selected trench width, By,

and

Standard City of Edmonton bedding sand with less than 12% fines, is a Class II embedment
material (Table 1 on pp 13 of the Standard Practice). We'll assume a minimum of 90% of
the maximum standard Proctor dry density (SPD) will be achieved. Based on Table 4 on pp
28 of the Standard Practice, E’, at all heights of cover greater than 4 m is 11.2 MPa or 11,200
kPa.

b4
native>

The native soil conditions, E can be estimated based on the geotechnical data. Based
on Table 5 of the Standard Practice on pp 29, unconfined compressive strengths of 15-20
kPa for the native soils do indeed correspond to the visual descriptor very soft. The native
E’ can read from Table 5 as 1380 kPa.

native>

The composite value for E”,, can be estimated by determining the modifying factor, S,

from Table 6 on pp 30 of the Standard Practice by knowing:
Eaiive _ 1380kPa

= = =0.12, and
E, 11,200kPa

’ tesign €aN be calculated by:

E' =S, xE', =0.81*11,200kPa = 9090kPa

design

Select remaining parameters for the Modified Iowa Formula

We will need values for:
DeflectionLag =D, =1.0,

(Clause 13.2.1.1 of the Standard Practice) where a Prism Load is used in design, and
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BeddingFactor = K =0.10
as per Clause 13.2.1.2 of the Standard Practice for 60-75 degree bedding angle, and

PipeStiffness = PS = 320kPa
for a DR 35 PVC pipe as per Clause 13.2.1.4 of the Standard Practice.

5. Calculate Horizontal Deflection

Using the Modified Iowa formula calculate maximum anticipated long term horizontal
deflection (Clause 13.2.1 of the Standard Practice):

AX 100DLKP 100*1.0*0.10*151.06kPa
— (%) = = =251%
d 0.149(PS) + 0.061E " esign ~ 0.149*320kPa + 0.061*9090kPa

6. Calculate Vertical Deflection

Calculate the deflection ratio with Masada’s simplified formula as follows (Clause 13.2.1.7 of
the Standard Practice):

Ay 0.0094E"’ g
— + .
AX (PS)

Ay| _, ., 0.0094(9090kPa) _

= 1.27
AX (320kPa)

Therefore, anticipated long-term vertical deflection equals:

% = %*1.27 =2.51%*1.27 =3.18%

Which is less than our long-term acceptable limit of 7.50% as per Table 3 on pp 24 of the
Standard Practice, and is O.K.

EXAMPLE NoO. 2

A 900 mm PVC pipe is to be installed with a maximum of 7.3 m of cover. Proposed material for
use as bedding and initial backfill is standard City of Edmonton bedding sand. This material has
been confirmed to have a fines content in the 5-12% range.

The trench configuration is anticipated to be a wyed sub-ditch type of trench with a trench width of
O.D. plus 0.6 m at pipe depth (1.5 m).
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7.3 m

The installation location is within the busier right-of-way that may encounter multiple passing
trucks.

Based on geotechnical investigations carried out in the area, native soils in the pipe zone are
predominately comprised of cohesive soils as per Example No. 1 with visual descriptions varying
from soft to very soft. Grain size approaches silt or varved silts in clay. Based on the borehole

investigations these soils are reported to have unconfined compressive strengths on the order of 15-
20 kPa at anticipated pipe depth.

Design should determine:
1. Dead and Live Load

a. Dead Load (as per Clause 12.1 of the Standard Practice)

Wp = p*g*H=*B

W, = (2]001(g/m3 ') ¥ (9.8064111/5‘2 ') ¥ 7.3m * 0.9m * (1kN/1000N)
= 135.30kN/m
b. Live Load

We'll use the AASHTO Live Load calculation method for multiple passing trucks. Using this
method average pressure is calculated (in SI units) by:

W= AxleLoad
© (5.39m+1.75H)(0.25m +1.75H)

Total live load per unit length of pipe is then calculated by:
Wy =w Bc(1+1y),

where If = Impact factor

Typical Impact factors (I;) range from 0.5 at 0.3 m of cover to 0 at 1.8 m of cover or greater.
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The AASHTO method for multiple trucks is calculating an average stress at pipe depth based
on the load distribution assumptions noted in the Figure below.

160001b  160001b 160001b 16,000 Ib Rear axle
6.0 —=t=—40' ==—6.0’
Y I [=—14"to 30"\,
/ —
\ )
R 138N < a 3 :
2 0.875
Mg e B =
A A= Nt /J
167 o AN i s AN , r
7 Y N 35 2 /
/ T i, \ \\

| —176741.76H - ! — 083+1.75H — J

We'll continue to use an AASHTO HS 20 vehicle (depicted above in Imperial units), which
has a total axle load of 142.34 kN (32,000 Ibf) per truck for a total load of 284.69 kN (64,000
Ibf).

o

Using SI units, live load pressure is then:

284.69kN

W, =
" (5.39m+1.75*7.3m)(0.25m +1.75* 7.3m)
W, =1.20kN /m?*0.9m(1+0) =1.08kN /m

=1.20kN /m? =1.20kPa

Total live load is therefore,

C. Total Dead + Live Load as a Pressure
As per Clause 13.2.1.3 of our Standard Practice:

W, +W,
BC

P

Therefore, our total live + dead load is:

_ 135.30kN /m +1.08kN /m
0.9m

= =151.54N /m? =151.54kPa

We now move on to the lowa Formula.
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Evaluate Special Design Conditions
Based on a review of Section 12.3 of the Standard Practice, none present.

Determine Modulus of Soil Reaction E’,,,,

b4
native>

B,y Will be a function of our embedment material, E%, native soil conditions, E

our selected trench width, By,

and

Standard City of Edmonton bedding sand with less than 12% fines, is a Class II embedment
material (Table 1 on pp 13 of the Standard Practice). We'll assume a minimum of 90% of
the maximum standard Proctor dry density (SPD) will be achieved. Based on Table 4 on pp
28 of the Standard Practice, E’, at all heights of cover greater than 4 m is 11.2 MPa or 11,200
kPa.

b4
native>

The native soil conditions, E can be estimated based on the geotechnical data. Based
on Table 5 of the Standard Practice on pp 29, unconfined compressive strengths of 15-20
kPa for the native soils do indeed correspond to the visual descriptor very soft. The native
E’ can read from Table 5 as 1380 kPa.

native>

The composite value for E”,, can be estimated by determining the modifying factor, S,

from Table 6 on pp 30 of the Standard Practice by knowing:
E aiive ~ 1380kPa

ive _ =0.12, and
E, 11,200kPa

By _15m _,
B, 0.9m

Interpolating from the table, S, = 0.23, E can be calculated by:

4
design

E' =S, xE',=0.23*11,200kPa = 2630kPa

design

Select remaining parameters for the Modified Iowa Formula

We will need values for:
DeflectionLag =D, =1.0,

(Clause 13.2.1.1 of the Standard Practice) where a Prism Load is used in design, and
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BeddingFactor = K =0.10
as per Clause 13.2.1.2 of the Standard Practice for 60-75 degree bedding angle, and

PipeStiffness = PS = 320kPa
for a DR 35 PVC pipe as per Clause 13.2.1.4 of the Standard Practice.

5. Calculate Horizontal Deflection

Using the Modified Iowa formula, calculate the maximum anticipated long term horizontal
deflection (Clause 13.2.1 of the Standard Practice):

* * *
ﬂ(%) _ 100DLKP _ 100*1.0*0.10*151.54kPa _ 798% < 7.50%
d 0.149(PS) + 0.061E"design ~ 0.149*320kPa + 0.061* 2630kPa
6. Calculate Vertical Deflection

Calculate the deflection ratio with Masada’s simplified formula as follows (Clause 13.2.1.7 of
the Standard Practice):

Ay 0.0094E ',

+
AX (PS)

Ay|_, , 0.0094(2630kPa) _

1.08

AX (320kPa)

Therefore, anticipated long-term vertical deflection equals:

% = %*1.08 =7.28%7*1.08 = 7.84% > 7.50% <« Exceeds long-term

deflection limit

This is greater than our long-term acceptable limit of 7.50% (see Table 3 on pp 24 of the
Standard Practice) and is not O.K. We could either increase minimum trench width or
upgrade the density requirements for the backfill material. We’re going to try increasing
minimum density requirements to 95% SPD. If this is truly required as a minimum density
our Standard Practice recommends we utilize Class I embedment materials, which in this
application would well be advised to be a crushed, well-graded aggregate material to prevent
long-term soil migration.
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This changes things as follows:

El; =20.7MPa = 20,700kPa based on Table 4.

Enative _

E.  20,700kPa

1380kPa

Bo _LoM_, g
B. 0.9m

By interpolating in Table 6 using a —2" value of 0.1, we get:

b

E' =S, xE', =0.20*20,700kPa = 4140 kPa

design

Horizontal deflection becomes:

100DLKP 100*1.0*0.10*151.54kPa

= =5.05%
0.149(PS) + 0.061E"design  0.149*320kPa + 0.061* 4140kPa

AX

— (%) =
r (%)
Our deflection ratio becomes:

Ay
AX

14 0.0094(4140kPa)
320kpa

1.12

Anticipated long-term vertical deflection then becomes

% = %*1.12 =5.05%7*1.12 = 5.66% < 7.50%

An alternative to upgrading embedment material would be to increase trench width.
Upgrading the trench width to 2.5 * B. may not only be more effective at reducing
deflection but more practical than changing embedment materials. Let’s see how it would
fair. Our design E” becomes:
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E,  1380kPa

E, 11,200kPa

Bo 55
BC

E'gosgn = S¢ X E', = 0.62*11,200 = 6980kPa

Hortizontal deflection becomes:

100DLKP 100*1.0*0.10*151.54kPa

= =3.20%
0.149(PS) + 0.061E"design ~ 0.149*320kPa + 0.061* 6980kPa

AX

— (%) =
r (%)

Our deflection ratio becomes:

Ay
AX

|, 0:0094(6980kPa) _

1.21
320kPa

Anticipated long-term vertical deflection now becomes:

% _ %*1.21 — 3.20%*1.21 = 3.86%

This level of anticipated long-term deflection is O.K.
From this analysis it is evident that increasing trench width is more effective at reducing deflection
than increasing densities in the embedment zone. It also doesn’t require acquiring a brand new

bedding material or force a contractor to achieve densities that are, from a practical perspective,
much harder to achieve.
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CLOSURE

Both design examples purposely used very poor native soil examples. Native soils in most areas of
Edmonton are better than this, however, we have seen unconfined compressive strengths as low as
these in previous test hole logs, particularly in areas with native soils similar to the IPC area.

When native soil conditions yield values higher than your embedment soil E’, we do not as a rule
increase the design modulus of soil reaction, even though it would be technically a correct reflection
of pipe-soil interaction.

What is importantly illustrated by the two examples from a practical perspective, are the subtle
differences between small diameter and intermediate to larger diameter pipe design and trench
width, particularly in situations when native soils turn ugly. Even though we’re a big proponent of
upgrading bedding material in these installations, it is important to note that increasing trench width
will minimize the deleterious impact of poor native soils on our embedment material more
effectively than upgrading embedment densities alone. From a practical perspective, however,
utilizing Class I embedment materials may be the only way to consistently achieve densities even as
high as 90% SPD when native ground conditions are very wet.

Respectfully Submitted,

C.C. Macey, P. Eng.

National Technical Specialist
Community Infrastructure
UMA Engineering Ltd.
Chris.macey(@uma.aeccom.com
CCM/ccm
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Appendix F

PUMPWELL UNIT CONFINED SPACE ENTRY FALL-ARREST AND RESCUE SYSTEM

INFORMATION ON EQUIPMENT IN THIS APPENDIX IS PROVIDED FOR GUIDANCE IN THE DETAILED DESIGN
OF MECHANICAL DRAINAGE FACILITES WHERE PROVISION FOR FALL ARREST AND RESCUE IS
REQUIRED. THE INFORMATION WAS CURRENT AT THE TIME IT WAS OBTAINED FROM THE
MANUFACTURERS. THE MANUFACTURERS SHOULD BE CONSULTED TO CHECK ON ANY REVISION TO
THEIR PRODUCT SPECIFICATIONS.

Provision of emergency rescue facilities — The code of practice for entry of confined spaces at
drainage mechanical facilities includes is a requirement for provision of a means of emergency
rescue of a person from each confined space. The rescue system adopted comprises a portable
davit and winch system for use with ropes. It is necessary to provide a mounting device for the
davit that allows it to be set up at each confined space. In general each location chosen for the
support base should facilitate rapid setting up of the davit and lifting an injured person.
Consideration should be given to the geometry of the davit, space to operate the system, including
accommodation of the injured person and his rescuers, and the structural support required for the
lifting system.

The davit, mounting base is a fabricated steel socket that is bolted into place. Diagrams below
show the dimensions of the davit and base. The manufacturer’'s documents from which the
diagrams were produce are controlled. Copies that are to be used for design of the required
installation should be obtained directly from the manufacturer of the davits, North Safety Products
of Toronto.
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SKYHOOK RESCUE WINCH 10-AMP MOTOR DRIVE

The Sky Hook Hoist System was designed to simplify confined space and remote rescues
requiring a device with lifting and lowering capability. The heart of the system is a two-speed,
self-tailing manual winch with a removable handle for compact storage. The Sky Hook Hoist
utilizes any length of standard 1/2" (12 mm) static kernmantle rope used throughout fire
departments and rescue teams. The winch requires minimum maintenance providing a gear
ration of 2.2 to 1 and 6 to 1, and a power ratio of 13.5to 1 and 40 to 1.

The winch is mounted to a versatile base plate which also features a Guide Roller Assembly
(GRA) which allows for easy placement or removal of the specified static kernmantle rope. The
GRA is designed with attachment holes which will accept single and / or tandem Prusiks. When
the Prusik safety stop is attached and the rope is loaded, the unit provides the user with the
ability to remove or replace the load rope and change to a second rope, minimizing the time
and equipment needed to duplicate the raising and lowering system.

The base plate can connect quickly to the Sure-Strong or Lynx Tripod legs, but has the
flexibility to be attached to a variety of structures via tie-down holes. The Skyhook would be
attached to the winch mounting brackets shown on the davit mast below.

Look up : http://www.westernsafety.com/msaroseproducts/msafallprotec13.html

Contact:

SKYHOOK RESCUE SYSTEMS, INC.
7074 ESTEPA DRIVE

TUJUNGA, CA 91042 USA
OFFICE 818 293-0320

FAX 818 353-1749

CELL 714 270-2730
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77.5 mm bore, 6 mm 45
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. All dimensions in are in millimetres
_Q DESCRIPTION:
- Davit base mounts to concrete or structural steel.
20 T PVC inner sleeve allows for easy rotation of the davit
B Y P —————— . _ GENERAL SPECIFICATION:
A Rated capacity 450 Ibs (200 kg) — 1 person
70 Safety factor 11:1
I Ultimate load 5000 Ibs (22.2 kN)
v Mast rotation 360°
| A 30 WEight 25 lbs
; A A
: ' MATERIAL CONSTRUCTION:
345 : :
<—>| 128 | Steel A36 or better
Welding CwB-47.1
< 305 > Finish Hot dip galvanized
Bearing Polyvinyl chloride
PLAN Thrust bearing High density polyethylene

MOUNTING REQUIREMENTS:

Mounting surface must be horizontal and capable of
withstanding a moment of 11 kipf (15kNm) in all directions.
Davit base installations must be certified by a professional
engineer to local regulations.

5/8”" (16 mm) bolts A325 (grade 5) minimum for steel
mounting

5/8” (16 mm) chemical anchors for concrete mounting, or
bolt through with backup plate.

RESCUE DAVIT FLOOR-MOUNT SUPPORT BASE

NORTH SAFETY PRODUCTS DAVIT BASE MODEL FP6660/00

Look up: http://mww.northsafety.com/ (information on the davit is limited at this site)
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o All dimensions in are in millimetres

DESCRIPTION:
Wall-mount davit base mounts to concrete slab or structural
steel. PVC inner sleeve allows for easy rotation of the davit

GENERAL SPECIFICATION:
Rated capacity 450 Ibs (200 kg) — 1 person

Safety factor 11:1

Ultimate loade 5000 Ibs (22.2 kN)
Mast rotation 360°

Weight 25 Ibs

MATERIAL CONSTRUCTION:

Steel A36 or better
Welding CWB-47.1

Finish Hot dip galvanized
Bearing Polyvinyl chloride

Thrust bearing High density polyethylene
MOUNTING REQUIREMENTS:

Mounting surface must be vertical and capable of
withstanding a moment of 11kipf (15kNm) in all directions.
Davit base installations must be certified by a professional
engineer to local regulations.

5/8” (16 mm) bolts A325 (grade 5) minimum for steel
mounting

5/8”" (16 mm) chemical anchors for concrete mounting, or
bolt through with backup plate.

0,

Z

Q

Q

RESCUE DAVIT WALL-MOUNT"SUPPORT BASE

NORTH SAFETY PRODUCTS DAVIT BASE MODEL FP6662/00



DESCRIPTIOMN:

Conerele Slecyve vl Base mounts vertically in conerele, PYC nner sleeve

allews for easy rotation

of the davit.

GCENERAL SPECIFICATIONMN:

Rae Capacicy

Saltty Factor

Max. Arresting Load
Thimyine Load

Mast Rotalion
Woeialit

450 lhs (200 ) {1 person)
I

1800 Ths (8 kX))

3000 Lhs (222 K™

360+

11 Ibs (3 ke)

MATERIAL CONSTRUCTION:

Steel

Welding

I'inish

Buaring
Thrust Bearine

A36 ar hetter

CWB-47.1

1ot Dip Galvanized

Pve

HDFE (Hish Density Polycthylenc

MOUNTING REQUIREMENTS:
Clare concrete slab. Insert Davit Base and fill the gap with min. 330k Ma Crout.
Davit Base must be Mush muounted. Dasit Base installanons musl be certifod by

a proftazional engincer

ta lncal regulations.
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RESCUE DAVIT CONCRETE SLEEVE SUPPORT BASE

NORTH SAFETY PRODUCTS DAVIT BASE MODEL FP6660/01
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DESCRIPTTON:
Clonerete Sloeve Davit Tiase mounts vertically in concrete. PVO inner sleeve
alloas for casy rolation of the davil,

GENERAL SPELCIFICATION:
Rl Capacily 350 [l (2000kgy (1 porson)

Safery Factor 11:1

hlarz. Arvesting load 12 b, (R Ten.)
Lltimate 1.oad FO00 Tha {222 KM
Mast Rotation 300

Wil 19 [l (8.6 L)
AMATERTAT. CONSTRUCTTON:

Steel AdG or bether
Welding CwB-47.1

Finish Hel Lip Gulvanized
BBearing Py

Throst Beaving TIDPLE (1Tigh Density Polvethylena)

MOTNTING REQUIRFEMENTS:

Care conerene slab, Chisel oor concrete surtace. Insert Mavit Base and fill the
wap with min, 330%1% Groue Davie Base must be Qosh movmnted. Davie Base
inslillulions must be certificd by o prolessional cngineer 1o local regulations.
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CONCRETE SLEEVE DAVIT

BASE WITH TOP PLATE

PART #: FP&&60/02
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POSITION L1 L2 L3 X1 X2 X3
Inch (mm) Inch (mm) Inch (mm) Inch (mm) Inch (mm) Inch (mm)
A 82.3 (2090) 89.1 (2263) 76.2 (1935) 19.3 (490) 24.4 (620) 6.1 (155)
B 81.5 (2070) 88.3 (2243) 75.4 (1915) 16.4 (417) 21.5 (546) 9.0 (229)
C 80.7 (2050) 87.5 (2223) 74.6 (1895) 13.5 (343) 18.6 (472) 11.9 (302)
D 79.9 (2029) 86.7 (2202) 73.8 (1875) 10.6 (269) 15.7 (399) 14.8 (376)
E 79.2 (2012) 86.0 (2184) 73.1 (1857) 7.8 (198) 12.8 (325) 17.7 (450)

NORTH SAFETY PRODUCTS

DAVIT ASSEMBLY
(12" — 24" OFFSET)




RECOMMENDATIONS:

Each installation must be approved by a professional engineer or a qualified person as per OHSA requirements.

ITEM DESCRIPTION PART WEIGHT
NUMBER NUMBER
1 ADJUSTABLE OFFSET FP6680 121b
BOOM (5kg)
2 DAVIT MAST FP6670 341b
(15kg)
3 DAVIT BASE FP6660 251b
(12kg)
DESCRIPTION:

The davit is made of these parts: 1) Adjustable Offset Boom, 2) Davit mast, 3) Davit base. The boom &
mast are constructed of lightweight aluminum tubing. The mast comes with tow mounting brackets for a
winch and/or self-retracting lifeline (SRL) mounting. The boom includes a single pulley in the front and back
and a universal anchor point at the boom front.

GENERAL SPECIFICATIONS:

Adjustable offset boom
position
A B C D E
ast offset 24 in 21in 18in 15in 12 in
600 mm 530 mm 450 mm 380 mm 300 mm
Safety factor 8:1 9:1 11:1 11:1 11:1
Ultimate load 3600 Ib 4000 Ib 5000 Ib 5000 Ib 5000 Ib
16 kN 18 kN 22 kN 22 kN 22 kN

wnN e

o0 s

Maximum arresting load
Rated capacity
Number of workers

1800 Ib (8kN)
450 Ib (200 kg)
1

Mast rotation 360 degrees

Weight (Boom and mast) 46 |b (26 kg)

FABRICATION DETAIL:

Aluminum 6061 T6

Steel A36 or better

Welding CWB 47.1, CWB 47.2

Finish Blue powder coated

Hardware Grade S steel zinc plated, 306 stainless steel
NOTES:

Only one worker is allowed to be suspended from the davit at a time.

Winches and self-retracting lifelines (SRL) to be mounted from the front or rear mounting bracket.
Winches cannot be suspended from the universal anchor point. Only an SRL can be hung from the front.
universal anchor point.

Davit cannot be used for material handling.

Davit must be use with North Davit Base Model FP6660.

All winches, SRL, blocks shock absorbers must meet CSA, ANSI and/or OHSA requirements and must be
used in accordance with manufacturer’s instructions.

Workers must use a full, body harness.

NORTH SAFETY PRODUCTS
DAVIT ASSEMBLY
(12" — 24" OFFSET)

Pulleys

Universal
anchor
point

Winch / SRL
mounting
brackets

N~
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Appendix G

Pump Station Decision Model

The following decision model will be used when a pump station is proposed. The model can
be used at any stage of the development process. It is intended to assist both the owner’'s
design consultant and the City Engineer to conduct value/risk-based analysis in order to
recommend the best value option for sanitary senicing.

The process includes the following steps:

1.

Noakwd

Initiation

a.
b.

Opportunity/need for a pump station
Motivation/reasoning

Option description

Options life cycle cost analysis
Options risk analysis

Options evaluation criteria
Options value
Recommendation

1. Initiation
a. Timeline: Any point in the development process.
b. Motivation: The Design Consultant defines an opportunity/need to propose a pump
station instead of a gravity system due to one or more of the following:

C.

The expected value of the pump station is higher than the gravity system due
to lower life cycle cost and equal functionality.
There is a physical barrier (e.g., ravine, river) for senicing the area that
makes a gravity system unfeasible due to the vertical alignment requirement
and unavailability of a discharge location.
Environmental constraints deem a gravity system unfeasible (e.g., wetlands,
environmental resene).
Geotechnical conditions (e.g., gravity profile goes through silt/unsuitable
material)
Economic reasons deem a gravity system unfeasible (e.g., tunneling vs.
shallow forcemain).

0 The return on investment is higher for the developer (cash flow — ROI

is a function of time).

Downstream constraints deem a gravity system unfeasible (i.e., need storage
on the system).

0 Implementation must occur in a built-up area.
Staging and dewelopment requirements (for either temporary or permanent)
deem a gravity system unfeasible.
The senvice should be scheduled to facilitate development; if senicing is
required within a short time frame during construction, the gravity option is
not feasible.

Output: Proposal to change gravity option to pump station option. This proposal shall
include the following information:

i Options description

ii. Options life cycle cost analysis
iii. Options risk analysis

iv. Option evaluation

2. Options Description
A pump station is a deviation from the preferred gravity system therefore as part of the
process for approval the design consultant proposing the pump station must provide a



complete description of a gravity option and the pump station option. The lewvel of detail will be
of an acceptable level associated with the design stage.

For the gravity option, the following details are required:
1. Horizontal alignment
2. Vertical alignment or the proposed depth of installation
3. Pipe diameter and proposed construction method
4. Connections and any other typical components, including utility crossings
5. Geotechnical information
6. The option’s level of senice

For the pump station option, the following details are required:
1. Pump station structure and storage requirements
2. Pump station equipment
3. Location and land requirements
4. Forcemain (size, number, staging)
5. Discharge location
6. Lewel of senice
7. Future upgrade plan, if any exists

The two options should have the same lewvel of senice; if the level of senice is different, then
the applicant should indicate that in the description of the options.

3. Options Life Cycle Cost Analysis

Life cycle cost analysis is a well-established and well-defined financial analysis to evaluate
the net present value (cost) of options, which can then be used in evaluations that include all
future expenditure in the analysis.

For the gravity option, the following are the cost items:

1. Estimated Project Capital Cost: This cost includes the cost estimate, inclusive of
engineering and construction, for all work to provide the required conveyance and
storage.

2. Operation and maintenance cost/year: This cost needs to be updated based on
Drainage Operation’s cost per km of pipe

For the pump station option, the following are the cost items:

1. Estimated Project Capital Cost: This cost includes the construction of the new pump
station and forcemain, the land cost, and any other component required to provide
senice, including the engineering cost.

2. Pump Station Rehabilitation: This includes mechanical, electrical, and process
components that require replacement after 15 years due to deterioration and change
of technology.

3. Pump Station Upgrade: This includes any planned future upgrades for the pump
station.

4. Pump Station Operation and Maintenance: This includes regular maintenance costs,
electricity costs, and any other maintenance and operation actiwties.

The items mentioned above should be adjusted based on the project requirements. The other
inputs required to conduct life cycle cost analysis are the financial parameters and analysis
duration.

1. Financial parameters: This includes the real interest rate, which is the difference
between the interest rate and inflation rate. A real interest rate around 3% is
acceptable for such analysis. The design consultant could conduct a sensitivity
analysis to show the impact on the decision if the real interest rate is different than
3%.

2. Analysis duration: The analysis is to be conducted over 75 years.

4. Options Risk Analysis
Risk analysis typically includes identification of risk factors, risk quantification, and risk
mitigation. The analysis utilizes risk analysis to estimate the expected cost of risk, which
results from the multiplication of the probability of occurrence and the impact of that risk
factor.

o Risk analysis needs to be conducted for the two options.



o The following initial list of risk factors shall be considered by the consultant/applicant,
and any other risk factor that is not included in the list below may be added:

1.

10.

11.

12.

13.

If the system fails (either gravity or pump station) (e.g., power & generator
failure), then

a. interruption of senice/flooding could occur to adjacent residences

(basement flooding).

b. discharge into the environment could result in environmental
violations/fines.
high operating costs could result due to emergency response.
there may be an interruption of traffic.
operation costs may increase.

f.  odour problems during repair may occur.
If the process of selection between a gravity and pump station system fails,
then

® a0

the dewveloper may not be satisfied with the process outcome.

it may create political and management pressure to reverse decision.
there will be a loss of time and effort.

dewelopment may be hindered, and growth would be stalled.

a low-value option may be selected.

lot prices may increase.

If the front-end cost of a gravity system is too high for a developer, then

a. development won’t happen.

If operations capacity is not adequate to maintain additional pump stations in
the system, then

a. there is an increased possibility of failures due to less maintenance.

b. there may be an increase in the operation cost due to less
maintenance or adding stafffequipment (safety regulations could also
increase the number of staff required).

If pump station is selected, then

a. there is a higher potential for corrosion and odour.

b. residents may complain.

c. there may be an increase in cost, which will be borne by the City and
taxpayers.

d. corrosion might cause sewer collapse and flooding failure.

If the geotechnical condition is not fawourable for the selected system (gravity
or pump station), then

a. the cost of construction will be higher.

b. there may be a longer schedule of implementation.

If there are long forcemains, then
a. the condition assessment of the forcemain is difficult to attain.
b. the odour and corrosion in downstream areas will increase.

If pump station is selected and dewelopment is slow, then

a. retention times will increase and cause odour and corrosion, impacting
the downstream system.

If a gravity system is selected and debris/grease/corrosion/collapse gets into
the system and plugs it, then

a. flooding could occur.

If land can't be secured for the pump station, then

a. the cost of the pump station will be higher.

If, for the gravity option, right-of-way/working easement is not available, then

a. the gravity option will be too expensive or not possible.

b. we may be forced to attain strata easement through court, which would
add time/cost; or expropriate land.

If the selected option does not promote stageability, then

a. upfront costs will be high, and building the ultimate system will occur
earlier than it is required.

b. we might build less than what is needed.

If the design of a long forcemain does not account for transience and water
hammer, then

a. failure and leaking could occur.

~P Qoo



14. If dangerous chemicals for odour control are used, then
a. mishandling of chemicals may cause safety issues.

5. Options evaluation criteria and functions:

Once the expected cost of risk and life cycle cost analysis are completed, the City Engineer
and the Consultant/Applicant participate in the project-specific identification and weighting of
evaluation criteria. The following initial list of evaluation criteria could be used in the analysis,
and can be adjusted depending on the project constraints and limitations.

1. Constructability: the ease of construction and suitability from a geotechnical point of
view and topographic impact; e.g., open cut vs. tunneling, etc.

2. Operation: operability: ease of operation leads to certain well-defined costs reliability:
frequency and consequences of failure (e.g., flooding)

3. Impact on public: short-term and long-term impact (odour impact on residents; impact
on commuters during construction)

4. Stageability/flexibility: providing senice when needed and deferring unneeded costs
until later (e.g., non-participating landowners)

5. Impact on existing infrastructure: impact on infrastructure due to corrosion,H2S

After identifying and defining the evaluation criteria, the team needs to conduct a pairwise
comparison to establish the criteria’s relative weights, and then each of the criteria needs to
be scored for each option. The tally of the weight multiplication with the criteria score for each
option represents the option functionality. Then, the division of the function ower the total cost,
which includes life cycle cost and the expected cost of risk, represents the option’s value. The
highest value option shall be accepted and carried forward for implementation or further
design, depending on the project design lewel.

The following flow chart/checklist, illustrates the owerall process, including the items that must
be addressed at each stage during the evaluation of each option. The checklists are not
necessarily exhaustive, as indicated in the more detailed description abowe.



Propose MNeed for Pump Station

Describe each option

¥
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q
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0 0

Description of Gravity System

Horizontal alignment
Yertical alignment

Pipe diameter and proposed construction method

Conrections and any other typical compongnts

including utility crossings
Geotechnical information
The option’s level of service

Description dfump Station

Pump station structure and storage reguirem
Pump station eguipment

Location and land reqguirements
Forcemain(size, number staging

Discharge location

Level of service

Future upgrade planf any exists

O 00 0000

Conduct life cycle cost analysis for each opti+n

F
Life Cycle Cost Analysis for Gravity Sys
q Estimated project capital cost
q Operation and maintenance cogyear
q Financial parameters
q Analysis duration

stem

Life Cycle Cost Analysis Fernp Station
Estimated project capital cost

Pump Station Rehabilitation

Pump Station Upgrade

Pump Station Operation and Maintenandge
Financial parameters
Analysis duration

D 00000

Conduct risk analysis for each optic‘an

¥
Risk Analysis for Gravity System
q Identify risk factors

q Quantify risk factors

q Mitigate strategies

Risk Analysis for Pump Station
q Identify risk factors
q Quantify risk factors

q Mitigate strategies

|

L 000

Evaiuate each option
Find weightings for each criterion
Score options for responding criteria
Evaluate each option’s functidadd all scored
Evaluate each option’s wvalue

!

Review of Analysis

Decision on Alternativei=

Developer Response

|

Feview of Analysis(#)

The RACI diagram illustrates the various stakeholders and their types of involvement in the
base process. As a format of the Responsibility Matrix, a RACI diagram precisely details the
roles and responsibilities of various teams or people in delivering a project or operating a
process. It is especially useful in clarifying roles and responsibilities in cross-
functional/departmental projects and processes. The RACI diagram splits tasks into four
participatory responsibility types, which are then assigned to different roles in the project or
process. These responsibilities types make up the acronym RACI.



Responsible: Those who do work to achieve the task. There
can be multiple resources responsible.

Accountable: The resource is ultimately answerable for the

(Approver) correct and thorough completion of the task.
There must be exactly one A specified for each
task

Consulted: Those whose opinions are sought. This involves

two-way communication.

Informed: Those who are kept up to date on progress. This
is one-way communication.

RACI Diagram

Activity Drainage Drainage Private Drainage Drainage Developer Developer
Planning Development Operations Design and Consultant

Construction

Propose pump station C I I I R A

Analysis C | | | R A

Review of analysis R&A C C C I I

Decision on alternatives R&A C C C I I

Deweloper response C | | | R&A R

Review of 2nd analysis if R&A C C C C R

required
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APPENDIX H

Qutfall Structure Monitoring

Pursuant to 18.13.5 Outfall Structure Monitoring and subject to CoE review, sewer system design would
incorporate:

access manhole(s), less than 30 m deep, and connected to an upstream pipe(s) that carries the full flow
at the eventual discharge point(s) - ie - can use further upstream pipe(s) if the outfall pipe itself is
inaccessible under these criteria or outfall pipe is too steep or inappropriate for monitoring (see below)
this upstream pipe(s) must have a length of at least ten diameters without slope change, turns, drops,
connections or any other flow disturbances, or greater length as necessary to avoid disturbances such
as hydraulic jumps near the manhole. If surcharge is expected from the 1:100 design storm, for this and
lesser storms the pipe(s) must always carry flow at less than 6 m/s based on Manning's Formula. If
surcharge is not expected the velocity may be higher if shown to be necessary.

this pipe must not be subject to or hydraulically affected by backwater from the discharge point or
downstream structures

General monitoring station construction criteria:

easy and safe access to site by land

instrumentation cabinet (typically up to 1.5m x 0.5m footprint, standard design drawing available from
System Monitoring - add as part of appendix)

the cabinet must be located so that it cannot be flooded under any foreseeable circumstances. Cabinets
shall be mounted on a concrete base or plinth, or steel support posts founded in concrete bases that
ensure stability of the cabinet.

ground surrounding manhole must be open and graded to allow tripod-enabled entry

4" conduit from cabinet underground through wall of manhole near ladder rungs, with pull string. Run
must not exceed 140m from cabinet, including depth down manhole to measuring pipe.

installation of electrical components in cabinet (as specified in cabinet drawing)

arrange access and hookup from a single phase power source (Epcor) to the cabinet via 4"
underground conduit or other method as per electrical code

all work to be done to electrical code, including electrical inspection and approval of power source and
power conduit before burial

power and instrumentation conduit locations and sizes to be included in as-built drawings for site

CoE will supply and install flow measurement instrumentation

depending on the site and CoE review, provision may be needed for an automatic sampler installation. If
surcharge of the monitoring manhole for the 1:100 design storm is less than 2m below the top of
manhole, the manhole itself may suffice. Else a larger slab or equivalent, sampler cabinet and a conduit
from it into the manhole will be needed. The requirement for a sampling site and details will be specified
by Drainage Services, Environmental Monitoring.
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Construction Specifications TUNNEL EXCAVATION USING. July 1999

SEQUENTIAL EXCAVATION METHOD

11

1.2

13

131

1.3.2

133

134

1.4

141

1.4.2

143

1.4.4

145

15

1. GENERAL

SCOPE

This section specifies the requirements for excavation of tunnels by sequential heading and bench
method or methods used to excavate and support a tunnel in a specific sequence, often by dividing the
tunnel face into sections, normally referred to as Sequential Excavation Method (S.E.M.).

RELATED SECTIONS

Steel Ribs and Lagging Section 02422
Shotcrete Tunnel Lining Section 02423
Tunnel Liner Grouting Section 02435
DEFINITIONS

"Heading" shall be used to describe the excavation in the upper portion of tunnel.
"Bench" shall be used to describe the excavation in the lower portion of tunnel.

"Initial support" shall be used to describe shotcrete, steel ribs, lagging, blocking and other related
ground support installed after excavation.

"Minimum excavation” shall be used to describe the minimum excavation required to install the
specified initial support shown on the drawings.

MONITORING

Instruments may be installed at ground surface or as designated by the instrumentation specialist, to
monitor tunnel excavation and related ground movement, if required by the Engineer.

Instruments will be monitored both on a routine basis and as reasonably requested by the Contractor
and the Engineer.

Monitoring results will be provided to the City by the instrumentation specialist and passed onto the
Contractor immediately upon receipt.

Use monitoring results to adjust the excavation and support system installation to achieve minimum loss
of ground and an economic, safe excavation.

Install and monitor any extra instrumentation necessary for the safe conduct of the work at no additional
cost to the City. Such instrumentation results shall be copied to the Engineer on timely basis after
readings are taken.

SUBMITTALS

Provide the following within 15 calendar days of the award of the contract:

= List of construction equipment.

= Method and equipment used for spoil disposal from tunnel area.

= Drawings and descriptions of excavation, sequencing and ground support installation, complete
with shop drawings of initial tunnel lining stamped by a professional Engineer.

= Details of a ground monitoring program if required.
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SEQUENTIAL EXCAVATION METHOD

3.1

3.11

3.1.2

3.2

321

3.2.2

3.2.3

3.24

3.25

3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

3.3

3.3.1

3.3.2

2. PRODUCTS

Not Applicable.
3. EXECUTION

PREPARATION
Prior to any work establish the location of all underground utilities in the work area.

Notify all utility companies and obtain all required permits.

EXCAVATION
Excavate to elevations, alignment and dimensions shown on the drawings.

Adhere to excavation and initial support sequences and restraints set out in shop drawings and as
approved by the Engineer in writing.

Use underground excavation methods, techniques and procedures that will result in minimum voids
behind the tunnel liner. Remove soil to the minimum excavation lines shown on the drawings. The
choice of excavation machinery or tools shall be the responsibility of the Contractor, based on the
anticipated soil conditions derived from the geotechnical report or what could be reasonably expected.
The Contractor shall have contingency plans for removal of boulders or minor changes in ground and
these changes will be accounted for in the Contractor's methodology and cost.

If the ground conditions vary considerably from what the geotechnical report indicates, the Contractor
shall inform the Engineer immediately.

Excavate tunnel by Sequential Excavation Method (S.E.M.), in accordance with designed procedures,
sequences and support systems.

The height of the heading excavation shall be as indicated on shop drawings prepared by a professional
engineer. Straight faced or full faced excavation in excess of 1.5 m will not be permitted unless
approved by the Engineer and by Alberta Occupational Health and Safety.

In unstable ground, adjust the height of the heading, sequentially excavate and support the face and
roof in small exposed areas as necessary to minimize loss of ground.

In unstable ground, pre-support of the tunnel roof may be required. The use of forepoling, spiling or
other pre-support techniques may be employed as necessary to minimize ground loss and ensure
worker safety.

If necessary, determine the nature of the ground before the excavation cycle by probing a minimum of
3 m in advance of the face with suitable drilling equipment. Drill two holes, one horizontal hole at mid-
height of the face, the second located near the crown and angling upwards at approximately 20°.

The excavation may be accomplished by hand operated tools or by mechanical means. The
appropriate safety authorities and the Engineer must approve any machines that affect air quality.

ALIGNMENT AND GRADE TOLERANCES
The centre line of the tunnel shall not be more than 100 mm from the design alignment.

The invert of the tunnel shall not deviate from the given grade by an amount greater than 40 mm plus
10 mm for each metre of diameter. If this tolerance is exceeded, make corrections at no cost to the
City. The Engineer shall approve the method of correction.
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SEQUENTIAL EXCAVATION METHOD

3.4 ADVANCE LIMITS

3.4.1 Excavate the tunnels to the minimum excavation lines of whatever size and shape fits the external
dimensions for the type of support system being used at the time.

3.4.2  Should the excavation deviate beyond the required minimum excavation lines, for whatever reason,
thereby reducing the effectiveness of the designed initial support system, remedial action shall be taken
immediately to ensure that the possibility of ground settlement is reduced to a minimum. Such remedial
action will include, but not be limited to, the following:
= Blocking of ribs.
= Adding ribs.
= Immediate application of shotcrete.
= Immediate installation of lagging and blocking.
= Immediate installation of spilings.
= Prompt backfill grouting of fallout voids and cavities.

35 SEQUENCING AND SCHEDULING

3.5.1  All shotcrete, steel ribs, spiling, mesh, lagging and all other related support materials for at least 100 m
length of tunnel shall be on site before commencement of tunnel excavation.

3.5.2 Organise the tunnel driving operations to be as continuous as practical. No part of the tunnel
circumference will be allowed to remain unsupported for longer than the minimum time required to
install initial support. If the tunnel excavation and initial support installation cycle is discontinued,
stabilise the face before leaving the tunnel.

3.5.3 Follow up closely behind the placement of support on the tunnel floor with a firm surface for tunnel
traffic to prevent deterioration of the tunnel floor.

3.5.4  Provide adequate drainage.

3.6 PROTECTION AND DISPOSAL

3.6.1  The equipment and method of disposal of excavated material from the tunnel must be approved by the
City prior to starting work.

3.6.2  Protect and maintain tunnel support system from damage.

3.6.3  Maintain tunnel free of waste, debris at all times. Control water infiltration so that is does not interfere
with the excavation procedure and so it does not cause deterioration of the tunnel invert.

3.7 SAFETY

3.7.1  Conduct operations to the standards set down in the City of Edmonton - Tunnel Safety Regulations and
the applicable provisions of all relevant regulatory and inspecting authorities.

3.7.2  Continuously monitor and inspect the tunnel excavation at the face and at all times install adequate
support to the walls of the tunnel to ensure a safe and stable condition.

3.7.3 Perform remedial action directly to ensure that soil surrounding the excavated tunnel is maintained in a
stable condition.

3.74 The Engineer may instruct the Contractor to take additional action to assure the safety of the
excavations. Promptly comply with such instructions.

3.7.5 Nothing in these specifications shall be construed to relieve the Contractor from sole responsibility for

safety.

END OF SECTION
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1. GENERAL

11

1.2

13

13.1

1.3.2

1.4

141

14.2

143

1.4.4

1.45

15

151

152

3.1

3.1.1

3.1.2

SCOPE
This section specifies the requirements for tunnel excavation through soft ground using a shield driven

excavating machine or Tunnel Boring Machine (T.B.M.), including the loading, transportation and
disposal of excavated muck to spoil areas.

RELATED SECTIONS

Steel Ribs and Lagging Section 02422
Precast Concrete Tunnel Lining Section 02427
Tunnel Liner Grouting Section 02435
Shaft Construction Section 02444
DEFINITIONS

"T.B.M." refers to Tunnel Boring Machine.

"Minimum Excavation" refers to a minimum diameter of earth excavated by the T.B.M. in order to install
a specified support system.

MONITORING

Where required by the City, instruments will be installed by others at ground surface to monitor tunnel
excavation and related ground movement.

Instruments will be monitored both on a routine basis and as reasonably requested by the Contractor
and the Engineer.

Monitoring results will be provided to the City by the instrumentation specialist and passed onto the
Contractor immediately upon receipt.

Use monitoring results to adjust the excavation and support system installation to achieve minimum loss
of ground and an economic, safe excavation.

Install and monitor any extra instrumentation necessary for the safe conduct of the Work at no
additional cost to the City. Such instrumentation results shall be copied to the City on timely basis after
readings are taken.

SUBMITTALS

Provide details of the methods and equipment to be used for spoil disposal from the tunnel area within
15 calendar days of the award of the contract:

Submit shop drawings and details for the proposed initial tunnel lining system as outlined in appropriate
related sections.

2. PRODUCTS
Not applicable.

3. EXECUTION
PREPARATION

Prior to any work, establish the location of all underground utilities in the work area.

Notify all utility companies and obtain all required permits.
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3.2 EXCAVATION

3.2.1  Excavate to alignment, elevations and dimensions on the drawings and install initial tunnel lining.

3.2.2 Should excavation deviate beyond the required minimum excavation lines for whatever reason,
remedial action shall be immediately taken by the Contractor to ensure that possibility of ground
settlement is reduced to a minimum. Such remedial action will include, but not be limited to the
following:
= Blocking of ribs.
= Adding ribs.
= Immediate installation of lagging and blocking.
=  Prompt backfill of fallout voids and cavities with grout.
= Soil stabilisation in advance of the excavation.

3.3 ALIGNMENT AND GRADE TOLERANCES

3.3.1  Centreline of the tunnel shall not be more than 150 mm off the given line.

3.3.2  The invert of the tunnel shall not deviate from the given grade by an amount greater than 40 mm plus
20 mm for each metre of diameter. If this tolerance is exceeded, make corrections at no cost to the
City. The City shall approve the method of correction.

3.4 EXCAVATING EQUIPMENT

3.4.1 The choice of equipment for the tunnel excavation is the responsibility of the Contractor and shall be
made on the basis of expected soil conditions outlined in the geotechnical report and soils logs. The
Contractor shall make allowances in the choice of equipment to account for reasonable and minor
deviations in ground conditions and shall have contingency plans for removal of boulders or other minor
changes in ground conditions. The City must approve the method of disposal of excavated material
from the tunnel, prior to any work on the project.

3.4.2 If, in the opinion of the Contractor, a change in ground conditions occurs, the Engineer shall be notified
immediately.

3.4.3 Protect and maintain the tunnel support system from damage from the muck disposal system or from
any other equipment.

3.4.4  Maintain tunnel free of waste, debris at all times. Manage any water infiltration so that the excavation
process and the soil stability are not adversely affected.

3.5 SAFETY

3.5.1  Conduct operations to the standards set down in the City of Edmonton - Tunnel Safety Regulations
and the applicable provisions of all relevant regulatory and inspecting authorities

3.5.2  Continuously monitor and inspect the tunnel excavation at the face and at all times install adequate
support to the walls of the tunnel to ensure a safe and stable condition.

3.5.3 Perform remedial action directly to ensure that the ground surrounding the excavated tunnel is
maintained in a stable condition.

3.5.4 The Engineer may instruct the Contractor to take additional action to assure the safety of the
excavations. Promptly comply with such instructions.

3.5.5 Nothing in these specifications shall be construed to relieve the Contractor from sole responsibility for

safety.

END OF SECTION
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1. GENERAL

11

111

11.2

1.2

1.3

131

1.3.2

133

1.4

141

14.2

143

15

151

1511
151.2

1.6

16.1

1.6.2

SCOPE

This section specifies the requirements for the placement of initial support for newly excavated tunnels
including erection of steel ribs, placement of wood lagging, blocking and spiling as required.

This section does not deal with those instances were the final lining is installed immediately after
excavation, e.g. segmental liner tunnels.

RELATED SECTIONS
Soft Ground Shield Driven Tunnelling Section 02415

Tunnel Excavation using Sequential Excavation Method  Section 02412

Tunnel Liner Grouting Section 02435

DEFINITIONS

The term "Steel Ribs" shall be used to describe the circular or curved steel "H-section" ribs used to
support the ground around the tunnels and tunnel transition.

The term "Spilings" shall be used to describe sheet piling that is installed into soft unstable ground at
the tunnel face or in the tunnel crown, ahead of excavation, when necessary.

"Initial support” shall be used to describe steel ribs, wooden lagging, blocking and other related
temporary ground support, installed after excavation.

RESPONSIBILITY OF THE CONTRACTOR
The Contractor is responsible for all aspects of the safety of the tunnel initial ground support systems.

The Contractor is responsible for the design of the initial support system in accordance with the
specifications. Design criteria are listed on the drawings.

Should ground fall out or excessive voids occur in the tunnel roof or face, for any reason, take
immediate action to limit loss of ground and inform the Engineer.

VARIATIONS TO INITIAL SUPPORT SYSTEM

The guidelines for installation of tunnel initial support are as indicated on the drawings and outlined in
the specifications. However, the following changes may be required by the Engineer either prior to the
commencement of the contract or as the work proceeds:

Steel rib spacing may be increased or decreased.

Amount and location of spiling may be increased or decreased.

SUBMITTALS

Within 20 working days of contract award, the Contractor shall submit the following to the Engineer:

= Shop drawings showing initial support system, stamped by a professional Engineer registered in
Alberta.

= Detailed description of the installation method.

The work on tunnel excavation shall not begin until the Engineer approves the initial support system in
writing.
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1.7

171

1.7.2

21

2.2

221

222

2.3

2.4

3.1

3.11

3.1.2

3.1.3

3.2

3.21

3.2.2

QUALITY ASSURANCE

If requested by the Engineer, submit one certified copy of mill reports covering chemical and physical
properties of steel used in the work.

All materials shall be in accordance with CSA Standards.
2. PRODUCTS

STEEL RIBS, DUTCHMEN ,AND BLOCKING

All material used for steel ribs shall conform to CSA-G40.21 Grade 300W. Fabrication of the ribs shall
conform to CAN/CSA-S16.1. The ribs shall be supplied complete with bolts, nuts, plates, spikes, drift
pins, dowels, wedges, tie rods, steel Dutchmen, shims and other accessories required for assembling
and erecting the supports.

SPILINGS

Select appropriate spiling for ground to be encountered. If material used for spiling is steel, it shall
conform to CSA-G40.21 Grade 300W. Fabrication of spilings shall conform to CAN/CSA-S16.1.

Design and supply a suitable mechanical device for installing the spilings into the ground at the tunnel
face without causing excessive shock or vibration to the surrounding ground.

DRAINS

In wet areas of ground drains shall be devised to duct water away from the working face and may
consist of slotted plastic pipes or tubes, dimpled plastic sheets, geotextile cloth, geotextile wicks or
other material as approved by the Engineer.

TIMBER LAGGING AND BLOCKING

Rough cut construction material, as per design requirements.

3. EXECUTION

INSTALLATION SEQUENCING

The installation of the tunnel initial support shall be carried out as an integral part of the tunnel
excavation.

The routine sequence of excavation and initial support for sequential excavation method is shown on
the drawings and shall be adhered to unless the Engineer approves modifications in writing. For shield
driven tunnel excavation, initial support shall be installed within the tail shield and expanded when the
Tunnel Boring Machine (T.B.M.) shield advances forward past the rib section.

Initial support will routinely consist of rib and lagging installed as follows:

= |[nstall rib section immediately after the excavation has advanced the required distance.
= |Install timber lagging and blocking.
= Expand rib section, if required, to required dimension as soon as possible.

STEEL RIBS
Install in the manner indicated on the shop drawings approved by the Engineer.

Ribs installed in the bench shall be expanded until tight against the excavated wall. Dutchmen and
shims shall be installed to maintain the expanded rib shape.
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3.3

33.1

3.3.2

3.3.3

3.34

3.35

3.3.6

3.4

3.4.1

3.4.2

3.5

35.1

3.5.2

SPILINGS
Install spilings as necessary to support unstable ground in the excavation.

The actual number of spilings over any rib, at any location in the crown heading, will vary dependent on
the ground condition encountered.

Spilings shall be smoothly installed into the heading face over the rib at the crown.

In the event of being unable to install any spiling fully into it's planned location, for any reason, no
attempt shall be made to withdraw the spiling.

Spilings not fully installed shall have the part behind the steel rib at the heading-face cut off and
removed so that it does not interfere with placement of the final concrete lining.

Installation forces on spilings shall be controlled so that no buckling or sagging occurs in the spilings.

LAGGING AND BLOCKING

Lagging and blocking, if and when used as part of the tunnel initial support system, will be suitably cut
and sized to fit into ground fallout area, excavation overbreak and the like, as part of the support
system.

When tunnel face excavation is halted for more than 36 hours or where ground conditions are
unfavorable, the tunnel face shall be boarded and blocked to prevent excessive soil loss from the tunnel
face. Excavation shall proceed in a sequential, controlled method through partial face blocking so that
loss of ground and settlement is minimized.

EXCAVATION AND GROUND SUPPORT RECORDS
Provide daily, on a form approved by the Engineer, the following information:

For Sequential Excavation Method

= Station of the partial rib at the heading face and station of the full-circle-rib at the bench face and rib
spacing.

= Ground type being excavated.

= Details of spilings, lagging and face blocking installed.

For Tunnel Boring Machine Excavation

= Station of the last rib installed.
= Ground type being excavated.
= Rib Spacing.

END OF SECTION
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1. GENERAL

11

1.2

13

131

1.3.2

133

134

135

1.3.6

137

138

139

1.3.10

1311

13.12

1.4

141

14.2

15

151

SCOPE

This section specifies the requirement for the supply and application of early set primary and secondary
shotcrete for initial tunnel support and normal set shotcrete for final liner.

RELATED SECTIONS
Tunnel Excavation using Sequential Excavation Method Section 02412

Soft Ground Shield Driven Tunnelling Section 02415

QUALITY CONTROL

Comply with American Concrete Institute recommended practice for shotcreting.
Cement to be type 50 sulphate resistant Portland to CSA-A3000.

Concrete and concrete testing to comply with CSA-A23.1 and CSA-A23.2 respectively.
Conform to ASTM C1018.

The Contractor in accordance with CSA-A23.1 will carry out inspection and testing of concrete and
concrete materials for the purposes of quality control. The City may also perform testing at its discretion
for the purposes of quality assurance.

The minimum tests required for quality control shall be:

= air content and slump shall be tested every batch until specifications are met and then once every
third batch thereafter.

= concrete strength shall be tested by taking three cylinders for every 50 m® placed, with a minimum
of one set per project. They shall be field cured. One cylinder to be broken at 7 days and the
remaining two at 28 days.

For the purpose of quality control, the Engineer will, from time to time, require the Contractor to shoot test
panels of fibre reinforced shotcrete for flexural and toughness testing.

Inform the Engineer, at least three days in advance of start up of all shotcrete operations.

The Engineer will take additional test samples during cold weather concreting. Cure samples on job site
under same conditions as the concrete that they represent.

Non-destructive methods for testing concrete shall be in accordance with CSA-A23.2.

If the tests performed by the Contractor or the Engineer indicate that shotcrete fails to meet the specified
requirements, then adopt such remedial measures as the Engineer may require, at no expense to the City.

Toughness strength requirements will be considered satisfactory or unsatisfactory on the same basis as
compressive strength requirements in CSA-A23.1, Section 17.5.

DEFINITIONS

Primary Shotcrete: early set unreinforced shotcrete applied to excavated ground in tunnels.

Secondary Shotcrete: early set reinforced shotcrete applied to shotcrete. Reinforcement shall be either
steel fibre, polypropylene fibre or steel wire mesh, as shown on the drawings.

SUBMITTALS

A minimum of 20 working days before commencing work, the Contractor shall supply the following:
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152 Information on all equipment to be used.

15.2.1 Proposed mix-designs and test results for shotcrete, including brand-names of admixtures.

1.5.2.2 Names and resumes of foremen and nozzle operators.

1.6 TRIAL MIX TESTING PROGRAM

1.6.1 Retain a qualified laboratory to independently take samples and test shotcrete during the development of
the mix design.

1.6.2  Ten working days before start of shotcreting perform full-scale shotcrete test using intended equipment. In
the Engineer's presence, shoot on plywood panels to minimum 100 mm thickness, both horizontally and
vertically upwards. Use trial specimens of all proposed shotcrete mixes to be used in the Work.

1.6.3  Take samples of and test the above trial specimens of shotcrete.

1.6.4  The City may do simultaneous testing during the development of this mix design.

2. PRODUCTS

2.1 CEMENT
Cement in shotcrete shall be Type 50 sulphate resistant cement, conforming to the requirements of
CSA-A3000.

3. EXECUTION

3.1 PREPARATION

3.1.1  For processing of aggregates refer to CSA-A23.1, clause 5.

3.1.2  Primary shotcrete, placed directly on freshly excavated ground, requires no surface preparation other
than removal of loose material, rebound etc. and the control of water.

3.1.3 Any water that is running or seeping into the surface to be covered with primary shotcrete will be
suitable drained and ducted into the tunnel or grouted before shotcrete is placed.

3.1.4  Other surfaces that require shotcrete such as shotcrete to steel ribs and steel spilings, lagging or mesh,
shall have all loose material, rebound and deleterious material removed and the surface dampened
before shotcrete is placed.

3.2 PROFICIENCY OF WORKERS
Nozzlemen shall have previous experience on at least one comparable project in the past five years or
shall work under the immediate supervision of a foreman with such experience. Each crew shall
demonstrate to the Engineer acceptable proficiency in the application of shotcrete to vertical and
overhead test panels before beginning production work.

3.3 PLACING

3.3.1 Primary shotcrete for initial tunnel support shall always be placed immediately after each tunnel
sequence has been excavated.

3.3.2  The Contractor may choose to use either a wet or a dry mix shotcrete process. If the dry mix process is
used, demonstrate to the satisfaction of the Engineer, that excessive dust problems can be minimised
and that Alberta Occupational Health and Safety regulations are complied with.

3.3.3  Pre-dampened mix shall be used 60 minutes after initial contact with water.
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3.3.4  Thoroughly mix shotcrete used in wet mix equipment for a period of at least 1-% minutes prior to use.
Any shotcrete that is not used within 60 minutes after initial mixing shall be wasted and the mixer
washed out with clean water. The slump for wet mix shotcrete shall be limited 60 mm to 100 mm.

3.3.5  Apply shotcrete to provide a dense, smooth, firmly adhering coating at no point less than the thickness
required by the design drawings. Each layer shall be applied before the shotcrete in the preceding layer
has set completely. Rebound shall be kept clear of the shotcrete being placed. The re-use of rebound
materials will not be permitted.

3.4 COLD WEATHER REQUIREMENTS

3.4.1  No shotcrete shall be placed when the temperature inside the tunnel or shaft chamber is below 10°C.

3.4.2  During cold weather, all materials stored outside shall be pre-heated throughout their bulk to 10°C or
above, before delivery to the shotcrete equipment.

3.4.3 Any chemical additives that may be effected by cold shall be stored in an above freezing environment
throughout its life until used in the shotcrete.

3.5 CURING

3.5.1  All permanent finished shotcrete surfaces shall be cured using a water spray, curing compound or any
other suitable method approved by the Engineer. Curing shall extend for a period of at least seven
days following the data on which curing commences. No curing compound shall remain on surfaces
that will be subsequently covered with concrete or with additional layers of shotcrete.

3.5.2  Shotcrete, used to support the ground during tunnel driving operations, shall be kept damp for two days
after applications.

3.5.3 Normal set shotcrete shall trowelled to obtain smooth surface.

3.6 CLEAN UP

3.6.1 Rebound and waste shall be disposed of off-site.

3.6.2 Water contaminated with toxic chemicals or any toxic or potentially toxic chemicals shall not be allowed
to enter the City sewers or be removed with the tunnel spoil. Make suitable arrangements for separate
disposal of this material as and when it becomes necessary.

3.7 REPAIR
Damage to the primary shotcrete liner shall immediately be repaired to the satisfaction of the Engineer.

3.8 SAFETY MEASURES

3.8.1  Alkali hydroxides and other chemicals contained in shotcrete admixtures and moderately toxic and can
cause skin and respiratory irritation unless adequate safety measures are undertaken. In applying
shotcrete containing toxic admixtures the nozzlemen and helpers shall wear appropriate hoods
equipped with respiratory masks, gloves and necessary protective clothing. Eye baths shall be readily
available in the immediate vicinity of shotcrete application.

3.8.2 The Contractor is totally responsible for implementation of a safety program for the project. Nothing in

this specification relieves the Contractor of that responsibility.

END OF SECTION
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1. GENERAL

11

1.2

1.3

1.31

1.3.2

21

211
21141
211.2

2113

211.4

21.1.5

21.1.6

211.7

211.8

SCOPE

This section specifies the requirements for the supply and installation of sewer pipes by pipe jacking
methods.

RELATED SECTIONS
Trench and Backfill Section 02318 Volume 2 Roadways

Tunnel Excavation using Sequential Excavation Method  Section 02412

Microtunnelling Section 02441
Sewers Section 02535
Inspection of Sewers Section 02954
Leakage Testing of Sewers Section 02958
DEFINITIONS

Tunnel Boring Machine (T.B.M.) is a mechanical excavating machine used to create an underground
void through which a pipe or conduit is installed.

Pipe Jacking is the installation of sewer pipe by pushing a series of pipe lengths through an excavated
tunnel from a jacking pit to a receiving pit. It may be used to propel a T.B.M.

2. PRODUCTS

PIPE

Pipe Design Approval
Submit for approval the type and design of pipe proposed for use in the pipe jacking operation.

Submit detailed information to show that the proposal will meet the requirements of the installation
process, as well as the expected service loads and conditions.

The submission should include calculations showing the axial loading capacity of the pipe, the expected
jacking loads during the installation and the safety factor to be applied.

Show how the design of the pipe and the joint take into account and allow for the eccentric loadings that
arise from uneven distribution of the jacking loads and deviations of the line during installation.
Calculations will be required to show that the proposed pipe is capable of meeting all the source loading.

Provide confirmation that the proposed pipe is manufactured to close dimensional tolerances on length,
diameter, at the joints and for perpendicular surfaces.

Provide confirmation that the joint is designed for the following conditions:

= To be formed within the pipe wall thickness. No internal or external projections shall be allowed.

= To transfer the longitudinal jacking loads, including eccentric loads from line deviations without over
stressing or spalling of the joint faces.

= To meet the service watertightness requirements (internal and external).

For jointed pipe, the Contractor will provide a 360° packing ring at every joint to provide even distribution
of the axial load across the joint. This ring shall be made from homogeneous material that will compress
in a mechanically stable manner over the expected level of deformation. The packing ring shall be
manufactured and fixed to the pipe so that no part projects beyond the pipe wall thickness, and shall not
interfere with the performance of the joint.

The Contractor shall submit guarantees or warranty conditions and a statement of any restrictions of
installation requirements imposed by the manufacturer.
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2.2 PRECAST CONCRETE PIPE

2.21  Precast concrete jacking pipe shall conform to CSA/CAN-A257.2, rubber gasket, straight-wall. Pipe
shall be true to design dimensions and shall have bell and spigot mating surfaces perpendicular to the
pipe axis within a variation of 6 mm.

2.2.2 Bell and spigot design shall be such that no axial thrust loads are borne by the spigot. Pipe shall be
supplied with metal bands if required for axial loading. Deflections at joints shall not exceed
manufacturer’'s recommendations.

2.2.3 Concrete shall be made with type 50 sulphate resistant Portland cement and shall have a minimum
compressive strength of 41 MPa.

224 Reinforcement shall consist of inner and outer cages. Elliptical reinforcement shall not be used.
Reinforcement shall be supplemented by an additional cage at the inside of the bell of the pipe joint.

2.2.5 Cushion material consisting of rubber, plywood or other suitable material shall be supplied and used to
carry axial thrust across all joints. The dimensional details, cushion material, and method of attachment
shall be submitted for the City’s approval.

2.2.6 All joints shall be rubber gasketed to conform to CAN/CSA-A-257.3 or ASTM C443M and shall be
capable of providing a watertight seal.

2.3 FIBREGLASS REINFORCED RESIN PIPE

2.31  Fibreglass reinforced resin pipe shall be centrifugally cast polyester resin, sand filled and fibreglass
reinforced, conforming to ASTM D3262.

2.3.2 “Hobas” pipe conforming to this standard with straight-wall joints or type WKH couplings will be
accepted.

2.3.3 Pipe shall be designed to withstand earth pressure, live loads, and axial thrust loads with a minimum
safety factor of 1.5.

2.4 STEEL PIPE

241  Steel pipe: to AWWA C200, minimum wall thickness schedule 40 or standard wall, unless otherwise
shown on the drawings. Steel sheet to ASTM A570/A570M Grade 36. Pipe shall have not more than
one longitudinal seam and not more than two girth seams for single random length. Supply pipe in
single and double random lengths.

2.4.2 Exterior finish: to AWWA C210, two-part epoxy.

2.4.3 Interior finish: to AWWA C210, two-part epoxy.

2.4.4 Pipe joints: to be butt welded joints with bevelled ends. Interior and exterior finishes on the pipe to be
touched up with epoxy paint after welding.

2.5 GROUT

Cement grout where required for backfill (non-structural) purposes, shall meet the following minimum
specifications:

Sulphate Resistant Portland Cement 1 part

Sharp, Clean Sand (Submit gradation for approval) 2 parts

Water For a 28-day strength of 1.4 MPa
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3. EXECUTION

31

3141

3.1.2

3.1.3

3.2

3.21

3.2.2

3.23

3.2.31
3.23.2
3.23.3

3.234

3.24

3.3

3.31
3.3.141

3.3.1.2
3.3.1.3

EQUIPMENT

Pipe jacking methods shall be integrated with the tunnel excavation to maintain a continuously and
completely supported excavation throughout.

All power machinery and tools within the tunnel headings and shaft shall be operated by electricity,
compressed air, or other approved power. The use of gasoline power or of internal combustion engines
in the tunnels or shafts is prohibited.

Pipe jacking equipment shall distribute jacking forces uniformly around the periphery of the pipe and a
thrust ring shall be used to transmit pressures to the end of the pipe uniformly. As a minimum, the main
jacks shall have a capacity of 1.2 times the maximum allowable jacking force of the pipe. Intermediate
jacking stations shall be installed when the Contractor deems necessary to ensure that allowable jacking
forces are not exceeded.

If a pipe lubrication system is used, the Contractor shall obtain approval of the proposed lubricant, which
shall be non-toxic and environmentally safe. The Contractor shall arrange for and pay for the necessary
water for lubrication.

Continuously monitor line and grade utilizing a laser capable of monitoring the entire length of each
tunnelling operation and having a beam deviation over this length of 6 mm or less.

TUNNELLING AND JACKING

The methods of tunnelling and jacking shall be as selected by the Contractor and appropriate to the
equipment used and soil conditions anticipated.

T_he tunnelling and jacking operation shall provide for continuous hole protection by tunnelling shield or
pipe.

Tolerance for pipe alignment shall be as follows:

For pipes 900 mm and smaller, maximum deviation from line is 150 mm.

For pipes 1 050 mm and larger, maximum deviation from line is 50 mm per 300 mm of pipe diameter.

The pipe invert elevation shall not deviate from the design elevation by more than 12 mm, plus 6 mm per
300 mm of pipe diameter, nor have any measurable sags between manholes.

If this tolerance is exceeded, the Contractor is required to make corrections at the Contractor's own cost,
subject to the approval of the Engineer.

Where the annular space between the pipe wall and tunnel excavation exceeds 25 mm, the annular
space shall be completely filled by pressure grouting. Where the pipe supplier requires or recommends
grouting of annular space, this shall be done regardless of dimensions. The placing of pipe shall be in
accordance with the manufacturer’s directions and recommendations.

TESTING AND INSPECTION

Laboratory Testing

Test pipe in accordance with CAN/CSA-A257.0. The manufacturer shall furnish 0.5% of order but not
less than 2 specimens of each size and type for every 300 m of sewer for test purposes. Load testing
and hydrostatic testing shall be performed and witnessed by the City’s representative.

The Contractor shall bear the cost of testing.

The City shall be notified in advance at all testing.
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1. GENERAL

11

1.2

13

1.3.1

132

1.4

141

1.4.2

15

151

15.2

153

1.6

161

1.6.2

1.6.3

16.4

SCOPE

This section specifies the requirements for construction of a tunnel using precast concrete segmental
liner.

RELATED SECTIONS

Soft Ground Shield Driven Tunnelling Section 02415
Tunnel Liner Grouting Section 02435
Sewers Section 02535
Leakage Testing of Sewers Section 02958.

PRE-QUALIFICATION OF MANUFACTURER

All precast elements within the scope of this specification and drawings shall be fabricated by a
manufacturing plant certified in the appropriate category according to CSA-A251.

The Canadian Welding Bureau under CSA-W47.1 shall approve all fabricators of steel components.

SUBMITTALS

Submit the following data to the City for review at least ten days in advance of fabrication and not later
than 30 working days from contract award:

=  Shop drawings showing fabrication details.
= Detailed description of installation method.

Do not proceed with manufacture of units prior to receiving the approval of the City in writing.
PRODUCT DELIVERY, STORAGE AND HANDLING

Support units at points that will not cause stresses to the concrete for which it was not designed.
Take care to prevent cracking or other damage.

Identify all miscellaneous items clearly.

RESPONSIBILITY OF THE CONTRACTOR

The Contractor is responsible for the manufacture of segmental liner sections.

The Contractor is responsible for all aspects of the safety of the tunnel ground support systems.
Install the tunnel segments as recommended by manufacturer.

Should ground fall out or excessive voids occur in the tunnel roof, for any reason, take immediate
remedial action and inform the Engineer.
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2. PRODUCTS

2.1

211

212

2.2

2.3

3.1

3.2

3.21

3.2.2

3.3

331

3.3.2

3.33

3.3.4

3.35

3.4

PRECAST CONCRETE SEGMENTS
Precast concrete segments shall conform to CSA-A23.4 and shall be as shown on the drawings.
Welded wire fabric shall conform to requirements of CSA-G30.5.

JOINT SEALANT

Joint sealant compound shall be as recommended by the segmental liner manufacturer and approved by
the Engineer.

GROUT

Expanding grout for grouting the joints and lifting bar ports shall be non-shrink, non-metallic aggregate
developing minimum compressive strength of 35 MPa at 28 days.

3. EXECUTION

PREPARATION

All material required to line a 100 m length of the tunnel shall be on site before commencement of tunnel
excavation.

ALIGNMENT AND GRADE TOLERANCES
Centreline of the tunnel shall not be more than 150 mm off the given line.

The invert of the tunnel shall not deviate from the given grade by an amount greater than 40 mm plus
20 mm for each metre of diameter. If this tolerance is exceeded, make corrections at no cost to the City.
The Engineer shall approve the method of correction.

INSTALLATION OF SEGMENTS

Install segments as recommended by the manufacturer.

Apply sealing compound to all joints.

Use concrete and steel blocking to support segments in place after expansion.
Alternate location of expansion joint.

Grout all lifting bar recesses. Grout all circumferential joints and those transverse joints, which, in the
opinion of the Engineer, are open or misaligned enough to adversely, affect hydraulics or cause potential
future infiltration problems.

TUNNEL LINER GROUTING

At locations where the liner could not be fully expanded to its design diameter or where ground loss
occurred during excavation and prior to lining, voids behind the precast lining will be pressure grouted in
accordance with Section 02435 - Tunnel Liner Grouting.
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3.5

3.6

3.6.1

3.6.2

3.6.3

3.6.4

3.7

CLEAN UP
When tunnel is completed, remove all equipment from the tunnel area, clean and remove all debris and
mud from within the tunnel.

INSPECTION AND TESTING

Maintain a high level of quality control in the manufacture of the precast segments. Submit to the City a
complete set of test results necessary to assure adherence to specifications. A minimum of one test per
day of production shall be taken on the concrete.

The City shall periodically perform additional tests as required and the manufacturer shall provide
reasonable access to the City’s quality assurance laboratory for inspection of the manufacturing and
testing processes.

General quality control and quality assurance requirements are specified in Sections 01430 — Quality
Assurance and 01450 — Quality Control, both in Volume 1 General.

Conduct infiltration testing in accordance with the requirements of Section 02958 - Leakage Testing of
Sewers.

EXCAVATION AND GROUND RECORDS

The following information shall be provided daily on a form approved by the Engineer:

= Station of the last set of fully expanded segmental liner sections.
= Type of ground encountered during the day.
= Location and volume of any ground loss.

END OF SECTION
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1. GENERAL

11

1.2

1.3

131

1.3.2

1.4

141

1.4.2

143

1.4.4

1.45

146

1.4.7

15

151

15.2

153

SCOPE

This section specifies the requirements for the supply, mixing and injection of sand-cement or cement
grout mixes, to be used for filling behind tunnel liners.

RELATED SECTIONS

Tunnel Excavation using Sequential Excavation Method Section 02412
Soft Ground Shield Driven Tunnelling Section 02415
Steel Ribs and Lagging Section 02422
Precast Concrete Tunnel Lining Section 02427

QUALITY ASSURANCE
Grouting to conform to CSA-A23.1 and ASTM C404.
Cement to conform to CSA-A3000.

DEFINITIONS

Void grouting means the injection of cement grout or mortar grout comprised of cement, fine sand and
water to fill voids in the top of the tunnel liner due to incomplete pouring of concrete in concrete lined
sections.

Backfill grouting shall mean drilling and grouting of holes to fill voids between the soil formation and the
initial support system.

Washing is the process of cleaning drill cuttings and sludge from a drill hole by injecting water or water
and air into the hole and returning the fluid and suspended matter toward the surface.

Grouting pressure shall mean the pressure of grout as measured at the header while grout is being
pumped into the hole.

Effective pressure shall mean the pressure of grout, while being pumped at the point of absorption in
the hole, as calculated from the measured grouting pressure at the header and allowing for the pressure
head of grout in the hole.

Grout take is the quantity of materials injected in a hole expressed in units of bags of cement and m? of
sand.

Grout holes refer to holes drilled through concrete, shotcrete, spiling or any other initial support
component for the purpose of injecting grout.

TESTING
Test trial batches of all grout mixes.
Routinely test production grout as the Engineer directs at no additional cost to the City.

Record all grouting operations on approved forms.
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1.6

16.1

1.6.2

1.6.3

21

211

212
2121

21.2.2

2.13

214

2.2

221

222

2.2.3

224

2.25

2.2.6

MEASUREMENT AND PAYMENT

Backfill grouting is incidental to tunnel initial support and ground control and no extra payment shall be
made.

Void grouting is incidental to the installation of tunnel liner and no extra measurement nor payment shall
be made.

No payment for tunnel liner grouting shall be made unless it is specifically required and specified as a
control for infiltration and is itemised as such in the bill of quantities.

2. PRODUCTS

GROUT MATERIALS

Water: fresh, clean and free from deleterious amount of silt organic matter, alkali, acids, salts and other
impurities in conformity with CSA-A23.1. Temperature of water used in grout shall be less than 27°C
and greater than 5°C.

Cement: Type 50 sulphate resistant Portland cement to CSA-A3000.
Cement that is found to contain lumps or foreign matter that the Engineer considers detrimental to the
results of grouting will be rejected and shall immediately be removed from the site by the Contractor.

Cement shall be above 0°C when added to the grout mixture.

Sand: clean, durable stone patrticles, free from lumps of clay and objectionable foreign matter, having a
moisture content of less the 3% of dry weight and conforming to ASTM C404 with the following modified
requirements:

Sieve % Passing by Mass
2.36 microns 100
1.18 microns 95-100
600 microns 60 - 85
300 microns 30-50
150 microns 10-30
5 microns 0-5

Admixtures: Retarding and expanding admixtures for cement and sand/cement grouts shall be subject
to the Engineer's approval.

GROUT MIXES

Submit a grout mix design to the Engineer for review. Grout shall normally consist of a mixture of type
50 sulphate resistant Portland cement, water, approved additives and sand as required. Fly ash may
be utilized with the prior approval of the Engineer.

The mixture shall be designed to suit particular conditions encountered. Proportions of materials used
in the grout mixture and any adjustments thereto during grouting operations shall be only as approved
by the Engineer. All grout shall contain an expansion agent of a type and amount approved by the
Engineer to eliminate shrinkage.

The Engineer may require the addition of material other than those specified above.
Use chemical additives in grout mixes only with prior written approval of the Engineer.

Handle, store and protect all cement and additives in such manner that they will not deteriorate or
become contaminated. Deteriorated or contaminated materials shall not be used in the work.

Design and test backfill grout mixes to be non-bleeding and attain a minimum 28 day compressive
strength of 0.7 MPa. Mixes to be both with and without sand.
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2.2.7 Design and test void grout mixes to be non-bleeding and attain a 28 day compressive strength of at
least 35 MPa or equal to the design of the concrete liner. Mixes to be both with and without sand.

2.2.8  Minimum cement content of the grout mix to be 160 kgs/m?.

3. EXECUTION

3.1 DRILLING

3.1.1  For backfill grouting, drill nominal 25 mm diameter holes through the tunnel initial support system.
Where spilings and lagging are encountered, tape and thread as required to install grout nipples.

3.1.2  For void grouting core nominal 50 mm diameter grout holes through the concrete liner.

3.2 LAYOUT AND PREPARATION

3.2.1  Grout holes through initial support for backfill grouting to be located at lowest points of known voids and
voids suspected by the Engineer to exist. Vent-pipes or tubes to be located to vent highest points of
voids, where applicable.

3.2.2  Grout holes through permanent concrete liner for void grouting to be located at the crown. Hole spacing
along the line of the tunnel to be located between steel ribs and at not more than 3 m centres or at
locations of known voids or both.

3.2.3 Packers or threaded connectors with valves attached to be all in the pace before grouting is to
commence.

3.3 BATCHING, MIXING AND AGITATING

3.3.1  Measure or weigh all grout materials into the mixer in complete "Batch-Units" compatible with mix used
and mixer size.

3.3.2  Mix complete batches of grout for minimum 3 minutes or until thoroughly mixed and then transfer whole
batch to agitator and clean out mixer, if necessary.

3.3.3  Keep grout batches agitated in the agitator tank until they are completely used. Any grout batches kept
in the agitator for over one hour are to be dumped and the agitator cleaned out.

3.4 PUMPING AND GROUT PRESSURE CONTROL

3.4.1 Pumping to be at a controllable rate without significant fluctuations of pressure.

3.4.2  Nozzle operator to continuously monitor and adjust pressure at header-unit during pumping.

3.5 BACKFILL GROUTING

3.5.1  Fill voids with grout until a pressure of 0.05 MPa applied to the liner is reached unless directed
otherwise by the Engineer.

3.5.2  Grouting to continue until totally undiluted grout comes out of the vent-pipes or tubes or adjacent grout-
holes or until refusal.

3.6 VOID GROUTING

3.6.1  Grouting to commence at lowest point of tunnel being grouted and to proceed to highest point.

3.6.2  Grouting of small voids or voids of unknown extent to commence using mix without sand. Should grout
takes exceed 0.5 m® in 5 minutes, change to a grout mix with sand.

3.6.3  Grouting of each connection shall continue until refusal, at a pressure of 0.05 MPa.
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3.6.4 The Engineer may require additional grouting behind concrete tunnel liner, if there is reason to believe
the grouting was incomplete.

3.7 GROUTING RECORDS

3.7.1  Accurately measure and record all aspects of the grouting operations as they are performed and submit
results to the Engineer.

3.7.2  Records shall be kept on approved forms and submitted to the Engineer in a timely manner.

3.8 CLEAN UP
3.8.1  Fill void grouting holes flush with the interior surface of the tunnel.

3.8.2 Clean all interior surfaces of the tunnel of excess grout.

END OF SECTION
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1. GENERAL

11

1.2

1.3

1.4

1.41

1.4.2

1.5

341

3141

3.1.3
3.1.31

3.1.3.2

SCOPE

This section specifies the requirements for the excavation of earth utilizing a tunnel boring machine
(T.B.M.) that is too small for man entry, for the purpose of installing sewer pipe.

RELATED SECTIONS

Trench and Backfill Section 02318  Volume 2 Roadways
Pipe Jacking Section 02426

Shaft Construction Section 02444

Sewers Section 02535

DEFINITION

Microtunnelling: A method of ground excavation using a tunnelling machine which is too small for
person entry and which generally has a propelled, mobile, cutting mechanism. The machine is
distinguished from augers or boring machines, which excavate by stationary engines and use flights and
extensions to excavate and remove spoil.

REGULATIONS
The Alberta Occupational Health and Safety Regulations.

The City of Edmonton, Asset Management and Public Works, Tunnel Safety Regulations.

SUBMITTALS
Provide the following within 15 working days of the award of the Contract:

= Method and equipment used for spoil disposal from tunnel area.

= Drawings and descriptions of excavation and ground support operations.
= Details for monitoring of ground settlements.

= Shoring design for access shaft or pit excavations.

= Construction procedures.

2. PRODUCTS

Not applicable
3. EXECUTION

EQUIPMENT

The Contractor shall be responsible for selecting the micro-tunnelling method and equipment.
Tunnelling machines shall be remotely controlled and have monitoring systems, built-in or external, that
can adequately maintain the tunnel excavation to the required tolerances.

The Contractor shall confirm that the system proposed will deal with all ground and groundwater
conditions that were indicated by boreholes, geotechnical reports or elsewhere and that could be
reasonably foreseen.

The equipment shall conform to the following criteria:

Face support shall be provided, either by full earth pressure balance, slurry or other system that will
control ground settlement and is approved by the Engineer.

The overall diameter of the shield shall not be greater than that of the pipe by more than 25 mm.
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3.1.33

3.1.34

3.2

3.21

3.2.2

3.23

3.24

3.2.5

3.2.6

3.2.7

3.2.8

3.3

3.31
3.3.11

3.3.1.2

3.3.2

3.33

3.34

3.3.5

3.3.6

3.3.7

3.3.8

The system shall have a continuous monitoring system for detecting and recording deviations from the
required line and level of 5 mm. The monitoring system located at a surface control station should be
equipped to record jacking loads and face pressures. The monitoring system should be checked
periodically to ensure that it is performing properly.

The system shall be equipped with remote steering control with line, level and gradient prediction
capability.

SHAFT OR PIT CONSTRUCTION
Pits shall be excavated to minimum dimensions required for T.B.M. insertion and jacking unit.

Temporary shoring and bracing shall be designed by a professional engineer competent in this field.
Submit stamped shoring and bracing design to the Engineer prior to excavation of pits.

Wherever practical, pits shall be at locations on the line where manholes are required. The Engineer
shall approve pits in other locations.

Pits shall be fenced to provide safety to the public.
Dewater pits as required to maintain a suitable floor for operations.

The pits shall be designed to provide a thrust wall reaction in excess of the anticipated maximum jacking
load.

The thrust wall of the pit shall be designed to be capable of resisting the jacking load without movement
in excess of 50 mm.

The Contractor may submit proposals for provision of jacking and reception shafts, constructed from
concrete precast sections, which can be converted into permanent manholes.

PIPE INSTALLATION BY MICROTUNNELLING

The Contractor shall be responsible for:

Selecting and operating all the equipment required to undertake the work in a timely and efficient
manner.

Providing an experienced and expert operator for controlling and operating the equipment. The operator
shall be present at all times when the microtunnelling equipment is in use.

The tolerance for grade and alignment shall be:

= For pipes 900 mm and smaller, maximum deviation from line is 150 mm

= For pipes 1050 mm and larger, maximum deviation from line is 50 mm per 300 mm in pipe diameter.

= The pipe invert elevation shall not deviate from the design elevation by more than 6 mm, plus 6 mm
per 300 mm in pipe diameter, nor have any measurable sag between manholes.

If this tolerance is exceeded, the Contractor is required to make corrections at the Contractor’'s own cost,
subject to the approval of the Engineer.

Records of deviations from the specified line and level will be continuously recorded together with
records of jacking loads and pressure balance loads.

The work shall be organized at the surface so that the storage of pipes, disposal of soil and location of
plant shall be kept as compact as possible so as to minimize disruption to traffic and the public.

The level of noise arising from the operation and equipment employed should not be greater than 85
dBA. (8 hours continuous.) For a noise level greater than 85 dBA, provide hearing protection devices.
Regulations regarding workers’ hearing safety and the City’s noise bylaws shall be adhered to.

Where a slurry system is proposed, adequate arrangements should be employed to reduce the volume
of material arising and recover the slurry where possible. Disposal of residual spoil should be to an
approved site at the Contractor's expense.

Provide and pay for all power and water supplies needed to undertake the Work.
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3.3.9 Notwithstanding the provisions of the specification, the Engineer may require the Contractor to take
action to assure the safety of the excavations. Promptly comply with such requirements. Nothing in
these specifications shall be construed to relieve the Contractor from sole responsibility for safety.

34 REMOVAL OF BOULDERS

3.41 In the event that boulders are encountered and such boulders cannot be crushed or removed by the
TBM or removed through the pipe, the Contractor shall excavate down from the surface and remove
such boulders.

3.4.2 Alternate methods, such as blasting, may be submitted for approval, but no work shall be undertaken
without prior written authority.

3.4.3 Excavations to remove boulders shall be protected and backfilled as specified in clauses 3.2 and 3.5.

3.5 BACKFILL OF PITS

3.5.1 Remove and dispose of all saturated soil in the pit before backfilling.

3.5.2 Pipe bedding material shall be approved granular material, class as shown on drawings and specified in
Section 02535 - Sewers.

3.5.3 The pit shall then be backfilled in lifts not exceeding 300 mm. Backfilling shall be in accordance with
Section 02318 - Trench and Backfill, Volume 2 Roadways.

3.5.4 Sheeting, shoring and bracing shall be removed as backfilling proceeds in a manner that provides
continuous soil support and safety for workers in and about the pit.

3.5.5 The surface shall be restored to conditions that existed prior to disturbance or as indicated by drawings.

END OF SECTION
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1. GENERAL

11

1.2

13

1.4

15

151

15.2

21

211

212

2.2

221

2.2.2

2.3

SCOPE

This section specifies the requirements for the supply and installation of vertical access shafts and
associated structures for sewers.

RELATED SECTIONS

Manholes and Catch Basins Section 02631
Concrete Forms and Accessories Section 03100 Volume 2 Roadways
Reinforcing Steel Section 03210 Volume 2 Roadways
Concrete for Water and Drainage Structures Section 03310

MATERIAL TESTING

Tests for concrete are specified in Section 03310 - Concrete for Water and Drainage Structures.

STANDARDS

Materials supplied for work covered by this section shall be in accordance with ASTM, CGSB and
Canadian Standards.

SHOP DRAWINGS

Submit shop drawings for all cast in place reinforced concrete structures at least 15 calendar days prior
to installation.

Provide details of excavation procedure, and submit shop drawings for initial support system to the
Engineer for review 10 calendar days prior to excavation.

2. PRODUCTS

CONCRETE
Concrete shall be made with type 50 sulphate resistant Portland cement.

Refer to Section 03310 - Concrete for Water and Drainage Structures, for mix design requirements and
standards for concrete production.

MORTAR

Mortar shall conform to the following mix:

= 1 part type 50 sulphate resistant Portland cement
= 1% parts clean sharp sand
=  Water to provide workability

Grout to be non-shrink type Master Builders Embeco or approved equal.

SHAFT BASES

Poured-in-place concrete as detailed on the drawings.
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2.4

241

242

243

24.4

2.4.5

246

25

25.1

252

2.6

3.1

3.11

3.1.2

3.13

3.14

3.2

3.3

331

3.3.2

3.3.3

334

SHAFT MANHOLE BARRELS AND TOPS

Barrels - circular precast sections and joints as specified in Section 02631 - Manholes and Catch
Basins.

Cast-in-Place Walls - as detailed on the drawings.

Top Sections - top section shall be precast conical, eccentric in accordance with Section 02631 and as
shown on drawings.

Covers, Frames - as shown on the drawings, and specified in Section 02631.

Safety Steps - cast into precast section or drilled into cast concrete, with maximum spacing 300 mm,
as specified in Section 02631.

All precast units to conform to CAN/CSA-A257.3.

MISCELLANEOUS METAL

All miscellaneous metal used inside shaft manholes, or buried as part of shaft sewer manholes shall be
steel, hot dipped galvanised after fabrications.

All inserts and insert bolts shall be stainless steel to the grade specified on the drawings.

SHAFT BACKFILL

Backfill for the annular space between temporary shaft liner and precast access manhole structure to be
fillcrete as specified in Section 02318 - Trench and Backfill, Volume 2 Roadways or approved equal.

3. EXECUTION

EXCAVATION AND INITIAL SHAFT LINING

The Contractor is responsible for selecting the excavation method, designing and installing the shaft
initial support based on borehole information or geotechnical reports. The Contractor shall monitor the
ground conditions during excavation to ensure the proposed procedure can be accomplished without
ground loss, settlement, and within legislated safety guidelines. If the ground conditions differ
significantly from what was assumed in the Contractor’s design, inform the Engineer immediately.

The Contractor shall install the initial shaft lining and secure it in the excavation. Any pre-drilled hole
and subsequent insertion of pre-built liner will be secured by backfilling with Fillcrete around the
annulus.

Remove water from excavations prior to placing structural concrete. Where water is present, provide a
continuous dewatering system to prevent the flow of water affecting the setting of the concrete.

Over excavate at the base to remove unsuitable ground as required for structure installation, and place
a mud slab as required.

STRUCTURAL SHAFT LINING
Construct access shaft and structures in accordance with details on the drawings.
PRECAST STRUCTURES

Set bottom sections plumb on poured bases prior to concrete setting completely and seal base joint with
mortar.

Install gaskets and set manhole sections in place, in accordance with the directions of the manufacture.
Manhole steps shall be aligned with a maximum spacing of 410 mm.

Seal all interior joints with mortar.
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3.35

3.3.6

3.3.7

3.4

3.5

Place backfill around manholes for the full depth.
Set the conical tops, frame and cover and adjust to finished grades.
Clean manhole rungs and remove dirt, mortar, debris and other material from access shaft manholes.

CAST IN PLACE STRUCTURAL LINING

Set formwork, install steel reinforcement, and place concrete in accordance with the drawings and
Section 03100 — Concrete Forms and Accessories, Section 03210 — Reinforcing Steel, both in Volume
2 Roadways and Section 03310 — Concrete for Water and Sewer Structures.

INFILTRATION TESTING
Infiltration into the completed shaft to be a maximum of 5 litres/minute

END OF SECTION
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1. GENERAL

11

1.2

121

1.2.2

21

2.1.1

212

2.1.3

2.2

221

222

2.3

23.1

232

SCOPE

This section specifies the requirements for the installation of sewer pipes referred to as “carrier pipe”,
under designated rights-of-way by means of boring, jacking or tunneling.

RELATED SECTIONS

Trench and Backfill Section 02318 Volume 2 Roadways
Sewers Section 02535
Regulations

Regulations of the Board of Transport Commissioners, the National Energy Board and Alberta
Transportation apply to the work of this section with regard to highway, railway and pipeline crossings.

Submittals

Submit in writing to the Engineer, complete details regarding 