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 Foreword
 This document defines the sewerage design principles adopted by Yarra Valley Water. They are intended for use by Yarra Valley Water planners and approved external consultants.
 The purpose of these design principles are to:
 document the knowledge of sewerage planning engineers;
 accelerate the learning of inexperienced sewerage planning engineers;
 make the decision making processes transparent;
 encourage scrutiny of Yarra Valley Water standards to promote innovation and change;
 ensure consistency and equity of decision making; and
 provide clear guidelines to improve the responsiveness of planning engineers.
 It is intended that this document will be regularly reviewed and proposals to do so at any time are welcomed.
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 1. INTRODUCTION
 Purpose
 This document has been prepared by collating the data and design criteria used for planning purposes by the Growth Planning, Infrastructure Planning, and Network Operations Divisions. Different criteria and/or exceptions may apply to special one-off situations and will need to be approved by the relevant Manager(s).
 It is intended that this document be read in conjunction with the Water Services Association of Australia WSA02-2002 Sewerage Code of Australia (Melbourne Retail Water Agencies Version 1.0 (MRWA)) and YVW’s Standard Specifications. Within the MRWA there are sections which refer to advice or guidance to be provided by the Water Agency, this document seeks to provide such guidance.
 The intention of this document is to define the principles and philosophies that are not covered in the above standards which YVW applies when planning, building and operating sewerage infrastructure to ensure customer service levels and sound asset management practices. Overtime it is intended to migrate some of these issues into the WSAA (MRWA) standards.
 This document should be used as a reference when preparing strategies, conceptual, functional and detailed designs. It should be provided to consultants as a reference document to improve the process of design and construction by external parties for any sewerage assets which YVW will eventually own and operate.
 Definitions
 Average Recurrence Interval (ARI) The average length of time between consecutive events greater than a given size (often referred to as 1 in T year flood)
 Branch Sewer Any sewer DN300mm or larger in size
 Boundary Trap An inverted siphon positioned in a customer drain to prevent sewer gases entering the building
 Dry Weather Flow The combined daily sanitary flow into a sewer plus the non-rainfall dependent groundwater infiltration
 Easement An area of land reserved for a specific purpose, for example access, sewerage or drainage
 Emergency Relief Structure (ERS) ERS’s are points within the sewerage system which permit controlled spillage of sewage from the system generally into a stream or drain
 Emergency Storage A storage tank located at a sewerage pump station which enables flows to be stored in the event of a mechanical or power failure. YVW’s standard requires such storages to hold 3 hours of peak dry weather flow
 Equivalent Population The equivalent hypothetical residential population that would produce the same peak dry weather flow as that contributed by the area under consideration i.e. all zonings including residential, commercial, and industrial.
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 Flow Control Facility (FCF) Similar to an emergency storage however typically much larger. FCF’s are designed to store wet weather flows for release into the downstream system when capacity is available, enabling downstream upgrades and augmentations to be avoided whilst preventing overflows
 Gas Check Manhole A double or single manhole on a sewer which incorporates an inverted siphon. They are used to prevent migration of sewer gases from downstream to upstream
 Ground Water Infiltration (GWI) Infiltration of water into the sewerage system which is not dependent on rainfall
 Hydraulic Grade Line (HGL) The hydraulic grade line is defined as the static head of water. For sewers under pressure flow, it can be represented by the height relative to the invert of the sewer to which water would rise if a tube were inserted in the sewer sofit
 Infiltration Groundwater which enters the sewerage system via faults in the sewerage system (ie. cracks, holes, joints etc.)
 Inflow Surface water entering the sewer system, usually by illegal stormwater connection or other surface openings (ie. cracked or missing manhole covers)
 Interlock An interconnection between two devices to ensure their coordinated operation (ie. simultaneous operation or to shut down the upstream SPS due to a failure at the downstream SPS)
 Internal Diameter (ID) Refers to the internal diameter of the pipe. It is denoted as the internal diameter followed by the letters “ID” (ie. 300ID)
 Invert The lowest point of the internal surface of a pipe or channel at any cross-section
 Nominal Diameter (DN) Refers to the nominal (not exact) closest standard pipe diameter. It is denoted as the letters “DN” followed by the nominal diameter (ie. DN300)
 Obvert The highest point of the internal surface of a pipe at any cross-section (sometimes referred to as the sofit)
 Odour Control Facility (OCF) Any installation which is designed to deliver either liquid or gas phase odour treatment
 Pressure Sewer A sewer pipe which is fully sealed and operates under pressure, collecting property flows from small pump stations and transferring them to an outfall location
 Property Branch Sewer A pipe which connects a property to the sewer system
 Pump Snort The point at which a pump starts sucking air instead of sewage
 Pump Well Sometimes used instead of “wet well”
 Reticulation Sewer DN100 (special cases) to DN225
 Rising Main (Falling Main) A section of the sewerage system where the flow is under pressure (or can be under pressure)
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 Roughness Coefficient (ks) A parameter used in Colebrook-White formula to allow for the surface properties of different pipe materials (measured in mm)
 Sewage Flows Average Dry Weather Flow (ADWF)
 the amount of sewage which enters the system during dry weather conditions (also referred to as the sanitary flow)
 Peak Dry Weather Flow (PDWF)
 the highest measured flow over a period of 24 hours during dry weather conditions
 Peak Wet Weather Flow (PWWF)
 the highest measured flow over a period of 24 hours during wet weather conditions which includes the dry weather (sanitary) flow, groundwater non-rainfall dependent infiltration, and rainfall dependant inflow and infiltration
 Sewerage Pump Station (SPS) A pump station used to transfer sewage from a low point to a high point. Within YVW’s system, SPS’s typically include submersible centrifugal pumps
 Surcharge When the hydraulic grade line is above the obvert of the pipe
 Water Hammer Caused by pressure surges in a closed pipe system due to sudden changes in velocity of fluid. It results in vibration and maybe accompanied by a thumping noise which can cause damage to the pipe
 Wet Well The part of the SPS into which the sewerage system discharges prior to pumping
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 2. FLOW ESTIMATION
 Sewer Flow Estimation
 Sewer flows are to be estimated using one of the following methods (listed in order of preference):
 1. Computerised hydraulic modelling using InfoWorks CS (described in Section 10)
 2. WSA02-2002 flow estimation method (described in Section 3.1.1)
 WSA02-2002 Flow Estimation Method
 Design sewer flow = PDWF + GWI + IIF
 where, PDWF = peak dry weather sanitary flow
 GWI = groundwater (non rainfall) dependent infiltration
 IIF = rainfall dependent inflow and infiltration
 Components Of Design Flow
 PDWF = d x ADWF
 where, PDWF = peak dry weather sanitary flow
 d = peaking factor = 0.01(log A)4 – 0.19(log A)3 + 1.4(log A)2 – 4.66log A + 7.57
 A = gross plan area of the development’s catchment in hectares
 ADWF = Average Dry Weather Flow = 0.0022 L/sec/EP x EP
 where, EP = equivalent population (YVW adopts a value of 128.5 L/person/day)
 It should be noted that WSAA adopts 180 L/day/EP. YVW uses a different figure as we assume an EP of 4 persons per single occupancy lot compared with 3.5 persons as described in WSA02-2002. The actual EP figure used should be derived from water demand builder tool to be consistent with the demands being used by the water planners.
 30% of pipe depth allowance for air flow (equates to 17% of volume)
 IIF = peak (rainfall dependent) inflow and infiltration
 PDWF = peak daily dry weather (sanitary) flow
 GWI – groundwater (non-rainfall dependent) infiltration
 ../Water/Water%20And%20Sewer%20Demand%20Builder.xls
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 Peaking Factors (d) For Various Catchment Areas
 Catchment Area In Hectares (A) 1 5 10 25 50 100
 Peaking Factor (d) 7.57 4.93 4.13 3.31 2.85 2.49
 Equivalent Populations (EP) For Various Development Types
 Development Type Units EP Per Unit
 Comment
 Residential
 Single lots – houses per lot 2.6 Only use if lot sizes are unknown
 Single lots – houses (>500m2) per ha 30 Lot yield of up to 20 lots/ha
 Single lots – houses (300m2 – 500m2) per ha 45 Lot yield of up to 33 lots/ha
 Single lots – houses (<300m2) per ha 70 Lot yield of at least 33 lots/ha
 Single lots – units per lot 2 Only use if lot sizes are unknown
 Medium density group housing per ha 120 Small hotels/motels, hostels up to 3 storeys high
 Medium density walk up flats per ha 210 Up to 3 storeys high
 High density multi-storey apartments per ha 375 Above 3 storeys high
 Commercial
 High density commercial per ha of lettable
 floor space 800 Typically CBD style commercial
 Local commercial per ha 75 Typically suburban commercial
 Warehouses per ha 75
 Future industrial per ha 150 Use when type of industry is unknown
 Schools per student 0.2 Includes teaching staff
 Hospitals and nursing homes per bed 3.4 Includes staff quarters
 Parks and gardens per ha 20
 Public events per visitor 0.05 Shows, races, sporting events
 Clubs per occupant 0.25 Use maximum patrons permitted
 Golf courses per ha 10 Not including club house
 If there is a mix of development types, the EP calculation should combine them together to get a single ADWF.
 Refer to Tables A1, A2 and A3 in WSA02-2002 for a more comprehensive list of EP’s for various residential, commercial and industrial development types.
 GWI = 0.025 x A x Portion wet
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 where, GWI = groundwater (no rainfall dependent) infiltration
 A = gross plan area of the development’s catchment in hectares
 Portion wet = portion of the pipe network below the groundwater table level
 (if unsure use a default value of 0.35 which equates to 35% and is based on 100% of branch sewers (10% of the network) being below the water table and 25% of reticulation sewers (90% of the network) being below the water table)
 IIF = 0.028 x A eff x C x I
 where, IIF = rainfall dependent inflow and infiltration
 A eff = effective area capable of contributing rainfall dependent infiltration
 C = leakage severity coefficient - ranges from 0.4 to 1.6
 (if unsure use a default value of 0.9, the origin of which is described in the table below)
 I = function of rainfall intensity at the developments geographic location, catchment size and the required sewer system containment standard
 C = S aspect + N aspect
 where, S aspect = soil aspect (default value of 0.5)
 N aspect = network defects and inflow aspect (default value of 0.4)
 For residential developments
 A eff = A x (Density/150)0.5 for Density <= 150EP/ha
 A eff = A for Density > 150EP/ha
 where, A = gross plan area of the development’s catchment in hectares
 Density = the developments EP density per gross hectare
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 For commercial developments
 A eff = A x (1 – 0.75 Portion impervious)
 where, A = gross plan area of the development’s catchment in hectares
 Portion impervious = portion of the gross plan area likely to be covered by impervious surfaces
 (if unsure use a default value of 0.9 which equates to 90%)
 Leakage Severity Constants (C)
 Influencing Aspect Low Impact Medium Impact High Impact
 Soil aspect (S aspect) 0.2 0.5 0.8
 Description Rock Sandy loam or clay soils with good drainage
 Clay soils with poor drainage
 Network defects and inflow aspect (N aspect) 0.2 0.4 0.8
 Description Minimal network
 defects (fully welded PE)
 Moderate network defects (PVC)
 Many network defects
 (VC, Concrete)
 C = S aspect + N aspect 0.4 (Minimum) 0.9 (Median) 1.6 (Maximum)
 I = I 1,2 x Factor size x Factor containment
 where, I 1,2 = 1 hour duration rainfall intensity at the development location for an ARI of 2 years as shown on the relevant “Design Rainfall Isopleth” in Volume 2 Australia Rainfall and Runoff (2001)
 (if unsure use a default value of 18 which is for Melbourne)
 Factor size = accounts for the fact that II flow concentration times are faster for smaller catchments
 Factor containment = reflects the design containment standard (defined by the EPA)
 Factor size = (40 / A)0.12
 where, A = gross plan area of the development’s catchment in hectares
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 Factor Containment Versus ARI
 ARI Factor containment
 1 Year 0.8
 2 Years 1.0
 5 Years 1.3
 10 Years 1.5
 The default value to be used is 1.3 which relates to the Victorian EPA’s State Environmental Protection Policy (Waters Of Victoria) containment requirement for a rainfall event up to and including a 1 in 5 year ARI.
 A spreadsheet calculation tool for the WSA flow estimation method can be found at:
 I:\SGP\4. Design Principles\Sewer\Sewer WSA Flow Estimation.xls
 The Colebrook White calculation tool can be found at:
 I:\SGP\4. Design Principles\Sewer\Other Documents\Colebr49.exe
 Design charts for ovoid sewers can be found at:
 I:\SGP\4. Design Principles\Sewer\Other Documents\Ovoid Sewer Design.pdf
 Computerised Hydraulic Modelling Flow Estimation Method
 Dry Weather Flows
 The dry weather diurnal flow profiles included in Appendix A are to be used for computer modelling of new growth areas. These profiles are unit hydrographs and should be multiplied by a dry weather flow of 514 L/hh/day (see water demand builder tool for how this figure is derived) for all residential areas.
 Wet Weather Flows
 The design of new infrastructure should be tested using 1 in 5 year ARI rainfall events. 1 hour, 2 hour, 6 hour, 12 hour, 24 hour, 36 hour, 48 hour and 72 hour design storms are to be tested with the event producing the highest peak flow to be used for the design of any new assets.
 For YVW catchments, the following is typically observed near the outfall:
 Short duration storms (<12 hour) typically generate higher peak flows than long duration storms.
 Long duration storms (>=12 hour) typically generate higher flow volumes than short duration storms.
 Other%20Documents/Colebr49.exe
 Other%20Documents/Ovoid%20Sewer%20Design.pdf
 ../Water/Water%20And%20Sewer%20Demand%20Builder.xls
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 The table below indicates the infiltration rates which are to be used for various asset types:
 Wet Weather Flow Assumptions
 Asset Type Expected Asset
 Life
 Fast Response
 (% of rainfall entering system
 during and immediately
 following storm)
 Slow Response
 (% of rainfall entering system for
 an extended period following
 the storm)
 Total
 (% of rainfall entering system during and after
 the storm)
 Permanent >=15 years 1 1 2
 Temporary * <15 years 0.25 0.25 0.5
 * Derived from a statistical modelling analysis of flow monitoring data collected from catchments of various ages completed during 2006 by Christine Grundy and Xavier Pedeux (M:\INFRASTRUCTURE SERVICES\Asset Management Division\Sewer Asset Management\3 Library\Greens\G063 II Green.doc)
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 3. COMMON DESIGN PRINCIPLES
 Cost Estimation
 When preparing cost estimates, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 These cost estimates are based on contract prices and do not include YVW project management or contingency allowances. As such, costs calculated from the curves should be adjusted as follows:
 Cost Estimate Contingency Allowances
 Project Phase Contingency Allowance To Be Added To Cost Estimate Derived From Cost
 Curves
 Concept / Functional Design 30%
 Preliminary Design 20%
 Detailed Design 10%
 Should the cost estimate differ by more than 20% between the concept/functional design phase and the detailed design phase, the project should be referred back to the relevant planning team to ensure that the recommended option is still preferred.
 Electricity Pricing
 All electricity costing calculations should assume the use of 100% green energy.
 Larger sites such as Sewerage Treatment Plants and large Sewer Pump Stations tend to be charged at lower rates as they are supplied on special contracts (they are ‘contestable sites’). Smaller sites are usually charged at higher rates.
 Electricity prices for specific sites will vary depending on whether usage is peak/off-peak, site location, electricity supplier and contestability of site.
 The NPV spreadsheet includes electricity costing rates, including the option to purchase up to 100% green power, to specify large or small sites and to specify peak/off-peak usage. This can be used to calculate projected electricity costs.
 Odour Management
 YVW engaged GHD to prepare an odour management strategy in August 2006 to assist sewerage planners in determining what the most appropriate odour treatment should be for various asset classes:
 I:\SES\Sewer Growth\3. Design Principles\Sewer\YVW Odour Management Strategy August 2006.pdf
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 The asset decision trees in Appendix E of the Odour Management Strategy should be used to identify whether odour treatment is required and if so, what the recommended treatment is.
 Appendix B and Appendix C describe the common forms of odour treatment and provide an overview of their pros and cons.
 Pipe Materials
 YVW’s list of approved pipe materials is maintained by Asset Creation and can be found on the YVW website:
 http://www.yvw.com.au/yvw/ServicesAndProducts/Publications/Standards.htm
 Appendix D and Appendix E describe the various pipe materials available for gravity and pressure sewers and provide an overview of their pros and cons.
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 4. GRAVITY SEWER SYSTEMS
 Overview
 A reticulation sewer is defined as any sewer with a nominal diameter of less than DN300mm.
 Reticulation sewers are the smaller collector pipes which transfer sewage to the branch sewer network.
 A branch sewer is defined as any sewer with a nominal diameter greater than of equal to DN300mm.
 Branch sewers are the main collector pipes which transfer sewage from the catchment to the treatment facility.
 When designing gravity sewers, the following aspects should be taken into account:
 Capacity
 Minimum velocity
 Maximum velocity
 Materials
 Easements
 Odour control
 Gas check manholes
 Cost estimation
 Capacity
 Pipe On Grade Capacity = 70% (Design Flow Allowance) + 30% (Air Space Allowance)
 Air space allowance = 30%
 Design flow (as calculated in Section 3.1) = 70%
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 The on grade capacity of branch sewers should be assessed using the Colebrook-White formula:
 2gDSD
 v 2.51
 3.7D
 klog 2gDS- V
 AV Q
 s10
 where, Q = on grade capacity (l/s)
 V = velocity (m/s)
 A = cross sectional area of pipe (m2)
 D = diameter of pipe (m)
 ks = pipe roughness (m)
 S = hydraulic gradient (m/m)
 g = gravity = 9.81 m/s2
 v = kinematic viscosity = 1.14 x 10-6 m2/s
 The table below shows approximate on grade capacities for various pipe diameters and hydraulic gradients assuming a pipe roughness of ks = 1.5mm.
 Approximate Pipe On Grade Capacities (Litres per Second)
 Internal Diameter (ID)
 Grade
 1 in 50 1 in 100 1 in 200 1 in 300
 150mm 22 15 11 9
 225mm 65 46 32 26
 300mm 139 98 69 56
 375mm 251 177 125 102
 450mm 406 287 203 165
 525mm 610 431 304 248
 600mm 868 613 433 353
 750mm 1,563 1,105 780 637
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 Pipe Roughness (ks) Values To Be Used Based On Material
 Pipe Material VC Concrete GRP PVC PE
 ks (mm) 1.0 1.5 0.6 0.6 0.6
 In order to prevent overloading of reticulation sewers and to limit spillage, the maximum number of lots allowed to connect to different sized pipes depending on grade are shown in the table below (taken from WSA02-2002 Table 4.4).
 Maximum Number Of Connections For Reticulation Sewers Dependent On Grade (WSA02-2002 Table 4.4)
 Nominal Pipe Diameter (DN)
 100mm 150mm 225mm
 Grade Max Lots Grade Max Lots Grade Max Lots
 1 in 30 15 1 in 40 200 1 in 50 600
 1 in 60 10 1 in 50 170 1 in 80 460
 1 in 80 4 1 in 80 140 1 in 100 410
 1 in 100 120 1 in 120 370
 1 in 120 110 1 in 150 330
 1 in 150 100 1 in 200 280
 1 in 250 260
 1 in 300 230
 The minimum allowable gravity sewer pipe diameters for various development types are as follows:
 Minimum Gravity Sewer Diameters
 Development Type Minimum Pipe Diameter (DN)
 Residential 100mm (special circumstances), 150mm (default)
 Commercial / Industrial 225mm
 Minimum Velocity
 All gravity sewers must achieve a self cleansing velocity of 0.7m/s (based on PDWF + GWI) at least once per day. This is to ensure that any grit or debris which may build up within the pipe can be flushed out without the need for manual cleaning.
 Maximum Velocity
 The maximum velocity allowable in gravity sewers during PWWF is 3.0m/s. This is to avoid scouring of the pipe and ultimately increase its serviceable life.
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 Materials
 There are several different materials used for sewerage pipes.
 For a summary of the advantages and disadvantages along with the different sizes available please see Appendix D.
 Gas Check Manholes
 Gas check manholes are used to prevent sewer gases from travelling upstream out of the branch sewer and reticulation pipe networks and venting into the atmosphere via customer property drains.
 Gas check manholes should provided on sewers:
 Up to and including DN375mm and should have at least 50 properties upstream of them; or
 Immediately upstream of SPS’s.
 They should not be specified on any sewer which has commercial or industrial discharges entering upstream.
 Any sewer which does not have a gas check manhole at the connecting branch sewer must have a boundary trap at each of the property connections.
 No industrial flows
 Sewer ≤ 375mm
 US of SPS
 ≥ 50 properties
 Gas check manhole
 No industrial flows
 Sewer ≤ 375mm
 US of SPS
 < 50 properties
 Boundary traps
 Industrial flows
 Sewer ≤ 375mm
 DS of SPS
 Boundary traps
 SPS
 Gas check manhole
 Rising Main
 ≤37
 5mm
 > 375mm
 No industrial flows
 Sewer ≤ 375mm
 DS of SPS
 < 50 properties
 Boundary trapsNo industrial flows
 Sewer ≤ 375mm
 DS of SPS
 ≥ 50 properties
 Gas check manhole
 ≤37
 5mm
 ≤37
 5mm
 ≤37
 5mm
 ≤375m
 m
 > 375mm
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 Emergency Relief Structures (ERS’s)
 ERS’s are used to relieve the gravity sewer system and prevent spills into customer properties during rainfall events greater than a 1 in 5 year ARI.
 ERS’s are sized to carry the PWWF and are connected to the nearest waterway or drain.
 If an ERS is required, the asset owner (Melbourne Water or the relevant Council) must be consulted during the design phase to ensure the connection to the drain or waterway incorporates their requirements.
 Approval from the EPA is not required to install a new ERS (EPA is notified of ERS locations and spill volumes quarterly as part of the regulatory reporting requirement).
 All ERS’s must be equipped with telemetry which records when a spill occurs and estimates the volume. This information is required for EPA spill reporting.
 Easements
 An easement should be an unobstructed area and be clear of other services and surface coverings such as pavements and landscaping.
 Easements are required:
 along side boundaries unless the lot is greater than 4,000 m2
 along front or rear boundaries for lots less than 450 m2
 where the sewer does not abut a title boundary for any size lot
 maintenance holes must be located within the easement
 YVW Gravity Sewer Easement Requirements
 Land Use Pipe Size Preferred Land Tenure Action
 Residential Zoning
 Private Property < 300 mm Minimum 2m easement (with a minimum 0.6m clearance from the outside of the pipe to the easement/title boundary)
 300 – 450 mm Minimum 2.5m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 >450 – 600 mm Minimum 3.0m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 > 600 mm REDESIGN WHEREVER POSSIBLE OUT OF PRIVATE PROPERTY
 (if proven not possible a 3.7m + diameter of the pipe rounded to 0.5m easement with pipe to be centrally located)
 Commercial/Industrial Zoning
 Private Property 600 mm Minimum 3.0m easement (Min 1.0m clearance from outside of pipe to easement boundary)
 > 600mm REDESIGN WHEREVER POSSIBLE OUT OF PRIVATE PROPERTY
 (If proven not possible a 3.7m + diameter of pipe rounded to 0.5m
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 Land Use Pipe Size Preferred Land Tenure Action
 easement with pipe to be centrally located)
 Municipal Reserve
 < 300 mm Where a sewer offset is >2.0m offset from a title boundary a minimum 2.0m easement is required
 300 – 450 mm Minimum 2.5m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 >450 – 600 mm Minimum 3.0m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 > 600 mm 3.7m + diameter of pipe rounded to 0.5m easement. Pipe to be centrally located
 Rural Zoning (>4000sq m)
 Private Property < 300 mm Where a sewer offset is >2.0m offset from a title boundary a minimum 2.0m easement is required
 300 – 450 mm Minimum 2.5m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 >450 – 600 mm Minimum 3.0m easement (with a minimum 1.0m clearance from the outside of the pipe to the easement/title boundary)
 > 600 mm 3.7m + diameter of pipe rounded to 0.5m easement
 Odour Management
 The ‘Odour Potential Risk Calculator’ can be used to undertake a ‘first pass’ desktop assessment of whether odour control is required. The asset decision trees in Appendix E of the ‘YVW Odour Management Strategy’ can then be used to further identify whether odour treatment is required and if so, what the recommended treatment is.
 Strategy: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Management Strategy.pdf
 Calculator: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Risk Calculator v1.xls
 Should odour control be required, the preferred technologies for gravity sewers (in order of preference) are:
 1. Odour confinement through construction of boundary traps and gas check manholes.
 2. Mechanical extraction through soil bed filter at odour hot spots should site be suitable.
 3. Forced flow through activated carbon or media filter such as Purafil unit (where power available and gas rate suitable).
 4. Forced flow through BioFilter where power available and high flows require treatment.
 5. No chemical dosing of gravity sewers currently employed by YVW owing to numerous dose points required and high operating costs where trade waste or high strength sewage.
 Cost Estimation
 When preparing cost estimates for gravity sewers, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 Other%20Documents/YVW%20Odour%20Management%20Strategy.pdf
 Other%20Documents/YVW%20Odour%20Risk%20Calculator%20v1.xls
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 Cost curves which relate to gravity sewers are:
 Main and branch sewers by boring and pipe jacking
 Main and branch sewers <5m deep constructed by open cut
 Main and branch sewers >5m deep constructed by open cut or tunnelling
 Reticulation and backlog sewers
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 5. PRESSURE SEWER SYSTEMS
 Overview
 A pressure sewer system is made up of a network of fully sealed pipes which are fed by pumping units located at each individual property. The pumping unit processes the household wastewater and transfers it to the pressure sewer located in the street via a small pipeline within the property.
 The pressure sewer system is made of the following key elements:
 pressure sewer in the street
 pumping unit located on the customers property
 boundary valve kit located on the customers property
 house service line
 control panel
 When designing gravity sewers, the following aspects should be taken into account:
 Flow estimation
 Materials
 Pipe Sizes
 Capacity
 Minimum velocity
 Maximum velocity
 Valves
 Air Management
 Easements
 Odour control
 Cost estimation
 Flow Estimation
 As pressure sewers are fully sealed, inflow and infiltration can only enter the system via the customers sanitary drain.
 When designing pressure sewers, inflow and infiltration is assumed to be zero, meaning that the design flow equation can be amended as follows:
 Design sewer flow = PDWF
 where, PDWF = peak dry weather sanitary flow (as calculated using the method described in Section 2).
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 Materials
 All pressure sewers are to be constructed using fully welded polyethylene (PE) pipe – PE100 (SDR11) PN16 and approved fittings.
 All on-property pumping units (including the storage tank, control system, valves and pumps) are to be supplied by Aquatec Fluid Systems.
 All reticulation network valves and fittings are to be supplied by Aquatec Fluid Systems.
 Pipe Sizes
 The minimum allowable pressure sewer pipe diameters are as follows:
 Minimum Pressure Sewer Diameters
 Pipe Type Minimum Pipe Diameter (DN)
 House service lines 40mm (ID = 32mm)
 Pressure sewers 50mm (ID = 40mm)
 Capacity
 Pressure sewers are sized in a similar manner to water mains. Pipes are sized to minimise friction losses whilst remaining within a defined velocity range.
 YVW has approved the use of two Aquatec pressure sewer pumping units. These are:
 Multi stage centrifugal pumps (also known as OGP pumps). This pump operates on a pump curve and as such does not require a pressure cut out. These pumps are preferred where the pump head is less than 50m.
 Positive displacement pumps (also known as SGPC pumps) equipped with a pressure cut out switch which is factory set to 48m. These pumps are capable of pumping much higher pressures however factory testing has indicated that by increasing the pressure cut out point, rotor and stator wear significantly increases – occasionally YVW may request that the factory pressure cut out be increased to up to 60m and accept that the rotor and stator life will be reduced by approximately 25%.
 Minimum Velocity
 All pressure sewers must achieve a self cleansing velocity of 0.6m/s (based on PDWF) at least once per day. This is to ensure that any grit or debris which may build up within the pipe can be flushed out without the need for manual cleaning.
 Maximum Velocity
 The maximum velocity allowable in gravity sewers during PWWF is 3.0m/s. This is to avoid scouring of the pipe and ultimately increase its serviceable life.
 Valves
 The table below lists the various valves and their general requirements.
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 Pressure Sewer Valves
 Valve Type Purpose Requirements
 Isolation (shut) valve
 Are used to isolate sections of the pressure sewer in the event of a system failure of required maintenance.
 Must be clockwise closing (opposite to water)
 All pressure sewer valves must be fitted with a pressure sewer spindle to distinguish them from water valves.
 Must be located at intervals of not greater than 500m or 30 service connections.
 Must also be located on either sides of bridge crossings or unstable ground.
 Scour (flushing point) valve Are used to flush flows out of the pressure sewer either for cleaning or maintenance purposes.
 Must be located at the end of every pressure sewer line.
 Air valve
 Are used to release air which accumulates in the system which may potentially cause operational problems or enable a destructive vacuum forming.
 Must be located at all high points where a negative pressure of 10m can occur.
 Boundary valve kits
 Are used to isolate individual pumping units from the pressure sewer in the street as well as preventing flows passing from the pressure sewer in the street back into the customers property.
 Must be located on every property between the pumping unit and the pressure sewer in the street.
 Air Management
 When air accumulates in the pressure sewer network and velocities are not sufficient to move it downstream, the upstream pumps operate under greater heads. This leads to increased pump wear and in extreme situations, some pumping units being unable to pump into the system.
 The Walski equation can be used to determine whether a pocket of air is likely to be swept downstream.
 0.32
 2
 S xD xg
 V x0.88P
 where, V = velocity (m/s)
 g = gravitational constant (m/s2)
 D = internal pipe diameter (m)
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 S = grade of the pipe (%)
 If P>1.0, the air pocket will be swept downstream and along the system
 P<=1.0, the air pocket will not be swept downstream with the sewage flow
 Easements
 An easement should be unobstructed area and be clear of other services and surface obstructions such as pavements and landscaping.
 Reticulation pressure sewers should be constructed in the road reserve and public open space where possible.
 YVW Pressure Sewer Easement Requirements
 Land Use Pipe Size Preferred Land Tenure Action
 Reticulation Pressure Sewers
 Municipal Reserve
 < 100mm Minimum 2.0m easement. Pipe to be located centrally within easement
 > 100mm and < 200mm Minimum 4.0m easement. Pipe to be located centrally within easement
 200 mm Minimum 6.0m easement. Pipe to be located centrally within easement
 Private Property All sizes REDESIGN WHEREVER POSSIBLE OUT OF PRIVATE PROPERTY
 (if proven not possible an easement based on the diameter of the pipe rounded to 0.5m with pipe to be centrally located)
 House Service Lines And Pumping Units
 Private Property 40mm Easements not required
 Odour Management
 The ‘Odour Potential Risk Calculator’ can be used to undertake a ‘first pass’ desktop assessment of whether odour control is required. The asset decision trees in Appendix E of the ‘YVW Odour Management Strategy’ can then be used to further identify whether odour treatment is required and if so, what the recommended treatment is.
 Strategy: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Management Strategy.pdf
 Calculator: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Risk Calculator v1.xls
 Should odour control be required, the preferred technologies for pressure sewers (in order of preference) are:
 1. Dosing at outlet manhole. Where shelf life can be restricted to <3 months and levels of BOD or trade waste are moderate or less, Magnesium Hydroxide liquid is to be used.
 2. Mechanical extraction through soil bed filter should site be suitable – at outlet manhole.
 3. Forced flow through activated carbon filter or media filter such as Purafil unit (where power available) – at outlet manhole.
 Other%20Documents/YVW%20Odour%20Management%20Strategy.pdf
 Other%20Documents/YVW%20Odour%20Risk%20Calculator%20v1.xls
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 Cost Estimation
 When preparing cost estimates for pressure sewers, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 Cost curves which relate to pressure sewers are:
 Sewer rising mains
 Reticulation and backlog sewers
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 6. PRESSURE (RISING) MAINS
 Overview
 Pressure mains are pipes along which sewage is pumped. They typically rise from a sewerage pumping station and discharge into a gravity sewer. Pressure mains are very similar in design to gravity sewers except the pipe flows full.
 The main aspects to consider are
 Capacity
 Design pressure
 Minimum velocity
 Maximum velocity
 Customer connections
 Valves
 Materials
 Easements
 Odour control
 Cost estimation
 Fatigue
 Capacity
 The required capacity of the pressure main is dependent on the flow generated by the upstream pump station and must be equal to at least the pump rate.
 Design Pressure
 The pressure main must be designed for the peak pressure generated by the pump station. This is defined as:
 Peak Pressure = Water Hammer (hw) + Friction Loss (hf) + Static Pressure (hs)
 hw = (a x V) / g
 where, a = velocity of the pressure wave (m/s)
 V = velocity of the water flow (m/s)
 g = gravity (9.81 m/s2)
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 Et
 D
 K
 1
 1a
 where, a = velocity of the pressure wave (m/s)
 = density (1,000 kg/m3)
 K = bulk modulus (N/m2)
 D = pipe diameter (m)
 E = Young’s modulus (N/m2)
 t = pipe wall thickness (m)
 hf = hf pipe + hf sps
 where, hf = friction loss
 hf pipe = pipe friction loss
 hf sps = pump station fitting friction loss
 16/3
 2211
 pipe fd
 LQn10029.1h
 where, hf = the friction head (m)
 Q = the discharge flow (L/s)
 n = Manning’s coefficient
 L = the length of the pressure main (m)
 D = the internal diameter of the main (mm)
 The friction loss generated by the fittings within the pump station should also be taken into account and added to the peak pressure. Friction losses in the pump station suction and delivery pipe work is calculated using:
 2g
 vkh
 2
 f
 sps f
 where, hf sps = the local head loss at the SPS in m;
 kf = the dimensionless head loss coefficient of the fitting;
 v = the velocity of the liquid in m/s;
 g = the gravitational constant in m/s2.
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 hs = upstream elevation (discharge point) – downstream elevation (base of pump station).
 The pipe class selected for the pressure main must have a peak allowable pressure which is at least equal to the peak pressure and be a minimum of PN16.
 Minimum Velocity
 All pressure mains must achieve a self cleansing velocity of 0.7m/s (based on the pump rate). This is to ensure that any grit or debris which may build up within the pipe can be flushed out without the need for manual cleaning.
 Maximum Velocity
 The maximum velocity allowable in pressure mains during PWWF is 3.0m/s. This is to avoid scouring of the pipe as scouring decreases its serviceable life.
 Customer Connections
 Direct customer connections to pressure mains are not permitted.
 In exceptional circumstances, where Divisional Management approval has been granted, connections into pressure mains must be via SPS’s or pressure sewer pumping units built to YVW standards and may include telemetry interlocks with any upstream pumping stations.
 Valves
 Isolation valves are used to isolate sections of the pipeline so shut downs and repairs of the rising main can be made without having to drain the entire main. All sewerage valves should be clockwise closing.
 Scour valves are used to drain the rising main during commissioning and when it requires emptying for maintenance activities. These valves remain in the shut position during normal operation. Scour valves are to be located at all low points on the rising main. Scours valves should be located within a valve pit.
 Air valves are used to release air automatically from the pressure main. The location and number of air release valves is subject to the arrangement of the pressure main however they are typically placed at high points. They may be housed in an air valve chamber which is vented. Odour management devices may be required depending on the location of the air valve.
 Materials
 There are several different materials used for pressure mains.
 For a summary of the advantages, disadvantages and likely failure modes along with the different sizes available please see Appendix E.
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 Easements
 The table below defines the easement requirements for pressure mains
 Pressure Main Easement Requirements
 Land Use Pipe Size Preferred Land Tenure Action
 Pressure Mains
 Private Property All pipes REDESIGN:
 NOT ACCEPTABLE IN PRIVATE PROPERTY UNDER ANY CIRCUMSTANCES
 Municipal Reserve
 < 200mm Minimum 4.0m easement. Pipe to be located centrally within easement
 200 mm Minimum 6.0m easement. Pipe to be located centrally within easement
 Odour Management
 The ‘Odour Potential Risk Calculator’ can be used to undertake a ‘first pass’ desktop assessment of whether odour control is required. The asset decision trees in Appendix E of the ‘YVW Odour Management Strategy’ can then be used to further identify whether odour treatment is required and if so, what the recommended treatment is.
 Strategy: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Management Strategy.pdf
 Calculator: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Risk Calculator v1.xls
 Should odour control be required, the preferred technologies for pressure mains (in order of preference) are:
 1. Dosing at inlet manhole or upstream SPS. Where shelf life can be restricted to <3 months and levels of BOD or trade waste are moderate or less, Magnesium Hydroxide liquid is to be used.
 2. Mechanical extraction through soil bed filter should site be suitable.
 3. Forced flow through activated carbon filter or media filter such as Purafil unit (where power available).
 4. Ferric chloride dosing if dosing preferred and Magnesium Hydroxide liquid is unsuited.
 5. Combinations of the above where necessary.
 Cost Estimation
 When preparing cost estimates for pressure mains, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 Cost curves which relate to pressure mains are:
 Sewerage rising mains
 Other%20Documents/YVW%20Odour%20Management%20Strategy.pdf
 Other%20Documents/YVW%20Odour%20Risk%20Calculator%20v1.xls
 

Page 33
                        

Yarra Valley Water - Sewerage Design Principles
 Uncontrolled copy printed on 27/02/2013 Page 33
 Issue Date: July 2009 Internal YSGD0439 Version: 1.0
 7. SEWERAGE PUMPING STATIONS (SPS)
 Overview
 Sewerage pumping stations (SPS) are used to transfer sewage from a low point to a high point.
 When designing a SPS the following aspects should be considered
 Pump Station Capacity
 Wet Well Dimensions
 Wet Well Levels
 Emergency Storage Provision
 Emergency Relief Structure
 Ventilation
 Odour Control
 Buffer Distances
 Cost Estimations
 Pump Station Capacity
 The pump station capacity should cater for the design flow (PWWF) without spillage:
 For large catchments (where the PWWF is up to 6 x ADWF) the adopted pumping rate should equate to the PWWF.
 For smaller catchments (where PWWF is greater than 6 x ADWF) the designer may adopt to use the storage capacity within the pump well to dampen out the peak flow events and thereby reduce the required pumping rate. Pump well diameter and distance between “pump cut-in” and “pump cut-out” levels are variables available to provide for the required pump well storage.
 In choosing the design pump rate and selecting an appropriate pump, the designer should aim to optimise pumping efficiency, pumping operation, and the hydraulic conditions within the rising main, under normal ADWF conditions, and maintain good performance and pumping conditions across the range of flow up to the PWWF.
 A peak pumping rate of 6 x ADWF is typically used for sewerage pumping stations with storage in the pump well utilised as required to service flows up to PWWF. As a minimum sewerage pump stations should have 2 pumps on rotating duty (1 duty and 1 standby). Additional duty pumps may be added where required to service a wide flow range (eg: to allow for growth within a developing catchment), or to improve pump capacity and performance.
 Sewerage pump station normally utilise fixed speed pumps operating intermittently, however variable speed drives are utilised in certain conditions. For a fixed speed pump operating under normal conditions the pump discharge characteristics (pump head) remain relatively constant, and therefore the pump discharge rate also remains relatively constant. With a relatively constant discharge rate the variation of inflow conditions must be serviced by a proportional variation in the duration of pump operation. Pumps should be selected to operate intermittently during normal dry weather conditions and to operate more continuously to service storm events.
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 Under normal intermittent operation, the rule-of-thumb for good pump operation is to limit the number of pump starts to 8 starts per pump per hour, ie: 16 starts per hour for 2 pumps on rotating duty.
 Wet Well Dimensions
 The diameter of a small pump station should be a minimum of 2,100mm. This is to accommodate the inlet pipe work, guide rails, ladder, floats and allow for maintenance access.
 An intermediate pump station should have a diameter of between 2,100mm and 3,000mm.
 The wet well should be sized so that the pumps start no more than 12 times per hour, or pump no more than 90% of the available wet well storage volume, whichever is smaller.
 The volume between the cut-in and cut-out levels is dependent on the pump size.
 The minimum wet well storage volume for a small two pump station is:
 S
 Qp 900 V
 where, V = required volume (L)
 Qp = Pump Capacity (L/s)
 S = allowable number of starts
 Emergency Storage Provision
 All SPS’s must be provided with a total emergency storage volume (to enable a maintenance crew to respond to a failure) equal to the lesser of either:
 3 hours PDWF; or
 The maximum theoretical inflow volume generated during any continuous 3 hour period during dry weather flow.
 This storage volume must be provided above the high level alarm level and may be provided in one or more of the following - the wet well, an offline storage tank or pipe, or the incoming pipe network.
 The emergency storage is provided to ensure spills do not occur following either a mechanical or power outage, allowing maintenance crews time to respond and arrange for eduction of the well.
 No emergency storage is required at SPS’s which are part of a flow control facility (FCF).
 SPS’s which service a catchment with other SPS’s upstream have the following emergency storage requirements:
 If the SPS is interlocked with the other upstream SPS’s, the emergency storage volume need only be sized to accommodate immediate catchment (ie. the catchment which drains to the SPS via gravity).
 If the SPS is not interlocked with the other upstream SPS’s, the emergency storage volume must accommodate both the immediate catchment as well as the upstream pumped catchments.
 The required storage for an ES can be achieved by using one or more of the following alternatives.
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 Over sizing the incoming pipelines;
 Increasing the diameter and/or depth of the wet well;
 Increasing the diameter of the inlet manhole; or
 Installing a separate storage facility (options described in following sections).
 Single Pipe Fill And Empty By Gravity
 The emergency storage tank is emptied / filled through a single pipe constructed from the inlet manhole. The pipe is graded such that the tank fills as the level in the wet well / inlet manhole rises (to high level alarm) and drains via gravity.
 Dual Pipe High Level Fill Low Level Empty By Gravity
 The emergency storage tank is filled through a graded pipe that commences filling once the high level alarm is reached. The tank is emptied via gravity through a low level pipe that returns flow back to the wet well / inlet manhole. The return pipe is fitted with a flap gate (or non-return valve) which prevents the tank from filling before the high level alarm is reached (ie. during “normal” operation).
 Gravity Fill And Pumped Return
 The emergency storage fills at the high-level alarm level however in this instance, the floor level of the tank is lower than the base of the wet well / inlet manhole. As such, the storage tank returns flow back to the wet well
 ERS overflow level
 High level alarm
 Fill / empty pipe (gravity)
 Effective storage volume
 SPS Inlet Manhole Emergency Storage Tank
 Natural surface level
 ERS overflow level
 High level alarm
 Empty pipe (gravity)
 Effective storage volume
 SPS Inlet Manhole Emergency Storage Tank
 Natural surface level
 Fill pipe
 Duty pump cut-in level
 Flap gate (non-return valve)
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 via a pumped rising main. Generally a standby pump is not provided in the emergency storage tank, due to its infrequent use and the non-critical nature of the duty pump.
 The return pump control is set to enable operation only when the level in the wet well has fallen to an appropriate level (ie. duty cut in).
 Wet Well Levels
 All pumping stations must be located above the 1 in 100 year flood level (levels for specific sites can be obtained from Melbourne Water).
 If the wet well cannot be located above the flood level, the manhole covers must be sealed and a vent installed to above the flood level. All cabinets must be located above the flood level at all times.
 The cut in and cut out levels must be set to minimize retention times without exceeding 12 pump starts/hour.
 The table below contains definitions of different levels in a wet well and the required height of these levels.
 Wet Well levels
 Parameter Description Requirement
 Low Level Set as low as possible to eliminate dead storage but still provide enough submergence of the pump to prevent ventilation at the pump inlet and allow for motor cooling
 Set just above the snort level of the pumps
 Cut Out level The level at which the duty pump is requested to stop
 This shall be the minimum submergence level of the pumps
 Duty Cut In level The level at which the duty pump is requested to start
 Set at 150mm below the incoming sewer invert level
 Standby Cut In Level The wet well level at which the stand-by pump is programmed to start
 Set at 600mm above the duty cut in level
 ERS overflow level
 High level alarm
 Return Pump
 Effective storage volume
 SPS Inlet Manhole Emergency Storage Tank
 Natural surface level
 Pumped
 return to
 manhole
 Duty pump cut-in level
 Fill pipe

Page 37
                        

Yarra Valley Water - Sewerage Design Principles
 Uncontrolled copy printed on 27/02/2013 Page 37
 Issue Date: July 2009 Internal YSGD0439 Version: 1.0
 Parameter Description Requirement
 High Level Alarm Warning on sewage level Set at 300mm above stand-by cut-in level
 Emergency Storage Inflow Alarm
 Warning to indicate overflow into the emergency storage if a separate emergency storage tank is provided
 Set at the level at which the emergency storage starts filling
 High High Level Alarm Alarm to indicate imminent overflow Set at 50mm below the overflow level
 Overflow (ERS) Level The level at which the sewage in the wet-well will overflow into the ERS
 Emergency Relief Structure (ERS)
 ERS’s are used to relieve the pump station and prevent spills to the surface during mechanical or power failures with a duration greater than 3 hours in which the emergency storage is completely filled.
 ERS’s are sized to carry the PWWF 1in 5 year ARI event and are connected to the nearest waterway or drain.
 If an ERS is required, Melbourne Water must be consulted during the design phase to ensure the connection to the drain or waterway incorporates their requirements.
 All ERS’s must be equipped with telemetry which records when a spill occurs and estimates the volume. This information is required for EPA spill reporting.
 The spill level of an ERS should be set so there is no spillage onto properties or from the manholes upstream of the ERS during events which exceed PWWF conditions.
 Ventilation
 All SPS’s must be equipped with ventilation.
 Larger SPS’s may require provision to be made for future odour control in the form of carbon scrubbers.
 Buffer Distances
 Ideally there should be a buffer distance of at least 50m between the nearest residential house and the SPS.
 This may be reduced to 25m where an additional 25m of passive non habitable land is available such as a parkland or wetland (subject to YVW agreement).
 Odour Management
 The ‘Odour Potential Risk Calculator’ can be used to undertake a ‘first pass’ desktop assessment of whether odour control is required. The asset decision trees in Appendix E of the ‘YVW Odour Management Strategy’ can then be used to further identify whether odour treatment is required and if so, what the recommended treatment is.
 Strategy: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Management Strategy.pdf
 Calculator: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Risk Calculator v1.xls
 Should odour control be required, the preferred technologies for SPS’s (in order of preference) are:
 1. Forced airflow through activated carbon filter or media filter such as Purafil unit.
 Other%20Documents/YVW%20Odour%20Management%20Strategy.pdf
 Other%20Documents/YVW%20Odour%20Risk%20Calculator%20v1.xls
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 2. Ferric Chloride dosing if odour prevention is favoured over treatment.
 Cost Estimation
 When preparing cost estimates for SPS’s, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 Cost curves which relate to SPS’s are:
 Sewerage pumping stations
 Sewerage pump station emergency storages
 Privately Owned Sewerage Pumping Stations
 From time to time, YVW is required to assess development applications for parcels of land which are unable to connect to the existing gravity sewer system via gravity. Reasons for this include:
 Full lot control is not possible as the natural surface level is either:
 o Below the invert level of the nearest sewer; or
 o The natural surface level is close to the invert level of the nearest sewer and the grades required by the Plumbing Code for the property drain cannot be achieved.
 There is some other reason which prevents a connection to the nearest gravity sewer, for example:
 o A property is subdivided and construction access through a neighbouring property cannot be negotiated; or
 o A building has been built over a sewer and it is deemed that connection via other means is more acceptable than disrupting the existing structure; or
 o A building is proposed which has an underground section which cannot drain back into the nearby sewer.
 YVW’s starting position is that all developments must connect to the gravity sewer system.
 If it is determined that connection to the gravity sewer system is not possible due to one of the reasons described above, YVW will work with the developer to select one of the following alternatives:
 A sewerage pumping station built to YVW and WSAA standards which will be owned, operated, maintained and replaced by YVW after being constructed and funded by the developer; or
 A pressure sewer system built to YVW and WSAA standards. This system will be owned, operated, maintained and replace by YVW after being constructed and funded by the developer.
 UNDER NO CIRCUMSTANCES ARE PRIVATELY OWNED AND OPERATED SEWERAGE PUMPING STATIONS AN ACCEPTABLE SOLUTION FOR CONNECTION TO THE EXISTING SEWERAGE SYSTEM
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 8. FLOW CONTROL FACILITIES (FCF)
 Overview
 Flow Control Facilities are designed to store wet weather flows for release into the downstream system when capacity is available, enabling downstream upgrades and augmentations to be avoided whilst preventing overflows.
 The design for each FCF will vary greatly due to the physical extent of the civil works and the differing operational requirements.
 The main aspects that should be considered when designing a flow control facility are:
 Capacity
 Flushing Method
 Odour Control
 Buffer Distances
 Cost Estimation
 Capacity
 A FCF should be sized using hydraulic models and should accommodate for future growth in the catchment but should have a discharge rate less than or equal to the available capacity in the downstream sewer (allowing for some infill development).
 It should be noted that the critical design storm used to size the FCF may not correspond with the critical design storm for the rest of the sewerage system.
 Flushing Methods
 Within a FCF, sediment and debris accumulate following each operation.
 These solids must be removed immediately following operation and there are several different methods for doing so. The preferred flushing system is Vacflush.
 For other methods of flushing and a comparison table of the different technologies please see Appendix F.
 Buffer Distances
 There should be a buffer distance of at least 50m between the nearest developable lot and the SPS.
 This may be reduced to 25m where an additional 25m of passive non habitable land is available such as a parkland or wetland (subject to YVW agreement).
 Odour Management
 The ‘Odour Potential Risk Calculator’ can be used to undertake a ‘first pass’ desktop assessment of whether odour control is required. The asset decision trees in Appendix E of the ‘YVW Odour Management Strategy’ can then be used to further identify whether odour treatment is required and if so, what the recommended treatment is.
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 Strategy: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Management Strategy.pdf
 Calculator: I:\SGP\4. Design Principles\Sewer\Other Documents\YVW Odour Risk Calculator v1.xls
 Should odour control be required, the preferred technologies for FCF’s (in order of preference) are:
 1. Forced airflow through activated carbon filter or media filter such as Purafil unit (where power available).
 2. Ferric Chloride dosing if odour prevention is favoured over treatment.
 Cost Estimation
 When preparing cost estimates for FCF’s, the cost curves developed from construction projects already completed by YVW should be used.
 G:\ESC Compliance\Cost Estimate Database\Sewer\Cost Estimate Sewer 2006
 Cost curves which relate to FCF’s are:
 Sewerage Flow Control Facilities
 Other%20Documents/YVW%20Odour%20Management%20Strategy.pdf
 Other%20Documents/YVW%20Odour%20Risk%20Calculator%20v1.xls
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 9. INFOWORKS MODELLING
 InfoWorks CS is the software package used for modelling of sewerage networks.
 Subcatchments
 When modelling new growth, it is often necessary to create new sub-catchments within an existing calibrated model.
 Each subcatchment has a defined land use type (eg. industrial, commercial, residential etc.) and each land use type is made up of a number of different surface runoff surfaces.
 Discrete set of surface properties One Land Use per Subcatchment
 Combined as required but not duplicated
 Max 12 Surfaces
 A Land Use can be used for many Subcatchments
 Rainfall Profile (default = 1)
 Runoff Surfaces Land Use ID Subcatchment
 Standard Combinations of Runoff Surfaces
 Runoff Coefficient
 Upstream MH
 Runoff Surface X1
 Runoff Surface X2
 Runoff Surface X3
 Subcatchment Name
 SMH1-1
 Connected Node (upstream MH)
 Subcatchment Area
 Slope (automatic)
 Runoff Coefficient
 Runoff Surface Xn
 Routing Factor
 Initial Losses
 Land Use 2
 % Fast Surface
 % Slow Surface
 % Very Slow Surface (Optional)
 Land Use 1
 % Fast Surface
 % Slow Surface
 % Very Slow Surface (Optional)
 WWG Profile
 % Connected
 Trade Flow (L/s)
 Trade Flow Profile
 Subcatchment name
 Connected Node (upstream MH)
 Subcatchment Area
 Slope (automatic)
 Rainfall Profile (default = 1)
 WWG Profile
 % Connected
 Trade Flow (L/s)
 Trade Flow Profile
 Subcatchment Name
 Connected Node (upstream MH)
 Subcatchment Area
 Initial Losses
 Runoff Coefficient
 Routing Factor
 Initial Losses
 Routing Factor
 Initial Losses
 Runoff Coefficient
 Routing Factor
 SMH2-2
 SMH3-3
 Made up of 2 or 3 Runoff Surfaces
 36 Standard Surfaces
 Trade Flow (L/s)
 Trade Flow Profile
 Slope (automatic)
 Rainfall Profile (default = 1)
 WWG Profile
 % Connected
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 There are a number of factors which determine contribution to sewage flows.
 The factors can be edited by opening the Subcatchments Window which contains 3 tabs, namely Subcatchment, Land Use and Runoff Surface.
 Subcatchment Tab
 The key parameters in the Subcatchment Tab are described below:
 Subcatchment Tab
 Parameter Units Explanation
 Subcatchment ID ID Name of the subcatchment
 Node ID ID Node to which the subcatchment flows are directed
 Total Area Area of subcatchment. Unless specified, InfoWorks calculates this from the catchment shape drawn.
 Land Use ID ID ‘Land Use’ of the subcatchment.
 A number of parameters in turn make up the Land Use. Land Use properties are set in the Land Use Tab.
 Population Population of subcatchment.
 Unless overridden, the default value is calculated from the Land Use population density. Sometimes, the population is specified in units of households rather than persons (depending on the user). This can be determined by looking in the Wastewater profile set for the subcatchment. If ‘Per Capita Flow’ is set to approximately 700 L/day, then the population is likely to be in units of households.
 Connectivity % The percentage of population connected to sewerage.
 Wastewater Profile ID Sets flow volumes and characteristics including the diurnal flow profile.
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 Parameter Units Explanation
 Section 3.2 describes in detail.
 Additional Foul Flow as set in InfoWorks
 Additional foul flow from the subcatchment. Flows may be solely defined through this field, by setting per capita flows to ‘zero’ in the wastewater profile, and manually calculating the expected flows from the residential/industrial developments.
 This flow is apportioned by the WWG profile.
 Slope m/m Catchment slope is automatically calculated by InfoWorks, however can be overridden.
 Runoff Area % InfoWorks allows up to 12 Runoff Surfaces to be set for each lard use, to represent the different surface types that exist.
 The percentage of each Runoff Surface Type can be set as a default (in the Land Use Tab), or overridden by entering a percentage in the Subcatchment Tab.
 Land Use Tab
 The key parameters in the Land Use Tab are described below:
 Land Use Tab
 Parameter Units Explanation
 Land Use ID ID Name of the Land Use type (alphanumeric)
 Population Density Person/Ha Sets default population density for Land Use. This may be in units of persons or households per hectare.
 NOT USED BY YARRA VALLEY WATER
 Runoff Surface ID Allows you to set the runoff surface type for your first runoff surface. The properties of that runoff surface type are defined in the Runoff Surface Tab.
 Default Area % Allows you to specify percentage of subcatchment that this surface type occupies.
 These % set the RDII for the land use.
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 Runoff Surface Tab
 The key parameters in the Runoff Surface Tab are described below:
 Runoff Surface Tab
 Parameter Units Explanation
 Runoff Surface ID Name of the Runoff Surface type (alphanumeric)
 System Type ID This will be ‘Foul’
 Runoff Routing Value
 Determines if the infiltration is fast or slow
 Smaller number = fast (peakier)
 Initial Loss Value Determines the amount of initial loss before infiltration
 Fixed Runoff Coefficient
 None Determines magnitude of flow to sewer (maximum value = 1).
 YVW standard is to use a value of 1.0 and set the II rates in the land use tab.
 By using a ‘Test’ Model, a number of parameters have been selected to deliver 2% infiltration. This is generally adopted as the infiltration rate in planning for growth areas (for all non-temporary developments).
 Infiltration studies performed on Laurimar Park indicate that infiltration rates for new sewers are actually much lower (close to 0%) however, infiltration increases as sewers age and this needs to be taken into account when sizing assets.
 Modelling Parameters To Be Used
 The parameters to be used when modelling new growth areas are shown below.
 Runoff Surface Tab
 Runoff Surface ID
 Runoff Routing
 Type
 Runoff Routing Value
 Initial Loss Value
 Fixed Runoff
 Coefficient
 Routing Model Subcatchment Area
 5 Rel 5 0 1 Wallingford < 1Ha
 32 Rel 40 0 1 Wallingford
 6 Rel 5 0 1 Large Catchment > 1Ha
 33 Rel 40 0 1 Large Catchment
 * Use the next available numbers for the Runoff Surface IDs if standard surfaces 5, 32, 6 and 33 are not available.
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 Land Use Tab
 Land Use ID Runoff
 Surface 1
 Default
 Area 1 (%)
 Runoff
 Surface 2
 Default
 Area 2 (%)
 Growth (<1Ha) 5 1.0 32 1.0
 Growth (>1Ha) 6 1.0 33 1.0
 Select runoff surfaces defined in the previous step, from the drop-down list.
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 APPENDIX A – DRY WEATHER FLOW PROFILES (DIMENSIONLESS)
 Time Residential
 (Gravity Or Pressure)
 Commercial
 (Gravity Or Pressure)
 00:00 0.643 0.107
 01:00 0.486 0.107
 02:00 0.416 0.180
 03:00 0.374 0.254
 04:00 0.362 0.272
 05:00 0.392 0.368
 06:00 0.614 0.410
 07:00 1.093 0.410
 08:00 1.497 1.208
 09:00 1.563 2.083
 10:00 1.558 2.083
 11:00 1.444 2.083
 12:00 1.285 2.083
 13:00 1.155 2.083
 14:00 1.083 2.083
 15:00 1.019 2.083
 16:00 1.054 1.991
 17:00 1.169 1.184
 18:00 1.302 0.661
 19:00 1.339 0.661
 20:00 1.261 0.643
 21:00 1.113 0.565
 22:00 0.948 0.291
 23:00 0.830 0.107
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 Dry weather diurnal unit demand curves for various demand types to be used for hydraulic modelling.
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 APPENDIX B – LIQUID PHASE CHEMICAL ODOUR CONTROL METHODS
 Technology Advantages Disadvantages Trade/ common name
 Alkalis: Can be dosed in conjuncture with iron slats to improve efficiency
 Dosing with two chemicals may be economically unviable
 > Lime Cheap, readily available, simple to dose, quick to buffer pH up an reduce evolution of H2S
 High pH which can adversely impact on STP
 Can have handling and dosing issues
 Lime
 > Magnesium hydroxide Buffers at a pH of 9.5, no risk of excessive pH
 Non dangerous good
 Expensive and correct dosing equipment needs to be used to prevent blockages
 SulfaLock
 > Sodium hydroxide Usually added as a slug dose to remove slime layer and sulphate reducing bacteria from pipes
 Quick results are achieved
 Dangerous good
 Overdosing may result impact STP’s. This is a short term solution as bacteria and slime may return after a few months
 Sodium hydroxide, Caustic soda
 Biological Additives Relatively new, no adverse effects on sewerage network or plants and may improve STP performance
 Simple dosing method
 Slow response time
 Takes time to re-establish biology if a problem occurs
 Liquid nutrient brew
 Organic concentrate
 Calcium Nitrate Established technology, simple dosing method
 Non dangerous good
 Generates no additional solids
 Optimum results occur in a relatively narrow pH band Calcium nitrate
 Calcium Nitrate/ Ferric Blend Non dangerous good
 Benefits from the iron and nitrate addition, low maintenance requirements
 Acidic substance with a pH of 4, direct exposure to metals or concrete can result in corrosion
 Ferrox
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 Technology Advantages Disadvantages Trade/ common name
 Hydrogen Peroxide Established technology, simple dosing method
 Quick reaction time and unused H2O2 decomposes to increase dissolved oxygen levels.
 Dangerous good
 After dissolved oxygen is consumed generation of H2S can recommence
 Optimum efficiency at pH less than 7.0
 Solvay Interox
 Iron Salts (ferric & ferrous chloride, ferrous sulphate)
 Established technology
 Reaction is irreversible
 Simple dosing method and low maintenance requirements
 Acidic pH<2, direct exposure to metals or concrete can result in corrosion
 Dangerous good
 Optimum pH level > 7.0
 Ferric Sulphate, OdourLock (ferric chloride)
 Oxygen Established Technology, no adverse effects at STP if overdosing occurs
 Limited by solubility of oxygen and residence times
 Can result in high capital outlay to achieve effective dissolution of oxygen
 Difficult to provide residual for long detention times
 Primox,
 Oxygen
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 APPENDIX C – GASEOUS PHASE ODOUR TREATMENT AND VENTILATION METHODS
 Treatment Description
 Activated Carbon Acts as an adsorbent and catalyst. Absorbs organic odours and also oxidises the H2S to disulphide which is then physically absorbed. Can deal with intermittent loads
 Scrubbers
 (Sodium Hypochlorite gas)
 Odorous air passes through a porous material over which a chemical solution is sprayed. This encourages the removal of the odorous gas.
 Odorguard Variation on sodium hypochlorite system. Employs catalyst to improve the efficiency of the standard scrubber.
 Biofilters Require a constant stream. Environmentally friendly, no dangerous goods and minimal maintenance
 Ultra Violet Generate ozone and allowing mixing with foul air, oxidising the H2S. Energy intensive and need to allow for adequate mixing. Can be economically viable in long term
 Ionised Air
 (Terminodour System)
 Generates ionised air which, when passed into the chamber with foul air, oxidising the H2S. High upfront capital but no dangerous goods and low maintenance requirements.
 Thermal Oxidation Generally used at STPs. Air or oxygen at high temperatures are used to remove odours and will also kill other compounds. These include VOC’s and ammonia based odours
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 APPENDIX D – GRAVITY SEWER PIPE MATERIALS
 Material Sizes available Advantages Disadvantages Suitability
 Vitrified Clay (VC) DN100-600 Resistant to chemical corrosion
 Not effected by organic contaminants
 Suitable for all types of sewage
 Resistant to H2S attacks
 Not degraded by UV radiation
 Greater slime build up, difficult to wash off
 May fracture under differential settlement
 Not totally impervious to ground water infiltration
 Not recommended where there is ground contamination by certain chemicals
 Not suitable for above ground installation
 Polyvinyl Chloride (PVC)
 Plain wall and sandwich construction:
 DN100-375
 Profile wall:
 DN150-300
 Structured wall: “Ultra-Rib” DN150-375
 Immune to H2S attacks
 Slow build up of slime which is easy to wash off
 Resistant to corrosive soils
 Abrasion resistant
 Light weight
 Allows for flatter grades or smaller diameter pipes
 Support required to prevent excessive distortion
 If unshielded for more than 12 months will become degraded by UV
 May become damaged by certain pipe cleaning and locating methods
 May become degraded by some solvents
 Not recommended for areas that have extreme ground movement
 Not recommended for areas where future contamination is likely by PVC harmful chemicals
 Not suitable for above ground installation
 Not suitable for some industrial discharges
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 Material Sizes available Advantages Disadvantages Suitability
 Polyethylene (PE)
 DN100-600 Allows for flatter grades or smaller diameter pipes
 Resistant to corrosive soils
 More flexible than PVC
 Allows for narrow trench
 Resistant to UV
 Will bend to conform to subsidence under pipe
 Embedment support required to prevent excessive pipe flexure
 Pipes distort in hot weather
 Higher thermal coefficient than other plastics
 Not suitable for some industrial discharges
 Not suitable in ground contaminated with chemicals that degrade PE
 Not suitable where future works may disturb side supports
 Glass Reinforced Plastic (GRP)
 DN300-1200 (larger on request)
 Immune to H2S attacks
 Allows for flatter grades or smaller diameter pipes
 Greater internal diameter than other pipes of same size and class
 Resin liner can be changed to suit chemical resistance required
 Embedment support required to prevent excessive pipe flexure
 Easily damaged by impact from hard objects
 Damaged pipe is difficult to repair
 Come-a-longs, which are required for jointing in shielded trenches, are more time consuming and difficult than bar and block
 Unsuitable for some industrial discharges
 Unsuitable in ground contaminated with chemicals that degrade GRP
 Not recommended where there is high possibility of third-party intrusion along the pipeline
 Unsuitable for large ground movements or subsidence
 Ductile Iron (DI) DN100-300 High beam and ring strength
 Not effected by UV
 Small changes in length with temperature
 Can have very shallow cover
 Not subject to damage from large loads and differential settlement
 Heavy, requires mechanical lifting
 For uncoated or bitumen coated pipes external PE sleeving is required
 Steeper grades or larger diameter pipes required for CL pipes
 Cement mortar lining is subject to abrasion
 Preferred for above ground installations, but not marine environments
 Favoured where minimum pipe covers are not possible
 Suitable for superimposed loadings to large for other materials

Page 53
                        

Yarra Valley Water - Sewerage Design Principles
 Uncontrolled copy printed on 27/02/2013 Page 53
 Issue Date: July 2009 Internal YSGD0439 Version: 1.0
 Material Sizes available Advantages Disadvantages Suitability
 Fibre Reinforced
 Concrete
 DN100-DN300 Not degraded by solvents
 Performance not effected by disturbance of side supports
 Not effected by UV
 Negligible variation in shape with temperature change
 Product appraisal not completed
 Rough bore requires steeper grades or larger diameter
 Susceptible to corrosion and abrasion
 Not resistant to impact damage
 Not recommended for long term use
 Steel Cement lined for DN100-DN225
 PE line for DN300 and larger
 External coating provides corrosion resistance in aggressive soils
 High beam strength, pressure rating and loading capacity
 Low coefficient of expansion
 Corrosion may occur when coating damaged
 Fittings usually require fabrication to order
 Cement lining is corroded by sulphuric acid
 Preferred for above ground installation.
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 APPENDIX E – PRESSURE MAIN PIPE MATERIALS
 Material Sizes available Likely Failure Advantages Disadvantages
 Ductile Iron Cement (mortar) Lined
 (DICL)
 DN100-600 (DN7500 available on order)
 Corrosion as a result of coating system damage and/or
 Galvanic corrosion associated with copper property service connections
 Withstands higher external loading than UPVC and PE for equivalent support conditions
 Withstands higher internal pressures
 Good for ground subject to large movement
 Easily traced
 Not effected by UV
 Slight change in length due to temperature variations
 Heavier than UPVC
 External PE sleeve required
 PE sleeve easily damaged and may result in corrosion
 Polyvinyl Chloride
 (PVC)
 No distinction between PVC-U, PVC-M or PVC-O
 DN100-750 Fails in brittle manner
 Lighter than DICL
 Corrosion resistant
 External sleeving of pipe not required
 Can accommodate minor ground movement
 Sensitive to impact damage
 Degraded by UV after 12 months
 Not as flexible as PE
 Pipes not readily located without tracer tapes or wire
 Polyethylene (PE) DN16-1000 Relatively new
 Most failures associated with butt-welded joints, electro fusion joints and fitting problems.
 Lighter than DICL, MSCL and GRP
 Greater flexibility than UPVC
 Tolerant of extreme ground movement
 Resistant to UV where carbon black stabiliser used
 Support form embedment required to prevent excessive pipe flexure
 Less stiff than UPVC solid wall pipe
 Significant length changes with temperature changes
 Smaller bore than UPVC pipe in same pressure class
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 Material Sizes available Likely Failure Advantages Disadvantages
 Glass Reinforced Polyester
 GRP
 (Hobas)
 DN300-1200 Fails by wall rupture that is commonly due to pipe damage during construction or at tapping points
 Not effected by corrosion
 Lighter than DICL pipe
 Greater internal diameter than equivalent size
 Can be cut to length on site
 Support from embedment required
 Easily damaged by impact with hard objects
 Unsuitable in ground subject to large movement
 Additional protection required against UV
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 APPENDIX F – FLUSHING SYSTEMS FOR FCF
 System Description
 Tipping buckets A series of buckets are suspended above the tank floor
 The buckets tip over just before they overflow
 The flush water travels down wall and along the tank floor
 A sump required to stop back wash
 An external water source is needed
 Flushing Gates Very similar to the tipping bucket process
 A wave is generated to flow along tank floor by extra storage compartment with a gate rather than several buckets
 No external water source is needed.
 Vacflush Uses a column of water under induced head to flush tank base.
 No external water source is needed
 Sprays Operates on the principle of high pressure sprays to remove the solids
 A series of small flush waves are produced by spray bars
 These waves move along tank base
 Scrapers Similar to scrapers used in treatment plants
 Travelling bridge with rubber blade move sludge to side channel
 Solids Removal Travelling bridge with suction manifold
 Secondary wash down is also used
 Manual Cleaning Usually used within existing treatment plants as cleaning costs the tanks can have a large impact on the project
 Steep Benching A steep bench on the base of the structure (1:2 or 1:1) limits the amount of sludge settling
 Better suited for deep structures (>10m)
 Mechanical Mixing Process is commonly used in treatment plants
 Mixing creates flow patterns and resuspends the solids
 Submerged Jets Similar to mechanical mixing though jets less likely to become fouled
 Generates a flow pattern which suspends the solids
 Aeration Provide a mixing action which will suspend solids
 May start treatment process
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 System
 Cleaning Systems Prevention Systems
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 Remove Solids on tank Base Y Y Y Y Y Y Y Y Y Y Y
 Remove Solids on tank wall N N N Y Y N Y N Y Y Y
 Suitable for circular tanks N N Y Y Y Y Y Y Y Y Y
 Suitable for rectangular tanks Y Y Y Y Y Y Y Y Y Y Y
 System governs tank arrangement Y Y Y N N N N N N N N
 Sump required for flush water Y Y Y Y N N N N N N N
 Permanent mechanical equipment inside tank
 Y Y N Y Y Y N N Y Y Y
 Permanent mechanical equipment outside tank
 Y Y Y Y N N N N Y Y Y
 External water for flush Y N N Y N/A N/A N/A N/A N/A N/A N/A
 Can flush tank using stored fluid N Y Y N N/A N/A N/A N/A N/A N/A N/A
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