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 Opus DaytonKnight 
Consultants Ltd 
North Vancouver Office 
210-889 Harbourside Drive 
North Vancouver BC  V7P 3S1 
Canada 
t: +1 604 990 4800 
f: +1 604 990 4805 
w: www.opusdaytonknight.com 

    
 TO Mr. David Roulston, P.Eng.  

 FROM Paramjeet Mankoo, C.Eng. 

 DATE March 23, 2015 

 FILE D-03692.00 

 SUBJECT Sewer Master Plan  

Technical Memorandum #1 – Project Inception Report  

 

 

This memorandum has been prepared by Opus DK to facilitate the management of the project by 
establishing the agreed scope of works, any alterations or amendments to the agreed scope of 
works, confirming project deliverables, outlining the timetable for the project, data deficiency 
assessment and any concerns. Following sections are covered within this memorandum: 
 

 Project Aim, Objectives & Methodology 

 Data Collection, Review & Gap Analysis  

 Performance Review Workshop 

 Project Team Update  

 Communication 

 Project Fee  

 Project Schedule  

 

1 PROJECT AIM, OBJECTIVES & METHODOLOGY 

The aim of the project is to develop a Sewer Master Plan for the District of Squamish. The master 

plan will include three major components Capital Plan, I&I Reduction Strategy, and New Sewer 

Rate Analysis. Our project methodology and approach is extensively discussed in our proposal 

and also been presented in the project start-up meeting with the District’s staff. We confirm that 

there is no deviation to the proposed methodology, as detailed in the Fee Proposal.   

 

2 DATA COLLECTION, REVIEW & GAP ANALYSIS 

This section provides a review and summary of the data received from District of Squamish as part 

of the Squamish Sewer Master Plan Project. It includes details of when the data was prepared, 

what format the information is in, its usefulness in relation to this project, any deficiencies in the 

data, any missing data, and where deficiencies exist any further action required along with the 

consequences of not collecting the data wherever possible. A data tracking register was also 

prepared to track the data request and receipt. 

 

The information included in this report includes information on; previous model and schemes 

undertaken by other consultants on behalf of the District, databases, pumping station information, 

pipe and node network information, Sewer rates, Liquid Waste Management Plan, Public Works 

Asset Management Plan, As-built drawings, and other set of data. 

 

Although every effort has been taken at this stage to review the data available, identify any 

discrepancies, and confirm any further action, there is still the possibility that additional action 

http://www.opusdaytonknight.com/
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will be required in the future. Certain discrepancies can only be identified at future stages in the 

project, when the data is applied, robustly tested, and its suitability confirmed through a 

measurable outcome. This includes the flow survey data, suspect information in the GIS files, and 

unknown connectivity in the network.  

 

2.1 Data Collection 

Table 2-1 provides a full list of all the information that Opus DK has received. 

 

2.2 Data Tracking 

Table 2-1 provides a full list of all the information that Opus DK has received, and tracks the 

source(s) and the date of receipt of each piece of the information. The received data was split 

into three categories as defined below to assist in the data tracking process: 

 

 Background Data 

 Population / Sewer System Demand Projection Data 

 Other Information for Final Reporting 

 

The completeness of the data was reviewed and tracked under the “Status” column in Table 2-1. 

The “Partly Complete” and “Incomplete” datasets are discussed further in the next section.  
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Table 2-1 Data Tracking Sheet 

 
 

Status Item Requested
Request 

Date
Received Date Source(s) Comments

Completed Most updated Hydra Model 28 Jan, 2015 3 Feb, 2015 FTP Data is complete with minor deficiencies.

Completed Zoning mapping 28 Jan, 2015 3 Feb, 2015 FTP Data is complete.

Completed Ortho photographs 28 Jan, 2015 3 Feb, 2015 FTP Data is complete.

Completed District contours and/or DEM files 28 Jan, 2015 3 Feb, 2015 FTP Contour Data is complete.

Completed
All available as-built drawings for gravity mains, forcemains, lift stations and 

other ancillaries
28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed
Drawings for any newly constructed or upsized sanitary sewers, not already in the 

geodatabase, that should be modeled as part of the existing network 
28 Jan, 2015 - -

According to David's note, There is no known sewers 

which is not in the GIS.

Completed Latest version of the District Subdivision and Development By-Law 28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed Latest GIS Shp files for the District Sewer System 28 Jan, 2015 12 Feb, 2015 FTP Data is complete.

Completed North East Sewer Study, Kerr Wood Leidal, 2001 28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed Public Works Asset Management Plan, KWL, 2011 28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed Development Cost Charges Bylaw Update, KWL, 2012 28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed
Assessment and Evaluation of Sanitary Sewer CCTV Inspections (Downtown), 

ODK, 2013 
28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed Pump SCADA records (hourly on/off records for the past 5 years) 28 Jan, 2015 17 Feb, 2015 Email Opus has Access to District's SCADA.

Completed
SCADA information (Rainfall data at ~5 stations, Pump Station run time data, 

WWTP inflow data)
29 Jan, 2015 17 Feb, 2015 Email Opus has Access to District's SCADA.

Completed
Lift Station Design Data, (number of pumps, pump design flows, pump design 

head, wet well dimensions)
28 Jan, 2015 17 Feb, 2015 Email Data is complete.

Completed

Any information on hydraulic deficiencies, structural deficiencies and operational 

issues with the system i.e. In case District has some records on the flooding 

incidents (location, date, reason for flooding etc), pump failure, overflows etc.

28 Jan, 2015 13 Feb, 2015 Workshop #1 Data is complete.

Partly 

Complete

Historical I&I testing reports (CCTV, smoke testing, manhole inspections, dye 

testing)
28 Jan, 2015 29 Jan, 2015 FTP

Downtown and a smoke testing from Brackendale 

received. West Brackendale report NOT received yet.

Completed Wastewater treatment plant flows (daily average volume for the past 5 years) 28 Jan, 2015 01 Mar, 2015 SCADA Not received yet.

Completed If any, diversion structure location (weir, orifice) 28 Jan, 2015 01 Mar, 2015 - No weirs or orifices in the sewer system.

Completed Population Growth projections 28 Jan, 2015 29 Jan, 2015 FTP Data is complete.

Completed District of Squamish OCP, 2009 28 Jan, 2015 30 Jan, 2015 FTP Data is complete.

Completed Rainfall data (rain depth in 5-minute intervals over the last 5 years) 28 Jan, 2015 01 Mar, 2015 SCADA Data is complete.

Completed Soils information map 28 Jan, 2015 - - Not required.

BACKGROUND DATA

POPULATION / SEWER SYSTEM DEMAND PROJECTION DATA

OTHER INFORMATION FOR FINAL REPORTING
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2.3 Data Review & Its Usefulness  

2.3.1 GIS Database 

The District has provided its most up to date GIS database. This includes sewer mains, manholes, 

and pump stations data etc. The database will be used for the initial model build.  

A snapshot of the GIS database provided by the District is provided below: 

 

Table 2-2 Snapshot of GIS Database 

Description Unit Quantity 

Sewer Mains 
No. 1618 

Km 116.30 

Manholes No. 1635 

Pump 
Stations 

No. 31 

A review of GIS database revealed significant numbers of missing data which is required to develop 

a complete working model. This includes missing pipes diameters, pipes inverts and connectivity. 

The District has resolved significant numbers of issues, however there is still missing information 

in the database to complete the initial model build.  

A snapshot of the missing GIS database is provided below: 

 

Table 2-3 Snapshot of missing Data 

Description 
Sewer Mains 

No. 
Manholes 

No. 

Total 1618 1635 

Missing Diameter 16 N/A 

Missing U/S EL. 71 N/A 

Missing D/S EL. 71 N/A 

No Inv. EL. N/A 80 

No Rim EL. N/A 28 
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2.3.2 As Built Drawings 

The District has provided numerous As-built drawings to retrieve the relevant missing information 

on sewers, pumping stations and treatment works. These drawings will be used to fill the GIS 

database gaps wherever required.  

It appears that there are number of assets where the as-build drawings are not available. Opus-

DK has made request to the District for the missing as-built drawings. It is proposed that wherever 

information is not available through the as-built drawings, Inference or interpolation or 

engineering judgement will be used to complete the missing information for inverts, pipe diameter 

and cover etc. for the purpose of model build. 

We understand that start-stop levels of the pumps have been modified by the operations to 

manage these pump stations, thus levels indicated on as-built drawings are considered to be out 

of date. Opus-DK has made a request to the District to obtain this data. District confirmed to use 

invert & soffit levels of pipes as stop-start levels of the pumps, in the event the start-stop levels are 

not available. The district can make available the pump curve data or Opus-DK can access the data 

from the manufacturer’s website, subject to availability of pump make. 

 

2.3.3 SQUAMISH HYDRA 

HYDRA software was used to develop the previous hydraulic model.  

 

Considering that the hydraulic model is out of date, as it hasn’t been updated since it was 

developed, it was agreed with the District that new model will be developed using PC-SWMM.  

 

2.3.4 Reports & By-Laws 

Update of Sewer Collection System Capital Plan, KWL, 1999:  

This report contains details of the proposed upgrades to the District’s wastewater collection 

system and treatment plants. The objective of this work was to identify and prioritise cost-effective 

solutions that address the hydraulic deficiencies in the system.  

 

This information is now out of date and will have to be reviewed to account for the growth and 

changes in District over the years.  

 

North East Sewer Study, KWL, 2001:  

An engineering review and preliminary design was completed under this project to upgrade the 

existing trunk sewers on the Government Road and Mamquam Road to deal with the additional 

flows from the development.  

 

Although the information is now out of date yet the report has individual sewersheds which could 

be used during the delineation of the sewersheds. 

 

Squamish Inflow & Infiltration Reduction Program, Stantec, 2005: 

The report provides preliminary review of the flow survey arranged by the SFE Global. The 

objective was to rank the sewersheds in order of inflow & infiltration magnitude for the 

development of CCTV and manhole inspection program. Per the report due to time constraints 

only preliminary review of the data was carried out.  
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This information is out of date as well but might provide preliminary indication on sewersheds 

with high I&I which could help during the model calibration process. Although it has to be 

reviewed in light of any recent rehabilitation works carried out within these sewersheds. 

 

Sanitary Sewer Computer Model Update, KWL, 2006 

The report details the sanitary sewer model update in light of construction of new sewers, upgrade 

of existing sewers, decommissioning of Central WWTP, rerouting of flow to Mamquam WWTP 

and numerous developments in the District since the old model was built.  

 

KWL used the HYDRA model to assess the existing system capacity (2006) and the future OCP 

development scenario. Calibration and verification of the model was outside the scope of the study. 

Hence the outcome of the report cannot be used with confidence. The report has information on 

the existing pumping stations which could be used for the purpose of the modelling, subject to 

validation of the model data, agreement and approval from the District. 

 

Public Works Asset Management Plan, KWL, 2011 

The report identifies the capital and operation budget requirement to maintain the municipal 

infrastructure over the next 30 years. An inventory of current assets was developed and 

condition assessment was carried out with respect to the level of service to be provided by these 

assets. Risk-Benefit approach was used to develop the long term funding requirements. The 

study focused on current assets only. Future growth related assets weren’t considered under the 

study.  

 

The study provides useful information in relation to current condition of sanitary assets. The 

report highlights that AC mains are estimated to have an average of 15 years of remaining service 

life and compose 70% of the system. Furthermore Inflow and Infiltration was identified as a 

major issue in downtown. Based on the remaining service life analysis, sanitary lift stations are 

anticipated to require significant replacement/renewal in the short term (0-5 years) and in the 

medium term (5-15 years). No major replacement/renewal is anticipated for the sewer system in 

the long term (15-30 years), except for the treatment plant process upgrade. 

 

The outcome of the report may or may not be of significant use, but will be reviewed subject to 

the requirements of current and future growth related assets. We will review & compare the 

outcome of this report while preparing utility financial modelling works.  

 

Downtown Sanitary Servicing Options TechMemo, KWL, 2012 

This report was prepared to address the sanitary sewer improvements required in the downtown 

area due to the anticipated growth in the area. The report recommends strategies and 

improvement options to deal with the expected flow from the new developments. The report also 

has information on existing sanitary infrastructure in the downtown area which includes pumping 

stations C1, C11 and M13. The report has information on pump capacity, configuration and pump 

makes. This information could be useful subject to agreement with the District.  

 

If any of the proposed improvement works has been implemented or going to be implemented in 

near future, we will accommodate those works in the Sewer Master Plan. 

 

Sewer Rehabilitation Program Outline, KWL, 2012 

The report presents the sewer rehabilitation programme prepared by using the Sewer 

Cataloging, Retrieval and Prioritization System (SCRAPS) modelling approach. The SCRAPS 

model was developed by Water Environment Research Foundation (WERF) for the predictive 

modelling to determine overall pipeline criticality.  
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The report states that “The SCRAPS modelling showed a relatively high overall rating for “Need 

to Inspect”, generally driven by a high probability of failure assessment. This is largely due to the 

District not having conducted CCTV inspections of its sanitary sewer system, and thus, not 

having a great deal of confidence in the ability to determine where pipe failures may be likely to 

occur”. 

 

As such CCTV inspection would be required for the condition assessment and this will 

substantiate the outcome of the report. As such, the outcome of this report is not much use to 

this study at this stage.  

 

District’s Subdivision & Development Control Bylaw, 2012 

The bylaw provides necessary design standards to be used during the modelling & design stages 
of the project. This includes detailed design criteria for the gravity and force main sewers, 
residential average domestic flow rate, commercial average flow rate and infiltration rates etc.  
 
When preparing options and solutions for the catchment, Opus will refer to the Bylaw to ensure 
all requirements for sewer works are met. 
 

Smoke Testing Reports, ABC Pipe Cleaning Services, 2012 

The tests were conducted in Breckencale in 2012. From the total of 32 smoke reports, 14 cross-

connections are reported mostly in Carmel Pl, Laramee Rd., and Brennan Rd.  

 

The result of this study will assist in model calibration. Many of the above cross-connections 

have been repaired since the completion of the smoke testing work. We will include remaining 

cross-connections locations to the model to represent the inflow.  
 
Stage 2-3 Liquid Waste Management Plan, Urban Systems, 2015 

The liquid waste management plan (LWMP) was developed to guide the District over a 20-year 

horizon for addressing sanitary sewerage and other liquid waste issues. The report provides 

evaluation of liquid waste management options identified in previous stage and recommended 

implemented strategies over the next twenty years. A flow reduction program has been 

recommended within the report to manage the inflow and Infiltration. The program includes 

focus on sewer condition assessment, flow monitoring and flow reduction.  

The Sewer Master Plan and I&I reduction strategy will be developed in line with the 

recommendations provided within this report. 

 

Development Cost Charge Bylaw Update, KWL, 2015 

The report provides a summary of the capital projects that are required due to population 

growth, costs for the projects, and proportion of costs eligible for DCC funding. The sanitary 

sewer projects included within the capital programs for a 20 year horizon period are; flow 

monitoring program, Inflow & Infiltration analysis, upgrades to the wastewater treatment plant 

for redundancy and capacity, trunk sewers, forcemain upgrades and pump station modifications 

and replacements. The report has a map illustrating the locations of the sanitary infrastructure 

improvement projects. We will review and compare locations with the improvement options 

locations identified within the proposed sewer master plan.  

 

District of Squamish 2013-2017 Financial Plan 

The 2010 Public Works Infrastructure Asset Management Plan projected that a 58% increase in 

the sewer utility rates would be needed to reach a financially sustainable level of funding. That 



   

Page | 8 

increase is being phased in over five years which 2015 represents year five. The financial plan 

identified a number of projects which includes pumping station and trunk sewer upgrade works.  

 

Assessment and Evaluation of Sanitary Sewer CCTV Inspections, OPUS, 2013 

The study was conducted in 2013 for the Downtown area. Over 6000m of sanitary sewer was 

inspected using CCTV. Condition rating was developed using PACP (The Pipe Assessment and 

Condition Program) and cost for rehabilitation works was estimated.  

 

Findings of the report will be used for model build, calibration and optioneering works. The 

result will also be included in preparation of I&I reduction strategies.  

 

Official Community Plan 

Opus DK has received and reviewed the District of Squamish Official Community Plan (OCP), 

which is a bylaw that sets out the broad objectives and policies that guide future development 

and decisions on growth, planning, land use, and provision of municipal services in the 

community. As such, we will consider the new development and growth areas into the model 

build and master planning process. Moreover, we have received the District’s potential growth 

areas in our Performance Review Workshop with the District’s staff and will use it as an addition 

to our understanding of the OCP document. 

 

3 PERFORMANCE REVIEW WORKSHOP 

A performance review workshop was arranged on February 13, 2015. The purpose of this 

workshop was to gather the deficiencies within the Squamish sanitary sewer system. The 

workshop included a presentation from Opus followed by discussion about sewer system 

deficiencies. One of the objectives of the workshop was to prepare a stressed catchments map for 

the purpose of preparing a flow monitoring program. The stressed catchments map has been 

prepared and attached to Appendix A. The map indicates a number of hydraulic, structural, 

operation and environmental deficiencies within each sewershed. The map also highlights the 

locations of the proposed flow monitors.  

 

The RFP include five (5) flow monitors for the purpose of model calibration and verification. 

Following performance review workshop it was agreed to add two (2) additional flow monitors to 

increase the confidence in the model. In total seven (7) flow monitors are proposed.  

 

4 PROJECT TEAM UPDATE 

We confirm that we have all the team members as identified within our fee proposal. To expedite 

the work, we have included Nima Najafi, Assistant Project Engineer within our team. Nima has 

over 10 years’ experience in water and stormwater networks design. He is proficient in using 

HEC-RAS, HEC-HMS and ArcMap with a working knowledge of Civil3D and AutoCAD Map. He 

will bring excellent skills and ability in GIS data management and analysis, along with hydrology 

and hydraulic modelling.  
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5 COMMUNICATION 

To facilitate effective management of the project and coordination of resources, a primary point 

of contact for each side has been identified as follows: 

 

District of Squamish:  

David Roulston, P.Eng  

Municipal Engineer 

District of Squamish  

Phone (O): 604.815.4952  

Phone (C): 604-815-7996  

Email: droulston@squamish.ca  

 

Opus DK: 

Param Mankoo, C.Eng. 

Project Manager 

Opus DaytonKnight Consultants Ltd 

Phone: +1 604 990 4800 

Fax:  +1 604 990 4805 

Email: Paramjeet.Mankoo@opusdaytonknight.com 

 

All project related correspondence, including electronic correspondence, will be directed to the 

project managers. 

 

6 PROJECT FEE 

As mentioned in Section 3, the number of flow monitoring stations required for model 

calibration purposes, increased to seven and thus project fees has been amended accordingly. 

The amended project fees agreed with the District is provided in Table 6-1. 

 

Table 6-1 Updated Project Fees 

FEES VALUE 

Original Agreed Fee  $101,458 

Additional Fee - SFE Global (Flow Survey Contractor)  $9,579 

Additional Fee - Opus DK  $7,500 

Total (excluding GST) $118,537 

 

 

7 PROJECT SCHEDULE 

The updated project schedule is attached to Appendix B. To expedite the program, following 

activities were moved ahead of the schedule: 

 

 Performance Review Workshop 

 Flow Monitoring Installation 

 

 

mailto:droulston@squamish.ca
mailto:Paramjeet.Mankoo@opusdaytonknight.com
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8 CLOSURE 

We trust you will find the foregoing technical memorandum suitable. Please do not hesitate to 

contact the undersigned should you have any questions. 

Yours truly,  

Opus DaytonKnight Consultants Ltd 

Prepared By:        Reviewed By: 

Nima Najafi      Paramjeet Mankoo, C.Eng. 
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Appendix A
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Task Name Duration Start Finish

Project Management 186 days Wed 15‐01‐28 Wed 15‐10‐14

Project Start‐up Meeting 1 day Wed 15‐01‐28 Wed 15‐01‐28

Performance Review Workshop (PRW) 1 day Fri 15‐02‐13 Fri 15‐02‐13

50% Design Review Meeting 1 day Wed 15‐07‐22 Wed 15‐07‐22

Scheme Prioritization Workshop (SPW) 1 day Wed 15‐08‐19 Wed 15‐08‐19

95% Design Review Meeting 1 day Wed 15‐09‐02 Wed 15‐09‐02

Monthly Meetings 51 days Wed 15‐04‐08 Wed 15‐06‐17

Monthly Meeting #1 1 day Wed 15‐04‐08 Wed 15‐04‐08

Monthly Meeting #2 1 day Wed 15‐05‐13 Wed 15‐05‐13

Monthly Meeting #3 1 day Wed 15‐06‐17 Wed 15‐06‐17

Task 1: Data Collection and Initial Model Build 23 days Mon 15‐02‐02 Wed 15‐03‐04

Task 1‐1: Data Health Check 10 days Mon 15‐02‐02 Fri 15‐02‐13

Task 1‐2: Model Audit and Conversion 5 days Mon 15‐02‐02 Fri 15‐02‐06

Task 1‐3: Initial Model Build 18 days Mon 15‐02‐09 Wed 15‐03‐04

Technical Memorandum No. 1 - Submission 1 day Wed 15‐02‐11 Wed 15‐02‐11

Task 2: Identification of Stressed Assets and Sub‐Catchment 20 days Mon 15‐02‐09 Fri 15‐03‐06

Task 2‐1: Review of Hydraulic and Structural Performance data 20 days Mon 15‐02‐09 Fri 15‐03‐06

Task 2‐2: Review of Environmental and Operational Performance dat 20 days Mon 15‐02‐09 Fri 15‐03‐06

Task 2‐3: Critical Sewer Assessment 20 days Mon 15‐02‐09 Fri 15‐03‐06

Task 2‐4: Growth identified within Official Community Plan 20 days Mon 15‐02‐09 Fri 15‐03‐06

Task 2‐5: Preparation of Maps for Stressed Catchment 5 days Mon 15‐03‐02 Fri 15‐03‐06

Submission ‐ Stressed Catchment Map 1 day Wed 15‐03‐04 Wed 15‐03‐04

Task 3 Flow Monitoring 80 days Tue 15‐03‐03 Sat 15‐06‐20

Task 3‐1: Short Term Flow Monitoring 80 days Tue 15‐03‐03 Sat 15‐06‐20

Task 4: Sanitary Sewer Modelling 90 days Mon 15‐03‐09 Fri 15‐07‐10

Task 4‐1: Population loading and Sanitary Sewage Flow Generation 10 days Mon 15‐03‐09 Fri 15‐03‐20

Task 4‐2: Flow Monitor Data Assessment 80 days Mon 15‐03‐23 Fri 15‐07‐10

Task 4‐3: Rain Gauge Selection (Spatial Variation) 5 days Mon 15‐03‐23 Fri 15‐03‐27

Task 4‐4: Rainfall Event Selection and Data Assessment 70 days Mon 15‐04‐06 Fri 15‐07‐10

Task 5: Model Verification and Calibration 60 days Mon 15‐05‐04 Fri 15‐07‐24

Technical Memorandum No. 2 ‐ Submission 1 day Wed 15‐07‐22 Wed 15‐07‐22

Task 6: Performance Analysis for Capital Planning and Budgeting 40 days Mon 15‐07‐27 Fri 15‐09‐18

Task 6‐1: Current System Performance Assessment 10 days Mon 15‐07‐27 Fri 15‐08‐07

Task 6‐2: Future Model Build 10 days Mon 15‐07‐27 Fri 15‐08‐07

Task 6‐3: Future System Performance Assessment 15 days Mon 15‐08‐03 Fri 15‐08‐21

Task 6‐4: Optioneering (Develop Improvement Options) 20 days Mon 15‐08‐10 Fri 15‐09‐04

Task 6‐5: Cost Estimates 20 days Mon 15‐08‐24 Fri 15‐09‐18

Technical Memorandum No. 3 ‐ Submission 1 day Wed 15‐09‐16 Wed 15‐09‐16

Task 7: I&I Reduction Strategy 130 days Mon 15‐03‐30 Fri 15‐09‐25

Task 7‐1: Initial Plan 20 days Mon 15‐03‐30 Fri 15‐04‐24

Task 7‐2: Sewer Catchment I&I Characterization 41 days Wed 15‐04‐22 Wed 15‐06‐17

Task 7‐3: Options Development (Sewer Rehab Program) 70 days Mon 15‐06‐22 Fri 15‐09‐25

CCTV Inspections, Vapour Testing (Subject to Agreement) 30 days Mon 15‐07‐27Fri 15‐09‐04
Technical Memorandum No. 4 ‐ Submission 1 day Wed 15‐09‐23 Wed 15‐09‐23

Task 8: Sewer Utility Financing 35 days Mon 15‐08‐10 Fri 15‐09‐25

Task 8‐1: Financial Modelling 20 days Mon 15‐08‐10 Fri 15‐09‐04

Task 8‐2: Sewer Rate Structure 15 days Mon 15‐09‐07 Fri 15‐09‐25

Technical Memorandum No. 5 ‐ Submission 1 day Wed 15‐09‐23 Wed 15‐09‐23

Task 9: Sewer Master Plan 100 days Mon 15‐06‐01 Fri 15‐10‐16

 Task 9‐1: Capital Plan 80 days Mon 15‐06‐01 Fri 15‐09‐18

Task 9‐2: Draft Master Plan 70 days Mon 15‐06‐29 Fri 15‐10‐02

Draft Master Plan Submission 1 day Wed 15‐09‐30 Wed 15‐09‐30

Task 9‐3: Final Master Plan 10 days Mon 15‐10‐05 Fri 15‐10‐16

Final Master Plan Submission 1 day Wed 15‐10‐14 Wed 15‐10‐14

Jan 28
Feb 13

Jul 22
Aug 19

Sep 02

Apr 08
May 13

Jun 17

Feb 11

Mar 04

Jul 22

Sep 16

Sep 23

Sep 23

Sep 30

Oct 14

Jan Feb Mar Apr May Jun Jul Aug Sep Oct
2015 Qtr 1 2015 Qtr 2 2015 Qtr 3 2015 Qtr 4

Meeting / Workshop / Training Technical Memo / Deliverable Duration Summary Task Duration

District of Squamish Sewer Master Plan  
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Consultants Ltd 
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 TO Mr. David Roulston, P.Eng.  

 FROM Paramjeet Mankoo, C.Eng. 

 DATE May 25, 2016 

 FILE D-03692.00 

 SUBJECT District of Squamish Sanitary Sewer Master Plan  

Technical Memorandum #2 – Model Calibration 

 

Opus DaytonKnight Consultants Ltd. (Opus) prepared this technical memorandum (memo) 

to summarize the work completed to calibrate the hydraulic model for the District of 

Squamish’s sanitary sewer system. It also includes the implementation of a short-term flow 

and rainfall monitoring program and the relevant data QA/QC. 

1 BACKGROUND 

In January 2015, the District of Squamish (District) retained Opus to develop a Sanitary Sewer 

Master Plan. A key part of the master plan involves creating a robust hydraulic model for the 

District’s sanitary sewer system. To date the hydraulic model has been created in PCSWMM 

and loaded with 2015 population to replicate the current scenario. The next phase of the 

project is to complete the model verification, detailed in the following sections.  

2 SHORT-TERM FLOW & RAINFALL SURVEY 

2.1 Purpose of the Survey 

The objective of the short-term flow and rainfall survey is to collect sufficient data for flow and 

depth to calibrate the model at a number of key locations in the sanitary sewer system. In 

doing so, it ensures a higher level of confidence in the model for use in the assessment of the 

sanitary sewer system. The results of this survey will also assist the completion an Inflow & 

Infiltration (I&I) Reduction Study at a later stage. 

A total of ten (10) flow monitors were installed by SFE Global at strategic locations in the sewer 

network. Figure 2-1 shows the locations of the flow monitors, as well as the sewer catchment 

areas that contribute to these monitors.  The monitors record parameters of date and time, 

depth, velocity, and flow in 5-minute intervals. 

SFE Global also obtained rainfall data from the District’s gauge located on the roof of the 

Municipal Hall building. The gauge reads depth of precipitation in 5-minute intervals, making 

it the only dataset with sufficient resolution for model verification. The nearest Environment 

Canada rain gauge is located at the Squamish Airport, with data available in 1-hour intervals.  
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2.2 Survey Duration 

The flow monitoring program was performed in two monitoring periods, with the first 

beginning in March, 2015, and the second in November, 2015.   

 Flow Monitoring Sites 1 to 7:  March 10, 2015 to June 8, 2015 (Spring 2015); and, 

 Flow Monitoring Sites 8 to 10: November 3, 2015 to January 5, 2016 (Fall 2015). 

The survey was initially programmed for the spring of 2015, however, a second survey period 

was initiated in order to increase confidence in the model verification, and obtain more data 

to perform the I&I Reduction Study.  

3 QA/QC & EVENT SELECTION 

This section provides a review and summary of the quality control checks carried out 

throughout the flow monitoring Program. The Wastewater Planning Users Group (WaPUG) 

Code of Practice for the Hydraulic Modelling of Sewer Systems was followed in relation to 

QA/QC checks for the rain gauge and flow monitor data.  

3.1 Rainfall Event Selection Criteria 

The WaPUG Code of Practice criteria for rainfall events is summarized as follows: 

 The total rainfall depth should be greater than 5 mm;  

 The range of total durations of the rainfall should vary. Ideally one storm should have a  

duration equal to ½ of the time of concentration (Tc) of the system, one storm equal to Tc, 

and the third more than twice the time Tc;  

 The rainfall intensity should be greater than 6 mm/hour for more than 4 minutes; and,  

 The period between events should be sufficient for the flow to return to dry weather 

conditions.  

3.1.1 Issues Encountered during the Rainfall Survey 

The Environment Canada station at the Squamish Airport was used to verify the rainfall 

dataset collected at the Municipal Hall. The primary issue encountered during the rainfall 

survey was that the rainfall intensity during the first monitoring period (spring 2015) was low 

due to the seasonal variation. Most of the rainfall events occurred in the early spring, with very 

little rainfall occurring after April 2016. Sites 1 to 7 were calibrated from available events in 

March and April only. 
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3.2 Flow Data QA/QC Check 

The WaPUG criteria for flow monitors is summarized as follows: 

 Sites should be selected such that there are no features that would cause unstable flow 

during either dry weather or in high flows.  

 There should be enough dry weather flow at each site to ensure measurements for depth 

and velocity are registered. 

 Flow depth should exceed 100 mm and velocity should exceed 0.2 m/s for at least 75% of 

the storm duration.  

 The ratio of peak velocity to base flow should exceed two.  

 There should be a sufficient rise in flows during wet weather so that measurement errors 

are not significant.   

 Flow data should capture a minimum of three acceptable storm events and two dry days.  

3.2.1 Issues Encountered during the Flow Survey 

The following is a summary of the major issues encountered during the flow survey, refer to 

Appendix A for the full maintenance logs provided by SFE for each of the flow monitors. 

 Site 2 had debris build up on the sensor, which was removed by SFE Global during the 

next maintenance visit. Flow data for the periods of March 24 – April 3 and Apr 28 – May 

1, were affected, and subsequently discarded. 

 The flow data from Site 4 was of poor quality, indicated by the variability in the velocity-

depth scatter plot. This was probably caused by the site’s close proximity to the SM13 lift 

station; the flow monitor was likely influenced by the pumping cycles, reporting large peak 

flows during operation, and negative values when the wet well was filling. The unsteady 

flows were not suitable for verification. Only minimum night time flows could be used 

from this site to estimate groundwater infiltration.   

 A portion of the flow data at Site 6 suffered from poor data quality from May 19 to June 

8. The depth-velocity scatter plot became unsteady, likely due to silt or debris blocking one 

of the sensors.    

Therefore, apart from Site 4, flow data from all the other nine (9) sites were utilized to calibrate 

the model.  

3.3 Dry Weather Events  

The first step in the verification was to conduct a Dry Weather Flow (DWF) analysis to 

determine the Average DWF and to obtain a representative diurnal pattern for each of the 

monitored sites to use in verification. Of the ten (10) monitored sites, all but Site 4 were 

analyzed to obtain the diurnal patterns.   

DWF event is defined as a period of time preceded by a period of 5 days without rain, and 

should avoid periods overlapping with weekends and holiday periods, in accordance with 

WaPUG criteria, as these periods do not provide typical sewage patterns. Based on our review, 

the following sets of DWF events were identified:   
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 April 8 to 10, 2015 (selected for model verification at Sites 1 to 7, excluding Site 4) 

 November 20 to 23, 2015 (selected for model verification at Sites 8, 9, and 10) 

The November 2015 event did not meet the minimum number of dry days criteria, however it 

was the longest set of consecutive days without rainfall in the monitoring period, and was 

hence selected as the DWF event for the purpose of diurnal pattern generation and model 

verification. The diurnal pattern obtained at each site is illustrated in Figure 3-1 below. 

Figure 3-1: Squamish Diurnal Patterns 

 

Most of the sites’ patterns are similar in nature due to the land use types within the 

catchments. Site 10 is the one exception since the land use within the flow monitored 

catchment is predominantly Industrial/Commercial/Institutional (ICI). The flow monitor 

further downstream at Site 7 has a pattern that is hybridized as it takes in ICI flow from Site 10 

as well as residential flows from Sites 5 and 6.  

The net area contributing to each flow monitor site was measured in order to estimate the 

amount of Groundwater Infiltration (GWI) into the sewer system. Gross Area is defined as the 

full catchment area, while the Net Area excludes parks, parking lots, and undeveloped land 

which do not contribute flow to the sanitary sewer. The Net Area was used in the GWI 

estimate, which assumes 85% of minimum night time flows.  

The dry weather flow statistics for each catchment area are summarized in Table 3-1 below. 

The Average Dry Weather Flow (ADWF) and the corresponding per capita rate (L/c/day) 

include all residential, ICI, and GWI flow components.  
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Table 3-1: Observed DWF Summary 

Site 
Gross 
Area 
(ha) 

Net 
Area 
(ha) 

2015 
Total 
Pop.1 

ADWF 
(L/s) 

ADWF 
(L/c/day) 

GWI 
(L/s) 

GWI Rate 
(L/ha/day) 

Site 1 63.2 63.2 1,550 6.4 355 0.75 1,023 

Site 2 100.6 95.2 1,923 6.8 304 3.65 3,309 

Site 3 185.6 176.2 4,853 17.1 304 4.89 2,397 

Site 4 114.5 69.2 2,546 13.3 2 450* 6.8 8,485 

Site 5 36.3 35.4 2,440 3.4 121 0.81 1,978 

Site 6 110.1 92.8 3,351 5.5 142 2.01 1,868 

Site 7-Net** 98.7 68.8 3,952 20.8 454 8.91 11,194 

Site 7 (Total) 259.6 204.7 10,316 31.0 259 11.82 4,987 

Site 8 89.8 74.8 2,231 4.4 169 1.81 2,092 

Site 9 31.5 31.5 1,077 3.8 301 0.81 2,215 

Site 10 9.4 7.7 573 0.5 71 0.09 954 

Unmonitored 
Areas 

90.2 70.5 3,423 11.9 2 300*** -- -- 

Total 929.9 785.3 27,919 94 290 -- -- 
* Assumed to be similar to Site-7-Net. 

** Site-7-Net represents the area directly upstream of the Site 7 monitor, flows from further upstream Sites 5, 6, and 10 were 

removed.  

*** Assumed to be close to the Squamish average. 
1 Residential and equivalent population. 
2 Derived values from assumed ADWF per capita rate. 

Unmonitored catchment areas were loaded in the model using the 300 L/c/d, which is similar 

to the average rate seen over the entire District. Site 4 was the only flow monitor that could 

not be used to generate ADWF due to data issues (see Section 3.2), therefore the rate from 

Site-7-Net, which has a similar mixture of ICI and residential land use, was applied instead.  

3.4 Wet Weather Events 

There were several rainfall events recorded during the two survey periods, spring and fall 

2015. Criteria for choice of suitable rainfall events for model verification purposes are set out 

in the WaPUG Code of Practice. Requirements are set for the rainfall duration, intensity and 

depths as well as for monitor response, which are detailed in Sections 3.1 and 3.2 of this memo.  

Based on these requirements, the storm events summarized in Table 3-2 were selected for 

model verification. The date, duration, total rainfall, and maximum 5-minute intensity of each 

storm are listed in the table.  

The first monitoring period in the spring of 2015 had less total rainfall, and lower intensity 

storms when compared with the fall 2015 monitoring period. Most of the spring rainfall 

occurred in March, and Sites 1 to 7 (excluding Site 4) were calibrated with rainfalls in March 

only, where possible. Where flow data was not available/reliable (i.e. at Site 6) for all of the 

March events, a fourth event from April was selected for verification; however, the intensity 

of this storm was lower than minimum WaPUG Criteria.  
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All the selected rainfall events in fall 2015 meet WaPUG Criteria. 

Table 3-2: Selected Rainfall Events 

Monitoring 
Period 

Start Date Stop Date 
Duration 

(hrs)  

Total 
Rainfall 

(mm) 

Maximum 
Intensity 
(mm/hr) 

Spring 2015 

Mar 11 Mar 13 48 46.0 9.2 

Mar 18 Mar 22 96 104.4 5.6 

Mar 27 Apr 1 120 37.9 8.0 

Apr 12 Apr 17 60 16.1 3.2 

Fall 2015 

Nov 10 Nov 15 132 107.5 12.0 

Nov 16 Nov 19 72 75.3 15.0 

Nov 30 Dec 11 264 317.3 15.0 

4 MODEL VERIFICATION 

4.1 Verification Process & Limitations 

Model verification is a key component of the modelling exercise. Once model construction is 

complete it is important to calibrate the model against known/recorded hydraulic responses 

in the sanitary sewer system in order to prove the model’s reliability. A good correlation 

between the model simulation results and the known/recorded hydraulic responses indicates 

a verified/calibrated model. In general, there are two sources of data available for verifying 

the sewer model:  

 Historical (Anecdotal) Data; and, 

 Short-Term Flow Monitoring Data. 

Verification of the model using historical data involves the use of known, recorded, past 

system performance data; whereas verification using flow monitoring data involves the use of 

data obtained from a purposely-commissioned flow survey contract. Only short term flow 

monitoring data was used for the model verification as historical data was not available. 

The verification process involves comparing the predicted flow and depth hydrographs from 

computer model simulations against the recorded/observed flow and depth hydrographs 

obtained from a flow meter for the same location in the sewerage system.  

For a model to be considered calibrated, the variance between predicted and recorded 

hydrographs is expected to fall within acceptable limits as set out in the WaPUG Code of 

Practice, summarized below: 

 Peak Depth -100 mm to +100 mm 

 Peak flow rate +25 % to -15 %;  

 Volume of flow + 20 % to -10 % over the period for which the observed flows are expected 

to be accurate;  

 The general shape of the two hydrographs (modelled verses observed) should be similar 

and should continue until substantial recession has occurred.  
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If the above criteria are satisfied for two out of the three selected rainfall events (or 

where a satisfactory explanation can be given for disparity in the results), the model is 

considered to be verified.  

It should be noted that due to the inherent limitations of the flow monitoring equipment, a 

complete verification for all the events cannot be achieved. For example accurate data cannot 

be obtained when the depth of flow is less the 50 mm. This is because an unacceptable 

disturbance is caused by the flow passing over the depth sensor. Similarly the velocity 

measurement by the velocity sensor less than 0.2 m/s is unreliable. Furthermore there may 

be locations where the criteria cannot be met for any of the rainfall events. Therefore for this 

study, as well as the use of the above criteria, an overall percentage confidence is assigned to 

the monitor site based on the following: 

 Correlation between predicted and observed peak flows and depths;  

 Correlation between predicted and observed volumes; 

 Correlation between overall shape of predicted; and, 

 Performance of the monitoring equipment. 

4.2 The RTK Method 

The RTK unit hydrograph method (RTK Method) refers to the sanitary sewer model 

verification methodology in which rainfall dependent inflow and infiltration (RDII) into the 

sanitary system during wet weather events is quantified using three unit hydrographs. These 

three unit hydrographs represent the following RDII components: 

 Fast Inflow (short-term response) 

 Moderate Infiltration (medium-term response) 

 Slow Infiltration (long-term response)  

The shape of each hydrograph is described by the following three parameters: 

R:     the fraction of rainfall over the sewer catchment that enters the sanitary system 

T:     the time to peak in hours 

K:     the ratio of the time to recession to the time to peak 

The total RDII into the sanitary system is then determined by combining the three unit 

hydrographs. The sum of all the R-values equals the total fraction of rainfall over the sanitary 

sewer catchment that enters the sanitary system: 

RTotal = R1 + R2 + R3 

where R1, R2, and R3 represent the fractions of rainfall entering the sanitary system from the 

fast inflow, moderate infiltration, and slow infiltration flow components respectively as 

illustrated in Figure 4-1. 
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Figure 4-1: Example of RTK Unit Hydrographs 

 

4.2.1 EPA SSOAP Toolbox 

The Sanitary Sewer Overflow Analysis and Planning (SSOAP) toolbox, developed by the 

United States Environment Protection Agency (US EPA) was used to develop the DWF diurnal 

patterns (Section 3.3) and to quantify the I&I for the purpose of model verification. The 

SSOAP Toolbox uses the RTK method to derive the sanitary sewer system rainfall dependent 

inflow and infiltration (RDII) response using the associated rainfall and flow monitoring data. 

The SSOAP Toolbox enables users to estimate the R, T, and K parameters for each 

rainfall/flow monitoring event and generate corresponding RDII hydrographs. The tool allows 

decomposition of the flow monitoring data into the DWF and RDII components.  

4.3 Verification Results 

An initial verification attempt showed that the model is adequately calibrated for peak flows 

at all the flow monitoring sites. However, flow depth and velocity predictions at Sites 5, 6, 7, 

and 9 were not satisfactory. In order to better understand the unsatisfactory results, and to 

possibly improve verification results, Opus recommended completing manhole surveys 

around Sites 5, 6, 7, and 9 to obtain accurate invert elevations.  

In April 2016, the District coordinated and completed the field survey work at the 

abovementioned sites and provided CCTV inspection report for Site 9. The field survey work 

is attached in Appendix B of this memo. 

Table 4-1 provides a summary of the model verification results and remarks, comparing the 

“Peak Flow”, “Volume”, and “Peak Depth” predicted by the model to the observed data at each 

site. One dry and three wet weather events are selected at each site for model verification. 

Refer to the verification graphs in Appendix C for all the sites.  

 
  



Mod. Obs.
% 

Diff.
Mod. Obs. % Diff. Mod. Obs. Diff.

Pipe 

Size

Event 1 Mar 11 Mar 13 48 11.7 12.7 -7% 1,198 1,182 1% 105 109 -4 450

Event 2 Mar 18 Mar 22 96 11.6 14.2 -18% 2,440 2,647 -8% 107 117 -10 450

Event 4 (Dry) Apr 8 Apr 10 48 10.1 11.3 -11% 1,119 1,088 3% 88 101 -12 450

Event 5 Apr 12 Apr 17 60 10.4 10.5 -2% 1,456 1,317 11% 95 98 -2 450

Event 1 Mar 11 Mar 13 48 9.9 11.1 -10% 1,218 1,157 5% 86 94 -7 300

Event 2 Mar 18 Mar 22 96 10.2 11.8 -14% 2,519 2,622 -4% 87 93 -6 300

Event 4 (Dry) Apr 8 Apr 10 48 8.8 10.2 -14% 1,170 1,214 -4% 81 91 -10 300

Event 5 Apr 12 Apr 17 60 9.4 10.6 -11% 1,505 1,537 -2% 84 94 -10 300

Event 1 Mar 11 Mar 13 48 28.9 29.8 -3% 3,057 2,769 10% 130 145 -16 300

Event 2 Mar 18 Mar 22 96 31.5 31.3 0% 6,263 6,135 2% 136 151 -15 300

Event 3 Mar 27 Apr 1 120 31.2 32.8 -5% 7,563 7,975 -5% 135 148 -13 300

Event 4 (Dry) Apr 8 Apr 10 48 28.9 29.3 -1% 2,980 2,885 3% 129 144 -15 300

Event 1 Mar 11 Mar 13 48 7.9 5.4 45% 710 594 20% 72 93 -21 250

Event 2 Mar 18 Mar 22 96 7.7 5.9 30% 1,454 1,285 13% 71 102 -31 250

Event 3 Mar 27 Apr 1 120 6.6 5.8 13% 1,550 1,568 -1% 66 100 -34 250

Event 4 (Dry) Apr 8 Apr 10 48 6.5 6.1 6% 589 601 -2% 65 97 -31 250

Event 1 Mar 11 Mar 13 48 8.9 9.2 -3% 1,056 873 21% 88 67 21 250

Event 2 Mar 18 Mar 22 96 10.0 11.2 -11% 2,286 2,020 13% 94 79 15 250

Event 4a* (Dry) Apr 7 Apr 8 24 7.8 8.4 -7% 478 479 0% 82 65 17 250

Event 5 Apr 12 Apr 17 60 8.4 11.2 -25% 1,241 1,182 5% 86 75 11 250

Event 2 Mar 18 Mar 22 96 62.8 54.9 14% 13,240 12,060 10% 150 277 -127 750

Event 3 Mar 27 Apr 1 120 54.5 54.3 0% 14,530 14,790 -2% 139 320 -181 750

Event 4 (Dry) Apr 8 Apr 10 48 49.2 42.0 17% 5,519 5,380 3% 132 246 -114 750

Event 5 Apr 12 Apr 17 60 53.8 41.0 31% 7,305 6,829 7% 138 260 -122 750

Event 1 Nov 10 Nov 15 132 18.5 17.1 8% 3,244 3,178 2% 119 110 9 350

Event 2 Nov 16 Nov 19 72 23.3 19.8 18% 1,975 1,774 11% 134 118 16 350

Event 3 (Dry) Nov 25 Nov 28 72 6.0 6.7 -11% 1,132 1,010 12% 67 69 -2 350

Event 4 Nov 30 Dec 11 264 24.7 25.1 -2% 7,636 7,457 2% 138 137 2 350

Event 1 Nov 10 Nov 15 132 7.1 5.7 24% 1,917 1,407 36% 74 101 -27 200

Event 2 Nov 16 Nov 19 72 7.3 6.6 11% 1,093 784 39% 76 107 -32 200

Event 3 (Dry) Nov 25 Nov 28 72 5.8 5.3 9% 973 593 64% 67 95 -29 200

Event 4 Nov 30 Dec 11 264 8.8 7.7 13% 4,061 3,027 34% 83 116 -33 200

Event 1 Nov 10 Nov 15 132 2.3 2.3 1% 333 345 -4% 39 42 -4 200

Event 2 Nov 16 Nov 19 72 3.7 3.7 1% 203 238 -15% 49 46 3 200

Event 3a* (Dry) Nov 22 Nov 23 24 0.7 0.8 -8% 41 28 47% 21 33 -12 200

Event 4 Nov 30 Dec 11 144 3.1 3.2 -3% 781 821 -5% 45 56 -11 200

*A different period was identified due to data issues **Highlighted Value Does Not Meet WaPUG Criteria:

- Peak Flow: +25% to -15%

- Volume: +20% to -10%

- Flow Depth: +/- 100 mm

- Measured Flow Depth: Minimum of 50 mm

- This site is considered "Peak Flow" verified. Volumes are verified for 2 of 3 wet 

weather events, and significantly over predicts dry weather volume.

- Note that accuracy of flow data may be compromised due to observed flow depth 

being less than the minimum recommended depth of 50 mm. 

Fall 2015

Site 8

(1523)

- This site is verified.

- Modelled and observed peak flows, volumes, and peak depths are within the 

WaPUG criteria for all wet weather events.

Site 9

(5001_1)

- This site is verified in terms of "Peak Flow".

- CCTV review showed a fluctuating pipe depth (10% to 55%) within the inspected 

gravity main, which indicates a sagging or similar structural issue in the pipe. This 

may explain the discrepancy in the "Depth" values. 

Site 10

(N82)

Site 7

(5512)

- This site is verified in terms of "Peak Flow" and "Volume".

- Potential to improve "Depth" verification can be achieved through CCTV along the 

monitored pipe.

Site 5

(3182)

- Model generally predicts higher "Peak Flow" than observed, making the system 

analysis and, if applicable, the system improvement works, conservative. 

- Potential to improve  verification can be achieved through CCTV along the 

monitored pipe.

Spring 

2015

Site 1

(10299_1)

- This site is verified.

- Modelled and observed peak flows, volumes, and peak depths are within the 

WaPUG criteria for 2 of 3 wet weather events.

Site 3

(1996)

- This site is verified.

- Modelled and observed peak flows, volumes, and peak depths are within the 

WaPUG criteria for all wet weather events.

Site 6

(3271)

- This site is verified in terms of "Peak Flow" and "Volume".

- Potential to improve "Depth" verification can be achieved through CCTV along the 

monitored pipe.

Site 2

(2275)

- This site is verified.

- Modelled and observed peak flows, volumes, and peak depths are within the 

WaPUG criteria for all wet weather events.

Table 4-1: Initial Model Verification Results

Survey 

Period

Location

(Pipe ND)

Calibration 

Event

Event 

Start

Event 

Stop

Duration 

(hr)

Peak Flow** (L/s) Volume** (m
3
) Peak Depth** (mm)

Remarks
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In summary, with the exception of Site 5, all other sites are considered verified in terms of 

“Peak Flow” according to the WaPUG criteria (i.e. 2 of 3 events must satisfy the “Peak Flow” 

criteria). For Site 5, the model generally over-predicts the peak flows when compared to 

observed values. This will lead to higher conservatism in the system analysis and the relevant 

recommendations for system improvement works, if applicable.  

Opus provides an added value by comparing not just the flows, but also the flow depths and 

velocities between model predicted and observed values. As shown in Table 4-1, and the 

graphs in Appendix C, 4 out of the 9 sites (Sites 5, 6, 7, and 9) have noticeable depth 

discrepancy between the model predicted and observed values. The manhole surveys 

completed by the District in April 2016 provided only marginal improvement to the results.  

Without further inspections (e.g. CCTVs, extended surveys in the upstream network), it is 

difficult to identify the reasons behind the depth (and velocity) discrepancies. A likely 

explanation is that because the model assumes the pipe to be smooth (Manning’s ‘N’ = 0.013), 

it would not take into the account the increased flow depth due to silt buildup or blockages in 

the pipe as is evident from the generally higher depth observed (than model prediction).  

Further, a review of the CCTV report for the gravity main at Site 9 showed that there is 

significant elevation fluctuation (10% to 55%) within the gravity main, which indicates a 

sagging or similar structural issue in the pipe. This may also explain the discrepancy in the 

"Depth" values. 

4.3.1 RTK Parameters Summary 

The finalized RTK parameters for each monitored site are summarized below in Table 4-2.  

Table 4-2: RTK Values 

Site 

Short-Term 
Response 

Medium-Term 
Response 

Long-Term 
Response Total 

R  
R1 T1 K1 R2 T2 K2 R3 T3 K3 

Site 1 0.002 0.83 1.0 0.001 3 2 0.001 16 19 0.004 

Site 2 0.002 0.66 7.5 0.002 34 32 0.001 48 36 0.005 

Site 3 0.002 0.66 7.5 0.002 34 32 0.001 48 36 0.005 

Site 5 0.004 0.50 1.0 0.002 2 2 0.002 5 4 0.008 

Site 6 0.001 0.50 1.0 0.001 5 3 0.005 30 4 0.007 

Site 7-Net 0.008 0.50 1.0 0.008 2 2 0.003 3 4 0.018 

Site 8 0.003 0.50 1.0 0.009 3 2 0.003 4 3 0.015 

Site 9 0.002 0.50 1.0 0.002 3 2 0.001 5 4 0.005 

Site 10 0.008 0.25 1.0 0.004 2 2 0.002 5 3 0.014 

The total ‘R’ values above represent the fraction of rainfall that enters the sanitary system. The 

ratio of R1, R2, and R3 help to indicate whether the observed RDII is mainly infiltration driven 

(e.g. rainwater infiltrating into the sanitary pipes through seams in pipe connections, around 

manholes and possibly through the pipe if it is in poor structural condition), or inflow driven 

(direct connections from roof leaders, etc.). For most of the sites calibrated, the values are 

dominated by, R2 indicating that RDII may be driven by both inflow and infiltration. 

However, Site 7-Net and Site-10 have relatively large ‘R1’ values which indicate that larger 
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amounts of inflow are present in those catchments. Sources of infiltration can be further 

identified with a CCTV inspection program and by inspecting the condition of the pipe 

network. With calibrated R values ranging from 0.4% to 1.8%, the sewer system in Squamish 

is on the lower side of RDII generation.   

5 CONCLUSION 

The District’s sanitary model was calibrated using the RTK Method based on data obtained at 

nine (9) flow monitoring sites. Opus has adhered to the Wastewater Planning Users Group 

(WaPUG) Code of Practice for the Hydraulic Modelling of Sewer Systems throughout the 

entire calibration process, and concludes that the model is calibrated and verified in terms of 

“Peak Flows”. The noted “Depth” discrepancies cannot be easily resolved without further field 

inspection efforts.  

To conclude, Opus believes that the model is adequate and recommends its use for 

undertaking system capacity assessment of both the existing and future conditions, and 

developing an improvement works plan for the District’s sanitary sewer system. 

6 CLOSURE 

We trust you will find the foregoing technical memorandum suitable. Please do not hesitate 

to contact the undersigned should you have any questions. 

Yours truly,  

Opus DaytonKnight Consultants Ltd 

Prepared By:       Reviewed By: 

Project Engineer      Project Manager 

Fofo DK. Fan, E.I.T.     Paramjeet Mankoo, C.Eng. 
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APPENDIX A – FLOW MONITOR MAINTENANCE LOGS 
 

 

 

 

 

 

 

 

 

  



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 333.500 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 6303 DATE: 03/09/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/09/15 12:52 11:51 9 / 8.5 8.5 0.39 0.44 8.1 12.4 Y JK

03/11/15 10:55 9:54 9.3 9 0.35 * 8.3 12.4 0 JK

04/03/15 8:45 7:45 9 9.3 0.4 * 9.1 12.2 0 TC

04/15/15 8:47 7:47 7.7 8 0.39 * 7 12.2 0 GC

05/01/15 8:37 7:36 11 10.5 0.37 * 11 12 0 TC

05/15/15 8:56 7:55 9 9 0.37 * 8.4 11.9 0 TC

06/03/15 11:45 10:45 8.7 9 0.35 * 7.6 11.9 0 GC

06/08/15 15:56 14:55 10.5 10 0 * 0 11.5 0 TC

 

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM1

41050 Government Road

49.75633  123.141

Area Velocity

450mm Diameter Round Pipe

COMMENTS

Installed Detect 6303

DL; V; Vis; no temperature

DL; V; Vis; no temperature

DL; V; Vis; no temperature

DL; V; Vis; no temperature

DL; V; Vis; no temperature

DL; V; Vis; no temperature

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 225.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 207K01070 DATE: 03/10/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # 211B01384 WM DATE: 03/10/15 LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/10/15 9:09 8:08 9.6 9.5 0.52 0.51 10.2 12.3 0 JK

03/11/15 10:44 9:44 7.6 7.5 0.51 * 7.6 12.2 0 JK

04/03/15 10:40 9:40 8.4 8 0.58 * 9.4 12.7 0 TC

04/15/15 10:45 9:45 7.5 7.5 0.46 * 6.4 12.5 0 GC

05/01/15 9:37 8:37 10.2 10 0.53 * 11.7 12.6 0 TC

* * * * * * * * * * *

05/15/15 7:47 6:48 8.1 7.8 0.46 * 6.8 12.8 0 TC

06/03/15 11:10 10:10 8.1 8 0.43 * 6.5 12.6 0 GC

06/08/15 12:53 11:53 7.4 7 0.47 * 6.32 12.6 0 TC

 

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM2

1901 Garibaldi Way

49.74084  123.13368

Area Velocity

300mm Diameter Round Pipe

COMMENTS

Installed WM Isco 2150

DL; V; Vis; temp 14C

DL; V; Vis; temp 14C; debris buildup downstream removed

DL; V; Vis; temp 13.6C; band was pushed out by CCTV; reset

DL; V; Vis; temp 14.2C; band was pushed out by CCTV again; reset

sensor and antenna damaged; replaced and reset meter

DL; V; Vis; temp 14.9C

DL; V; Vis; temp  14.5 C

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 349.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 204M00213 DATE: 03/09/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # 211C01670 WM DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/09/15 11:03 10:02 9.29 9.5 0.74 0.71 21 12.1 0 JK

03/11/15 11:08 10:08 11.4 11 0.77 * 18 11.5 0 JK

04/03/15 10:55 9:56 13.6 13.2 0.95 * 29.4 11.6 0 TC

04/15/15 11:00 10:00 10 * 0.33 * 7 11.3 0 GC

05/01/15 9:53 8:53 10.3 10 0.756 * 15.8 12.3 0 TC

05/15/15 9:08 8:08 10.7 10.5 0.86 * 18.2 12.2 0 TC

06/03/15 10:20 9:20 11.3 11 0.6 * 13.2 12 0 GC

06/08/15 13:42 12:41 9.6 10 0.47 * 9.2 12.1 0 TC

 

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM3

1817 Mamquam Road

49.73509 123.12318

Area Velocity

300mm Diameter Round Pipe

COMMENTS

Installed WM Isco 2150 AV; VP 

DL; V; Vis; temp 14.5C

DL; V; Vis; temp 14.5C

DL; V; Vis; temp 14.6C; band was pushed out from CCTV; reset

DL; V; Vis; temp 15.8C

DL; V; Vis; temp 16.2C

DL; V; Vis; temp 17.1  C

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 539.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 207K01086 DATE: 03/10/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/10/15 10:11 9:11 6.3 6.5 1.22 1.17 16.5 12.4 0 JK

03/11/15 11:28 10:28 7.3 7 0.78 * 11.9 12.4 0 JK

04/03/15 11:55 10:55 8 8 0.66 * 12.8 12.3 0 TC

04/15/15 12:00 11:00 7.7 8 1.16 * 20.8 12.1 0 GC

05/01/15 8:18 7:18 7.3 7.5 0.59 * 10.3 12.3 0 TC

05/15/15 9:24 8:25 23.6 23.5 0.48 * 41.3 11.6 0 TC

06/03/15 11:36 10:36 6.9 7 0.96 * 14.9 11.1 0 GC

06/08/15 14:12 13:15 7.7 8 1.04 * 18.7 11.5 0 TC

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM4

39500 Queens Way

49.72619  123.15451

Area Velocity

450mm Diameter Round Pipe

COMMENTS

Installed Isco 2150 Non WM AV

DL; V; Vis; temp 13C

DL; V; Vis; temp 15C reset meter

DL; V; Vis; temp 15.5C

DL; V; Vis; temp 14.4C

DL; V; Vis; temp 15.9C

DL; V; Vis; temp 16.2  C

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 247.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 207K01040 DATE: 03/10/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # 211G01626 DATE: 03/10/15 LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/10/15 11:07 10:06 7.8 8 0.22 0.24 2.9 12.4 0 JK

03/11/15 11:47 10:47 7.7 7.5 0.26 * 3.3 11.7 0 JK

04/03/15 9:33 8:34 9.6 10 0.296 * 4.9 13 0 TC

04/15/15 9:35 8:35 8.9 9 0.29 * 4.6 12.6 0 GC

05/01/15 10:10 9:10 9.5 9 0.248 * 4.4 12.3 0 TC

05/15/15 9:40 8:40 8.6 8.5 0.27 * 4 12.4 0 TC

06/03/15 12:30 11:30 8.3 8.5 0.24 * 3.5 12.3 0 GC

06/08/15 14:37 13:35 7.9 8 0.26 * 3.4 11.8 0 TC

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM5

38397 Buckley Ave.

49.70652  123.15195

Area Velocity

250mm Diameter Round Pipe

COMMENTS

Installed Isco 2150 WM

DL; V; Vis; temp 15C

DL; V; Vis; temp 14.4C

DL; V; Vis; temp 14.4C

DL; V; Vis; temp 14.9C

DL; V; Vis; temp 17.5C

DL; V; Vis; temp 17.2  C

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 149.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 207K01041 DATE: 03/09/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/09/15 14:12 13:11 7 7 0.66 0.62 7.4 11.7 0 JK

03/11/15 12:28 11:28 5.6 6 0.69 * 5.5 11.3 0 JK

04/03/15 9:11 8:12 5.98 6 0.93 * 8.5 12.2 0 TC

04/15/15 9:15 8:15 5 5 0.89 * 6 12 0 GC

05/01/15 7:57 6:58 6.1 6.5 0.7 * 6.2 10.5/12.4 0 TC

05/15/15 7:29 6:30 4.8 5 0.64 * 4.2 10.5/12.3 0 TC

06/03/15 11:00 10:00 5.4 5.5 0.69 * 5.4 10.8 0 GC

06/08/15 12:26 11:26 6.6 6.5 0.62 * 6.3 11 0 TC

 

DATE: NOTES:  

FIELD MAINTENANCE RECORD

NAME: District of Squamish, BC

SFE SITE #: 350C - FM6

37925 Westway Ave

49.69683  123.13823

Area Velocity

250mm Diameter Round Pipe

COMMENTS

Installed Isco 2150 NonWM

DL; V; Vis; temp 13.8C

DL; V; Vis; temp 12.8C

DL; V; Vis; temp 14C

DL; V; Vis; temp 15.1C

DL; V; Vis; temp 15.1C

DL; V; Vis; temp  16.8 C

removed



CONSTANTS LEGEND

D1 (cm): D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: TOM (cm): 540.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

GPS: METER # 6572 DATE: 03/10/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER METER FIELD METER FIELD FLOW BATT SILT MTC

TIME DEPTH DEPTH VEL VEL-VIS BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm (INIT.)

03/10/15 12:25 11:25 23.2/23.7 23.5 0.27 0.25 32 12 0 JK

03/11/15 12:04 11:04 22.8 23 0.34 * 39 12 0 JK

04/03/15 12:30 11:30 24.9 25 0.3 * 38.5 12.2 0 TC

04/15/15 12:40 11:40 25.3 25 0.28 * 37 12 0 GC

05/01/15 10:35 9:35 22.8 23 0.25 * 28 11.6 0 TC

05/15/15 8:18 7:18 21 21 0.32 * 32 11.6 0 TC

06/03/15 12:50 11:50 23 23.5 0.13 * 15 12.4 0 GC

06/08/15 14:53 13:52 24.6 24.5 0.19 * * 11.5 0 TC

DATE: NOTES:  

FIELD MAINTENANCE RECORD

49.70041  123.16478

District of Squamish, BC

350C - FM7

1212 Main Street

NAME:

SFE SITE #:

750mm diameter

COMMENTS

DL; V; Vis

removed

Area Velocity

DL; V; Vis

DL; V; Vis; cleaned around the sensor

DL; V; Vis; no temperature

Installed Detect 6572

DL; V; Vis; no temperature

DL; V; Vis; 



FIELD MAINTENANCE RECORD

NAME: Squamish, BC CONSTANTS LEGEND

SFE SITE #: 350C - FM8 D1 (cm): 0.000 D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: 41271 Meadow Avenue TOM (cm): 265.000 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

MH: FM8 METER # 208J01004 DATE: 11/03/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: Isco 2150 AV METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: AV - 350mm Diameter METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER AV Field METER FIELD FLOW BATT SILT Weir MTC

COMMENTSTIME Depth Depth VEL VEL-VIS Clear BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm y/n (INIT.)

11/03/15 1045 1045 7.9 8.0 0.50 0.6 9.3 12.5 0.0 y JK installed Isco 2150 AV; 350mm diameter pipe

11/06/15 827 826 6.6 7.0 0.49 * 6.4 12.3 0.0 y TC DL, V, VIS

11/12/15 923 922 8.5 8.0 0.30 * 3.8 12.2 0.0 y TC DL, V, VIS

12/04/15 910 910 6.3 6.5 0.44 * 5.2 11.5 0.0 y TC DL, V, VIS

12/15/15 1218 1218 6.5 7.0 0.49 * 6.1 11.4 0.0 y TC DL, V, VIS

01/05/16 1100 1100 6.8 7.0 0.40 * 5.2 11.1 0.0 y TC DL, V, VIS

 

 

 

 

  

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

DATE: NOTES:  



FIELD MAINTENANCE RECORD

NAME: Squamish, BC CONSTANTS LEGEND

SFE SITE #: 350C - FM9 D1 (cm): 0.000 D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: 1771 Harris Road TOM (cm): 203.500 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

MH: FM9 METER # 207H01741 DATE: 11/03/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: Isco 2150 AV METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: AV - 200mm Diameter METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER AV Field METER FIELD FLOW BATT SILT Weir MTC

COMMENTSTIME Depth Depth VEL VEL-VIS Clear BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm y/n (INIT.)

11/03/15 1008 1008 7.6 7.5 0.25 0.27 2.9 12.6 0.0 y JK installed Isco 2150 AV; 200 diameter pipeline

11/06/15 816 814 8.1 8.5 0.30 * 3.5 12.6 0.0 y TC DL, V, VIS

11/12/15 939 938 6.1 6.5 0.40 * 4.5 12.0 0.0 y TC DL, V, VIS

12/04/15 856 853 8.7 8.5 0.32 * 4.1 11.7 0.0 y TC DL, V, VIS

12/15/15 1200 1200 7.2 7.5 0.24 * 2.4 11.4 0.0 y TC DL, V, VIS

01/05/16 1048 1047 7.6 7.5 0.26 * 2.8 11.2 0.0 y TC DL, V, VIS

 

 

 

  

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

DATE: NOTES:  



FIELD MAINTENANCE RECORD

NAME: Squamish, BC CONSTANTS LEGEND

SFE SITE #: 350C - FM10 D1 (cm): 0.000 D1-lip to x-bar DL - DOWNLOAD PC - PROGRAM COMPLETE

ADDRESS: Victoria Street and 4th Avenue TOM (cm): 372.500 Raw Weir L - x-bar to water CB - CHG BATTERY PM - PROG. METER

MH: FM10 METER # 207H01628 DATE: 11/03/15 V - VERIFY VIS - VISUAL

SENSOR TYPE: Isco 2150 AV METER # DATE: LA - LEVEL ADJUST VP - VELOCITY PROFILE

PRIMARY DEVICE: AV - 200mm Diameter METER # DATE: DO - DEPTH ONLY CD - CHG DESICCANT

DATE TIME METER AV Field METER FIELD FLOW BATT SILT Weir MTC

COMMENTSTIME Depth Depth VEL VEL-VIS Clear BY

M/D/YY HH:MM HH:MM cm cm M/S M/S LPS V cm y/n (INIT.)

11/03/15 1206 1206 3.3 3.5 0.83 0.78 2.9 12.6 0.0 y JK installed Isco 2150 AV; 200mm pipe diameter

11/06/15 752 751 1.1 1.5 0.39 * 0.24 12.6 0.0 y TC DL, V, VIS; sensor was pulled from meter; replaced and reset

11/12/15 1004 1003 1.9 2.0 0.37 * 0.6 12.0 0.0 y TC DL, V, VIS

12/04/15 822 820 2.8 2.5 0.27 * 0.7 11.8 0.0 y TC DL, V, VIS

12/15/15 1134 1135 2.7 3.0 0.45 * 1.2 11.6 0.0 y TC DL, V, VIS

01/05/16 1122 1120 1.1 / 2.1 2.5 0.24 * 0.1 11.5 0.0 y TC cleared cardboard from the pipe outlet

 

 

 

 

  

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

DATE: NOTES:  

Backup RG at Muni Hall Roof
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APPENDIX B – MANHOLE SURVEY DATA  

  









Project:  Sanitary Manhole Inverts, Squamish, BC

Client:    District of Squamish Engineering

Job No. 16-0342-04

Buckley Avenue/Wilson Crescent Fourth Avenue/Main Street Westway Avenue

Rim Elev. Pipe Direction Pipe Size Invert Elev.

SAN 1 3.24m Southeast 200mm 1.16m SAN 8 1.55m Northeast 750mm -2.76m SAN 18 22.92m Northeast 200mm 21.28m

Northwest 200mm 1.16m Southwest 750mm -2.77m Southwest 200mm 20.97m

Southeast 200mm 20.97m

SAN 2 3.62m North 250mm 0.97m SAN 9 1.75m Northeast 750mm -2.83m West 250mm 21.27m

South 250mm 0.92m Southwest 750mm -2.83m

Southeast 250mm 0.97m Northwest 200mm -2.81m SAN 19 20.22m Northeast 200mm 18.13m

Southwest 200mm 18.12m

SAN 3 3.30m North 250mm 0.74m SAN 10 1.75m Northeast 750mm -2.86m Southeast 150mm 18.13m

South 250mm 0.71m Northwest 750mm -2.92m

Southeast 200mm -2.56m (Dead) SAN 20 18.74m Northeast 200mm 16.63m

SAN 4 3.05m North 250mm 0.47m Southwest 200mm 16.59m

South 250mm 0.47m SAN 11 1.72m Northwest 450mm -2.58m Southeast 200mm 16.62m

Southeast 450mm -2.58m

SAN 5 2.77m North 250mm 0.26m East 150mm 0.07m SAN 21 18.26m Northeast 200mm 16.43m

South 250mm 0.25m Southwest 250mm 16.33m

Southeast 150mm 0.55m SAN 12 2.46m Southeast 750mm -2.99m

Northwest 200mm 0.26m Northwest 750mm -3.00m SAN 22 17.36m Northeast 250mm 14.75m

Southwest 250mm 14.73m

SAN 6 2.40m Southeast 200mm 0.67m SAN 13 3.35m Southeast 750mm -3.09m Southeast 200mm 14.76m

Northwest 200mm 0.66m South 750mm -3.12m West 150mm 14.79m

SAN 14 3.50m North 750mm -3.18m SAN 23 Buried n/a

South 750mm -3.21m

SAN 15 3.35m North 750mm -3.40m

Southeast 750mm -3.42m

SAN 16

SAN 17

April 25, 2016

Manhole #

Inside gated compound n/a

Inside gated compound n/a 
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APPENDIX C – DRY & WET WEATHER VERIFICATION GRAPHS  

For each flow monitored site, the flow, depth, and velocity data predicted by the model are graphed 

against field measured data.  

The RED line indicates model prediction, while the other colours indicate field measured data. 

The light blue columns in the background illustrate the four (4) verification events (1 dry and 3 

wet events) used to verify the model. They are consistent with the events associated with each site 

as shown in Table 4-1. 





















 District of Squamish – Sanitary Sewer Master Plan [DRAFT]  

 

D-03692.00 |   Opus International Consultants (Canada) Ltd. 
 

 

 

 

Appendix B 

Squamish Buildout – Development Growth 

Calculation 

  



Table B-1: Population Estimates for all Future Developments under the Buildout Scenario

Squamish Area Development SF Units TH Units Condo Units DEV. RES Growth ICI Area (ha) DEV. ICI Growth (PE) RES DEV Node ICI DEV Node I&I Nodes Data Origin

Note Area 3.5 ppu 3.1 ppu 2.1 ppu 28,595 Note 7,957
Brackendale 41601 Brennan Rd. 5.74 35         122.5                       1291 1291 Opus Servicing Review
Brackendale 41429 Gov't Rd. 0.24 7            21.7                         10310 Opus Servicing Review
Brackendale 41312 Gov't Rd. 0.27 6            24                 69.0                         10306 Opus Servicing Review
Brackendale 1050 Depot Rd. 0.25 units/ha 31.73 8           27.4                         3290 3290 District Annotation on Population Map
Brackendale SEC 15 1.24 units/ha 10.43 13         45.1                         1323 1323 District Annotation on Population Map
Brackendale 1100 Depot Rd. 29 units/ha 3.74 108       379.6                       3290 3290 District Annotation on Population Map
Brackendale Rod Rd. RL-1 29 units/ha 0.83 24         84.2                         1254 District Annotation on Population Map
Brackendale Grant Rd. RL-1 29 units/ha 1.18 34         119.8                       1245 District Annotation on Population Map
Brackendale Cheekeye River Development Dev. Area 41.40 537       503       175               3,806.3                   0.50              71.4 cap/ha 35.7                               1805 1805 1805 Developer's Servicing Review Report
Tantalus Rd. Dowad Dr. 6.92 62          54           384.4                       175.0                             J54 J54 J54 Opus Servicing Review
Tantalus Rd. Polygon - Garibaldi Springs (Phase A) 3.08 91           282.1                       J54 J54 Opus Servicing Review
Tantalus Rd. Polygon - Garibaldi Springs (Phase B+C) 8.25 8            171        120                810.1                       J7 J7 Opus Servicing Review
Tantalus Rd. Polygon - Garibaldi Springs (Phase D+E) 2.76 79           48                  345.7                       5252 5252 Opus Servicing Review
Tantalus Rd. Cheema-West 100.70 2,197.0                   J54 J54 Opus Chief View Rd. Hwy. Crossing Review
Tantalus Rd. Cheema-East 70.10 1,529.0                   5252 5252 Opus Chief View Rd. Hwy. Crossing Review
Tantalus Rd. Holborn Group 41.80 998.0                       5252 5252 Opus Chief View Rd. Hwy. Crossing Review
Tantalus Rd. BC Crown Land + High School at Condor Rd. 7.40 113.0                       157.0                             5252 5252 5252 Opus Chief View Rd. Hwy. Crossing Review
Garibaldi SEC 11 & 12 RL-2 29 5.90 171        598.9                       2289 2289 District Annotation on Population Map
Garibaldi DL 512 5.56 41           127.1                       3063 3063 District Annotation on Population Map
Garibaldi University Heights Phase 2 14.35 68          60                  364.0                       5648 5648 District Annotation on Population Map
Garibaldi Aristotle Phase 2 14 units/ha 4.83 69          240.5                       5834 5834 District Annotation on Population Map
Industrial Park The Breeze 1.22 72           223.2                       1090 Opus Servicing Review
Industrial Park 39773/75/79 Gov't Rd. 0.81 60           186.0                       1081 District Annotation on Population Map
Industrial Park Fisherman's Bend 5.32 72           223.2                       1164 1164 District Annotation on Population Map
Industrial Park 39660 Gov't Rd. 0.71 50           155.0                       4138 District Annotation on Population Map
Industrial Park Queens Way - Industrial 8.22 -                           8.22 71.4 cap/ha 586.9                             J62 J62 District Annotation on Population Map
Industrial Park Rail Marshalling Yard - Industrial 37.96 -                           37.96 71.4 cap/ha 2,710.3                         J14 J14 District Annotation on Population Map
Loggers Ln. 39501 Loogers Ln. 2.01 70 217.0                       1185 1185 Opus Servicing Review
Loggers Ln. End of Finch Dr. 4.79 90 279.0                       46.0                               10415 10415 10415 Opus Servicing Review
Loggers Ln. Great Wolf Lodge 5.33 -                           3,000.0                         1179 1179 Opus Servicing Review
Loggers Ln. Maples Dev. Phase 2-5 16.96 140 434.0                       J45 J45 Developer's Key Plan
Loggers Ln. Anthem Dev. 5.69 230 713.0                       1156 1156 District Annotation on Population Map
Loggers Ln. Loggers Ln. South Land 130.75 200 700.0                       J35 J35 District Annotation on Population Map
Buckley Ave. 38684  Britannia Ave. 0.34 29 89.9                         875 875 Opus Servicing Review
Buckley Ave. Dentville Area - SF lots subdivide 19.00 678.9                       Various Various Opus SM23 Lift Station Tech Memo
Buckley Ave. Wilson Cr. - SF lots zoned for MF 47 units/ha 12.80 595.2 1,311.4                   Various Various Opus SM23 Lift Station Tech Memo
Buckley Ave. School and Visitor Centre - 0.5% annual growth 12.20 -                           132.0                             5474 Opus SM23 Lift Station Tech Memo
Buckley Ave. Teardrop Dev. 0.43 -                           436.0                             845 Opus SM23 Lift Station Tech Memo
Valleycliffe Crumpit Woods Phase 2 10.85 65 227.5                       J46 J46 Background Knowledge
Scott Cr. Scott Cr. Dev. 3.35 128 297 1,020.5                   273 273 District Annotation on Population Map
Downtown Waterfront Landing 17.30 599 240 2,360.9                   194 194 Opus Servicing Review
Downtown SODC 37.90 6,500.0                   9.5 71.4 cap/ha 678.3                             3204 3204 3204 Opus Servicing Review
Downtown Aqua 0.62 61 189.1                       5504 Opus Servicing Review
Downtown 38050 Loggers Ln. 0.70 34 144 421.4                       101 Opus Servicing Review
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Appendix C 

Pump Curves 

 

  



H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
11 87 9.91 56.8 3 70 4.11 37.9
15 80 11.58 50.5 4 65 4.57 35.3
20 66 12.8 44.2 5.5 60 5.18 31.5

22.5 60 15.85 31.5 8 50 6.1 25.7
28 40 17.07 25.2 11 40 7.01 19.9
33 20 18.29 18.9 12 36 7.62 15.1
39 0 19.51 12.6 13.5 30 7.92 12.6

20.73 6.3 16 22 9.14 2.5
21.64 0 16.5 20 9.45 0

19 10
20 5

21.5 0

H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
7.32 44.2 9.88 56.8 1 90 1 250
9.14 36 12.19 47.3 3 80 2.5 225

10.36 30.6 12.8 44.2 6.5 60 3 215
11.58 25.2 15.24 34.1 8 50 3.5 200
12.19 22.7 15.85 31.5 9.5 40 5.5 150
13.41 17.7 17.07 25.2 11.8 20 6.7 125
14.63 11.4 18.29 18.9 14 10 7 115
15.24 8.2 19.51 12.6 16 0 7.6 100
16.46 0 21.34 3.2 8 87

21.95 0 8.3 75
9 50

9.45 25
10 12

10.35 0

H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
2.8 240 3 60 7.5 120 2.4 30
4.6 200 5 50 16.5 100 3.2 25

6 160 7.5 40 20 91 4 21.5
7 120 8 38 26 80 4.3 20

7.4 100 10 30 30 68 6 11
7.9 80 12 20 33 60 6.25 10
8.6 60 14.5 10 40 40 7.4 5
9.4 40 16 4 46 20 8 0

10.4 20 17 0 51 0
11.1 0

H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
7.0 72.0 7.5 145 11 87 5.18 39.7

11.0 64.0 10 130 15 80 5.49 37.9
13.0 60.0 12.1 120 20 66 6.1 34.1
17.0 50.0 14.5 100 22.5 60 7.01 28.4
20.8 40.0 15 95 28 40 7.62 24
24.8 30.0 17.5 80 33 20 8.53 17.7
33.4 10.0 20 60 39 0 9.14 12.6
37.7 0.5 23.5 40 10.06 5

25 30 10.36 0
27.5 20

30 10
32.5 0

H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
2.74 28.4 5.18 39.7 5.12 39.7 5.12 39.7
3.81 19.6 5.49 37.9 5.49 37.9 5.49 37.9
4.57 12.3 6.1 34.1 6.1 34.1 6.1 34.1
4.88 9.5 7.01 28.4 7.01 28.4 7.01 28.4
5.03 7.6 7.62 24 7.62 24 7.62 24
5.18 5.7 8.53 17.7 8.53 17.7 8.53 17.7
5.33 4.4 9.14 12.6 9.14 12.6 9.14 12.6
5.49 3.2 10.06 5 10.06 6.3 10.06 6.3
5.79 0 10.36 0 10.42 0 10.42 0

H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s) H (m) Q (L/s)
7.86 46.4 3.9 85 14.9 146 3.2 29.7
8.53 42.9 4.5 80 21.2 120 3.81 24.6
9.14 39.7 6.4 70 29.5 80 4.57 18

10.67 31.5 8 60 38 40 5.33 11.7
12.19 22.1 10 50 49 0 5.49 10.1
13.41 12.6 12 40 5.64 7.6
13.72 10.1 13.5 30 5.72 6.3
14.02 6.3 15.5 20 6.1 3.8
14.39 0 16 18 6.4 0

17.5 10
20 0

H (m) Q (L/s)
5.18 39.4

6.1 34.1
7.62 24
8.38 18.9
9.14 12.6

10.06 4.7
10.42 0

Curve 14, 25

Curve 16, 28-30HP

Curve 26 Curve 29

Curve 19-2 1140 RPM

Curve 15

Curve 21

Curve 30

Curve 17
Curve 18

Curve 19-1 860 RPM Curve 20

Curve 23

Curve 28
60HP

Curve 13

Curve 01
Curve 02

Curve 05

Curve 07 - 20

Curve 08 Curve 09 Curve 10

Curve 11

Curve 12
Curve 11-New



 District of Squamish – Sanitary Sewer Master Plan [DRAFT]  

 

D-03692.00 |   Opus International Consultants (Canada) Ltd. 
 

 

 

 

Appendix D 

Model Results 

 

 

D1 – Gravity Sewer Results 

D2 – Lift Station & Forcemain Results  
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Gravity Sewer Results 

  



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050

3271 Gravity Sewer 250 11.4 31.13 0.62 0.82 0.4 0.72
3253 Gravity Sewer 250 11.0 30.02 1.15 1.34 0.25 0.46
247 Gravity Sewer 250 56.8 69.97 2.1 2.12 0.6 0.75
244 Gravity Sewer 250 56.1 68.81 1.38 1.4 0.87 1
241 Gravity Sewer 250 52.5 69.09 1.15 1.46 0.87 0.97
250 Gravity Sewer 250 58.2 70.73 2.14 2.21 0.54 0.62
205 Gravity Sewer 250 62.5 73.05 2.38 2.38 0.56 0.63
208 Gravity Sewer 250 64.3 73.44 1.94 1.96 0.64 0.74
211 Gravity Sewer 250 68.9 76.82 2.71 2.71 0.56 0.65
3247 Gravity Sewer 250 70.4 77.28 2.36 2.39 0.59 0.63
3274 Gravity Sewer 250 72.4 77.84 2.38 2.38 0.6 0.63
3277 Gravity Sewer 250 3.1 3.25 0.72 0.74 0.25 0.26
265 Gravity Sewer 250 13.8 20.87 0.86 0.92 0.53 0.69
271 Gravity Sewer 250 13.2 14.86 0.86 0.76 0.35 0.42
268 Gravity Sewer 250 13.5 20.6 0.74 0.84 0.4 0.5
199 Gravity Sewer 250 13.2 14.86 1.56 1.62 0.23 0.24
3107 Gravity Sewer 250 63.1 79.84 1.46 1.66 0.82 0.95
3280 Gravity Sewer 250 11.4 31.2 0.63 0.85 0.39 0.7
544 Gravity Sewer 200 0.3 0.89 0.16 0.21 0.13 0.23
583 Gravity Sewer 200 0.1 0.14 0.12 0.16 0.04 0.07
571 Gravity Sewer 200 0.3 0.75 0.26 0.35 0.08 0.12
580 Gravity Sewer 200 0.1 0.26 0.16 0.22 0.05 0.08
574 Gravity Sewer 200 0.3 0.67 0.25 0.33 0.07 0.12
577 Gravity Sewer 200 0.2 0.43 0.19 0.26 0.06 0.1
589 Gravity Sewer 200 1.6 5.43 0.56 0.8 0.15 0.27
547 Gravity Sewer 200 1.7 5.8 0.46 0.66 0.18 0.32
586 Gravity Sewer 200 1.6 5.55 0.52 0.74 0.16 0.29
391 Gravity Sewer 200 2.1 7.04 0.68 0.96 0.16 0.28
541 Gravity Sewer 200 2.1 6.86 0.49 0.7 0.19 0.35
478 Gravity Sewer 200 2.2 7.31 0.81 1.11 0.14 0.26
472 Gravity Sewer 200 0.1 0.14 0.11 0.26 0.09 0.12
400 Gravity Sewer 200 2.3 7.49 0.71 1.12 0.16 0.27
469 Gravity Sewer 200 2.4 7.76 1.47 2.28 0.1 0.17
460 Gravity Sewer 200 2.5 7.87 1.72 2.43 0.09 0.16
463 Gravity Sewer 200 2.4 7.85 1.29 1.84 0.11 0.19
466 Gravity Sewer 200 2.4 7.83 1.74 2.49 0.09 0.16
610 Gravity Sewer 200 0.1 0.2 0.18 0.24 0.04 0.06
607 Gravity Sewer 200 0.2 0.47 0.27 0.36 0.06 0.09
604 Gravity Sewer 200 0.3 0.7 0.18 0.23 0.1 0.15
619 Gravity Sewer 200 1.3 3.46 0.63 0.82 0.12 0.19
622 Gravity Sewer 200 1.3 3.29 0.66 0.88 0.11 0.18
625 Gravity Sewer 200 1.2 3.09 0.68 0.89 0.11 0.17
388 Gravity Sewer 200 0.2 0.45 0.26 0.35 0.05 0.09
475 Gravity Sewer 200 0.3 0.74 0.27 0.36 0.07 0.12
385 Gravity Sewer 200 0.3 0.88 0.16 0.22 0.12 0.19
382 Gravity Sewer 200 2.9 7.57 0.88 1.15 0.16 0.26
568 Gravity Sewer 200 0.1 0.16 0.18 0.24 0.03 0.05
529 Gravity Sewer 200 10.1 27.82 1.11 1.42 0.33 0.6
526 Gravity Sewer 250 10.9 29.85 0.73 0.97 0.34 0.6
403 Gravity Sewer 200 0.7 1.87 0.24 0.31 0.21 0.42
3250 Gravity Sewer 200 0.6 1.64 0.36 0.48 0.1 0.16
517 Gravity Sewer 200 0.5 1.42 0.45 0.61 0.08 0.13
520 Gravity Sewer 200 0.5 1.26 0.46 0.62 0.07 0.12
523 Gravity Sewer 200 0.1 0.16 0.19 0.23 0.03 0.06
490 Gravity Sewer 200 0.4 0.93 0.37 0.5 0.07 0.11
493 Gravity Sewer 200 0.2 0.39 0.26 0.34 0.05 0.08
487 Gravity Sewer 200 0.1 0.36 0.22 0.3 0.05 0.08
397 Gravity Sewer 200 0.1 0.17 0.21 0.28 0.03 0.05
496 Gravity Sewer 200 0.1 0.16 0.16 0.21 0.04 0.06
598 Gravity Sewer 200 0.1 0.37 0.22 0.3 0.05 0.08
643 Gravity Sewer 200 0.3 0.76 0.33 0.44 0.07 0.1
601 Gravity Sewer 200 0.1 0.14 0.15 0.2 0.04 0.06
646 Gravity Sewer 200 0.1 0.18 0.18 0.31 0.04 0.07
3259 Gravity Sewer 200 0.3 0.75 0.22 0.3 0.09 0.13
3256 Gravity Sewer 200 0.4 0.97 0.18 0.24 0.19 0.39
3262 Gravity Sewer 200 0.2 0.54 0.23 0.31 0.07 0.1
3265 Gravity Sewer 200 0.1 0.28 0.22 0.29 0.04 0.07
3268 Gravity Sewer 200 0.1 0.16 0.19 0.23 0.03 0.06
634 Gravity Sewer 200 0.7 1.93 0.56 0.75 0.09 0.14
637 Gravity Sewer 200 0.7 1.68 0.56 0.75 0.08 0.12
640 Gravity Sewer 200 0.5 1.37 0.51 0.68 0.07 0.12
631 Gravity Sewer 200 0.9 2.22 0.59 0.79 0.09 0.15
484 Gravity Sewer 200 1.0 2.57 0.44 0.58 0.12 0.2
394 Gravity Sewer 200 0.9 2.45 0.36 0.47 0.14 0.22
592 Gravity Sewer 200 0.2 0.39 0.19 0.25 0.06 0.1
649 Gravity Sewer 200 0.1 0.25 0.1 0.15 0.08 0.12

5y24h Max d/D
NAME Pipe Type Size (mm)

5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

664 Gravity Sewer 200 0.6 1.58 0.41 0.54 0.09 0.15
538 Gravity Sewer 200 0.8 2.15 0.38 0.5 0.12 0.19
628 Gravity Sewer 200 0.9 2.3 0.38 0.5 0.13 0.2
673 Gravity Sewer 200 0.1 0.18 0.22 0.3 0.03 0.05
670 Gravity Sewer 200 0.1 0.33 0.27 0.36 0.04 0.07
667 Gravity Sewer 200 0.2 0.55 0.26 0.35 0.06 0.1
652 Gravity Sewer 200 0.3 0.84 0.31 0.41 0.07 0.12
655 Gravity Sewer 200 0.2 0.55 0.29 0.39 0.06 0.09
658 Gravity Sewer 200 0.1 0.24 0.23 0.3 0.04 0.06
661 Gravity Sewer 200 0.1 0.16 0.21 0.3 0.03 0.05
595 Gravity Sewer 200 0.1 0.18 0.14 0.19 0.04 0.07
553 Gravity Sewer 200 0.2 0.39 0.3 0.41 0.04 0.07
550 Gravity Sewer 200 0.2 0.64 0.37 0.5 0.05 0.08
556 Gravity Sewer 200 0.1 0.14 0.18 0.24 0.03 0.05
379 Gravity Sewer 200 0.4 0.95 0.42 0.56 0.07 0.1
442 Gravity Sewer 200 0.5 1.3 0.5 0.67 0.07 0.11
559 Gravity Sewer 200 2.5 6.52 0.83 1.1 0.15 0.24
562 Gravity Sewer 200 2.4 6.25 0.85 1.12 0.15 0.23
448 Gravity Sewer 200 3.2 8.09 0.81 1.07 0.18 0.29
445 Gravity Sewer 200 3.3 8.51 0.66 0.82 0.22 0.36
454 Gravity Sewer 200 2.6 8.06 0.5 0.7 0.22 0.4
451 Gravity Sewer 200 2.6 8.18 0.67 0.93 0.18 0.32
565 Gravity Sewer 200 2.3 5.92 0.85 1.12 0.14 0.22
616 Gravity Sewer 200 2.2 5.62 0.82 1.08 0.14 0.22
613 Gravity Sewer 200 2.2 5.74 0.81 1.07 0.14 0.23
418 Gravity Sewer 200 0.7 1.91 0.27 0.37 0.16 0.26
427 Gravity Sewer 200 0.6 1.44 0.53 0.71 0.07 0.12
421 Gravity Sewer 200 0.7 1.75 0.54 0.72 0.08 0.13
424 Gravity Sewer 200 0.6 1.57 0.54 0.72 0.08 0.12
508 Gravity Sewer 200 2.4 6.18 0.44 0.58 0.23 0.37
511 Gravity Sewer 200 2.3 6.03 0.43 0.56 0.23 0.37
514 Gravity Sewer 200 0.0 0.12 0.06 0.13 0.13 0.21
409 Gravity Sewer 200 2.3 5.83 0.54 0.71 0.19 0.31
505 Gravity Sewer 200 3.2 8.22 0.45 0.57 0.27 0.47
406 Gravity Sewer 200 6.6 18.71 1 1.33 0.26 0.46
412 Gravity Sewer 200 2.2 5.6 0.77 1.03 0.14 0.23
415 Gravity Sewer 200 2.1 5.42 0.76 1.01 0.14 0.23
481 Gravity Sewer 200 2.0 5.22 0.69 0.91 0.15 0.24
499 Gravity Sewer 200 9.9 27.33 1.13 1.47 0.32 0.57
502 Gravity Sewer 200 9.8 27.1 1.16 1.51 0.32 0.56
439 Gravity Sewer 200 5.8 16.71 1.02 1.37 0.24 0.41
430 Gravity Sewer 200 6.6 18.53 1.08 1.45 0.25 0.43
235 Gravity Sewer 200 2.0 2.22 1.28 1.32 0.1 0.1
214 Gravity Sewer 200 0.3 0.36 0.25 0.25 0.09 0.09
223 Gravity Sewer 200 3.7 4.07 1.3 1.34 0.15 0.15
217 Gravity Sewer 200 4.1 4.47 1.78 1.83 0.33 0.57
220 Gravity Sewer 200 4.0 4.45 1.73 1.78 0.13 0.13
226 Gravity Sewer 200 3.4 3.7 1.15 1.19 0.15 0.16
229 Gravity Sewer 200 3.0 3.34 1.4 1.44 0.12 0.13
232 Gravity Sewer 200 2.3 2.58 1.05 1.08 0.12 0.13
238 Gravity Sewer 200 1.7 1.85 1.13 1.16 0.09 0.1
253 Gravity Sewer 200 0.3 0.35 0.25 0.26 0.08 0.09
259 Gravity Sewer 200 0.7 0.79 0.63 0.64 0.08 0.08
256 Gravity Sewer 200 1.4 1.5 0.9 0.93 0.09 0.1
262 Gravity Sewer 200 0.3 0.36 0.53 0.56 0.05 0.05
331 Gravity Sewer 200 11.4 12.7 2.58 2.67 0.2 0.21
328 Gravity Sewer 200 11.7 13.05 2.49 2.57 0.21 0.22
325 Gravity Sewer 200 12.0 13.39 2.53 2.62 0.21 0.22
322 Gravity Sewer 200 12.6 14.11 2.6 2.68 0.21 0.22
316 Gravity Sewer 200 0.3 0.36 0.62 0.65 0.05 0.05
319 Gravity Sewer 200 12.9 14.37 3.66 3.78 0.17 0.18
334 Gravity Sewer 200 2.7 2.99 0.57 0.58 0.21 0.22
304 Gravity Sewer 200 8.3 9.34 1.82 1.89 0.2 0.21
307 Gravity Sewer 200 8.0 9 1.49 1.55 0.23 0.24
310 Gravity Sewer 200 7.7 8.65 1.61 1.67 0.21 0.22
313 Gravity Sewer 200 6.2 6.94 1.4 1.44 0.2 0.21
202 Gravity Sewer 200 4.7 5.18 0.8 0.83 0.24 0.25
337 Gravity Sewer 200 0.3 0.33 0.1 0.25 0.15 0.16
289 Gravity Sewer 200 4.0 4.47 0.53 0.54 0.29 0.31
292 Gravity Sewer 200 3.7 4.11 0.45 0.46 0.31 0.33
286 Gravity Sewer 200 0.3 0.35 0.09 0.11 0.19 0.2
295 Gravity Sewer 200 3.1 3.44 0.63 0.64 0.22 0.23
298 Gravity Sewer 200 2.9 3.17 0.95 0.98 0.15 0.16
301 Gravity Sewer 200 0.7 0.73 0.39 0.45 0.12 0.12
340 Gravity Sewer 200 0.4 0.38 0.53 0.54 0.05 0.06
355 Gravity Sewer 200 0.3 0.37 0.27 0.27 0.08 0.09



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

352 Gravity Sewer 200 0.6 0.7 0.45 0.47 0.09 0.09
358 Gravity Sewer 200 0.3 0.37 0.43 0.44 0.06 0.06
349 Gravity Sewer 200 0.9 1.06 0.85 0.88 0.08 0.08
346 Gravity Sewer 200 1.2 1.41 0.41 0.43 0.15 0.16
277 Gravity Sewer 200 0.9 1.05 0.38 0.4 0.13 0.14
274 Gravity Sewer 200 1.2 1.38 0.47 0.49 0.14 0.15
280 Gravity Sewer 200 0.6 0.7 0.29 0.3 0.12 0.13
283 Gravity Sewer 200 0.3 0.36 0.25 0.26 0.08 0.09
5610 Gravity Sewer 200 2.3 2.13 0.46 0.43 0.22 0.22
5607 Gravity Sewer 200 2.7 2.57 0.84 0.83 0.16 0.15
5604 Gravity Sewer 200 3.0 2.84 1.79 1.76 0.17 0.16
532 Gravity Sewer 150 0.1 0.35 0.11 0.15 0.24 0.44
535 Gravity Sewer 150 0.1 0.19 0.1 0.13 0.09 0.13
10047 Gravity Sewer 150 0.0 0.08 0.25 0.31 0.03 0.06
10062 Gravity Sewer 150 0.1 0.14 0.21 0.27 0.04 0.07
10038 Gravity Sewer 150 0.0 0.1 0.2 0.25 0.04 0.06
10018 Gravity Sewer 150 0.1 0.14 0.21 0.28 0.04 0.07
10010 Gravity Sewer 150 0.1 0.12 0.25 0.34 0.03 0.05
10057 Gravity Sewer 200 1.1 2.85 0.8 1.06 0.09 0.14
10055 Gravity Sewer 200 1.1 2.75 0.79 1.06 0.09 0.14
10053 Gravity Sewer 200 1.0 2.67 0.79 1.05 0.09 0.14
10051 Gravity Sewer 200 1.0 2.65 0.61 0.82 0.1 0.16
10045 Gravity Sewer 200 0.9 2.47 0.53 0.71 0.1 0.17
10043 Gravity Sewer 200 0.9 2.37 0.54 0.72 0.1 0.16
10028 Gravity Sewer 200 0.4 1.18 0.43 0.57 0.07 0.12
10026 Gravity Sewer 200 0.4 1 0.56 0.75 0.05 0.09
10030 Gravity Sewer 200 0.4 1.09 0.39 0.52 0.07 0.12
10032 Gravity Sewer 200 0.4 0.99 0.62 0.83 0.05 0.08
10034 Gravity Sewer 200 0.3 0.73 0.55 0.75 0.04 0.07
10040 Gravity Sewer 200 0.2 0.45 0.47 0.64 0.04 0.06
10042 Gravity Sewer 200 0.1 0.22 0.3 0.4 0.03 0.05
10013 Gravity Sewer 200 0.0 0.1 0.18 0.24 0.03 0.04
10016 Gravity Sewer 200 0.1 0.22 0.35 0.46 0.03 0.04
10020 Gravity Sewer 200 0.2 0.44 0.4 0.53 0.04 0.06
10024 Gravity Sewer 200 0.3 0.75 0.13 0.24 0.13 0.16
10022 Gravity Sewer 200 0.2 0.54 0.46 0.62 0.04 0.07
10036 Gravity Sewer 200 0.1 0.18 0.22 0.28 0.03 0.05
361 Gravity Sewer 200 0.8 0.8 0.41 0.42 0.11 0.11
364 Gravity Sewer 200 0.4 0.39 0.52 0.53 0.06 0.06
5562.1 Gravity Sewer 200 1.9 2.17 0.48 0.5 0.19 0.2
5565 Gravity Sewer 200 0.4 0.39 0.17 0.16 0.14 0.15
5568 Gravity Sewer 200 1.3 1.44 0.38 0.4 0.16 0.17
5571 Gravity Sewer 200 0.9 1.06 0.41 0.42 0.13 0.13
5574 Gravity Sewer 200 0.6 0.69 0.48 0.5 0.08 0.09
5577 Gravity Sewer 200 0.3 0.35 0.32 0.34 0.07 0.07
376 Gravity Sewer 200 0.3 0.37 0.18 0.19 0.11 0.11
373 Gravity Sewer 200 1.5 1.56 0.67 0.69 0.12 0.13
370 Gravity Sewer 200 1.8 1.92 0.99 1.01 0.11 0.11
367 Gravity Sewer 200 2.1 2.25 1.1 1.13 0.11 0.11
343 Gravity Sewer 200 2.4 2.62 0.71 0.73 0.16 0.17
10049 Gravity Sewer 200 1.0 2.57 0.62 0.83 0.1 0.16
10167 Gravity Sewer 200 2.0 1.84 0.9 0.88 0.12 0.12
10171 Gravity Sewer 200 1.7 1.57 0.64 0.62 0.14 0.14
10170 Gravity Sewer 200 2.2 2.26 0.67 0.65 0.2 0.2
5629 Gravity Sewer 200 2.5 2.53 0.59 0.59 0.19 0.19
5113 Gravity Sewer 300 36.8 59.84 1.22 1.38 0.44 0.59
2269 Gravity Sewer 300 13.3 22.09 0.68 0.79 0.32 0.42
2272 Gravity Sewer 300 13.1 21.68 0.65 0.75 0.33 0.43
2275 Gravity Sewer 300 13.0 21.67 0.64 0.74 0.33 0.43
2278 Gravity Sewer 300 13.0 21.47 0.61 0.7 0.34 0.45
9998 Gravity Sewer 300 11.9 19.65 0.53 0.61 0.35 0.46
2281 Gravity Sewer 300 12.0 19.68 0.6 0.69 0.33 0.43
1996 Gravity Sewer 300 35.2 57.88 1.04 1.14 0.48 0.67
2008 Gravity Sewer 300 35.2 57.92 0.81 0.97 0.59 0.79
2035 Gravity Sewer 300 33.7 55.91 1.37 1.57 0.38 0.5
2005 Gravity Sewer 300 33.1 54.11 1.31 1.49 0.39 0.51
2041 Gravity Sewer 300 33.3 54.15 1.31 1.49 0.39 0.51
2047 Gravity Sewer 300 34.7 55.8 1.32 1.48 0.4 0.53
2038 Gravity Sewer 300 32.8 54.08 1.23 1.39 0.4 0.54
2002 Gravity Sewer 300 33.0 54.08 1.28 1.45 0.39 0.52
2044 Gravity Sewer 300 33.5 54.24 1.26 1.42 0.4 0.53
5112 Gravity Sewer 300 36.7 59.83 0.91 0.99 0.55 0.79
5340 Gravity Sewer 300 36.7 59.81 0.73 0.85 0.67 0.98
5111 Gravity Sewer 300 36.7 59.79 0.68 0.85 0.71 1
5110 Gravity Sewer 300 35.3 62.77 0.63 0.89 0.75 1
1999 Gravity Sewer 300 35.2 57.93 1.15 1.24 0.45 0.63



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

2032 Gravity Sewer 300 33.7 55.87 1.42 1.6 0.37 0.5
2113 Gravity Sewer 250 1.3 2.12 0.5 0.58 0.1 0.13
2287 Gravity Sewer 250 10.7 14.48 0.88 0.89 0.3 0.37
2056 Gravity Sewer 250 3.2 4.42 0.31 0.35 0.26 0.3
2053 Gravity Sewer 250 3.2 4.44 0.59 0.64 0.17 0.2
2059 Gravity Sewer 250 1.5 2.51 0.42 0.49 0.13 0.16
2065 Gravity Sewer 250 1.4 2.41 0.47 0.55 0.11 0.14
2110 Gravity Sewer 250 1.4 2.39 0.61 0.72 0.09 0.12
2116 Gravity Sewer 250 0.2 0.49 0.29 0.36 0.05 0.07
5308 Gravity Sewer 250 2.7 3.8 0.26 0.3 0.26 0.31
5307 Gravity Sewer 250 1.6 2.53 0.35 0.42 0.15 0.18
2062 Gravity Sewer 250 1.5 2.48 0.4 0.47 0.13 0.17
5305 Gravity Sewer 250 0.0 0 0 0 0 0
5001_1 Gravity Sewer 200 11.1 32.52 0.76 1.1 0.47 0.89
5002 Gravity Sewer 200 10.6 32.02 0.77 1.02 0.45 1
5003 Gravity Sewer 200 10.6 31.93 0.74 1.02 0.47 1
2443 Gravity Sewer 200 0.3 0.38 0.17 0.18 0.21 0.24
2428 Gravity Sewer 200 0.1 0.19 0.2 0.22 0.06 0.07
2431 Gravity Sewer 200 0.1 0.08 0.12 0.13 0.04 0.05
2341 Gravity Sewer 200 0.1 0.07 0.08 0.09 0.05 0.06
2356 Gravity Sewer 200 0.8 1.01 0.5 0.55 0.09 0.11
2449 Gravity Sewer 200 0.3 0.33 0.24 0.26 0.07 0.08
2452 Gravity Sewer 200 0.2 0.22 0.22 0.24 0.06 0.07
2455 Gravity Sewer 200 0.1 0.11 0.14 0.16 0.05 0.05
2458 Gravity Sewer 200 0.3 0.33 0.19 0.21 0.08 0.1
2488 Gravity Sewer 200 0.5 0.6 0.29 0.32 0.09 0.11
2461 Gravity Sewer 200 0.2 0.23 0.19 0.2 0.07 0.08
2464 Gravity Sewer 200 0.1 0.11 0.13 0.14 0.05 0.06
2398 Gravity Sewer 200 3.5 4.72 0.55 0.6 0.26 0.3
2404 Gravity Sewer 200 2.1 2.97 0.4 0.44 0.23 0.27
2380 Gravity Sewer 200 0.2 0.24 0.12 0.14 0.16 0.18
2383 Gravity Sewer 200 0.1 0.11 0.14 0.16 0.05 0.05
2395 Gravity Sewer 200 3.8 5.07 0.54 0.58 0.27 0.32
2389 Gravity Sewer 200 4.0 5.34 0.48 0.53 0.31 0.36
2440 Gravity Sewer 200 0.1 0.11 0.14 0.16 0.19 0.22
2473 Gravity Sewer 200 6.6 8.93 0.71 0.77 0.34 0.4
2470 Gravity Sewer 200 5.1 6.87 0.63 0.68 0.31 0.36
2434 Gravity Sewer 200 5.7 7.73 0.58 0.63 0.35 0.41
2506 Gravity Sewer 200 2.3 3.01 0.62 0.67 0.18 0.2
2392 Gravity Sewer 200 3.9 5.27 0.54 0.59 0.28 0.33
2299 Gravity Sewer 200 0.3 0.4 0.25 0.27 0.08 0.09
2302 Gravity Sewer 200 0.1 0.13 0.12 0.13 0.06 0.07
2401 Gravity Sewer 200 3.4 4.56 0.51 0.56 0.26 0.31
2290 Gravity Sewer 200 0.6 0.81 0.26 0.28 0.13 0.15
2296 Gravity Sewer 200 0.5 0.59 0.23 0.24 0.12 0.13
2293 Gravity Sewer 200 1.2 1.52 0.25 0.26 0.21 0.24
2305 Gravity Sewer 200 0.5 0.69 0.29 0.32 0.11 0.12
2311 Gravity Sewer 200 0.4 0.48 0.26 0.29 0.09 0.1
2314 Gravity Sewer 200 0.2 0.3 0.21 0.23 0.08 0.09
2317 Gravity Sewer 200 0.1 0.14 0.16 0.18 0.05 0.06
2425 Gravity Sewer 200 0.1 0.09 0.17 0.27 0.04 0.05
2422 Gravity Sewer 200 0.3 0.4 0.21 0.23 0.09 0.1
2347 Gravity Sewer 200 1.3 1.7 0.39 0.42 0.16 0.19
2323 Gravity Sewer 200 0.1 0.13 0.15 0.17 0.05 0.06
2251 Gravity Sewer 200 0.4 0.8 0.34 0.39 0.08 0.12
2500 Gravity Sewer 200 0.0 0.07 0.23 0.26 0.02 0.03
2578 Gravity Sewer 200 1.5 2.02 1.03 1.12 0.09 0.11
2254 Gravity Sewer 200 0.0 0.18 0.06 0.14 0.05 0.08
2248 Gravity Sewer 200 0.5 0.98 0.28 0.38 0.1 0.14
2245 Gravity Sewer 200 1.1 1.89 0.47 0.53 0.3 0.4
2476 Gravity Sewer 200 6.5 8.72 0.7 0.76 0.34 0.39
2479 Gravity Sewer 200 6.1 8.28 0.66 0.72 0.34 0.39
2386 Gravity Sewer 200 0.1 0.1 0.08 0.1 0.17 0.2
2407 Gravity Sewer 200 2.1 2.86 0.52 0.58 0.18 0.21
2410 Gravity Sewer 200 1.9 2.72 0.52 0.57 0.18 0.21
2308 Gravity Sewer 200 0.5 0.6 0.31 0.34 0.09 0.11
2320 Gravity Sewer 200 0.2 0.27 0.13 0.15 0.11 0.12
2353 Gravity Sewer 200 0.9 1.14 0.39 0.43 0.12 0.14
2350 Gravity Sewer 200 1.2 1.56 0.37 0.41 0.16 0.18
2344 Gravity Sewer 200 1.4 1.84 0.39 0.41 0.17 0.2
2419 Gravity Sewer 200 0.4 0.53 0.25 0.28 0.1 0.11
2413 Gravity Sewer 200 1.8 2.58 0.49 0.54 0.18 0.21
2359 Gravity Sewer 200 0.3 0.39 0.22 0.25 0.08 0.1
2362 Gravity Sewer 200 0.2 0.25 0.18 0.2 0.07 0.08
2365 Gravity Sewer 200 0.1 0.18 0.17 0.18 0.06 0.07
2368 Gravity Sewer 200 0.1 0.07 0.1 0.11 0.04 0.05



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

2374 Gravity Sewer 200 0.1 0.16 0.51 0.56 0.03 0.03
2377 Gravity Sewer 200 0.1 0.09 0.43 0.46 0.02 0.02
2494 Gravity Sewer 200 0.1 0.1 0.17 0.18 0.04 0.05
2491 Gravity Sewer 200 0.1 0.19 0.14 0.17 0.07 0.08
2485 Gravity Sewer 200 0.5 0.7 0.19 0.19 0.21 0.25
2437 Gravity Sewer 200 5.7 7.63 0.6 0.65 0.34 0.4
2467 Gravity Sewer 200 0.3 0.4 0.16 0.19 0.22 0.26
2482 Gravity Sewer 200 6.1 8.19 0.63 0.68 0.35 0.41
2446 Gravity Sewer 200 0.2 0.29 0.23 0.26 0.07 0.08
2611 Gravity Sewer 200 5.1 6.8 0.58 0.63 0.32 0.38
2614 Gravity Sewer 200 5.0 6.77 0.5 0.54 0.36 0.42
2497 Gravity Sewer 200 0.1 0.13 0.05 0.13 0.19 0.22
2683 Gravity Sewer 200 4.9 6.56 0.9 0.97 0.23 0.27
2503 Gravity Sewer 200 2.4 3.1 0.49 0.53 0.21 0.24
2575 Gravity Sewer 200 1.6 2.06 1.4 1.51 0.08 0.09
2572 Gravity Sewer 200 1.6 2.1 1.29 1.4 0.08 0.09
2689 Gravity Sewer 200 2.5 3.43 2.42 2.68 0.07 0.08
2371 Gravity Sewer 200 0.2 0.24 0.28 0.35 0.05 0.06
2098 Gravity Sewer 200 3.1 4.22 1.08 1.19 0.15 0.17
2089 Gravity Sewer 200 0.2 0.35 0.22 0.27 0.11 0.13
2092 Gravity Sewer 200 0.2 0.26 0.34 0.38 0.05 0.06
2095 Gravity Sewer 200 0.1 0.15 0.34 0.37 0.03 0.04
2158 Gravity Sewer 200 2.1 2.89 0.89 0.97 0.13 0.15
2086 Gravity Sewer 200 3.3 4.59 1.4 1.54 0.13 0.15
2161 Gravity Sewer 200 1.8 2.5 0.78 0.86 0.13 0.15
2164 Gravity Sewer 200 1.4 1.93 0.77 0.84 0.11 0.13
2167 Gravity Sewer 200 0.9 1.28 0.64 0.71 0.09 0.11
2122 Gravity Sewer 200 0.2 0.23 0.28 0.3 0.09 0.1
2101 Gravity Sewer 200 0.9 1.19 0.47 0.52 0.11 0.13
2104 Gravity Sewer 200 0.8 1.08 0.64 0.7 0.08 0.1
2107 Gravity Sewer 200 0.7 0.97 0.78 0.86 0.07 0.08
2662 Gravity Sewer 200 0.1 0.08 0.28 0.31 0.03 0.03
2659 Gravity Sewer 200 0.1 0.15 0.26 0.29 0.04 0.05
2692 Gravity Sewer 200 2.4 3.35 2.04 2.26 0.08 0.09
2695 Gravity Sewer 200 2.4 3.32 1.8 2 0.09 0.1
2698 Gravity Sewer 200 2.2 3.03 1.63 1.81 0.09 0.1
2626 Gravity Sewer 200 0.4 0.52 0.62 0.68 0.05 0.06
2701 Gravity Sewer 200 1.8 2.49 1.53 1.7 0.08 0.09
2707 Gravity Sewer 200 1.3 1.84 0.79 0.89 0.1 0.12
2770 Gravity Sewer 200 0.1 0.16 0.24 0.27 0.08 0.09
2773 Gravity Sewer 200 0.7 1.02 0.23 0.24 0.32 0.34
2776 Gravity Sewer 200 0.5 0.72 0.38 0.42 0.09 0.1
2779 Gravity Sewer 200 0.5 0.62 0.64 0.7 0.06 0.07
2785 Gravity Sewer 200 0.2 0.28 0.18 0.2 0.08 0.09
2767 Gravity Sewer 200 0.1 0.13 0.13 0.15 0.06 0.07
2782 Gravity Sewer 200 0.3 0.46 0.34 0.37 0.07 0.08
2803 Gravity Sewer 200 10.5 11.64 0.89 0.91 0.4 0.43
2650 Gravity Sewer 200 0.1 0.16 0.26 0.3 0.16 0.17
2800 Gravity Sewer 200 10.2 11.49 1.35 1.39 0.29 0.31
2797 Gravity Sewer 200 10.1 11.47 1.39 1.43 0.28 0.3
2734 Gravity Sewer 200 11.4 13.97 1 0.99 0.4 0.46
2737 Gravity Sewer 200 11.3 13.56 1.27 1.31 0.33 0.37
2749 Gravity Sewer 200 11.4 13.57 1.41 1.48 0.31 0.34
2818 Gravity Sewer 200 9.7 15.72 1.11 1.27 0.36 0.44
2821 Gravity Sewer 200 9.7 15.62 1.06 1.21 0.33 0.43
2827 Gravity Sewer 200 9.6 15.51 1.08 1.23 0.33 0.42
2959 Gravity Sewer 200 9.2 14.99 0.74 0.84 0.42 0.55
2830 Gravity Sewer 200 9.5 15.41 1.45 1.67 0.26 0.34
2833 Gravity Sewer 200 0.2 0.34 0.48 0.55 0.04 0.05
2836 Gravity Sewer 200 0.2 0.27 0.3 0.35 0.05 0.06
2832 Gravity Sewer 200 0.0 0.07 0.12 0.13 0.04 0.05
2839 Gravity Sewer 200 0.1 0.11 0.17 0.2 0.04 0.05
2083 Gravity Sewer 200 3.4 4.68 2.66 2.94 0.08 0.1
2152 Gravity Sewer 200 0.2 0.3 0.36 0.4 0.05 0.06
2149 Gravity Sewer 200 0.3 0.45 0.49 0.54 0.05 0.06
2146 Gravity Sewer 200 0.5 0.61 0.59 0.65 0.06 0.07
2143 Gravity Sewer 200 0.6 0.78 0.68 0.75 0.06 0.07
2155 Gravity Sewer 200 0.1 0.15 0.28 0.31 0.04 0.04
2125 Gravity Sewer 200 0.3 0.47 0.3 0.33 0.09 0.1
2128 Gravity Sewer 200 0.2 0.3 0.34 0.38 0.05 0.06
2131 Gravity Sewer 200 0.1 0.15 0.28 0.32 0.04 0.04
2140 Gravity Sewer 200 0.1 0.17 0.24 0.26 0.05 0.05
2137 Gravity Sewer 200 0.3 0.37 0.38 0.41 0.06 0.07
2134 Gravity Sewer 200 0.4 0.54 0.34 0.37 0.08 0.09
2176 Gravity Sewer 200 0.1 0.17 0.22 0.25 0.08 0.09
2182 Gravity Sewer 200 0.5 0.65 0.31 0.34 0.1 0.11



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

2170 Gravity Sewer 200 0.9 1.15 0.66 0.72 0.08 0.1
2173 Gravity Sewer 200 0.7 0.98 0.4 0.44 0.11 0.12
2179 Gravity Sewer 200 0.1 0.19 0.25 0.28 0.05 0.06
2188 Gravity Sewer 200 0.1 0.11 0.23 0.26 0.03 0.04
2185 Gravity Sewer 200 0.2 0.32 0.34 0.37 0.06 0.06
2758 Gravity Sewer 200 10.2 11.7 1.68 1.72 0.25 0.27
2761 Gravity Sewer 200 10.1 11.59 1.65 1.72 0.25 0.27
2764 Gravity Sewer 200 10.1 11.5 1.54 1.6 0.26 0.28
2740 Gravity Sewer 200 0.3 0.37 0.17 0.21 0.16 0.17
2755 Gravity Sewer 200 10.1 11.84 1.55 1.6 0.26 0.29
2752 Gravity Sewer 200 11.4 13.5 1.47 1.54 0.3 0.32
2746 Gravity Sewer 200 0.1 0.15 0.31 0.34 0.04 0.04
2743 Gravity Sewer 200 0.2 0.27 0.29 0.33 0.05 0.06
2962 Gravity Sewer 200 9.1 14.9 0.86 0.97 0.37 0.49
2965 Gravity Sewer 200 4.7 6.59 0.69 0.71 0.27 0.34
2944 Gravity Sewer 200 4.0 5.53 0.83 0.91 0.21 0.25
2947 Gravity Sewer 200 3.9 5.39 0.91 1 0.19 0.23
2950 Gravity Sewer 200 0.7 1.03 0.37 0.43 0.13 0.16
2953 Gravity Sewer 200 0.6 0.85 0.67 0.75 0.07 0.08
2956 Gravity Sewer 200 0.1 0.12 0.19 0.21 0.04 0.05
2968 Gravity Sewer 200 0.7 0.93 0.28 0.33 0.15 0.18
2971 Gravity Sewer 200 0.5 0.73 0.65 0.72 0.06 0.07
2974 Gravity Sewer 200 0.4 0.6 0.62 0.7 0.05 0.06
2923 Gravity Sewer 200 4.4 8.29 0.78 0.99 0.24 0.31
2926 Gravity Sewer 200 4.3 8.15 0.39 0.61 0.38 0.44
2929 Gravity Sewer 200 4.2 7.96 1.38 1.68 0.15 0.21
3001 Gravity Sewer 200 4.0 7.8 1.51 1.84 0.14 0.19
3004 Gravity Sewer 200 3.9 7.63 1.52 1.86 0.14 0.19
3025 Gravity Sewer 200 2.8 5.75 1.28 1.6 0.12 0.17
1897 Gravity Sewer 200 3.1 6.16 1.6 1.98 0.11 0.16
3019 Gravity Sewer 200 3.0 6.02 1.43 1.78 0.12 0.16
3022 Gravity Sewer 200 2.8 5.86 1.29 1.61 0.12 0.17
3028 Gravity Sewer 200 2.6 5.48 1.07 1.34 0.13 0.19
3043 Gravity Sewer 200 2.2 4.56 1.04 1.29 0.12 0.17
3046 Gravity Sewer 200 1.9 4.08 1.26 1.63 0.09 0.13
3049 Gravity Sewer 200 1.8 3.93 1.06 1.35 0.1 0.15
3073 Gravity Sewer 200 0.8 1.22 0.64 0.59 0.09 0.12
3076 Gravity Sewer 200 0.7 1.04 0.81 0.92 0.06 0.08
3079 Gravity Sewer 200 0.6 0.88 0.7 0.8 0.06 0.08
3082 Gravity Sewer 200 0.1 0.15 0.17 0.17 0.05 0.07
2875 Gravity Sewer 200 3.0 4.19 0.84 0.92 0.17 0.2
2878 Gravity Sewer 200 2.9 4.05 0.93 1.03 0.16 0.18
2872 Gravity Sewer 200 2.8 3.89 0.92 1.02 0.15 0.18
2884 Gravity Sewer 200 2.7 3.77 1.03 1.14 0.14 0.16
2881 Gravity Sewer 200 0.1 0.15 0.21 0.24 0.1 0.12
1918 Gravity Sewer 200 2.5 3.4 0.98 1.08 0.13 0.16
2902 Gravity Sewer 200 2.1 2.73 0.91 0.98 0.12 0.14
2899 Gravity Sewer 200 0.2 0.28 0.43 0.46 0.09 0.1
2887 Gravity Sewer 200 0.4 0.59 0.25 0.3 0.1 0.12
2656 Gravity Sewer 200 0.4 0.53 0.39 0.46 0.08 0.09
2710 Gravity Sewer 200 0.8 1.23 0.55 0.65 0.09 0.11
2647 Gravity Sewer 200 0.1 0.12 0.2 0.23 0.06 0.07
2653 Gravity Sewer 200 0.1 0.14 0.18 0.2 0.06 0.07
2719 Gravity Sewer 200 0.3 0.67 0.43 0.54 0.06 0.08
2722 Gravity Sewer 200 0.1 0.14 0.2 0.22 0.05 0.07
2725 Gravity Sewer 200 0.2 0.55 0.24 0.38 0.06 0.09
2554 Gravity Sewer 200 0.5 0.6 0.47 0.52 0.07 0.08
2593 Gravity Sewer 200 0.5 0.68 0.53 0.58 0.07 0.08
2515 Gravity Sewer 200 0.1 0.12 0.25 0.29 0.04 0.04
2518 Gravity Sewer 200 0.3 0.45 0.43 0.49 0.06 0.07
2584 Gravity Sewer 200 1.5 1.92 0.85 0.92 0.1 0.12
2590 Gravity Sewer 200 1.0 1.36 0.93 1.01 0.08 0.09
2587 Gravity Sewer 200 1.1 1.43 0.99 1.08 0.08 0.09
2524 Gravity Sewer 200 0.1 0.11 0.18 0.2 0.04 0.05
2521 Gravity Sewer 200 0.2 0.22 0.32 0.35 0.05 0.05
2557 Gravity Sewer 200 0.1 0.11 0.14 0.16 0.05 0.06
2599 Gravity Sewer 200 0.4 0.49 0.6 0.66 0.05 0.06
2596 Gravity Sewer 200 0.4 0.57 0.58 0.63 0.06 0.07
2602 Gravity Sewer 200 0.3 0.4 0.6 0.65 0.04 0.05
2605 Gravity Sewer 200 0.2 0.28 0.46 0.5 0.04 0.05
2608 Gravity Sewer 200 0.1 0.17 0.48 0.52 0.03 0.04
2563 Gravity Sewer 200 0.3 0.38 0.45 0.49 0.05 0.06
2566 Gravity Sewer 200 0.2 0.23 0.37 0.4 0.04 0.05
2569 Gravity Sewer 200 0.1 0.1 0.22 0.24 0.03 0.04
2551 Gravity Sewer 200 0.1 0.1 0.26 0.29 0.03 0.03
2635 Gravity Sewer 200 0.2 0.22 0.34 0.39 0.05 0.06



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

2632 Gravity Sewer 200 0.2 0.31 0.22 0.24 0.07 0.09
2629 Gravity Sewer 200 0.3 0.45 0.42 0.45 0.06 0.07
2548 Gravity Sewer 200 0.2 0.21 0.3 0.33 0.05 0.05
2527 Gravity Sewer 200 0.7 0.84 1.3 1.41 0.04 0.05
2530 Gravity Sewer 200 0.6 0.81 1.34 1.46 0.04 0.05
2533 Gravity Sewer 200 0.6 0.72 1.18 1.28 0.04 0.05
2512 Gravity Sewer 200 0.1 0.1 0.37 0.4 0.02 0.03
2509 Gravity Sewer 200 0.1 0.17 0.27 0.33 0.04 0.05
2536 Gravity Sewer 200 0.5 0.69 0.84 0.93 0.05 0.06
2539 Gravity Sewer 200 0.3 0.44 0.63 0.68 0.05 0.05
2542 Gravity Sewer 200 0.3 0.4 0.72 0.79 0.04 0.04
2545 Gravity Sewer 200 0.2 0.3 0.41 0.45 0.05 0.05
2581 Gravity Sewer 200 1.5 1.99 0.69 0.75 0.12 0.14
2952 Gravity Sewer 200 0.5 0.7 0.71 0.8 0.05 0.07
2704 Gravity Sewer 200 1.3 1.9 0.43 0.48 0.15 0.18
2119 Gravity Sewer 150 1.0 1.39 0.42 0.46 0.2 0.23
2329 Gravity Sewer 150 0.4 0.48 0.95 1.04 0.05 0.06
2326 Gravity Sewer 150 0.4 0.58 0.69 0.8 0.09 0.11
2332 Gravity Sewer 150 0.3 0.4 0.7 0.76 0.06 0.07
2335 Gravity Sewer 150 0.2 0.28 0.4 0.44 0.07 0.08
2338 Gravity Sewer 150 0.1 0.14 0.29 0.32 0.05 0.06
2617 Gravity Sewer 150 0.2 0.24 0.44 0.49 0.05 0.06
2620 Gravity Sewer 150 0.1 0.15 0.36 0.4 0.05 0.06
2623 Gravity Sewer 150 0.1 0.07 0.3 0.34 0.03 0.04
2668 Gravity Sewer 150 0.4 0.5 0.39 0.43 0.1 0.12
2674 Gravity Sewer 150 0.3 0.36 0.29 0.31 0.1 0.12
2671 Gravity Sewer 150 0.3 0.43 0.39 0.43 0.09 0.11
2677 Gravity Sewer 150 0.1 0.18 0.23 0.28 0.07 0.08
2680 Gravity Sewer 150 0.1 0.1 0.22 0.24 0.05 0.06
2665 Gravity Sewer 150 0.1 0.1 0.13 0.15 0.08 0.09
2638 Gravity Sewer 150 0.1 0.11 0.36 0.39 0.04 0.04
5332 Gravity Sewer 525 0.1 0.06 0.22 0.22 0.01 0.01
5331 Gravity Sewer 525 0.4 0.71 0.44 0.45 0.02 0.03
5337 Gravity Sewer 525 0.0 0.03 0 0 0 0
5040 Gravity Sewer 450 2.7 35.98 0.23 0.47 0.13 0.77
5039 Gravity Sewer 450 2.7 36.57 0.29 0.68 0.11 0.9
5038 Gravity Sewer 450 2.8 36.89 0.28 0.57 0.12 1
5018 Gravity Sewer 450 4.7 38.39 0.34 0.55 0.14 1
5017 Gravity Sewer 450 4.8 38.45 0.32 0.55 0.15 1
5016 Gravity Sewer 450 4.8 38.49 0.35 0.59 0.14 1
5015 Gravity Sewer 450 4.9 38.53 0.37 0.57 0.14 1
5014 Gravity Sewer 450 5.0 38.57 0.32 0.5 0.15 1
5013 Gravity Sewer 450 6.1 46.07 0.39 0.62 0.16 1
5920 Gravity Sewer 450 1.1 7.79 0.4 0.58 0.05 1
5012 Gravity Sewer 450 6.2 46.15 0.38 0.6 0.16 1
5011 Gravity Sewer 450 6.3 46.23 0.37 0.61 0.16 1
5010 Gravity Sewer 450 6.3 46.31 0.37 0.59 0.16 1
5009 Gravity Sewer 450 6.6 46.64 0.37 0.57 0.17 1
5008 Gravity Sewer 450 6.7 46.73 0.4 0.64 0.16 1
5006 Gravity Sewer 450 7.7 28.21 0.46 0.6 0.16 1
5007 Gravity Sewer 450 7.3 28.7 0.43 0.64 0.16 1
2068 Gravity Sewer 375 30.6 49.76 0.98 1.16 0.33 0.42
2071 Gravity Sewer 375 30.6 49.71 1.29 1.48 0.27 0.34
2074 Gravity Sewer 300 30.6 49.68 2.21 2.54 0.25 0.32
2077 Gravity Sewer 300 30.7 49.72 2.43 2.78 0.24 0.3
5224 Gravity Sewer 300 1.0 2.2 0.12 0.12 0.17 0.86
5227 Gravity Sewer 300 0.9 0.91 0.32 0.04 0.08 0.4
5233 Gravity Sewer 300 0.7 0.73 0.23 0.23 0.09 0.09
5230 Gravity Sewer 300 0.8 0.83 0.27 0.27 0.09 0.09
5236 Gravity Sewer 300 0.6 0.62 0.24 0.25 0.08 0.08
5239 Gravity Sewer 300 0.5 0.49 0.22 0.22 0.07 0.07
5242 Gravity Sewer 300 0.4 0.38 0.2 0.21 0.06 0.06
5245 Gravity Sewer 300 0.2 0.2 0.15 0.15 0.05 0.05
5247 Gravity Sewer 300 0.1 0.09 0.11 0.11 0.04 0.04
4005 Gravity Sewer 300 27.4 45.16 2.94 3.36 0.19 0.25
4004 Gravity Sewer 300 27.4 45.08 2.88 3.33 0.19 0.25
4003 Gravity Sewer 300 27.3 45.02 2.87 3.32 0.19 0.25
4002 Gravity Sewer 300 27.3 44.94 2.76 3.19 0.2 0.25
4001 Gravity Sewer 300 27.3 44.88 2.44 2.82 0.22 0.28
4006 Gravity Sewer 300 27.3 44.86 2.33 2.68 0.22 0.29
10191 Gravity Sewer 300 27.2 44.77 2.09 2.41 0.24 0.31
10186 Gravity Sewer 300 27.2 44.75 2.57 2.88 0.21 0.27
10189 Gravity Sewer 300 27.2 44.72 1.84 2.11 0.26 0.34
2029 Gravity Sewer 250 1.0 1.87 0.26 0.33 0.28 0.37
5326 Gravity Sewer 200 0.3 0.4 0.19 0.21 0.09 0.11
2020 Gravity Sewer 250 0.2 0.32 0.15 0.16 0.07 0.08



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

2023 Gravity Sewer 250 0.1 0.15 0.17 0.18 0.04 0.05
10118 Gravity Sewer 250 1.6 1.94 0.47 0.44 0.17 0.52
10120 Gravity Sewer 250 1.6 1.92 0.6 0.63 0.1 0.11
5329 Gravity Sewer 250 1.2 1.4 0.68 0.71 0.08 0.08
2080 Gravity Sewer 250 3.4 4.7 0.64 0.6 0.18 0.23
5311 Gravity Sewer 250 0.7 1.41 0.34 0.41 0.09 0.12
5317 Gravity Sewer 250 0.7 1.34 0.3 0.38 0.09 0.13
10194 Gravity Sewer 250 6.4 15.71 1.51 1.88 0.16 0.25
10199 Gravity Sewer 250 6.3 15.6 1.14 1.48 0.17 0.27
10201 Gravity Sewer 250 6.2 15.48 1.1 1.44 0.17 0.27
10203 Gravity Sewer 250 6.2 15.37 1.18 1.54 0.16 0.26
10205 Gravity Sewer 250 6.1 15.26 1 1.31 0.18 0.29
10207 Gravity Sewer 250 6.1 15.2 1.24 1.61 0.16 0.25
10209 Gravity Sewer 250 6.0 15.14 1.81 2.37 0.12 0.19
2826 Gravity Sewer 250 6.0 15.07 1.27 1.67 0.15 0.24
10137 Gravity Sewer 250 5.9 14.95 0.8 1.04 0.21 0.33
2824 Gravity Sewer 250 5.9 14.98 1.14 1.49 0.16 0.26
10139 Gravity Sewer 250 5.9 14.93 1.32 1.74 0.15 0.23
5728 Gravity Sewer 250 4.8 9.1 1.58 1.92 0.11 0.15
5731 Gravity Sewer 250 4.8 9.09 1.6 1.94 0.11 0.15
5734 Gravity Sewer 250 4.7 8.85 1.61 1.94 0.11 0.15
5737 Gravity Sewer 250 4.7 8.84 1.62 1.96 0.11 0.15
5736 Gravity Sewer 250 4.7 8.79 0.84 1.02 0.17 0.23
5767 Gravity Sewer 250 2.5 5.86 0.47 0.61 0.16 0.25
5740 Gravity Sewer 250 2.2 2.91 0.98 1.06 0.09 0.1
5743 Gravity Sewer 250 2.2 2.9 0.91 0.99 0.1 0.11
5746 Gravity Sewer 250 2.2 2.88 1.22 1.31 0.08 0.09
5758 Gravity Sewer 250 2.1 2.55 1.28 1.37 0.07 0.08
5749 Gravity Sewer 250 0.1 0.31 0.21 0.26 0.03 0.06
5752 Gravity Sewer 250 0.1 0.3 0.14 0.23 0.04 0.06
5770 Gravity Sewer 250 2.5 5.85 0.47 0.6 0.16 0.25
5773 Gravity Sewer 250 2.5 5.85 0.59 0.76 0.14 0.21
5776 Gravity Sewer 250 2.4 5.61 0.47 0.6 0.16 0.25
5779 Gravity Sewer 250 2.4 5.6 0.45 0.59 0.16 0.25
5782 Gravity Sewer 250 1.7 4.68 0.44 0.59 0.13 0.22
5785 Gravity Sewer 250 1.5 4.2 0.4 0.54 0.13 0.21
5806 Gravity Sewer 250 1.3 4.12 0.41 0.56 0.12 0.21
5809 Gravity Sewer 250 1.3 4.11 0.41 0.56 0.12 0.21
5755 Gravity Sewer 250 0.1 0.28 0.17 0.27 0.03 0.06
2026 Gravity Sewer 250 1.7 1.98 0.68 0.71 0.1 0.11
10114 Gravity Sewer 250 1.6 1.86 0.45 0.48 0.12 0.13
5328 Gravity Sewer 150 0.0 0.03 0.23 0.21 0.03 0.04
10218 Gravity Sewer 200 11.6 12.09 1.09 1.1 0.37 0.38
2806 Gravity Sewer 200 11.6 12.02 1.26 1.28 0.33 0.34
2809 Gravity Sewer 200 11.5 11.71 1.34 1.33 0.35 0.36
2812 Gravity Sewer 200 11.3 11.5 1.08 1.08 0.37 0.37
2791 Gravity Sewer 200 0.3 0.41 0.3 0.32 0.2 0.2
2788 Gravity Sewer 200 0.1 0.16 0.17 0.18 0.06 0.07
2794 Gravity Sewer 200 0.1 0.13 0.21 0.27 0.04 0.05
2815 Gravity Sewer 200 0.2 0.2 0.32 0.33 0.2 0.21
2644 Gravity Sewer 200 0.1 0.14 0.21 0.23 0.04 0.05
2641 Gravity Sewer 200 0.2 0.28 0.4 0.43 0.05 0.05
3058 Gravity Sewer 200 0.1 0.1 0.16 0.18 0.04 0.05
3055 Gravity Sewer 200 0.2 0.27 0.29 0.33 0.05 0.06
3052 Gravity Sewer 200 0.3 0.43 0.19 0.22 0.1 0.11
3070 Gravity Sewer 200 0.1 0.16 0.38 0.42 0.03 0.04
3067 Gravity Sewer 200 0.2 0.33 0.48 0.53 0.04 0.05
3064 Gravity Sewer 200 0.4 0.53 0.31 0.37 0.1 0.11
3061 Gravity Sewer 200 0.8 1.12 0.39 0.38 0.12 0.15
5022 Gravity Sewer 200 0.6 2.03 0.34 0.2 0.1 1
5020 Gravity Sewer 200 0.3 0.31 0.13 0.06 0.11 0.56
5019 Gravity Sewer 200 0.1 0.15 0.25 0.25 0.05 0.05
5023 Gravity Sewer 200 0.1 1.34 0.27 0.22 0.05 1
5025 Gravity Sewer 200 9.6 32.75 0.72 1.04 0.44 1
5021 Gravity Sewer 200 0.1 1.27 0.15 0.16 0.08 1
2938 Gravity Sewer 200 0.2 0.23 0.29 0.35 0.06 0.07
2983 Gravity Sewer 200 0.1 0.13 0.31 0.35 0.03 0.04
2874 Gravity Sewer 200 0.1 0.09 0.42 0.52 0.02 0.02
2857 Gravity Sewer 200 0.3 0.47 0.54 0.62 0.05 0.06
1912 Gravity Sewer 200 1.8 2.41 1.28 1.39 0.09 0.1
4027 Gravity Sewer 200 2.7 3.94 0.52 0.58 0.22 0.27
5260 Gravity Sewer 200 0.8 1.14 0.66 0.69 0.08 0.1
5263 Gravity Sewer 200 0.7 1 0.63 0.72 0.07 0.09
5883 Gravity Sewer 200 0.6 0.88 0.34 0.38 0.1 0.13
5269 Gravity Sewer 200 0.1 0.11 0.41 0.47 0.02 0.03
5266 Gravity Sewer 200 0.5 0.7 0.81 0.92 0.05 0.06



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

3007 Gravity Sewer 200 0.1 0.15 0.22 0.19 0.04 0.06
1900 Gravity Sewer 200 0.2 0.51 0.23 0.27 0.07 0.11
5024 Gravity Sewer 200 0.9 3.52 0.21 0.18 0.29 1
5004 Gravity Sewer 200 10.5 31.89 0.71 1.02 0.48 1
2935 Gravity Sewer 200 0.8 1.28 0.71 0.84 0.08 0.1
2995 Gravity Sewer 200 0.1 0.09 0.23 0.26 0.03 0.03
2992 Gravity Sewer 200 0.1 0.17 0.14 0.21 0.06 0.07
2989 Gravity Sewer 200 0.3 0.42 0.17 0.18 0.1 0.13
2986 Gravity Sewer 200 0.7 1.18 0.43 0.51 0.1 0.13
2941 Gravity Sewer 200 0.1 0.15 0.25 0.27 0.04 0.05
2977 Gravity Sewer 200 0.4 0.53 0.74 0.82 0.04 0.05
2914 Gravity Sewer 200 0.3 0.51 0.91 1.04 0.04 0.04
2917 Gravity Sewer 200 0.3 0.42 0.79 0.88 0.04 0.04
2980 Gravity Sewer 200 0.1 0.2 0.56 0.63 0.03 0.03
2920 Gravity Sewer 200 0.1 0.15 0.29 0.31 0.04 0.04
1891 Gravity Sewer 200 0.3 0.66 0.27 0.42 0.08 0.11
3010 Gravity Sewer 200 0.3 0.54 0.53 0.69 0.04 0.06
1894 Gravity Sewer 200 0.2 0.48 0.38 0.49 0.05 0.07
2998 Gravity Sewer 200 0.1 0.16 0.28 0.24 0.04 0.06
2869 Gravity Sewer 200 0.1 0.12 0.31 0.33 0.03 0.04
2866 Gravity Sewer 200 0.1 0.19 0.27 0.3 0.04 0.05
2863 Gravity Sewer 200 0.2 0.3 0.46 0.5 0.04 0.05
2860 Gravity Sewer 200 0.1 0.1 0.29 0.33 0.03 0.03
2854 Gravity Sewer 200 0.4 0.58 0.4 0.45 0.07 0.09
2851 Gravity Sewer 200 0.5 0.73 0.44 0.49 0.08 0.09
2848 Gravity Sewer 200 0.6 0.81 0.44 0.5 0.08 0.1
2845 Gravity Sewer 200 0.7 1.05 0.51 0.57 0.09 0.11
2842 Gravity Sewer 200 0.9 1.23 0.57 0.63 0.09 0.11
1909 Gravity Sewer 200 1.7 2.21 0.74 0.8 0.12 0.14
1915 Gravity Sewer 200 1.8 2.32 0.74 0.81 0.13 0.15
1911 Gravity Sewer 200 1.9 2.54 1.1 1.2 0.1 0.12
10214 Gravity Sewer 200 0.3 0.5 0.62 0.7 0.05 0.06
10212 Gravity Sewer 200 1.2 1.73 0.47 0.53 0.13 0.16
4073 Gravity Sewer 200 1.8 2.72 0.78 0.88 0.13 0.15
10216 Gravity Sewer 200 0.2 0.34 0.56 0.62 0.04 0.05
4030 Gravity Sewer 200 0.3 0.45 0.23 0.37 0.08 0.1
4031 Gravity Sewer 200 0.4 0.53 0.2 0.22 0.11 0.13
4032 Gravity Sewer 200 0.3 0.45 0.26 0.29 0.08 0.1
4029 Gravity Sewer 200 0.3 0.39 0.63 0.71 0.04 0.05
4028 Gravity Sewer 200 0.2 0.28 0.31 0.36 0.05 0.06
5254 Gravity Sewer 200 0.3 0.38 0.34 0.37 0.06 0.07
5257 Gravity Sewer 200 0.2 0.22 0.3 0.32 0.05 0.06
3040 Gravity Sewer 200 0.3 0.82 0.17 0.24 0.11 0.17
4026 Gravity Sewer 200 0.8 1.13 0.39 0.44 0.11 0.14
4023 Gravity Sewer 200 0.1 0.22 0.28 0.32 0.05 0.05
4022 Gravity Sewer 200 0.1 0.12 0.19 0.21 0.04 0.05
4025 Gravity Sewer 200 0.8 1.11 0.42 0.47 0.11 0.13
4021 Gravity Sewer 200 0.6 0.93 0.34 0.38 0.11 0.13
4020 Gravity Sewer 200 0.5 0.76 0.33 0.37 0.1 0.12
4019 Gravity Sewer 200 0.2 0.29 0.4 0.46 0.04 0.05
4016 Gravity Sewer 200 0.2 0.29 0.47 0.48 0.04 0.06
4018 Gravity Sewer 200 0.1 0.09 0.19 0.23 0.03 0.04
4017 Gravity Sewer 200 0.1 0.11 0.22 0.23 0.03 0.04
4015 Gravity Sewer 200 0.2 0.23 0.47 0.51 0.04 0.04
4014 Gravity Sewer 200 0.1 0.14 0.42 0.45 0.03 0.03
4013 Gravity Sewer 200 0.0 0.04 0.32 0.32 0.02 0.02
4012 Gravity Sewer 200 0.0 0.02 0 0 0.01 0.01
4007 Gravity Sewer 200 0.4 0.59 0.38 0.42 0.07 0.09
4008 Gravity Sewer 200 0.3 0.43 0.27 0.3 0.07 0.09
4009 Gravity Sewer 200 0.2 0.26 0.23 0.27 0.06 0.07
4010 Gravity Sewer 200 0.1 0.14 0.19 0.22 0.04 0.05
4011 Gravity Sewer 200 0.1 0.08 0.18 0.18 0.03 0.04
2890 Gravity Sewer 200 0.3 0.49 0.45 0.51 0.06 0.07
2893 Gravity Sewer 200 0.1 0.15 0.23 0.26 0.04 0.05
2896 Gravity Sewer 200 0.1 0.08 0.22 0.25 0.03 0.03
2905 Gravity Sewer 200 0.2 0.27 0.38 0.43 0.04 0.05
2908 Gravity Sewer 200 0.1 0.19 0.45 0.5 0.03 0.04
2911 Gravity Sewer 200 0.1 0.1 0.34 0.38 0.02 0.03
2017 Gravity Sewer 200 0.3 0.44 0.04 0.04 0.53 0.54
5290 Gravity Sewer 200 0.3 0.39 0.49 0.56 0.05 0.06
5293 Gravity Sewer 200 0.2 0.26 0.49 0.56 0.03 0.04
5028 Gravity Sewer 200 7.8 21.95 0.62 0.81 0.42 1
5030 Gravity Sewer 200 0.5 1.61 0.58 0.4 0.06 1
5029 Gravity Sewer 200 0.3 1.14 0.26 0.19 0.07 1
5027 Gravity Sewer 200 8.3 22.03 0.67 0.7 0.42 1
5704 Gravity Sewer 200 0.0 0.05 0.16 0.21 0.02 0.03



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

5701 Gravity Sewer 200 0.1 0.16 0.4 0.47 0.03 0.03
5698 Gravity Sewer 200 0.2 0.26 0.55 0.64 0.03 0.04
5695 Gravity Sewer 200 0.2 0.33 0.59 0.68 0.03 0.04
5692 Gravity Sewer 200 0.2 0.39 0.58 0.67 0.04 0.05
5689 Gravity Sewer 200 0.3 0.44 0.5 0.61 0.05 0.06
5686 Gravity Sewer 200 0.6 1.02 0.42 0.24 0.09 0.19
5710 Gravity Sewer 200 0.3 0.55 0.63 0.74 0.05 0.06
5656 Gravity Sewer 200 0.3 0.39 0.26 0.29 0.07 0.09
5671 Gravity Sewer 200 0.1 0.23 0.2 0.24 0.06 0.07
5659 Gravity Sewer 200 0.1 0.14 0.13 0.15 0.06 0.07
5662 Gravity Sewer 200 0.1 0.13 0.21 0.28 0.03 0.04
5665 Gravity Sewer 200 0.0 0.05 0.19 0.23 0.02 0.03
5725 Gravity Sewer 200 0.1 0.15 0.32 0.35 0.03 0.04
5722 Gravity Sewer 200 0.2 0.26 0.37 0.41 0.04 0.05
5707 Gravity Sewer 200 0.4 0.56 0.53 0.6 0.05 0.07
5716 Gravity Sewer 200 0.3 0.4 0.7 0.79 0.04 0.04
5719 Gravity Sewer 200 0.2 0.33 0.5 0.56 0.04 0.05
5713 Gravity Sewer 200 0.1 0.09 0.24 0.28 0.03 0.03
5674 Gravity Sewer 200 0.1 0.09 0.2 0.22 0.03 0.04
5668 Gravity Sewer 200 0.1 0.09 0.21 0.23 0.03 0.04
5644 Gravity Sewer 200 1.0 5.63 0.39 0.65 0.14 0.32
5641 Gravity Sewer 200 1.0 5.65 0.36 0.61 0.15 0.34
5638 Gravity Sewer 200 1.1 5.81 0.44 0.72 0.14 0.3
5635 Gravity Sewer 200 1.2 5.82 0.58 0.93 0.11 0.25
5647 Gravity Sewer 200 0.4 4.55 0.18 0.61 0.11 0.31
5650 Gravity Sewer 200 0.3 0.49 0.26 0.12 0.08 0.19
5653 Gravity Sewer 200 0.3 0.44 0.26 0.3 0.07 0.09
5677 Gravity Sewer 200 0.0 0.08 0.38 0.5 0.02 0.02
5026 Gravity Sewer 200 8.4 14.75 0.6 0.47 0.45 1
5032 Gravity Sewer 200 1.1 23.15 0.32 0.83 0.16 1
5037 Gravity Sewer 200 0.2 2.16 0.18 0.12 0.13 1
5033 Gravity Sewer 200 0.7 23.02 0.39 1.01 0.11 1
5036 Gravity Sewer 200 0.2 1.81 0.22 0.08 0.06 1
5034 Gravity Sewer 200 0.4 24.03 0.28 0.83 0.09 1
5035 Gravity Sewer 200 0.2 2.38 0.22 0.14 0.06 1
5296 Gravity Sewer 200 0.1 0.15 0.51 0.59 0.02 0.03
5299 Gravity Sewer 200 0.1 0.09 0.22 0.25 0.03 0.03
5031 Gravity Sewer 200 1.2 23.1 0.27 1.03 0.25 1
3092 Gravity Sewer 200 0.1 0.12 0.37 0.41 0.03 0.03
10000 Gravity Sewer 200 0.4 0.66 0.8 0.91 0.05 0.06
10008 Gravity Sewer 200 0.1 0.09 0.32 0.36 0.02 0.03
10006 Gravity Sewer 200 0.1 0.17 0.6 0.68 0.02 0.03
10004 Gravity Sewer 200 0.2 0.26 0.68 0.78 0.03 0.03
10002 Gravity Sewer 200 0.2 0.36 0.74 0.84 0.03 0.04
3095 Gravity Sewer 200 0.1 0.2 0.35 0.39 0.04 0.05
5320 Gravity Sewer 200 0.5 0.94 0.31 0.38 0.1 0.13
5319 Gravity Sewer 200 0.4 0.67 0.22 0.26 0.11 0.13
10196 Gravity Sewer 250 20.8 28.97 1.38 1.51 0.35 0.41
10198 Gravity Sewer 250 20.8 28.9 1.42 1.55 0.34 0.4
5797 Gravity Sewer 200 0.0 0.04 0.3 0.3 0.02 0.02
5794 Gravity Sewer 200 0.1 0.06 0.36 0.36 0.02 0.02
5791 Gravity Sewer 200 0.1 0.08 0.39 0.39 0.02 0.02
5761 Gravity Sewer 200 2.1 2.54 0.68 0.72 0.26 0.27
5287 Gravity Sewer 200 0.0 0.03 0.13 0.12 0.03 0.03
5284 Gravity Sewer 200 0.0 0.03 0.29 0.29 0.02 0.02
5281 Gravity Sewer 200 0.6 0.76 1.28 1.35 0.04 0.05
5278 Gravity Sewer 200 0.7 0.78 1.36 1.42 0.04 0.05
5275 Gravity Sewer 200 0.7 0.81 1.2 1.26 0.05 0.05
5272 Gravity Sewer 200 0.7 0.83 1.06 1.11 0.05 0.06
2019 Gravity Sewer 200 0.0 0.07 0.25 0.25 0.02 0.03
4034 Gravity Sewer 200 0.2 0.23 0.49 0.55 0.03 0.04
4033 Gravity Sewer 200 0.1 0.12 0.39 0.43 0.03 0.03
10116 Gravity Sewer 200 0.0 0.03 0.02 0.02 0.1 0.1
10092 Gravity Sewer 200 0.1 0.07 0.2 0.2 0.03 0.03
10094 Gravity Sewer 200 0.0 0.03 0.16 0.16 0.02 0.02
10090 Gravity Sewer 200 1.0 1.15 0.45 0.47 0.12 0.13
10098 Gravity Sewer 200 0.0 0.03 0.19 0.19 0.02 0.02
10096 Gravity Sewer 200 0.1 0.07 0.2 0.2 0.03 0.03
10088 Gravity Sewer 200 1.0 1.17 0.43 0.45 0.13 0.14
10086 Gravity Sewer 200 1.1 1.24 0.44 0.46 0.13 0.14
2022 Gravity Sewer 150 0.0 0.03 0.33 0.33 0.02 0.02
5314 Gravity Sewer 100 0.1 0.07 0.29 0.29 0.07 0.07
5316 Gravity Sewer 100 0.0 0.03 0.22 0.22 0.05 0.05
5800 Gravity Sewer 100 0.0 0.02 0.25 0.25 0.03 0.03
2728 Gravity Sewer 200 0.0 0.49 0 0.52 0.03 0.07
1625 Gravity Sewer 250 33.1 36.63 2.05 2.05 0.37 0.4



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

1622 Gravity Sewer 250 30.2 36.82 1.51 1.53 0.43 0.5
1337 Gravity Sewer 250 27.6 36.48 1.25 1.18 0.46 0.61
1634 Gravity Sewer 250 5.9 7.16 0.76 0.81 0.21 0.24
1631 Gravity Sewer 250 6.1 7.4 0.7 0.74 0.23 0.26
1649 Gravity Sewer 250 5.1 6.28 0.74 0.79 0.2 0.22
1643 Gravity Sewer 250 5.4 6.62 0.77 0.82 0.2 0.22
1637 Gravity Sewer 250 5.7 6.96 1.05 1.11 0.17 0.19
1640 Gravity Sewer 250 5.6 6.75 0.87 0.92 0.19 0.21
1646 Gravity Sewer 250 5.3 6.46 0.85 0.9 0.18 0.2
1652 Gravity Sewer 250 4.6 5.34 0.71 0.72 0.19 0.21
1583 Gravity Sewer 250 13.1 16.52 0.7 0.74 0.41 0.46
1586 Gravity Sewer 250 13.5 16.99 0.61 0.64 0.46 0.53
1577 Gravity Sewer 250 14.8 18.37 0.64 0.67 0.48 0.55
1580 Gravity Sewer 250 22.0 25.32 0.77 0.78 0.57 0.64
1238 Gravity Sewer 250 0.1 0.14 0.13 0.13 0.07 0.07
1589 Gravity Sewer 250 0.7 0.69 0.1 0.08 0.29 0.32
1592 Gravity Sewer 250 0.6 0.58 0.26 0.26 0.09 0.09
1595 Gravity Sewer 250 0.5 0.45 0.23 0.23 0.08 0.08
1598 Gravity Sewer 250 0.3 0.34 0.21 0.21 0.07 0.07
1601 Gravity Sewer 250 0.1 0.14 0.12 0.12 0.06 0.06
1852 Gravity Sewer 250 5.7 5.95 0.25 0.18 0.54 0.64
1816 Gravity Sewer 250 5.5 5.78 0.52 0.53 0.27 0.27
1837 Gravity Sewer 250 5.3 5.55 0.5 0.51 0.27 0.27
1834 Gravity Sewer 250 4.9 5.13 0.47 0.47 0.27 0.27
1831 Gravity Sewer 250 4.5 4.71 0.45 0.46 0.26 0.26
1855 Gravity Sewer 250 0.8 0.77 0.13 0.13 0.18 0.18
1849 Gravity Sewer 250 0.5 0.55 0.26 0.26 0.09 0.09
1828 Gravity Sewer 250 3.6 3.74 0.44 0.45 0.22 0.23
1819 Gravity Sewer 250 0.2 0.25 0.25 0.25 0.05 0.06
1822 Gravity Sewer 250 0.2 0.19 0.22 0.22 0.06 0.06
1813 Gravity Sewer 250 3.4 3.54 0.37 0.38 0.24 0.25
1810 Gravity Sewer 250 3.2 3.32 0.43 0.43 0.21 0.21
1825 Gravity Sewer 250 2.9 3.03 0.44 0.45 0.19 0.2
1843 Gravity Sewer 250 2.6 2.74 0.37 0.37 0.2 0.21
1628 Gravity Sewer 250 6.3 7.58 0.85 0.89 0.21 0.23
5136 Gravity Sewer 250 7.2 8.66 0.91 0.92 0.3 0.32
1655 Gravity Sewer 200 4.5 5.16 0.62 0.64 0.28 0.3
1658 Gravity Sewer 200 4.3 4.99 0.38 0.4 0.39 0.42
1541 Gravity Sewer 200 3.4 3.39 0.55 0.54 0.25 0.25
1544 Gravity Sewer 200 2.9 2.87 0.4 0.4 0.28 0.28
1298 Gravity Sewer 200 0.4 0.38 0.16 0.16 0.13 0.13
1295 Gravity Sewer 200 1.2 1.23 0.34 0.34 0.17 0.17
1302 Gravity Sewer 200 0.7 0.69 0.3 0.3 0.13 0.13
1277 Gravity Sewer 200 0.1 0.13 0.13 0.13 0.07 0.07
1274 Gravity Sewer 200 0.3 0.28 0.19 0.19 0.09 0.09
1280 Gravity Sewer 200 0.2 0.18 0.17 0.17 0.08 0.08
1214 Gravity Sewer 200 0.3 0.31 0.2 0.2 0.1 0.1
1211 Gravity Sewer 200 0.5 0.46 0.17 0.16 0.15 0.15
1217 Gravity Sewer 200 0.2 0.19 0.17 0.17 0.08 0.08
1676 Gravity Sewer 200 0.2 0.24 0.25 0.27 0.06 0.07
1673 Gravity Sewer 200 0.4 0.5 0.42 0.46 0.07 0.08
1670 Gravity Sewer 200 0.6 0.73 0.44 0.58 0.19 0.21
1744 Gravity Sewer 200 9.6 35.75 0.63 1.23 0.53 0.92
1619 Gravity Sewer 200 0.2 0.18 0.11 0.14 0.27 0.3
1196 Gravity Sewer 200 1.0 1.03 0.28 0.28 0.18 0.18
3304 Gravity Sewer 200 0.2 0.22 0.2 0.2 0.1 0.1
3140 Gravity Sewer 200 2.6 2.53 1.06 1.06 0.32 0.32
1241 Gravity Sewer 200 0.3 0.96 0.17 0.3 0.1 0.16
1259 Gravity Sewer 200 0.8 1.46 0.29 0.35 0.15 0.19
1256 Gravity Sewer 200 1.0 1.61 0.31 0.37 0.16 0.19
3132 Gravity Sewer 200 1.1 1.72 0.38 0.44 0.15 0.18
3137 Gravity Sewer 200 5.9 9.31 1.01 1.15 0.24 0.31
1292 Gravity Sewer 200 1.3 1.33 0.28 0.23 0.21 0.24
1307 Gravity Sewer 200 3.7 6.6 0.33 0.4 0.38 0.52
1310 Gravity Sewer 200 3.2 6.12 0.33 0.45 0.35 0.48
1226 Gravity Sewer 200 2.1 2.08 0.57 0.57 0.17 0.17
1229 Gravity Sewer 200 2.0 1.95 0.39 0.39 0.22 0.22
1232 Gravity Sewer 200 1.8 1.79 0.38 0.38 0.21 0.21
1193 Gravity Sewer 200 1.2 1.2 0.31 0.31 0.18 0.18
1202 Gravity Sewer 200 0.4 0.39 0.25 0.25 0.1 0.1
1997 Gravity Sewer 200 0.5 0.48 0.25 0.25 0.11 0.11
1205 Gravity Sewer 200 0.3 0.25 0.21 0.21 0.08 0.08
1208 Gravity Sewer 200 0.1 0.1 0.18 0.18 0.05 0.05
1220 Gravity Sewer 200 0.2 0.2 0.11 0.11 0.14 0.14
1235 Gravity Sewer 200 0.2 0.16 0.09 0.08 0.13 0.13
1262 Gravity Sewer 200 0.7 1.33 0.28 0.35 0.13 0.18



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

1265 Gravity Sewer 200 0.5 1.2 0.26 0.34 0.12 0.17
1268 Gravity Sewer 200 0.1 0.14 0.12 0.1 0.08 0.11
1289 Gravity Sewer 200 0.3 1.65 0.09 0.5 0.15 0.26
1316 Gravity Sewer 200 2.5 5.46 0.44 0.55 0.24 0.36
1313 Gravity Sewer 200 2.7 5.58 0.41 0.53 0.26 0.37
1322 Gravity Sewer 200 2.0 3.48 0.44 0.61 0.21 0.27
1283 Gravity Sewer 200 0.4 0.44 0.11 0.08 0.19 0.25
1286 Gravity Sewer 200 0.2 0.15 0.12 0.12 0.08 0.08
1271 Gravity Sewer 200 0.4 0.42 0.11 0.09 0.26 0.34
1319 Gravity Sewer 200 2.2 3.67 0.41 0.43 0.23 0.32
1388 Gravity Sewer 200 5.6 6.39 0.58 0.55 0.35 0.4
1343 Gravity Sewer 200 0.8 0.98 0.55 0.59 0.09 0.1
1355 Gravity Sewer 200 0.5 0.54 0.24 0.24 0.12 0.12
1340 Gravity Sewer 200 1.1 1.27 0.43 0.45 0.14 0.14
1352 Gravity Sewer 200 1.9 2.1 0.39 0.4 0.21 0.22
1364 Gravity Sewer 200 0.6 0.77 0.23 0.29 0.17 0.19
1361 Gravity Sewer 200 2.7 3.17 0.39 0.41 0.27 0.3
1394 Gravity Sewer 200 0.9 1.02 0.18 0.23 0.22 0.24
1391 Gravity Sewer 200 3.8 4.45 0.42 0.45 0.33 0.35
1346 Gravity Sewer 200 0.6 0.7 0.44 0.47 0.09 0.09
3301 Gravity Sewer 200 13.3 20.86 1.5 1.69 0.33 0.41
1403 Gravity Sewer 200 7.4 8.09 0.86 0.76 0.32 0.37
1756 Gravity Sewer 200 4.6 29.84 0.69 1.17 0.26 0.75
1685 Gravity Sewer 200 0.5 0.57 0.15 0.2 0.21 0.54
1753 Gravity Sewer 200 4.7 29.99 1 1.68 0.21 0.55
1759 Gravity Sewer 200 3.9 29.14 0.61 1.62 0.26 0.76
1679 Gravity Sewer 200 0.4 0.43 0.17 0.22 0.13 0.31
1762 Gravity Sewer 200 3.4 28.56 0.87 1.63 0.18 0.55
1691 Gravity Sewer 200 0.2 0.24 0.18 0.2 0.07 0.08
1688 Gravity Sewer 200 0.3 0.4 0.27 0.29 0.08 0.09
1750 Gravity Sewer 200 4.9 30.12 1.12 1.85 0.2 0.51
1747 Gravity Sewer 200 5.0 30.27 0.56 1.86 0.33 0.71
1358 Gravity Sewer 200 0.3 0.28 0.36 0.37 0.06 0.06
5890 Gravity Sewer 200 0.3 0.37 0.3 0.32 0.07 0.08
1349 Gravity Sewer 200 0.3 0.38 0.31 0.34 0.07 0.08
1397 Gravity Sewer 200 0.6 0.72 0.31 0.34 0.11 0.12
1400 Gravity Sewer 200 0.3 0.37 0.35 0.37 0.06 0.07
1406 Gravity Sewer 200 7.1 7.72 0.79 0.81 0.33 0.34
1430 Gravity Sewer 200 0.3 0.3 0.19 0.25 0.17 0.18
3302 Gravity Sewer 200 6.8 7.4 0.79 0.81 0.32 0.33
1433 Gravity Sewer 200 1.6 1.88 0.37 0.43 0.2 0.21
1436 Gravity Sewer 200 0.5 0.58 0.4 0.4 0.09 0.09
1466 Gravity Sewer 200 2.1 2.28 0.79 0.82 0.14 0.14
1472 Gravity Sewer 200 1.0 1.15 0.61 0.62 0.1 0.11
1469 Gravity Sewer 200 1.6 1.73 0.73 0.75 0.12 0.13
1448 Gravity Sewer 200 0.3 0.28 0.17 0.18 0.09 0.1
1412 Gravity Sewer 200 0.3 0.33 0.25 0.33 0.08 0.09
1439 Gravity Sewer 200 0.3 0.28 0.35 0.35 0.06 0.06
1475 Gravity Sewer 200 0.5 0.55 0.37 0.38 0.09 0.09
1445 Gravity Sewer 200 0.3 0.29 0.26 0.27 0.07 0.08
1334 Gravity Sewer 200 0.3 0.26 0.23 0.23 0.07 0.08
1454 Gravity Sewer 200 4.7 4.92 0.58 0.58 0.3 0.31
1460 Gravity Sewer 200 2.8 3.02 0.59 0.6 0.21 0.22
1463 Gravity Sewer 200 2.3 2.53 0.54 0.55 0.19 0.2
1457 Gravity Sewer 200 3.0 3.28 0.51 0.53 0.25 0.25
1442 Gravity Sewer 200 0.2 0.25 0.09 0.09 0.14 0.15
1697 Gravity Sewer 200 4.2 5.12 0.59 0.61 0.28 0.65
1694 Gravity Sewer 200 4.4 6.31 0.39 0.25 0.39 1
1700 Gravity Sewer 200 4.1 4.9 0.71 0.75 0.24 0.26
1703 Gravity Sewer 200 3.9 4.73 0.59 0.63 0.26 0.29
1682 Gravity Sewer 200 0.2 0.27 0.25 0.31 0.06 0.07
1715 Gravity Sewer 200 0.9 0.94 0.63 0.63 0.09 0.09
1712 Gravity Sewer 200 1.1 1.16 0.73 0.74 0.09 0.1
5167 Gravity Sewer 200 0.8 0.78 0.64 0.65 0.08 0.08
1706 Gravity Sewer 200 3.2 3.87 0.43 0.46 0.29 0.31
1709 Gravity Sewer 200 1.3 1.4 0.35 0.36 0.17 0.19
1661 Gravity Sewer 200 1.8 2.32 0.43 0.56 0.19 0.21
1667 Gravity Sewer 200 0.2 0.2 0.21 0.23 0.06 0.07
1379 Gravity Sewer 200 1.0 1.13 0.29 0.3 0.17 0.18
1370 Gravity Sewer 200 0.3 0.29 0.11 0.13 0.13 0.14
1376 Gravity Sewer 200 1.5 1.69 0.22 0.23 0.27 0.29
1382 Gravity Sewer 200 0.5 0.59 0.21 0.22 0.13 0.14
1373 Gravity Sewer 200 0.3 0.27 0.12 0.12 0.12 0.12
1385 Gravity Sewer 200 0.3 0.27 0.17 0.17 0.09 0.1
1535 Gravity Sewer 200 0.2 0.2 0.13 0.13 0.1 0.1
1526 Gravity Sewer 200 0.2 0.22 0.15 0.15 0.1 0.1



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

1532 Gravity Sewer 200 0.6 0.63 0.25 0.25 0.13 0.13
1529 Gravity Sewer 200 0.8 0.76 0.32 0.32 0.13 0.13
1556 Gravity Sewer 200 0.4 0.38 0.26 0.26 0.09 0.09
1559 Gravity Sewer 200 0.2 0.22 0.16 0.16 0.09 0.09
1550 Gravity Sewer 200 2.6 2.54 0.44 0.44 0.24 0.24
1547 Gravity Sewer 200 2.8 2.73 0.45 0.45 0.25 0.25
1294 Gravity Sewer 200 0.1 1.55 0.22 0.44 0.05 0.17
1247 Gravity Sewer 200 0.7 1.19 0.17 0.18 0.2 0.27
1250 Gravity Sewer 200 0.5 1.04 0.23 0.29 0.13 0.17
1304 Gravity Sewer 200 3.8 6.69 0.46 0.54 0.31 0.41
1301 Gravity Sewer 200 4.6 7.95 0.72 0.87 0.25 0.33
1253 Gravity Sewer 200 0.4 0.87 0.21 0.29 0.11 0.15
1732 Gravity Sewer 200 1.0 1.05 0.41 0.18 0.13 0.26
1765 Gravity Sewer 200 3.3 28.39 1.05 1.93 0.16 0.47
1729 Gravity Sewer 200 0.1 0.14 0.11 0.11 0.08 0.08
1735 Gravity Sewer 200 0.7 0.76 0.31 0.32 0.13 0.13
1738 Gravity Sewer 200 0.3 0.3 0.25 0.25 0.08 0.08
1741 Gravity Sewer 200 0.1 0.14 0.26 0.26 0.05 0.05
1723 Gravity Sewer 200 0.3 0.31 0.19 0.19 0.1 0.1
1726 Gravity Sewer 200 0.1 0.14 0.21 0.2 0.06 0.06
1427 Gravity Sewer 200 0.3 0.28 0.24 0.24 0.07 0.08
1415 Gravity Sewer 200 0.9 1.02 0.53 0.57 0.1 0.11
1451 Gravity Sewer 200 1.4 1.41 0.27 0.26 0.22 0.23
1478 Gravity Sewer 200 1.2 1.17 0.5 0.5 0.13 0.13
1481 Gravity Sewer 200 0.9 0.94 0.46 0.46 0.12 0.12
1484 Gravity Sewer 200 0.7 0.7 0.45 0.45 0.1 0.1
1487 Gravity Sewer 200 0.5 0.47 0.37 0.37 0.08 0.08
1490 Gravity Sewer 200 0.2 0.23 0.23 0.23 0.07 0.07
1768 Gravity Sewer 200 2.1 27.14 0.94 2.28 0.12 0.4
1774 Gravity Sewer 200 1.7 26.76 0.69 1.53 0.13 0.55
1777 Gravity Sewer 200 1.6 26.57 0.64 1.52 0.13 0.57
1780 Gravity Sewer 200 1.4 26.37 0.68 1.62 0.12 0.51
1783 Gravity Sewer 200 1.2 26.19 0.68 1.72 0.11 0.49
1786 Gravity Sewer 200 1.1 26.01 0.54 1.36 0.11 0.59
1792 Gravity Sewer 200 0.8 25.72 0.41 1.33 0.11 0.67
1795 Gravity Sewer 200 0.6 25.59 0.4 1.26 0.1 0.64
1798 Gravity Sewer 200 0.5 25.45 0.36 1.32 0.09 0.63
1801 Gravity Sewer 200 0.4 25.32 0.38 1.93 0.07 0.54
1804 Gravity Sewer 200 0.2 25.22 0.37 2.04 0.05 0.46
1771 Gravity Sewer 200 1.9 26.96 0.89 1.92 0.12 0.46
10075 Gravity Sewer 200 2.4 2.38 0.46 0.46 0.22 0.22
10073 Gravity Sewer 200 1.2 1.23 0.27 0.27 0.2 0.2
10066 Gravity Sewer 200 0.8 0.96 0.11 0.14 0.56 0.62
10064 Gravity Sewer 200 0.2 0.15 0.1 0.1 0.09 0.14
5170 Gravity Sewer 200 0.6 0.62 0.16 0.16 0.18 0.18
1325 Gravity Sewer 200 0.2 0.21 0.15 0.2 0.29 0.41
5200 Gravity Sewer 150 1.7 2.09 0.35 0.44 0.6 1
5203 Gravity Sewer 150 0.8 0.95 0.55 0.51 0.16 0.57
5205 Gravity Sewer 150 0.3 0.55 0.46 0.57 0.1 0.12
5208 Gravity Sewer 150 0.3 0.29 0.4 0.4 0.09 0.09
5212 Gravity Sewer 150 0.1 0.14 0.26 0.26 0.07 0.07
5194 Gravity Sewer 150 0.4 0.45 0.56 0.6 0.08 0.09
5197 Gravity Sewer 150 0.2 0.26 0.29 0.32 0.08 0.09
1846 Gravity Sewer 150 0.2 0.2 0.28 0.28 0.08 0.09
1882 Gravity Sewer 200 1.4 1.44 0.29 0.29 0.21 0.21
1861 Gravity Sewer 200 0.8 0.86 0.25 0.25 0.16 0.16
1873 Gravity Sewer 200 0.6 0.59 0.27 0.28 0.12 0.12
1870 Gravity Sewer 200 0.4 0.38 0.25 0.26 0.09 0.09
1867 Gravity Sewer 200 0.2 0.2 0.2 0.21 0.07 0.07
1876 Gravity Sewer 200 0.2 0.2 0.17 0.17 0.08 0.08
1864 Gravity Sewer 200 0.4 0.4 0.14 0.14 0.14 0.14
5152 Gravity Sewer 200 0.2 0.21 0.11 0.14 0.3 0.44
5182 Gravity Sewer 200 0.2 0.22 0.32 0.34 0.05 0.05
1664 Gravity Sewer 200 0.3 0.35 0.17 0.17 0.11 0.12
5185 Gravity Sewer 200 1.1 1.62 0.37 0.43 0.15 0.18
5188 Gravity Sewer 200 0.9 1.28 0.39 0.49 0.13 0.15
5191 Gravity Sewer 200 0.5 0.63 0.51 0.51 0.07 0.08
1879 Gravity Sewer 200 1.0 1.1 0.23 0.23 0.2 0.21
5155 Gravity Sewer 200 0.8 0.89 0.28 0.29 0.15 0.16
5158 Gravity Sewer 200 0.6 0.66 0.32 0.33 0.11 0.12
5161 Gravity Sewer 200 0.4 0.43 0.24 0.24 0.1 0.11
5164 Gravity Sewer 200 0.2 0.2 0.16 0.16 0.08 0.08
5137 Gravity Sewer 200 0.7 0.89 0.52 0.55 0.09 0.1
5140 Gravity Sewer 200 0.2 0.22 0.28 0.3 0.05 0.06
5143 Gravity Sewer 200 0.4 0.52 0.36 0.4 0.08 0.09
10084 Gravity Sewer 200 0.1 0.09 0.13 0.13 0.06 0.06



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

10082 Gravity Sewer 200 0.2 0.23 0.13 0.13 0.11 0.11
10080 Gravity Sewer 200 0.7 0.73 0.34 0.34 0.14 0.14
10078 Gravity Sewer 200 1.0 1 0.37 0.37 0.14 0.14
10076 Gravity Sewer 200 1.1 1.08 0.37 0.37 0.15 0.15
10067 Gravity Sewer 200 0.5 0.57 0.31 0.32 0.1 0.11
10069 Gravity Sewer 200 0.3 0.38 0.29 0.3 0.08 0.08
10071 Gravity Sewer 200 0.2 0.18 0.23 0.24 0.06 0.06
5215 Gravity Sewer 200 0.4 0.41 0.12 0.12 0.18 0.18
1888 Gravity Sewer 200 0.4 0.38 0.32 0.32 0.08 0.08
5173 Gravity Sewer 200 0.4 0.43 0.12 0.12 0.17 0.17
1610 Gravity Sewer 350 32.6 69.67 0.71 0.84 0.48 0.82
1613 Gravity Sewer 350 32.8 71.24 0.66 0.83 0.51 0.84
1616 Gravity Sewer 350 33.3 72.68 0.61 0.77 0.56 0.96
5151 Gravity Sewer 350 35.2 72.36 0.9 1.04 0.43 0.73
1607 Gravity Sewer 350 32.5 68.41 0.66 0.77 0.51 0.93
1604 Gravity Sewer 350 33.5 69.08 0.7 0.81 0.5 0.97
1331 Gravity Sewer 350 35.9 72.17 1.4 1.68 0.31 0.46
1328 Gravity Sewer 350 35.4 72.24 1.43 1.71 0.31 0.45
1517 Gravity Sewer 350 41.2 75.06 0.73 0.85 0.57 0.86
1520 Gravity Sewer 350 35.4 69.14 0.7 0.8 0.52 0.84
1523 Gravity Sewer 350 35.2 68.97 0.77 0.86 0.48 0.78
1562 Gravity Sewer 350 35.0 68.75 0.65 0.76 0.55 0.89
1565 Gravity Sewer 350 34.1 67.82 0.62 0.72 0.56 1
1568 Gravity Sewer 350 33.9 67.85 0.69 0.76 0.51 1
1571 Gravity Sewer 350 33.7 68.33 0.68 0.77 0.51 1
1574 Gravity Sewer 350 33.6 68.74 0.71 0.81 0.49 0.99
1418 Gravity Sewer 200 0.3 0.38 0.41 0.44 0.06 0.07
N10158 Gravity Sewer 200 2.3 4.24 0.4 0.49 0.24 0.32
163 Gravity Sewer 300 29.3 33.96 0.96 1.01 0.45 0.49
166 Gravity Sewer 300 48.1 65.36 1.75 1.83 0.5 0.58
178 Gravity Sewer 600 88.7 138.57 0.83 0.89 0.42 0.54
148 Gravity Sewer 600 76.8 109.95 0.76 0.86 0.39 0.46
151 Gravity Sewer 600 78.1 113.8 0.8 0.9 0.38 0.46
169 Gravity Sewer 600 77.0 114.95 0.85 0.99 0.36 0.44
175 Gravity Sewer 600 81.7 129.44 0.65 0.74 0.48 0.6
172 Gravity Sewer 600 78.5 119.43 0.7 0.82 0.42 0.51
145 Gravity Sewer 600 77.4 110 1.52 1.74 0.24 0.28
2257 Gravity Sewer 450 13.7 22.83 0.49 0.57 0.23 0.3
2236 Gravity Sewer 450 14.2 23.74 0.5 0.58 0.24 0.31
2233 Gravity Sewer 450 15.2 25.41 0.49 0.58 0.25 0.32
2230 Gravity Sewer 450 15.2 25.39 0.58 0.67 0.22 0.29
2227 Gravity Sewer 450 15.9 26.4 0.58 0.67 0.23 0.3
2218 Gravity Sewer 450 17.5 28.55 0.54 0.62 0.26 0.33
5114 Gravity Sewer 450 17.5 28.53 0.43 0.48 0.31 0.41
10150 Gravity Sewer 450 2.9 4.97 0.34 0.4 0.1 0.13
10143 Gravity Sewer 450 1.9 3.83 0.27 0.33 0.09 0.13
10146 Gravity Sewer 450 1.9 3.84 0.28 0.35 0.09 0.12
10148 Gravity Sewer 450 1.9 3.85 0.23 0.3 0.1 0.13
10152 Gravity Sewer 450 2.9 4.98 0.23 0.2 0.19 0.28
2260 Gravity Sewer 450 13.5 22.39 0.5 0.57 0.23 0.29
2263 Gravity Sewer 450 13.4 22.32 0.5 0.58 0.22 0.29
2266 Gravity Sewer 450 13.3 22.11 0.5 0.58 0.22 0.29
193 Gravity Sewer 450 99.4 114.68 1.36 1.25 0.58 0.68
190 Gravity Sewer 450 79.3 111.4 1.03 1 0.52 0.68
187 Gravity Sewer 450 72.6 109.28 0.94 0.92 0.53 0.71
184 Gravity Sewer 450 66.1 107.61 0.87 1 0.48 0.64
181 Gravity Sewer 450 64.9 107.57 1.08 1.27 0.4 0.53
2224 Gravity Sewer 450 16.8 27.6 0.54 0.63 0.25 0.32
838 Gravity Sewer 250 13.7 22.84 0.74 0.82 0.41 0.67
841 Gravity Sewer 250 14.2 23.13 0.66 0.73 0.45 0.61
856 Gravity Sewer 250 14.6 24.02 0.71 0.79 0.44 0.6
859 Gravity Sewer 250 13.3 17.87 0.72 0.78 0.4 0.48
862 Gravity Sewer 250 13.7 18.2 0.67 0.71 0.44 0.52
865 Gravity Sewer 250 16.4 20.01 0.85 0.81 0.46 0.54
682 Gravity Sewer 250 22.9 24.33 0.98 0.96 0.57 0.61
3182 Gravity Sewer 250 18.2 48.74 0.86 1.22 0.44 0.84
5902 Gravity Sewer 200 0.1 0.06 0.17 0.17 0.03 0.03
5905 Gravity Sewer 200 0.0 0.03 0.14 0.14 0.02 0.02
5050 Gravity Sewer 200 0.1 0.51 0.17 0.27 0.05 0.11
5106 Gravity Sewer 200 0.1 0.23 0.13 0.18 0.04 0.09
5046 Gravity Sewer 200 0.3 0.74 0.17 0.24 0.11 0.15
5043 Gravity Sewer 200 0.4 0.77 0.19 0.26 0.12 0.15
5045 Gravity Sewer 200 0.6 1.13 0.31 0.38 0.12 0.15
5051 Gravity Sewer 200 0.3 0.35 0.24 0.25 0.08 0.09
5048 Gravity Sewer 200 0.2 0.65 0.19 0.28 0.08 0.13
5047 Gravity Sewer 200 0.3 0.69 0.21 0.29 0.09 0.13



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

5049 Gravity Sewer 200 0.2 0.55 0.17 0.26 0.07 0.12
5044 Gravity Sewer 200 1.3 1.76 0.42 0.47 0.15 0.18
5042 Gravity Sewer 200 0.4 0.66 0.26 0.32 0.09 0.12
5052 Gravity Sewer 200 0.3 0.56 0.23 0.28 0.08 0.11
1166 Gravity Sewer 200 1.6 3.32 0.33 0.44 0.21 0.29
1163 Gravity Sewer 200 0.5 2.4 0.31 0.51 0.09 0.21
1169 Gravity Sewer 200 0.7 0.57 0.26 0.16 0.15 0.18
1080 Gravity Sewer 200 3.3 5.82 0.49 0.57 0.27 0.36
1089 Gravity Sewer 200 4.7 8.25 0.63 0.75 0.28 0.38
1104 Gravity Sewer 200 1.1 0.89 0.42 0.39 0.14 0.13
1107 Gravity Sewer 200 0.8 0.66 0.33 0.31 0.13 0.12
1125 Gravity Sewer 200 0.4 0.32 0.27 0.25 0.09 0.08
1128 Gravity Sewer 200 0.2 0.12 0.12 0.11 0.09 0.08
1119 Gravity Sewer 200 0.2 0.15 0.2 0.18 0.15 0.16
1116 Gravity Sewer 200 7.9 8.32 1.41 1.52 0.38 0.4
1140 Gravity Sewer 200 0.2 1.71 0.21 0.19 0.07 1
1137 Gravity Sewer 200 0.2 1.93 0.21 0.16 0.07 1
1134 Gravity Sewer 200 0.2 2.11 0.2 0.2 0.08 1
1131 Gravity Sewer 200 0.2 3.3 0.22 0.11 0.07 1
5407 Gravity Sewer 200 2.2 13.12 0.52 0.79 0.19 1
1143 Gravity Sewer 200 1.9 12.92 0.42 0.76 0.2 1
1146 Gravity Sewer 200 1.9 12.9 0.4 0.77 0.21 1
1149 Gravity Sewer 200 1.9 12.87 0.4 0.83 0.21 1
1147 Gravity Sewer 200 1.9 15.54 0.53 1.42 0.21 1
9999 Gravity Sewer 200 2.3 1.84 0.5 0.32 0.21 0.25
196 Gravity Sewer 200 0.4 0.44 0.23 0.24 0.1 0.11
3186 Gravity Sewer 200 0.7 0.86 0.41 0.43 0.1 0.11
5479 Gravity Sewer 200 0.8 0.84 0.57 0.58 0.34 0.34
5482 Gravity Sewer 200 0.8 0.84 0.55 0.56 0.09 0.09
154 Gravity Sewer 200 2.0 2.02 0.39 0.37 0.59 0.59
N82 Gravity Sewer 200 5.2 8.3 0.69 0.78 0.29 0.37
N4 Gravity Sewer 200 4.2 7.07 0.54 0.66 0.29 0.37
112 Gravity Sewer 200 1.0 2.52 0.4 0.52 0.13 0.21
3194 Gravity Sewer 200 1.8 3.6 0.9 1.11 0.11 0.16
46 Gravity Sewer 200 0.6 0.61 0.18 0.17 0.17 0.17
10 Gravity Sewer 200 2.4 2.47 0.47 0.47 0.22 0.22
49 Gravity Sewer 200 0.3 0.31 0.21 0.2 0.1 0.1
3208 Gravity Sewer 200 1.1 37.01 0.19 1.18 0.23 1
3220 Gravity Sewer 200 4.6 38.97 0.55 1.24 0.31 1
3229 Gravity Sewer 200 1.3 3.5 0.23 0.16 0.24 1
5626 Gravity Sewer 200 0.5 1.92 0.15 0.14 0.16 1
2331 Gravity Sewer 200 0.5 3.01 0.26 0.28 0.15 1
3286 Gravity Sewer 200 8.8 40.18 1.06 1.51 0.31 1
85 Gravity Sewer 200 0.7 0.69 0.33 0.32 0.12 0.12
88 Gravity Sewer 200 0.4 0.33 0.17 0.17 0.11 0.11
40 Gravity Sewer 200 0.7 0.64 0.34 0.34 0.11 0.11
34 Gravity Sewer 200 0.3 0.31 0.25 0.25 0.09 0.08
43 Gravity Sewer 200 0.3 0.31 0.17 0.17 0.11 0.11
61 Gravity Sewer 200 0.7 0.76 0.21 0.25 0.16 0.17
64 Gravity Sewer 200 0.3 0.31 0.21 0.2 0.09 0.1
58 Gravity Sewer 200 0.0 0 0 0 0.05 0.05
52 Gravity Sewer 200 0.7 0.75 0.21 0.22 0.16 0.17
55 Gravity Sewer 200 0.4 0.42 0.23 0.25 0.1 0.1
133 Gravity Sewer 200 0.3 0.31 0.14 0.13 0.53 0.53
130 Gravity Sewer 200 0.4 0.35 0.19 0.17 0.54 0.54
136 Gravity Sewer 200 0.4 0.46 0.17 0.2 0.54 0.54
139 Gravity Sewer 200 0.4 0.46 0.21 0.24 0.54 0.54
67 Gravity Sewer 200 0.3 0.35 0.26 0.28 0.07 0.08
76 Gravity Sewer 200 0.5 0.57 0.3 0.31 0.1 0.11
79 Gravity Sewer 200 0.3 0.28 0.16 0.17 0.1 0.1
3232 Gravity Sewer 200 1.0 2.51 0.22 0.11 0.22 1
3235 Gravity Sewer 200 0.5 0.7 0.21 0.19 0.12 0.97
3217 Gravity Sewer 200 0.0 0.08 0 0.01 0.08 0.43
3214 Gravity Sewer 200 1.0 1 0.33 0.31 0.15 0.9
3211 Gravity Sewer 200 1.5 4.02 0.39 0.14 0.23 1
3202 Gravity Sewer 200 0.6 5.25 0.22 0.17 0.14 1
3241 Gravity Sewer 200 0.3 5.42 0.18 0.17 0.1 1
3244 Gravity Sewer 200 0.0 4.89 0 0.26 0.04 1
115 Gravity Sewer 200 0.5 0.55 0.22 0.17 0.12 0.16
118 Gravity Sewer 200 0.3 0.25 0.14 0.14 0.1 0.11
100 Gravity Sewer 200 0.3 1.86 0.15 0.43 0.11 0.21
127 Gravity Sewer 200 1.1 0.96 0.34 0.31 0.17 0.17
157 Gravity Sewer 200 0.6 0.6 0.2 0.2 0.15 0.15
160 Gravity Sewer 200 0.4 0.44 0.19 0.18 0.54 0.55
3223 Gravity Sewer 200 1.0 5.53 0.28 0.18 0.21 1
3226 Gravity Sewer 200 0.5 4.12 0.26 0.22 0.12 1



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

3196 Gravity Sewer 200 1.0 3.54 0.24 0.16 0.18 1
3205 Gravity Sewer 200 2.2 3.97 0.35 0.13 0.26 1
3199 Gravity Sewer 200 0.4 4.07 0.23 0.27 0.12 1
3238 Gravity Sewer 200 0.6 3.18 0.24 0.24 0.13 1
106 Gravity Sewer 200 0.3 0.36 0.19 0.21 0.09 0.1
103 Gravity Sewer 200 0.5 0.72 0.34 0.38 0.1 0.11
109 Gravity Sewer 200 0.3 0.41 0.32 0.35 0.07 0.08
124 Gravity Sewer 200 0.3 0.27 0.24 0.25 0.07 0.08
1 Gravity Sewer 200 0.8 1.08 0.29 0.32 0.14 0.17
121 Gravity Sewer 200 1.1 1.49 0.37 0.41 0.15 0.17
70 Gravity Sewer 200 0.3 0.26 0.16 0.15 0.1 0.11
73 Gravity Sewer 200 0.3 0.43 0.18 0.21 0.1 0.12
835 Gravity Sewer 200 5.6 11.08 0.48 0.57 0.43 0.74
712 Gravity Sewer 200 0.5 0.87 0.25 0.29 0.12 0.15
718 Gravity Sewer 200 0.2 0.29 0.16 0.2 0.08 0.09
715 Gravity Sewer 200 0.4 0.55 0.21 0.23 0.1 0.13
709 Gravity Sewer 200 0.7 1.16 0.23 0.27 0.15 0.2
769 Gravity Sewer 200 0.9 1.41 0.29 0.33 0.15 0.19
766 Gravity Sewer 200 1.8 2.93 0.44 0.51 0.19 0.24
772 Gravity Sewer 200 0.7 1.12 0.34 0.4 0.12 0.15
775 Gravity Sewer 200 0.5 0.66 0.3 0.3 0.1 0.12
778 Gravity Sewer 200 0.3 0.37 0.26 0.25 0.08 0.09
3181 Gravity Sewer 200 1.7 11.29 0.82 1.23 0.12 0.53
844 Gravity Sewer 200 1.5 4.49 0.46 0.63 0.16 0.33
3116 Gravity Sewer 200 1.9 3.22 0.48 0.56 0.19 0.24
3113 Gravity Sewer 200 4.7 9.83 0.59 0.74 0.3 0.44
751 Gravity Sewer 200 4.2 8.91 0.49 0.61 0.32 0.47
742 Gravity Sewer 200 2.9 6.27 0.38 0.48 0.29 0.44
739 Gravity Sewer 200 2.2 4.57 0.39 0.47 0.23 0.35
685 Gravity Sewer 200 1.7 3.81 0.38 0.49 0.2 0.3
868 Gravity Sewer 200 0.5 1.42 0.19 0.27 0.14 0.22
721 Gravity Sewer 200 0.3 0.48 0.08 0.14 0.19 0.28
724 Gravity Sewer 200 0.2 0.22 0.19 0.21 0.06 0.08
754 Gravity Sewer 200 0.8 1.96 0.21 0.37 0.21 0.33
757 Gravity Sewer 200 0.2 0.4 0.14 0.16 0.09 0.13
760 Gravity Sewer 200 0.4 0.62 0.22 0.23 0.1 0.14
763 Gravity Sewer 200 0.2 0.26 0.16 0.17 0.07 0.09
745 Gravity Sewer 200 0.5 1.14 0.12 0.21 0.18 0.27
748 Gravity Sewer 200 0.2 0.5 0.18 0.22 0.08 0.12
727 Gravity Sewer 200 0.4 0.62 0.13 0.23 0.15 0.2
730 Gravity Sewer 200 0.2 0.29 0.18 0.21 0.07 0.09
886 Gravity Sewer 200 1.0 1.97 0.27 0.32 0.17 0.25
889 Gravity Sewer 200 0.8 1.41 0.28 0.33 0.14 0.2
877 Gravity Sewer 200 0.5 0.94 0.24 0.28 0.12 0.17
880 Gravity Sewer 200 0.4 0.79 0.26 0.33 0.09 0.13
883 Gravity Sewer 200 0.2 0.36 0.23 0.27 0.06 0.09
676 Gravity Sewer 200 6.2 10.28 0.62 0.7 0.36 0.48
675 Gravity Sewer 200 0.2 0.46 0.1 0.06 0.22 0.31
697 Gravity Sewer 200 2.2 5.97 0.44 0.59 0.21 0.36
688 Gravity Sewer 200 0.7 1.79 0.35 0.41 0.11 0.2
691 Gravity Sewer 200 0.3 0.85 0.2 0.28 0.1 0.16
3176 Gravity Sewer 200 3.1 8.52 0.6 0.8 0.22 0.37
700 Gravity Sewer 200 1.8 4.81 0.34 0.46 0.22 0.37
850 Gravity Sewer 200 2.8 7.65 0.44 0.59 0.26 0.43
853 Gravity Sewer 200 1.2 3.51 0.28 0.38 0.2 0.34
847 Gravity Sewer 200 3.1 8.05 0.5 0.66 0.31 0.49
679 Gravity Sewer 200 0.2 0.66 0.07 0.22 0.31 0.38
694 Gravity Sewer 200 0.5 1.35 0.18 0.25 0.14 0.25
706 Gravity Sewer 200 0.6 1.54 0.27 0.37 0.12 0.19
703 Gravity Sewer 200 1.0 2.7 0.31 0.4 0.16 0.27
733 Gravity Sewer 200 0.4 0.69 0.14 0.25 0.2 0.28
736 Gravity Sewer 200 0.2 0.29 0.19 0.22 0.07 0.09
871 Gravity Sewer 200 0.4 1.16 0.24 0.36 0.1 0.16
874 Gravity Sewer 200 0.2 0.73 0.15 0.25 0.08 0.15
781 Gravity Sewer 200 0.2 0.18 0.16 0.16 0.07 0.07
1112 Gravity Sewer 200 14.3 15.89 1.45 1.46 0.38 0.41
1122 Gravity Sewer 200 0.5 0.4 0.44 0.19 0.15 0.16
1108 Gravity Sewer 200 7.0 10.12 0.64 0.72 0.38 0.46
1184 Gravity Sewer 200 5.6 35.21 0.71 1.12 0.3 1
1181 Gravity Sewer 200 5.0 35.52 0.63 1.13 0.3 1
1160 Gravity Sewer 200 0.1 12.33 0.22 0.74 0.03 1
1172 Gravity Sewer 200 0.0 12.32 0.17 0.93 0.03 1
1175 Gravity Sewer 200 0.0 12.32 0.13 0.77 0.02 1
1187 Gravity Sewer 200 0.6 22.47 0.38 0.75 0.22 1
1178 Gravity Sewer 200 0.0 12.31 0.07 0.7 0.02 1
1190 Gravity Sewer 200 0.5 20.49 0.32 0.72 0.09 1



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

1158 Gravity Sewer 200 0.4 19.88 0.27 0.68 0.09 1
1155 Gravity Sewer 200 0.4 18.09 0.3 0.71 0.09 1
37 Gravity Sewer 200 1.4 1.35 0.53 0.48 0.55 0.55
5323 Gravity Sewer 200 0.7 0.83 0.49 0.51 0.31 0.39
5325 Gravity Sewer 200 0.6 0.52 0.36 0.34 0.1 0.09
5515 Gravity Sewer 750 109.8 169.83 0.9 1.03 0.32 0.4
5521 Gravity Sewer 750 98.8 131.34 0.74 0.71 0.35 0.44
5518 Gravity Sewer 750 111.3 169.81 0.71 0.82 0.38 0.48
5512 Gravity Sewer 750 110.1 170.09 1.17 1.33 0.27 0.33
5509 Gravity Sewer 750 110.2 170.04 1.04 1.16 0.3 0.47
5524 Gravity Sewer 750 97.7 130.37 0.64 0.67 0.38 0.45
5527 Gravity Sewer 750 97.7 130.91 0.75 0.81 0.34 0.39
5533 Gravity Sewer 750 89.7 120.2 0.7 0.77 0.33 0.38
5530 Gravity Sewer 750 89.8 119.75 0.77 0.84 0.31 0.36
5535 Gravity Sewer 750 90.1 121.45 0.67 0.74 0.34 0.4
5503 Gravity Sewer 750 164.2 358.92 1.43 1.46 0.41 0.69
5506 Gravity Sewer 750 121.0 201.08 1.08 1.2 0.34 0.64
5536 Gravity Sewer 750 1.4 1.34 1.47 1.44 0.01 0.01
5541 Gravity Sewer 750 77.7 110.26 4.2 4.69 0.09 0.1
5115 Gravity Sewer 1050 124.9 214.85 0.92 1.1 0.21 0.28
5116 Gravity Sewer 1050 125.3 215.37 0.84 0.91 0.23 0.32
5117 Gravity Sewer 1050 125.2 215.24 0.52 0.63 0.32 0.42
5118 Gravity Sewer 1050 125.0 215.03 0.54 0.66 0.31 0.4
5119 Gravity Sewer 1050 124.9 214.89 0.58 0.72 0.3 0.38
5344 Gravity Sewer 450 51.9 84.87 4.22 4.89 0.13 0.17
5349 Gravity Sewer 1050 72.3 134.26 0.47 0.61 0.24 0.31
10134 Gravity Sewer 450 10.7 104.42 0.54 0.97 0.18 1
4127 Gravity Sewer 450 26.8 151.34 0.85 1.06 0.32 1
4134 Gravity Sewer 375 10.5 10.2 0.53 0.52 0.24 0.23
4133 Gravity Sewer 375 9.1 8.79 0.44 0.44 0.24 0.24
4132 Gravity Sewer 375 8.6 8.33 0.42 0.42 0.24 0.24
4131 Gravity Sewer 375 8.7 8.32 0.54 0.53 0.2 0.2
4130 Gravity Sewer 375 8.8 8.46 0.52 0.52 0.21 0.31
4129 Gravity Sewer 375 8.9 28.23 0.48 0.48 0.22 0.72
4128 Gravity Sewer 375 9.1 50.57 0.55 0.53 0.21 1
4126 Gravity Sewer 300 13.0 41.4 0.51 0.67 0.39 1
5443 Gravity Sewer 300 1.6 4.48 0.35 0.47 0.12 0.44
5440 Gravity Sewer 300 1.7 27.61 0.32 0.43 0.13 0.93
5448 Gravity Sewer 300 0.2 3.44 0.12 0.3 0.07 0.22
5446 Gravity Sewer 300 1.6 4.46 0.34 0.46 0.12 0.2
5437 Gravity Sewer 300 1.7 33.5 0.35 0.52 0.12 1
5434 Gravity Sewer 300 1.7 41.48 0.4 0.6 0.11 1
5464 Gravity Sewer 300 0.5 0.38 0.26 0.24 0.06 0.06
5461 Gravity Sewer 300 0.5 0.4 0.25 0.24 0.06 0.06
5458 Gravity Sewer 300 0.5 0.42 0.25 0.23 0.07 0.06
5467 Gravity Sewer 300 0.4 0.36 0.22 0.21 0.07 0.06
5470 Gravity Sewer 300 0.1 0.07 0.13 0.12 0.03 0.03
10227 Gravity Sewer 300 9.6 12.21 0.52 0.55 0.31 0.49
10223 Gravity Sewer 300 9.9 23.56 0.52 0.54 0.31 1
10225 Gravity Sewer 300 9.8 17.97 0.56 0.6 0.3 0.87
10221 Gravity Sewer 300 10.3 23.25 0.38 0.4 0.41 1
5548 Gravity Sewer 300 10.7 9.78 0.82 0.8 0.24 0.23
5554 Gravity Sewer 300 9.5 8.75 0.53 0.52 0.3 0.29
5560 Gravity Sewer 300 0.7 0.76 0.09 0.1 0.17 0.17
5542 Gravity Sewer 300 11.0 10.05 0.78 0.69 0.43 0.5
5551 Gravity Sewer 300 10.7 9.78 0.64 0.62 0.29 0.27
5557 Gravity Sewer 300 7.7 7.13 1 1 0.17 0.16
5562 Gravity Sewer 200 0.4 0.48 0.29 0.3 0.09 0.1
4125 Gravity Sewer 250 3.4 20.66 0.55 0.74 0.18 0.97
4124 Gravity Sewer 250 3.5 10.02 0.44 0.6 0.22 0.55
4123 Gravity Sewer 250 3.9 9.99 0.42 0.56 0.24 0.39
4122 Gravity Sewer 250 5.0 9.96 0.54 0.66 0.24 0.35
5416 Gravity Sewer 250 0.1 0.12 0.21 0.2 0.04 0.04
5419 Gravity Sewer 250 0.1 0.09 0.27 0.27 0.03 0.02
5422 Gravity Sewer 250 0.0 0.03 0.09 0.09 0.02 0.02
10235 Gravity Sewer 250 8.5 11.33 0.64 0.69 0.32 0.37
10233 Gravity Sewer 250 8.5 11.35 0.6 0.65 0.33 0.39
10231 Gravity Sewer 250 9.5 12.17 0.63 0.67 0.35 0.4
10229 Gravity Sewer 250 9.6 12.19 0.63 0.68 0.35 0.39
916 Gravity Sewer 150 2.1 2.06 0.34 0.34 0.38 0.38
913 Gravity Sewer 200 0.3 0.28 0.1 0.1 0.16 0.15
943 Gravity Sewer 200 2.4 2.3 0.28 0.28 0.31 0.31
964 Gravity Sewer 200 2.9 2.76 0.44 0.43 0.26 0.26
898 Gravity Sewer 200 1.5 1.44 0.36 0.36 0.19 0.19
892 Gravity Sewer 200 1.8 1.75 0.35 0.35 0.22 0.22
3170 Gravity Sewer 200 8.7 8.46 0.78 0.78 0.38 0.38



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

895 Gravity Sewer 200 0.3 0.31 0.16 0.16 0.11 0.11
904 Gravity Sewer 200 0.9 0.88 0.32 0.31 0.15 0.15
901 Gravity Sewer 200 1.2 1.18 0.35 0.34 0.17 0.17
907 Gravity Sewer 200 0.3 0.29 0.16 0.15 0.11 0.11
946 Gravity Sewer 200 0.6 0.55 0.15 0.15 0.18 0.17
952 Gravity Sewer 200 0.3 0.28 0.08 0.08 0.18 0.18
937 Gravity Sewer 200 4.0 3.87 0.39 0.39 0.36 0.36
961 Gravity Sewer 200 3.4 3.32 0.46 0.46 0.29 0.28
940 Gravity Sewer 200 3.7 3.61 0.43 0.43 0.32 0.31
919 Gravity Sewer 200 1.8 1.78 0.43 0.43 0.19 0.19
967 Gravity Sewer 200 2.0 1.92 0.37 0.36 0.23 0.23
955 Gravity Sewer 200 1.0 0.92 0.24 0.24 0.18 0.18
910 Gravity Sewer 200 0.3 0.28 0.15 0.15 0.11 0.11
958 Gravity Sewer 200 0.4 0.35 0.26 0.23 0.11 0.11
949 Gravity Sewer 200 0.3 0.27 0.2 0.2 0.09 0.09
970 Gravity Sewer 200 0.8 0.73 0.26 0.24 0.16 0.16
973 Gravity Sewer 200 0.4 0.38 0.26 0.25 0.1 0.09
931 Gravity Sewer 200 0.7 0.64 0.25 0.24 0.14 0.14
934 Gravity Sewer 200 0.3 0.32 0.18 0.18 0.11 0.11
928 Gravity Sewer 200 0.9 0.9 0.28 0.28 0.16 0.16
925 Gravity Sewer 200 1.2 1.2 0.31 0.31 0.18 0.18
922 Gravity Sewer 200 1.5 1.46 0.35 0.34 0.2 0.19
1110 Gravity Sewer 200 0.8 0.61 0.33 0.31 0.13 0.11
1113 Gravity Sewer 200 0.4 0.28 0.19 0.18 0.11 0.1
4121 Gravity Sewer 200 7.5 9.1 1.27 1.24 0.25 0.35
5404 Gravity Sewer 200 0.0 0.03 0 0 0.01 0.01
5914 Gravity Sewer 200 0.2 0.47 0.23 0.28 0.07 0.1
5916 Gravity Sewer 200 0.2 0.38 0.23 0.29 0.06 0.09
1092 Gravity Sewer 200 2.3 1.8 0.57 0.53 0.18 0.16
1095 Gravity Sewer 200 1.4 1.14 0.42 0.4 0.16 0.15
1086 Gravity Sewer 200 0.5 0.38 0.33 0.31 0.09 0.08
5400 Gravity Sewer 200 0.2 0.19 0.24 0.23 0.07 0.06
5398 Gravity Sewer 200 0.1 0.08 0.21 0.21 0.04 0.04
1098 Gravity Sewer 200 0.5 0.42 0.27 0.27 0.11 0.1
5391 Gravity Sewer 200 0.3 0.23 0.2 0.19 0.09 0.08
5392 Gravity Sewer 200 0.1 0.08 0.21 0.21 0.04 0.04
5622 Gravity Sewer 200 0.9 0.79 0.36 0.35 0.13 0.12
5497 Gravity Sewer 200 0.8 0.95 0.35 0.36 0.13 0.14
5500 Gravity Sewer 200 0.5 0.5 0.27 0.29 0.11 0.11
5488 Gravity Sewer 200 2.1 2.1 0.38 0.38 0.23 0.26
5494 Gravity Sewer 200 0.3 0.27 0.18 0.17 0.09 0.1
5485 Gravity Sewer 200 2.6 3.81 0.44 0.35 0.62 0.66
5491 Gravity Sewer 200 1.1 1.22 0.32 0.34 0.17 0.17
10100 Gravity Sewer 200 0.8 0.98 0.13 0.15 0.32 0.41
10102 Gravity Sewer 200 0.7 0.95 0.77 0.84 0.07 0.08
10104 Gravity Sewer 200 0.7 0.93 0.47 0.51 0.09 0.11
10106 Gravity Sewer 200 0.7 0.87 0.37 0.4 0.11 0.12
10108 Gravity Sewer 200 0.6 0.72 0.37 0.4 0.1 0.11
10112 Gravity Sewer 200 0.3 0.41 0.28 0.3 0.08 0.09
5380 Gravity Sewer 200 0.8 0.65 0.56 0.55 0.1 0.09
5383 Gravity Sewer 200 0.7 0.57 0.35 0.33 0.12 0.1
5386 Gravity Sewer 200 0.7 0.54 0.34 0.32 0.12 0.1
5619 Gravity Sewer 200 1.1 1.06 0.61 0.6 0.11 0.11
5248 Gravity Sewer 200 0.8 0.95 0.36 0.38 0.14 0.16
5350 Gravity Sewer 200 1.1 1.51 0.72 0.79 0.54 0.54
5353 Gravity Sewer 200 1.1 1.49 0.4 0.44 0.14 0.17
5356 Gravity Sewer 200 1.0 1.2 0.6 0.62 0.1 0.11
5359 Gravity Sewer 200 1.0 1.13 0.55 0.58 0.1 0.11
5377 Gravity Sewer 200 0.1 0.08 0.19 0.19 0.04 0.04
5374 Gravity Sewer 200 0.1 0.06 0.19 0.19 0.03 0.03
5371 Gravity Sewer 150 0.0 0.03 0.17 0.17 0.03 0.03
5368 Gravity Sewer 150 0.0 0.03 0.18 0.18 0.03 0.03
5365 Gravity Sewer 200 0.1 0.06 0.19 0.19 0.03 0.03
5362 Gravity Sewer 200 0.9 1.1 0.38 0.4 0.13 0.14
5917 Gravity Sewer 100 0.1 0.33 0.34 0.47 0.09 0.14
10059 Gravity Sewer 200 1.1 2.87 0.75 1 0.09 0.15
10061 Gravity Sewer 200 1.1 2.88 0.57 0.75 0.11 0.18
1244 Gravity Sewer 200 0.1 0.83 0.14 0.34 0.07 0.14
2713 Gravity Sewer 200 0.6 1 0.51 0.61 0.08 0.1
2716 Gravity Sewer 200 0.4 0.75 0.47 0.59 0.07 0.08
3013 Gravity Sewer 200 0.1 0.19 0.73 0.82 0.02 0.03
3016 Gravity Sewer 200 0.0 0.07 0.38 0.45 0.02 0.02
5680 Gravity Sewer 200 0.1 0.15 0.17 0.25 0.09 0.19
5683 Gravity Sewer 200 0.0 0.08 0.24 0.28 0.02 0.03
5221 Gravity Sewer 200 0.1 0.14 0.17 0.17 0.06 0.06
5218 Gravity Sewer 200 0.3 0.28 0.17 0.17 0.1 0.1



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
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NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

5176 Gravity Sewer 200 0.3 0.29 0.36 0.36 0.06 0.06
5179 Gravity Sewer 200 0.1 0.14 0.3 0.3 0.04 0.04
3037 Gravity Sewer 200 0.1 0.12 0.27 0.31 0.03 0.04
3031 Gravity Sewer 200 0.3 0.38 0.38 0.28 0.07 0.09
3034 Gravity Sewer 200 0.2 0.28 0.56 0.61 0.04 0.04
5346 Gravity Sewer 450 57.4 96.13 1.85 2.16 0.25 0.32
10141 Gravity Sewer 450 1.9 3.86 0.26 0.33 0.09 0.13
436 Gravity Sewer 200 5.9 16.9 0.97 1.31 0.25 0.43
433 Gravity Sewer 200 6.5 18.42 1.08 1.45 0.25 0.43
5425 Gravity Sewer 250 0.0 0.03 0.19 0.19 0.01 0.01
5428 Gravity Sewer 250 0.1 0.08 0.21 0.21 0.03 0.03
5431 Gravity Sewer 250 0.1 0.13 0.33 0.32 0.03 0.03
5410 Gravity Sewer 200 0.0 0.03 0.21 0.21 0.02 0.02
5413 Gravity Sewer 200 0.1 0.09 0.27 0.26 0.04 0.03
5908 Gravity Sewer 200 0.7 1.01 0.55 0.61 0.09 0.13
2284 Gravity Sewer 300 11.6 19.28 0.51 0.59 0.36 0.47
2284.1 Gravity Sewer 300 10.7 18.02 0.61 0.7 0.3 0.39
1106 Gravity Sewer 200 1.3 1.05 0.51 0.48 0.14 0.12
1101 Gravity Sewer 200 1.4 1.16 0.24 0.19 0.26 0.29
5251 Gravity Sewer 200 0.1 23.34 0.18 0.84 0.04 1
5613 Gravity Sewer 150 0.6 0.61 0.61 0.62 0.1 0.1
5616 Gravity Sewer 150 0.3 0.34 0.31 0.33 0.1 0.11
5146 Gravity Sewer 200 0.2 0.25 0.22 0.24 0.07 0.07
5473 Gravity Sewer 200 1.0 3.21 0.23 0.36 0.2 0.33
5851 Gravity Sewer 250 0.5 0.84 0.41 0.48 0.06 0.08
5848 Gravity Sewer 250 0.6 0.9 0.66 0.76 0.05 0.06
5884 Gravity Sewer 200 0.0 0.02 0.15 0.13 0.02 0.02
5981 Gravity Sewer 200 0.1 0.08 0.26 0.29 0.03 0.03
5878 Gravity Sewer 200 0.1 0.16 0.43 0.49 0.03 0.03
5887 Gravity Sewer 250 0.0 0.05 0 0.36 0.01 0.01
5872 Gravity Sewer 250 0.2 0.32 0.28 0.32 0.04 0.05
5866 Gravity Sewer 250 0.3 0.5 0.32 0.37 0.05 0.06
5860 Gravity Sewer 200 0.1 0.15 0.23 0.27 0.04 0.05
5863 Gravity Sewer 200 0.0 0.06 0.24 0.25 0.02 0.03
5869 Gravity Sewer 250 0.3 0.4 0.3 0.35 0.05 0.06
5857 Gravity Sewer 200 0.1 0.13 0.25 0.35 0.05 0.06
5854 Gravity Sewer 250 0.5 0.79 0.44 0.51 0.06 0.07
5824 Gravity Sewer 250 0.3 2.45 0.53 1.06 0.03 0.09
5830 Gravity Sewer 200 0.1 2.13 0.32 1.02 0.02 0.12
5836 Gravity Sewer 200 0.1 0.17 0.39 0.44 0.03 0.04
5839 Gravity Sewer 200 0.1 0.11 0.23 0.24 0.04 0.04
5842 Gravity Sewer 200 0.0 0.04 0 0 0.01 0.01
5845 Gravity Sewer 250 0.0 0.02 0 0 0.01 0.01
5833 Gravity Sewer 200 0.0 2.12 0.15 0.67 0.02 0.16
5827 Gravity Sewer 250 0.2 2.38 0.48 1.01 0.03 0.09
5821 Gravity Sewer 250 0.9 3.43 0.42 0.65 0.09 0.16
5812 Gravity Sewer 250 1.2 3.87 0.65 0.93 0.08 0.14
5924 Gravity Sewer 250 1.1 3.72 0.47 0.68 0.09 0.17
5875 Gravity Sewer 200 0.2 0.25 0.54 0.63 0.03 0.04
10236 Gravity Sewer 200 0.0 0.1 0.21 0.23 0.02 0.04
10281 Gravity Sewer 200 0.1 0.14 0.3 0.3 0.04 0.04
10279 Gravity Sewer 200 0.3 0.29 0.42 0.42 0.06 0.06
10277 Gravity Sewer 200 0.4 0.43 0.51 0.51 0.06 0.06
10275 Gravity Sewer 200 0.6 0.58 0.58 0.58 0.07 0.07
10273 Gravity Sewer 200 0.7 0.72 0.63 0.63 0.08 0.08
10271 Gravity Sewer 200 0.9 0.86 0.67 0.67 0.09 0.09
10269 Gravity Sewer 200 1.0 1.01 0.73 0.73 0.09 0.09
10267 Gravity Sewer 200 1.2 1.15 0.8 0.8 0.09 0.09
10265 Gravity Sewer 200 1.3 1.29 0.86 0.86 0.09 0.09
10263 Gravity Sewer 200 1.4 1.44 0.87 0.87 0.1 0.1
10261 Gravity Sewer 200 1.6 1.58 0.89 0.89 0.11 0.11
10259 Gravity Sewer 200 1.7 1.72 0.89 0.89 0.11 0.11
10257 Gravity Sewer 200 1.9 1.87 0.8 0.8 0.13 0.13
10255 Gravity Sewer 200 2.0 2.01 0.81 0.81 0.13 0.13
10253 Gravity Sewer 200 2.2 2.16 0.89 0.89 0.13 0.13
10251 Gravity Sewer 200 2.3 2.3 0.86 0.86 0.14 0.14
10249 Gravity Sewer 200 2.4 2.44 0.91 0.91 0.14 0.14
10247 Gravity Sewer 200 2.6 2.59 1.02 1.02 0.14 0.14
10245 Gravity Sewer 200 2.7 2.73 0.86 0.86 0.16 0.16
10243 Gravity Sewer 200 2.9 2.87 0.76 0.76 0.18 0.18
10241 Gravity Sewer 200 3.0 3.02 0.64 0.64 0.21 0.21
10239 Gravity Sewer 200 3.2 3.16 0.72 0.72 0.2 0.2
10237 Gravity Sewer 200 3.3 3.3 0.79 0.79 0.19 0.19
10235.1 Gravity Sewer 200 3.5 3.45 0.87 0.87 0.18 0.18
10233.1 Gravity Sewer 200 3.6 3.59 0.4 0.37 0.33 0.35
10286 Gravity Sewer 200 1.0 3.66 0.4 0.59 0.13 0.25



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

10290 Gravity Sewer 200 0.2 20.24 0.17 0.85 0.07 0.71
10297 Gravity Sewer 250 3.1 30.77 0.44 0.9 0.2 0.66
10298 Gravity Sewer 450 56.5 95.43 0.72 0.84 0.49 0.67
10300 Gravity Sewer 450 56.2 95.19 0.68 0.78 0.52 0.71
10305 Gravity Sewer 450 57.2 96.27 0.85 1 0.44 0.58
10331 Gravity Sewer 250 7.5 6.85 1.53 1.5 0.16 0.15
10335 Gravity Sewer 200 0.4 0.38 0.12 0.11 0.19 0.18
10337 Gravity Sewer 200 0.3 0.27 0.07 0.08 0.18 0.17
10309 Gravity Sewer 200 0.2 0.16 0.15 0.15 0.07 0.07
10310 Gravity Sewer 200 0.1 4.89 0.09 0.69 0.09 0.39
10311 Gravity Sewer 200 0.0 2.64 0 1.03 0.01 0.14
10314 Gravity Sewer 200 0.0 0.02 0.23 0.23 0.02 0.02
10315 Gravity Sewer 200 0.1 0.05 0.42 0.42 0.02 0.02
10316 Gravity Sewer 200 0.1 2.72 0.25 0.62 0.04 0.2
10317 Gravity Sewer 200 0.1 2.7 0.24 0.64 0.04 0.19
10318 Gravity Sewer 200 0.1 2.68 0.23 0.63 0.03 0.19
10319 Gravity Sewer 200 0.1 2.66 0.31 1 0.02 0.14
10321 Gravity Sewer 200 0.1 0.14 0.4 0.53 0.02 0.03
10322 Gravity Sewer 200 0.1 0.25 0.52 0.69 0.02 0.04
10323 Gravity Sewer 200 0.2 0.38 0.63 0.84 0.03 0.04
10324 Gravity Sewer 200 0.2 0.47 0.64 0.85 0.03 0.05
10325 Gravity Sewer 200 0.2 0.49 0.4 0.52 0.05 0.07
10330 Gravity Sewer 200 0.5 1.26 0.67 0.86 0.06 0.09
10339.7 Gravity Sewer 200 0.7 3.24 0.38 0.6 0.1 0.23
10339.6 Gravity Sewer 200 0.6 3.12 0.45 0.74 0.09 0.19
10340.1 Gravity Sewer 200 0.0 0.02 0.21 0.21 0.02 0.02
10341 Gravity Sewer 200 0.4 2.95 0.52 0.98 0.06 0.15
10345 Gravity Sewer 450 0.2 33.26 0.59 2.77 0.01 0.13
10346 Gravity Sewer 200 0.8 0.82 0.56 0.57 0.09 0.09
10347 Gravity Sewer 200 0.7 0.7 0.61 0.62 0.08 0.08
10348 Gravity Sewer 200 0.5 0.57 0.77 0.79 0.06 0.06
10349 Gravity Sewer 200 0.4 0.46 0.43 0.44 0.07 0.07
10349.1 Gravity Sewer 450 17.2 38.04 0.81 0.92 0.19 0.31
10350 Gravity Sewer 450 14.5 38.33 0.79 1.04 0.17 0.28
5629.1 Gravity Sewer 200 2.8 2.98 1.02 1.04 0.14 0.15
10352 Gravity Sewer 200 0.0 0 0 0 0.03 0.04
10365 Gravity Sewer 100 0.3 0.27 0.11 0.11 0.36 0.36
10358 Gravity Sewer 200 0.0 0.03 0 0 0.38 0.47
10362 Gravity Sewer 300 0.2 5.51 0.32 1.04 0.06 0.24
10363_1 Gravity Sewer 750 72.0 133.99 0.57 0.69 0.33 0.45
10367 Gravity Sewer 150 0.1 0.1 0.17 0.17 0.08 0.08
10368 Gravity Sewer 150 0.2 0.21 0.18 0.18 0.11 0.11
10369 Gravity Sewer 250 0.4 5.18 0.3 0.6 0.07 0.23
10370 Gravity Sewer 200 0.0 0.09 0.16 0.17 0.03 0.05
5449 Gravity Sewer 300 1.4 1.1 0.26 0.15 0.13 0.16
10371 Gravity Sewer 300 0.5 0.44 0.16 0.15 0.09 0.09
10372 Gravity Sewer 450 1.0 34.17 0.96 2.78 0.03 0.13
10373 Gravity Sewer 450 1.5 34.63 0.85 2.2 0.03 0.16
10374_1 Gravity Sewer 450 1.6 34.72 0.55 1.42 0.05 0.21
10375.1 Gravity Sewer 200 1.7 1.41 0.67 0.64 0.13 0.12
10377.1 Gravity Sewer 450 15.9 19.71 0.65 0.69 0.21 0.24
10339 Gravity Sewer 200 0.5 3 0.6 1.04 0.06 0.15
10339.1 Gravity Sewer 200 0.5 3.02 1.02 1.79 0.04 0.1
10339.2 Gravity Sewer 200 0.5 3.04 0.77 1.32 0.05 0.13
10339.3 Gravity Sewer 200 0.5 3.06 0.99 1.69 0.05 0.11
10339.4 Gravity Sewer 200 0.6 3.08 0.97 1.63 0.05 0.11
10339.5 Gravity Sewer 200 0.6 3.1 0.86 1.43 0.06 0.12
10340 Gravity Sewer 200 0.1 0.05 0.45 0.45 0.02 0.02
10375 Gravity Sewer 200 0.3 0.29 0.29 0.29 0.07 0.07
10377 Gravity Sewer 450 15.8 19.27 0.6 0.63 0.22 0.25
10349.2 Gravity Sewer 450 26.8 38.04 1.87 1.96 0.18 0.25
1786.1 Gravity Sewer 200 0.9 25.86 0.44 1.11 0.12 0.7
10343_1 Gravity Sewer 200 0.1 0.12 0.18 0.18 0.05 0.06
10343_3 Gravity Sewer 200 0.3 0.27 0.31 0.31 0.06 0.06
10343_4 Gravity Sewer 200 0.4 0.37 0.71 0.72 0.04 0.05
10366_1 Gravity Sewer 200 0.3 0.31 0.33 0.33 0.07 0.07
10366_3 Gravity Sewer 200 0.4 0.42 0.35 0.35 0.08 0.08
10366_5 Gravity Sewer 200 0.6 0.58 0.4 0.4 0.09 0.09
10289 Gravity Sewer 200 0.4 3.02 0.3 0.54 0.08 0.23
10289.1 Gravity Sewer 200 0.6 3.22 0.34 0.55 0.1 0.24
10289.2 Gravity Sewer 200 0.7 3.41 0.36 0.56 0.11 0.25
10286.1 Gravity Sewer 200 1.1 3.85 0.42 0.59 0.14 0.26
10286.2 Gravity Sewer 200 1.3 4.05 0.41 0.57 0.16 0.28
10286.3 Gravity Sewer 250 2.8 10.41 0.52 0.39 0.17 0.54
10286.4 Gravity Sewer 250 3.1 30.77 0.37 0.78 0.23 0.75
10288_1 Gravity Sewer 250 0.6 5.34 0.31 0.59 0.08 0.24



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

10288_3 Gravity Sewer 250 0.7 5.5 0.35 0.62 0.09 0.24
10288_2 Gravity Sewer 250 0.9 5.7 0.36 0.6 0.1 0.25
10288_4 Gravity Sewer 250 1.1 5.94 0.37 0.6 0.11 0.26
10288_5 Gravity Sewer 250 1.3 6.17 0.35 0.55 0.13 0.28
10299_1 Gravity Sewer 450 16.0 19.82 0.48 0.37 0.32 0.41
10299_2 Gravity Sewer 450 55.8 94.85 0.84 0.93 0.44 0.61
10299_3 Gravity Sewer 450 56.0 94.95 0.72 0.81 0.49 0.69
10306_1 Gravity Sewer 450 13.3 16.74 0.57 0.61 0.2 0.23
10306_2 Gravity Sewer 450 12.8 16.22 0.61 0.65 0.19 0.21
10306_3 Gravity Sewer 450 12.6 16.07 0.54 0.59 0.21 0.23
10336 Gravity Sewer 200 0.7 0.62 0.22 0.21 0.17 0.16
10336_2 Gravity Sewer 200 1.1 0.96 0.17 0.16 0.26 0.24
10336_3 Gravity Sewer 200 1.4 1.24 0.24 0.23 0.24 0.23
10333_1 Gravity Sewer 200 0.3 0.27 0.07 0.08 0.18 0.17
10333_2 Gravity Sewer 200 1.6 1.51 0.22 0.22 0.29 0.27
10333_3 Gravity Sewer 200 1.9 1.78 0.16 0.16 0.4 0.39
10332_1 Gravity Sewer 200 1.2 1.09 0.16 0.15 0.35 0.34
10332_3 Gravity Sewer 200 3.5 3.25 0.29 0.28 0.41 0.4
10332_2 Gravity Sewer 200 4.0 3.8 0.34 0.34 0.4 0.39
10332_4 Gravity Sewer 200 4.5 4.26 0.58 0.57 0.3 0.29
10334 Gravity Sewer 200 0.3 0.27 0.06 0.05 0.23 0.21
10334_3 Gravity Sewer 200 1.5 1.29 0.21 0.21 0.28 0.25
10334_2 Gravity Sewer 200 1.5 1.29 0.15 0.14 0.36 0.33
10334_4 Gravity Sewer 200 2.1 1.8 0.3 0.28 0.28 0.26
10313_1 Gravity Sewer 200 0.2 2.78 0.78 1.82 0.03 0.1
10313_2 Gravity Sewer 200 0.2 2.79 0.79 1.74 0.03 0.1
10312_1 Gravity Sewer 200 0.0 0.08 0.12 0.15 0.03 0.04
10312_3 Gravity Sewer 200 0.1 0.15 0.16 0.21 0.04 0.06
10312_2 Gravity Sewer 200 0.1 0.24 0.2 0.27 0.04 0.07
10312_4 Gravity Sewer 200 0.1 0.32 0.25 0.32 0.04 0.07
10320_1 Gravity Sewer 200 0.4 0.83 0.5 0.65 0.06 0.08
10320_2 Gravity Sewer 200 0.4 0.85 0.54 0.69 0.06 0.08
10326_1 Gravity Sewer 200 0.4 0.93 0.48 0.63 0.06 0.09
10326_2 Gravity Sewer 200 0.4 0.95 0.49 0.62 0.06 0.09
10326_3 Gravity Sewer 200 0.5 1.06 0.55 0.69 0.06 0.09
10328_1 Gravity Sewer 200 0.7 1.6 0.44 0.56 0.1 0.15
10328_3 Gravity Sewer 200 0.7 1.75 1.02 1.33 0.06 0.09
10328_2 Gravity Sewer 200 0.8 1.88 0.39 0.51 0.11 0.17
10328_4 Gravity Sewer 200 0.8 1.97 0.51 0.66 0.1 0.15
10328_5 Gravity Sewer 200 0.8 1.99 1.08 1.4 0.06 0.09
10328_6 Gravity Sewer 200 0.9 2.01 1.14 1.47 0.06 0.09
10328_7 Gravity Sewer 200 0.9 2.09 0.76 0.98 0.08 0.12
10329_1 Gravity Sewer 200 0.1 0.12 0.19 0.25 0.03 0.04
10329_2 Gravity Sewer 200 0.1 0.19 0.23 0.33 0.03 0.05
10338 Gravity Sewer 200 0.1 0.21 0.11 0.18 0.07 0.1
10342_1 Gravity Sewer 200 0.2 2.81 0.1 1.35 0.13 0.2
10342_3 Gravity Sewer 200 0.3 2.83 0.63 1.29 0.04 0.12
10342_2 Gravity Sewer 200 0.3 2.85 0.68 1.39 0.04 0.12
10342_4 Gravity Sewer 200 0.3 2.87 0.73 1.43 0.04 0.12
10342_5 Gravity Sewer 200 0.3 2.89 0.39 0.72 0.06 0.2
10342_6 Gravity Sewer 200 0.4 2.91 0.17 0.49 0.12 0.3
10342_7 Gravity Sewer 200 0.4 2.93 0.22 0.49 0.1 0.25
10355_1 Gravity Sewer 525 83.1 134.69 0.72 0.81 0.53 0.72
10355_2 Gravity Sewer 525 80.7 134.73 0.73 0.86 0.51 0.69
10356_1 Gravity Sewer 750 77.7 134.6 0.64 0.74 0.32 0.44
10356_3 Gravity Sewer 750 76.0 134.47 0.63 0.72 0.32 0.44
10356_4 Gravity Sewer 750 74.4 134.39 0.57 0.67 0.34 0.46
10361_1 Gravity Sewer 750 73.2 134.33 0.63 0.72 0.31 0.44
10361_3 Gravity Sewer 750 72.9 134.29 0.57 0.67 0.33 0.47
10361_2 Gravity Sewer 750 72.4 134.22 0.55 0.65 0.34 0.47
10361_4 Gravity Sewer 750 72.1 134.16 0.55 0.66 0.34 0.47
2221_1 Gravity Sewer 750 71.9 134.11 0.57 0.68 0.33 0.46
2221_3 Gravity Sewer 750 72.0 134.12 0.58 0.68 0.32 0.46
2221_2 Gravity Sewer 750 72.0 134.07 0.56 0.66 0.33 0.47
2221_4 Gravity Sewer 750 72.0 133.98 0.56 0.67 0.33 0.46
10363_2 Gravity Sewer 750 72.1 134.06 0.58 0.73 0.33 0.43
10374_2 Gravity Sewer 450 1.6 34.81 0.24 1.81 0.11 0.47
10351_1 Gravity Sewer 100 0.4 0.55 0.24 0.28 0.4 0.42
10351_2 Gravity Sewer 100 1.1 1.16 0.26 0.26 0.77 0.77
5001_2 Gravity Sewer 200 1.9 2.93 1.17 1.32 0.1 0.12
10344_1 Gravity Sewer 200 0.2 0.27 0.38 0.4 0.05 0.05
10344_2 Gravity Sewer 200 0.4 0.38 0.44 0.45 0.06 0.06
2935_1 Gravity Sewer 200 0.8 1.38 0.75 0.88 0.08 0.1
5815_1 Gravity Sewer 250 0.9 3.51 0.38 0.59 0.09 0.18
5815_3 Gravity Sewer 250 1.0 3.61 0.45 0.67 0.09 0.17
5815_2 Gravity Sewer 250 1.0 3.63 0.47 0.7 0.09 0.16



Table D-1 Gravity Sewer Results

2015 2050 2015 2050 2015 2050
5y24h Max d/D

NAME Pipe Type Size (mm)
5y24h Max Flow (L/s) 5y24h Max Velocity (m/s)

5815_5 Gravity Sewer 250 1.0 3.71 0.42 0.61 0.1 0.18
2050_1 Gravity Sewer 250 3.2 4.46 0.4 0.36 0.28 0.38
2050_2 Gravity Sewer 250 9.0 13.41 0.53 0.54 0.4 0.54
C1 Gravity Sewer 200 4.0 3.89 0.57 0.59 0.48 0.49
1514_1 Gravity Sewer 350 41.4 75.22 0.88 1.04 0.49 0.71
C2 Gravity Sewer 525 72.3 99.8 1.21 1.11 0.33 0.44
C3 Gravity Sewer 250 11.4 31.2 3.28 4.42 0.12 0.2
C4 Gravity Sewer 250 0.0 0 0 0 0 0
C5 Gravity Sewer 250 0.0 0 0 0 0 0
C6 Gravity Sewer 250 0.0 0 0 0 0 0
C7 Gravity Sewer 250 0.0 0 0 0 0 0
C8 Gravity Sewer 250 0.0 0 0 0 0 0
C9 Gravity Sewer 250 0.0 0 0 0 0 0
C10 Gravity Sewer 250 0.0 0 0 0 0 0
C11 Gravity Sewer 250 0.0 0 0 0 0 0
C12 Gravity Sewer 250 0.0 0 0 0 0 0
5764 Gravity Sewer 200 2.0 2.52 0.83 0.89 0.13 0.15
5788 Gravity Sewer 200 0.1 0.1 0.44 0.44 0.03 0.03
10154 Gravity Sewer 450 13.1 33.79 0.47 0.65 0.23 0.36
5130 Gravity Sewer 1050 125.2 215.28 0.79 0.96 0.24 0.31
C14 Gravity Sewer 200 3.4 3.45 0.7 0.7 0.21 0.21
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Appendix D2 

Lift Station & Forcemain Results 

 



Table D-2a Lift Station Results

Lift Station Old ID No. of Pumps Lift Station Capacity (L/s) 1 2015 Max Inflow (L/s) 2050 Max Inflow (L/s)

Easter Seal SM01 / M1 2 x 35 hp 87 57.2 98.4 5

North Yards SM02 / M2 2 x 10 hp 7.6 2.2 16.6
Centennial SM05 / M5 2 x 9.4 hp 22.4 5.0 49.0

Judd & Cottonwood (J&C) SM07 / M7 2 x 3 hp 37.9 (18.6) 2 2.5 2.5

Judd & Lawson (J&L) SM08 / M8 2 x 7.5 hp 32.6 (24.5) 2 6.9 11.0
Depot SM09 / M9 2 x 10 hp 27.3 13.3 20.9
Upper Pia SM10 / M10 2 x 10 hp 12.2 22.7 22.7

Mamquam SM11 / M11 3 x 25 hp 143.0 4 125.2 269.1
Lower Pia SM12 / M12 2 x 7.5 hp 22.7 2.7 3.9
Queens Way SM13 / M13 4 x 47 hp 176.3 159.2 256.5
Loggers & Finch SM15 2 x 20 hp 29.9 3.1 30.8

Scott SM16 / C1 2 x 30 hp 96.6 (90.0) 3 58.6 86.5
Valleycliffe SM17 / C2 2 x 29 hp 71.9 11.4 31.2

Vancouver SM18 / C3 2 x 5 hp 30.6 8.8 48.4 5

Pemberton SM21 / C6 2 x 5 hp 39.7 (7.0) 3 1.5 1.7
Buckley SM23 / C7 2 x 7.5 hp 46.4 18.5 37.6
Enterprise SM26 / C10 2 x 10 hp 46.7 8.7 8.5

Central SM28 / C11 2 x 60 hp
1 x 30 hp

170.0 117.5 201.5

Wilson SM29 / C8 2 x 2 hp 10.1 3.1 8.5
Madill SM30 / C9 2 x 5 hp 25.4 6.7 13.0

Table D-2b Forcemain Results

2015 2050 2015 2050

3179 Buckley FM Force Main 200 46.8 64.1 1.52 2.04
4137_1 Centennial FM Force Main 150 27.8 28.8 1.79 1.79
4137_4 Centennial FM Force Main 150 22.3 28.8 3.24 2.53 High velocities expected in sections downstream of bridge
4137_2 Centennial FM Force Main 150 27.3 28.8 1.27 1.63
4137_5 Centennial FM Force Main 150 23.6 28.8 2.11 2.15
10136 Central FM Force Main 400 136.7 170.0 1.22 1.46
3145 Depot FM Force Main 150 27.4 28.2 1.91 1.91
3151 Easter Seal Force Main 250 87.0 99.9 2.39 2.92 Decommissioned in the future
4135 Enterprise FM Force Main 250 46.8 46.8 1.52 1.52
10285 Enterprise FM Force Main 100 58.4 58.4 7.30 7.30 Short section
3143_1 J&C FM Force Main 100 37.9 38.0 5.93 4.93 Short section
3134_3 J&L FM Force Main 150 32.7 32.7 2.07 2.05
3134_2 J&L/J&C FM Force Main 150 45.1 45.1 2.55 2.55 Marginal Velocity Deficiency - does not justify upsize
10287 Loggers & Finch FM Force Main 150 25.7 33.5 1.92 1.92
4035 Lower Pia Force Main 150 22.7 22.7 1.53 1.53
10160 Madill FM Force Main 150 25.5 25.6 1.46 1.46
4 Mamquam FM Force Main 450 232.2 232.6 2.24 2.24
10142_1 Maple Dr. Siphon Siphon 150 2.5 7.9 0.39 0.57
10142_3 Maple Dr. Siphon Siphon 150 2.5 7.9 0.08 0.22
10142_2 Maple Dr. Siphon Siphon 150 2.5 7.9 0.12 0.35
10142_5 Maple Dr. Siphon Siphon 150 2.5 7.9 0.54 1.04
1083 North Yards Force Main 75 7.6 8.3 1.71 1.87
10220 Pemberton FM Force Main 250 57.2 59.2 1.16 1.23
4136_1 Queens Way FM Force Main 300 148.7 193.0 2.63 2.73 Twinning was recommended in the SMP
4136_2 Queens Way FM Force Main 300 148.7 193.0 2.30 2.73 Twinning was recommended in the SMP
4136_3 Queens Way FM Force Main 300 148.7 193.0 2.33 2.73 Twinning was recommended in the SMP
4136_4 Queens Way FM Force Main 300 148.7 193.0 2.75 3.37 Twinning was recommended in the SMP
4136_5 Queens Way FM Force Main 300 148.6 193.0 4.70 4.87 Twinning was recommended in the SMP
4136_7 Queens Way FM Force Main 300 148.9 193.0 4.32 4.59 Twinning was recommended in the SMP
10283_3 Scott FM Force Main 250 96.1 94.6 1.96 1.93
10283_1 Scott FM Force Main 200 94.4 94.2 3.00 3.00 Marginal Velocity Deficiency - does not justify upsize
10283_4 Scott FM Force Main 200 96.1 95.3 3.06 3.04 Marginal Velocity Deficiency - does not justify upsize
3184 Scott/Pemberton FM Force Main 200 105.5 105.5 3.36 3.36 Marginal Velocity Deficiency - does not justify upsize
1903 Upper Pia Force Main 150 12.2 12.3 0.99 1.00
3283 Valleycliffe FM Force Main 200 71.4 72.1 3.02 3.02 Marginal Velocity Deficiency - does not justify upsize
3188 Vancouver FM Force Main 150 28.1 38.0 2.13 2.61 Decommissioned in the future
676.1 Wilson FM Force Main 100 9.5 10.1 1.36 1.38

5 Lift Station abandoned by 2050

1 When all but the largest pump is running.
2 Lift stations share common forcemain. Values in bracket are the capacities when both lift stations are operating.
3 Lift stations share common forcemain. Values in bracket are the capacities when both lift stations are operating.
4 Field measured by District staff when two of three pumps are operating. 

5y24h Max Velocity (m/s)
Velocity CommentNAME Reference Name Pipe Type Size (mm) 5y24h Max Flow (L/s)
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Sewer Utility Financing & Rate Structure 
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E.1 Sewer Utility Financing Summary 

The principle objective of the sanitary sewer utility financing review was to provide the District with 

recommendations for approaching long-term financial sustainability through appropriately set 

revenues (primarily derived from user rates). The focus of the sewer utility financing review was 

therefore to attempt to determine the full-cost of operating, maintaining, upgrading, and renewing the 

entire sewer utility (being collection, conveyance, and treatment) to then estimate the revenues required 

to achieve full-cost recovery over the long-term. This SMP reviewed the collection and conveyance 

portion of the sanitary sewer utility and did not review, in detail, the long-term requirements of the 

Mamquam Wastewater Treatment Plant (WWTP), the WWTP outfall, or biosolids management. For 

these areas of the sanitary sewer utility, the 2015 Liquid Waste Management Plan: Stage 2-3 Report, the 

2011 District of Squamish Asset Management Plan and other reports were referenced. 

We estimate that the District needs to maintain, until at least 2040, an annual revenue increase of 5% 

to fund the long-term operating, renewal, and new infrastructure costs of the sanitary sewer utility. This 

increase in revenues will need to occur through population growth and/or utility rate increases. We have 

assumed in our analysis that the population growth is at 2.9% per annum, as per the SMP. 

Guiding Principles 

This sanitary sewer utility financial review was guided by established principles from industry best 

practices together with the District’s goals, policies and practices. The District of Squamish 2017-2021 

Five Year Financial Plan Bylaw No. 2527, 2017 identified the following objectives and policies relating 

to funding sources: 

a. Continue to monitor proportional revenue sources relative to the BC average and review user fees 

with respect to recovery for services provided 

b. Ensure adequate tax and user fee revenues to sustain existing service levels, including price changes 

resulting from the cost of doing business and adequate renewal and rehabilitation of existing 

infrastructure 

c. Support additional increases to tax and user fees, beyond sustaining existing service levels, by a 

business case which considers on-going operating costs and alignment with the community vision. 

d. Maintain relatively stable tax and user fee increases that are aligned with standard cost of business 

changes; 

e. Phase in any future increases, where costs are identified in advance, so as to minimize spikes in taxes 

and/or user fees; and 

f. Limit borrowing to a level that allows for room for emergencies and unexpected opportunities with 

a target debt servicing limit of 20% of revenue.  
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Expenditures 

To estimate the revenues required for full-cost recovery, we attempted to review all long-term costs of 

the sanitary sewer utility, including but not limited to: 

• Estimated ongoing infrastructure renewal costs of Section 9; 

• Estimated future costs of capacity upgrades of Section 8; and, 

• Estimated ongoing and future costs of operation and maintenance of the sanitary sewer utility from 

historical (2014, 2015, and 2016) and planned expenses. 

The District has undertaken a number of studies related to the short and long-term needs of the sanitary 

sewer utility. Available studies, planning, and financial documents3 were reviewed and future costs were 

consolidated into the long-term financial plan as detailed in Table E-1 located at the end of this 

Appendix. Our review attempted to not ‘double count’ expenditures as different studies have 

recommended similar programs and works. That being said, District staff should review the forecasted 

costs in detail to re-confirm their applicability for the next update of the SMP.  

Consideration was also given to the long-term financial requirements of the Mamquam Wastewater 

Treatment Plant (WWTP), the WWTP outfall, biosolids management, and ongoing lift station renewal. 

Detailed inventories have not yet been developed by the District, the following describes our financial 

assumptions for these sewer assets. 

Mamquam Wastewater Treatment Plant 

The 2011 District of Squamish Asset Management Plan (AMP) estimated the complete renewal cost of 

the WWTP at $47 Million (2010 dollars) or approximately $57 Million in 2017 dollars.  The AMP also 

noted that the WWTP equipment, process piping, and electrical equipment will need to be refurbished 

or replaced before 2040 with significant costs (2010 dollars) of $10M in 2021 and $15M in 2031. 

Assuming the WWTP has an overall average service life of 50 years, we assumed that the District should 

be contributing $1,000,000 (2017 dollars) annually to a reserve fund for future renewal costs – refer to 

Table E-1 row 111. 

WWTP Outfall 

The long-term costs of the WWTP outfall were assumed to be included within the costs of the WWTP. 

The District should review this assumption and advise if additional costs should be considered. 

Lift Stations 

The 2011 District of Squamish Asset Management Plan recommended that 13 lift stations be replaced or 

refurbished in the short term with the remainder being replaced before 2040.  

A detailed long-term lift station renewal schedule or inventory was not available. Therefore, after 

accounting for lift stations upgrades and decommissioning recommended in the Section 8, an annual 

                                                        
3 2011 District of Squamish Asset Management Plan; 2015 Liquid Waste Management Plan: Stage 2 – 3 Report – Table 6-1; 2017 & 2016 Capital 

Plan Papers; 2016-2020 Financial Plan – Schedule 4 – Service Level Changes; Schedule 5 – 2016 Special Projects; Section 5.5.8 Sewer Utility; 

2014, 2015, and 2016 Actual Historical Expenditures, Revenues, and Reserves; 2016 Financial Statements; 2016 and 2017 Sewer Charges; and, 

LTD Repayment Schedule 
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re-investment rate of $250,000 (2017 dollars) was estimated based on an average mechanical and 

electrical service life of 25 years and a structural service life of 50 years – refer to Table E-1 row 112. 

Inflation 

Increased costs due to inflation are an important yet unpredictable variable in long-term financial plans. 

To provide an order-of-magnitude estimate of future costs due to inflation, all costs are adjusted based 

on the assumed inflation rates: 

• Infrastructure costs: 3% per year 

• Operational costs: 2% per year 

• Additional operational costs due to system growth: 1% per year 

Long-Term Debt 

The District’s existing long-term debts are included in the financial model at their existing interest rates 

and repayment schedules. 

In accordance with the 2017-2021 Five Year Financial Plan, this long-term sewer utility financial plan 

has sought to reduce reliance on long-term borrowing. Therefore, the use of loans to fund infrastructure 

projects are limited to those previously included in financial plans for: 

DCC S2- Wastewater Treatment Plan- Convert New Bioreactor to MBBR (Future Years): 

Borrowing Year: 2020 Term: 20 Years Amount (adjusted for inflation): $722,204 

DCC S2- Anaerobic Digester (Future Years): 

 Borrowing Year: 2020 Term: 20 Years Amount (adjusted for inflation): $902,755 

As illustrated by the forecasted liability servicing ratio in Figure E-1 on the following page, no other long-

term debt is included in this long-term financial plan. Note that this liability servicing ratio is derived 

only from the sanitary sewer utility revenues and debt repayments. 

 
Figure E-1 – Sanitary Sewer Utility Liability Servicing Cost (Ratio) 

 

  

Limit 

Projected Ratio 
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Expense Summary 

The forecasted annual expenditures to 2050 detailed in Table E-1 are illustrated by Figure E-2.  

 
Figure E-2 - Forecasted Expenses 

 

It is important to note that the long-term renewal expenses of the Mamquam WWTP and lift station 

renewals are annualized in the forecasted expenditures. These expenses are modeled as transfers to a 

reserve account to fund renewals as needed.  

 

Reserves 

The District maintains reserve accounts for the sanitary sewer utility: 

1. Rehabilitation and Replacement Reserve   2016 Year End Balance: $3,545,602 

This reserve provides funding for rehabilitation and replacement projects when forecasted revenues 

are insufficient. 

2. Sewer Works Sinking Fund Surplus   2016 Year End Balance: $649,245 

It was assumed that, like the Water Works Sinking Fund Surplus, this reserve has an established 

contribution methodology based on sinking fund surpluses and should only be drawn from when the 

Rehabilitation & Replacement Reserve cannot provide sufficient funding. Therefore, for the 

purposes of long-term financial planning, this reserve was not used to provide funding for any 

operations or capital expenses and was assumed to provide for contingencies, for emergencies, or 

other unforeseen costs. 

3. DCC Reserve 

The Development Cost Charge (DCC) reserve was not included in the financial model and it was 

assumed that DCC’s funding would be available for capital projects as required. The estimated DCC 

contribution requirements for Capital Projects are provided in Table 10 1: Capital Investment Plan 

[2017-2050]. However, if the District is forecasting that the DCC reserves and future DCC’s are 

insufficient to fund growth-related capital projects, then alternative funding strategy should be 

discussed with the District and incorporated into the long-term financial plan as it may influence 

future revenue increases. 

Interest earned on end of year reserve balances was assumed to be 1%. 
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Revenues 

For the purposes of the long-term financial plan, funding sources that provide predictable and reliable 

revenues were the only revenues considered when estimating future revenue increases. Note that 

funding sources such at grants are excluded from future revenues. Ultimately, it is the total annual 

revenue that provide for full-cost recovery and the amount from each source is to be determined through 

a separate analysis. The funding sources included in the long-term financial plan and how these 

revenues are forecasted to increase include: 

- Frontage Taxes       2016 Revenue: $290,520 

o Increase proportionally with estimated parcel (population) growth 

- User Rates 

o Increase proportionally with estimated population growth and user rate increases 

o Single Family       2016 Revenue: $3,448,815 

o Multi-Family       2016 Revenue: $425,840 

o Other        2016 Revenue: $1,115,969 

o Unknown [could not reconcile source – not included] 2016 Revenue: $135,331 

- Trailer Park Utility Fees      2016 Revenue: $165,168 

o Increase proportionally with estimated population growth and user rate increases 

- Effluent Dumping Fees      2016 Revenue: $23,758 

o Fixed annual revenue with no forecasted increases  

- Connection Fees       2016 Revenue: $14,226 

o Increase proportionally with estimated parcel (population) growth 

Total 2016 Revenue used to forecast future revenues: $5,484,296 

 

The total revenues required for full-cost recovery was estimated through modelling of the long-term 

financial plan. The actual sources of these revenues are dependent on the District’s goals and objectives 

for the community and taxation.  

We estimate that the District needs to maintain, until at least 2040, an annual revenue 

increase of 5% to fund the long-term operating, renewal, and new infrastructure costs of 

the sanitary sewer utility.   

 

Revenue increases will need to occur through population growth (assumed to be 2.9% per annum) 

and/or utility rate increases.  

 

The estimated 5% annual increase is based on todays’ assumptions and predictions of the future needs 

of sanitary sewer utility. It is therefore prudent that the District continue to revisit the long-term 

financial plan to confirm actual and forecasted expenses and revenues.  

 

Figure E-3 illustrates the forecasted revenues, expenses, and reserve balances to 2050. Note that if 

revenues continue to increase at 5% past 2040, the estimated reserve balance could be in excess of $60 

million by 2050. Such a reserve balance may be appropriate but would need to be confirmed through 

future studies. 
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Figure E-3 – Sanitary Sewer Utility Long-Term Financial Plan 

 

E.2 Sewer Utility Rate Structure 

The District’s existing sewer rate structure was last updated by Bylaw No. 2498, 2016 - Schedule 24 – 

Sewer Rates. The existing sewer rate bylaw is comprised of 34 fixed rate customer classes, and 4 fixed 

septic tank or other sewerage dump fee metered rates. The existing sewer rate structure can provide for 

full-cost recovery. However, like the water rate structure reviewed by Opus in 2015, the sewer rate 

structure does not appear to support equity and fairness, simplicity and transparency, and does not have 

a mechanism to support water conservation. The District recognizes that the existing sewer rate 

structure is outdated; as a component of this SMP, the District sought recommendations for 

transitioning to a modern, equitable rate structure with consideration for linking the sewer rate 

structure with the water rate structure.  

Our understanding is that the District is planning to install potable water meters for multi-family and 

ICI users and then amend their water rate structure to better allow for volumetric pricing. The transition 

to a new water rate structure will take a few years to complete and will require time for the District to 

confirm that the volumetric rates are appropriately set to maintain revenues while supporting water 

conservation; for example, confirming that the volumetric rate is not set too high as users may conserve 

more water than anticipated directly resulting in less revenues recovered by the District. It is therefore 

recommended that the District first amend their water rate structure prior to amending their sewer rate 

structure to ensure that the revenues of both utilities are not negatively impacted by reduced potable 

water usage.  

The process to establish a sewer rate structure is consistent with that of the water rate structure which 

was set-out in the 2015 Water Master Plan. To briefly repeat the general steps required to develop a new 

rate structure: 
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1. Defining the Goals and Objectives of the Rate Structure. For example: 

a. Full-cost recovery 

b. Equity  

c. Fairness 

d. Sustainability 

e. Simplicity 

f. Transparency 

g. Conservation. 

2. Evaluating the Available Alternatives and Selecting a Rate Structure. For example: 

a. Developing a separate sewer rate structure using metered potable water usage as a proxy for 

sewer discharge with consideration for the amount of potable water a given user discharges to 

sewer. 

b. Adding a percent surcharge to the water utility bill which may further promote water 

conservation and reinforce the principle of user pay. 

c. Multi-part rate structures with a flat/fixed charge to maintain revenue stability, a volumetric 

rate linked to potable water usage to encourage water conservation, and a high-strength (e.g. 

biological oxygen demand (BOD), total suspended solids (TSS), pH, etc.) rates to recover 

treatment costs of commercial or industrial high-strength waste charges and promote source 

control. 

3. Understanding and Communicating the Potential Effects on Customers. For example: 

a. Identify Customer Data 

b. Determine System Data 

c. Allocate Costs of Rate Components 

d. Evaluate Rate Impact 

e. Develop Implementation Strategy 

Opus does not recommend a specific rate structure for this assignment at this time, however, and 

instead a phased approach should be developed to best prepare the District in taking the next steps 

regarding the sewer rate restructure. Note that some of these phases can occur concurrently. 

 

Phase 1 – Multi-family and ICI Water Metering Program Inventory 

• Water meters are installed on all Multi-family and ICI service connections; and, 

• A detailed inventory is developed that will be used for billing and usage pattern analysis. 

 

Phase 2 – Water Rate Structure Impact Assessment 

• Water rate bylaws are updated; 

• Administration and Operator Training; 

• Public Education Program is initiated; 

• New water rate structure is implemented; and 

• Water consumption and conservation patterns are tracked. 
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Phase 3 – High Strength Waste Contributors  

• High strength waste contributors are identified; 

• Necessary data collection on discharge characteristics is carried out; and 

• If needed, discuss pre-treatment options and future plans with high strength waste contributors. 

 

Phase 4 – Sewer Rate Restructure Revisit 

• Re-define goals and objective of sewer rate structure; 

• Conduct public consultation; 

• Develop the initial sewer rate structure;  

• Refine the sewer rate structure based on customer feedback; and, 

• Assess impacts to revenue stability. 

  



Table E-1 Sewer Uitility Financing Review District of Squamish 

Sanitary Master Plan 2017-2050

Base Year Future Projection -->

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

2 Serviced Customers (no.) 9,460 9,990 10,290 10,598 10,916 11,244 11,581 11,929 12,286 12,655 13,035 13,426 13,828 14,243 14,671 15,111 15,564 16,031 16,512 17,007 17,518 18,043 18,584 19,142 19,716 20,308 20,917 21,544 22,191 22,856 23,542 24,248 24,976 25,725 26,497

3 Single Family 6309 6548 6,744 6,947 7,155 7,370 7,591 7,819 8,053 8,295 8,544 8,800 9,064 9,336 9,616 9,904 10,202 10,508 10,823 11,148 11,482 11,826 12,181 12,547 12,923 13,311 13,710 14,121 14,545 14,981 15,431 15,894 16,371 16,862 17,367

4 Multi-Family 779 769 792 816 840 866 891 918 946 974 1,003 1,033 1,064 1,096 1,129 1,163 1,198 1,234 1,271 1,309 1,348 1,389 1,431 1,473 1,518 1,563 1,610 1,658 1,708 1,759 1,812 1,867 1,923 1,980 2,040

5 Other 2372 2673 2,753 2,836 2,921 3,008 3,099 3,192 3,287 3,386 3,488 3,592 3,700 3,811 3,925 4,043 4,164 4,289 4,418 4,551 4,687 4,828 4,973 5,122 5,275 5,434 5,597 5,765 5,938 6,116 6,299 6,488 6,683 6,883 7,090

Base Year Forecast

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

1

2

3 Infrastructure 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

4 Renewal
5 Rehabilitation - Cost at Start of Service Life A 0$                            0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

6 Rehabilitation B - Cost at Start of Service Life B 0$                            0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

7 Rehabilitation A from Asset Inventory 3.00% 0$                            0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

8 Rehabilitation B from Asset Inventory 3.00% 0$                            0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

9 Renewal Method 1 3.00% 50,360,532$            948,700$              22,039$        0$                 987,469$      282,940$      348,050$      596,589$      84,309$        3,016,091$   1,156,850$    0$                  0$                   149,970$        548,823$        511,526$        4,527,685$     10,801,668$    3,175,796$     2,520,453$     138,549$        373,682$        156,756$        116,672$        1,107,773$     2,829,902$     8,906,613$       3,638,837$       655,120$        754,543$        1,476,456$     390,310$        136,361$        0$                   0$                   

10 Renewal Method 2 3.00% 12,077,881$            0$                         0$                 0$                 0$                 0$                 0$                 55,212$        0$                 35,396$        0$                  0$                  0$                   0$                   0$                   0$                   466,940$        4,623,341$     306,553$        806,404$        0$                   0$                   42,291$          69,281$          209,713$        996,668$        1,952,328$       935,345$          502,034$        514,300$        417,232$        144,844$        0$                   0$                   0$                   

11 Renewal Method 3 3.00% 0$                            0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

12 Forcemains 3.00% 4,580,230$              0$                         1,094,829$   648,295$      882,645$      1,031,043$   923,417$      0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

13 Insert rows above 

14 Total Rehabilitation Expenses 67,018,643$             $                         0  $                         0  $                         0  $                         0  $                         0 0$                                948,700$              1,116,868$   648,295$      1,870,114$   1,313,984$   1,271,467$   651,801$      84,309$        3,051,486$   1,156,850$    0$                  0$                   149,970$        548,823$        511,526$        4,994,625$     15,425,009$    3,482,349$     3,326,857$     138,549$        373,682$        199,047$        185,952$        1,317,486$     3,826,569$     10,858,941$     4,574,182$       1,157,154$     1,268,843$     1,893,688$     535,155$        136,361$        0$                   0$                   

15 Total Rehabilitation Expenses (Loans) 67,018,643$             $                         0  $                         0  $                         0  $                         0  $                         0 0$                                948,700$              1,116,868$   648,295$      1,870,114$   1,313,984$   1,271,467$   651,801$      84,309$        3,051,486$   1,156,850$    0$                  0$                   149,970$        548,823$        511,526$        4,994,625$     15,425,009$    3,482,349$     3,326,857$     138,549$        373,682$        199,047$        185,952$        1,317,486$     3,826,569$     10,858,941$     4,574,182$       1,157,154$     1,268,843$     1,893,688$     535,155$        136,361$        0$                   0$                   

16

17 Sewer Capital
18 Source: Capital Projects List

19 GS-01 - Upsize the sewers along Tantalus Rd. from Tantalus Pl. to Starview Pl. from 200 mm to 450 mm.3.00% 4,459$                     0$                         0$                 0$                 0$                 4,459$          0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

20 GS-02a - New 525 mm Highway crossing at Chief View Rd. from Tantalus Rd. to Government Rd. 3.00% 11,658$                   0$                         0$                 0$                 0$                 11,658$        0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

21 GS-02b - New 450 mm sewer along Tantalus Rd. from Starview Pl. to the new 525 mm Hwy. crossing.3.00% 1,265$                     0$                         0$                 0$                 0$                 1,265$          0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

22 GS-03a - Replace the current 200 mm sewers on Harris Rd. east of Highway with new 200 mm sewers to flow east to Tantalus Rd.3.00% 1,150$                     0$                         0$                 0$                 0$                 1,150$          0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

23 GS-03b - Decommission the current Harris Rd. Hwy. crossing. 3.00% 158$                        0$                         0$                 0$                 0$                 158$             0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

24 LS-01a - Central lift station - Replace the remaining 30-hp pump with a new 60-hp pump (2 duty + 1 standby). Suggested pump start levels: 1.0 m and 1.25 m.3.00% 461$                        0$                         0$                 0$                 0$                 461$             0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

25 LS-01b - Central lift station - Pigging/Swabbing of the forcemain. 3.00% 16,207$                   0$                         0$                 0$                 0$                 16,207$        0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

26 LS-02 - A new Buckley Ave. lift station at the existing location - Two 20-hp pumps at 60 L/s flow and 12.9 m of head each (1 duty + 1 redundancy). Cost includes Pumps & Wet Well + Electrical & Instrumentation + Civil + Site Work. 3.00% 7,362$                     0$                         0$                 0$                 0$                 7,362$          0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

27 OM-02 - Feasibility Study to abandon Judd & Cottonwood (J&C) lift station - to complete prior to the replacement of J&C forcemain 3.00% 0$                            

28 OM-05 - Develop a Groundwater Monitoring Strategy 3.00% 0$                            

29 GS-05a - Upsize the sewers along Government Rd. (from Dryden Rd. to Judd Rd.) from 350 mm to 450 mm. 3.00% 6,404$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   6,404$            0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

30 GS-05b - New 450 mm sewer at the Government Rd. and Judd Rd. intersection to connect the 450 mm trunk sewers along Government Rd. together, north and south of Judd Rd.3.00% 501$                        0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   501$               0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

31 GS-05c - Upsize a short section of sewer immediately east of Government Rd. along easement south of Depot Road from 200 mm to 300 mm.3.00% 1,295$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   1,295$            0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

32 GS-06 - Upsize the sewers upstream of the Scott lift station (west of the station) from 250 mm to 375 mm - 3.00% 944,402$                 0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   944,402$        0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

33  GS-07 - New 300 mm Vancouver St. collector sewer - along Vancouver St. from Cleveland Ave. to 3rd Ave.3.00% 8,144$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   8,144$            0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

34 GS-08 - Upsize the sewers along Centennial Way (east of the lift station) from 200 mm to 300 mm. 3.00% 5,706$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   5,706$            0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

35 LS-04 - Vancouver lift station and forcemain to decommission 3.00% 454$                        0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   454$               0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

36 LS-08 - Mamquam (SM11) lift station - Replace existing pumps with three 35-hp pumps to operate at 270 L/s flow and 10.5 m of head under a 2 duty + 1 redundancy configuration. 3.00% 3,899$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   3,899$            

37 GS-11 - Gravity Bypass for Easter Seal lift station - 1 km of 525 mm gravity sewer + two (2) inverted siphon crossings at Dryden and Meighan Creeks)3.00% 96,248$                   0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   96,248$          

38 GS-12 - Upsize the sewers along Newport Ridge Dr. from the east limit to Tantalus Rd. from 200 mm to 375 mm.3.00% 20,745$                   0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   20,745$          

39 GS-13 - Upsize the sewers along Mamquam Rd. (from Willow Ct. to Government Rd.) from 300 mm to 375 mm.3.00% 8,392$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   8,392$            

40 LS-03 - Centennial lift station - Replace existing pumps with Two 70-hp pumps at 50 L/s flow and 42.5 m of head each (1 duty + 1 redundancy). 3.00% 3,342$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   3,342$            

41 LS-05 - 300 mm Queens Way lift station forcemain twinning. 3.00% 53,698$                   0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   53,698$          

42 LS-06a - North Yards lift station - Replace existing pumps with Two 11-hp pumps at 16.6 L/s flow and 22.0 m of head each (1 duty + 1 redundancy). 3.00% 668$                        0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   668$               

43 LS-06b - New forcemain for the North Yards lift station - 401 m of 100 mm forcemain 3.00% 5,847$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   5,847$            

44

45 OM-01 - Feasibility Study to abandon Pia lift stations - to initiate when entering the planning stages for the "Cheema" development.3.00% 0$                            

46 OM-03 - Recurring Sanitary Flow Monitoring Program 3.00% 0$                            

47 OM-04 - Yearly Model Update - starting in 2018 3.00% 0$                            

48 OM-06 - Recurring CCTV Inspections, Manhole Inspections, and Vapour Testing - starting in 2018 3.00% 0$                            

49 OM-07 - Recurring SMP Update - starting in 2020, and then every 5 years after 3.00% 0$                            

50 Total Capital Projects Expenses 1,202,466$               $                         0  $                         0  $                         0  $                         0  $                         0 0$                                0$                         0$                 0$                 0$                 42,721$        0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   966,906$        0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   192,840$        

51

52 Sewer Capital - Collection System
53 Source: glreprtx.xls

54 3128201601-100 - SEWER CONNECTIONS - LABOUR 2.00% 1,568,757$              16,736$                       18,027$                18,939$        19,897$        20,904$        21,962$        23,073$        24,241$        25,467$        26,756$        28,110$         29,532$         31,027$          32,597$          34,246$          35,979$          37,799$          39,712$          41,721$          43,832$          46,050$          48,380$          50,829$          53,400$          56,103$          58,941$          61,924$           65,057$           68,349$          71,807$          75,441$          79,258$          83,269$          87,482$          91,909$          

55 3128201601-900 - SEWER CONNECTIONS                                 3.00% 1,619,190$              13,906$                       15,126$                16,047$        17,024$        18,061$        19,161$        20,328$        21,566$        22,879$        24,272$        25,750$         27,319$         28,982$          30,747$          32,620$          34,606$          36,714$          38,950$          41,322$          43,838$          46,508$          49,340$          52,345$          55,533$          58,915$          62,503$          66,309$           70,348$           74,632$          79,177$          83,999$          89,114$          94,541$          100,299$        106,407$        

56 3128201627-900 - DECOMMISSION C3,C4,C5,C7 PUMP STNS 3.00% 1,611$                     1,611$                         0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

57 3128201628-900 - C11 M13 PUMP STATION UPGRADES 3.00% 238,697$                 238,697$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

58 3128201629-900 - CHIEFVIEW & TANTALUS SEWER UPGRD S8 S10 3.00% 4,835$                     4,835$                         0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

59 3128201706-900 - SEWER REPLACEMENT & REHABILITATION 3.00% 420,983$                 420,983$                     0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

60 3128201822-900 - TEMPORARY STORAGE CONTAINERS - UTILITIES 3.00% 6,788$                     6,788$                         0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

61 3128201832-900 - SODC DCC S22 VANCOUVER STREET COLLECTOR 3.00% 3,201$                     3,201$                         0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

62

63 2017 & 2016 Capital Plan Papers

64 Annual Sewer Lift Station Reconstruction (Annual- CF) 3.00% 0$                            0$                         

65 Annual Sewer Replacement & Rehabilitation (Annual- CF) 3.00% 0$                            0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

66 DCC- S3 & S7- Government & Judd Sewer Upgrades 3.00% 0$                            0$                 0$                 

67 DCC S8 &S10- Chiefview & Tantalus Rd Sewer UpgradE 3.00% 0$                            0$                         

68 DCC S4 & S9- Cheakamus & Tantalus Sewer Upgrade 3.00% 0$                            0$                 0$                 

69

70 2016-2020 Financial Plan - Section 5.5.8 Sewer Utility

71 Annual Sewer Replacement and Rehabilitation - CFWD 0$                            

72 DCC - S8 & S10 - Chiefview & Tantalus Rd Sewer Upgrade 0$                            

73 Annual Sewer Lift Station Reconstruction - CFWD 2015 150,000$                 150,000$              

74 DCC - S-18A & S-20A - C11/M13 Pump Station Upgrade 0$                            

75 Sewer Connections 0$                            

76 Decommission C3, C4, C5, C7 Pump Stns - CFWD 2015 0$                            

77 M1 Lift Station Upgrade (carry forward) 275,298$                 275,298$              

78 DCC S-4 & S-9 Cheakamus and Tantalus Sewer Upgrade 0$                            

79 Insert rows above 

80 Total Collection System Expenses 7,709,592$               $                         0  $                         0  $                         0  $                         0  $                         0 727,959$                     486,370$              38,230$        41,555$        45,171$        49,103$        53,378$        58,026$        63,081$        68,578$        74,555$         81,056$         88,125$          95,813$          104,175$        113,268$        123,159$        133,916$        145,617$        158,343$        172,186$        187,243$        203,623$        221,440$        240,821$        261,906$        284,843$          309,796$          336,944$        366,479$        398,612$        433,573$        471,612$        513,000$        558,034$        

81

82 Sewer Capital - Treatment & Disposal
83 Source: glreprtx.xls

84 3128201704-900 - WWTP ODOUR MONITORING SYSTEM 42,288$                   42,288$                       0$                         

85 3128201711-900 - UV DISINFECTION OF WWTP EFFLUENT 791,792$                 791,792$                     0$                         

86 3128201809-900 - WWTP ELECTRICAL/SCADA UPGRADE 27,794$                   27,794$                       0$                         

87 3128201821-900 - GENERATOR UNIT 9377 699 VOLT 15,920$                   15,920$                       0$                         

88 3128203641-900 - WWTP UPGRADE BAR SCREENS 4,766$                     4,766$                         0$                         

89 3128203648-900 - LIFT STATION RECONSTR 135,128$                 135,128$                     0$                         

90 3128203649-900 - M1 LIFT STATION 4,702$                     4,702$                         0$                         

91

92 2017 & 2016 Capital Plan papers

93 WWTP Exterior Lighting Upgrade 25,000$                   25,000$                

94 WWTP Ladies Locker Room 20,000$                   20,000$                

95

96 2016-2020 Financial Plan - Section 5.5.8 Sewer Utility

97 UV Disinfection of WWTP Effluent - CFWD 2015 (142k) 0$                            

98 Wastewater Treatment Plant Electrical/SCADA Upgrade 0$                            

99 Wastewater Treatment Plant Upgrade Bar Screens 0$                            

100 WWTP Odour Monitoring System - CFWD 2015 72,712$                   72,712$                

101 Generator Unit 9377 699 Volt - CFWD 2015 0$                            

102 Temporary Storage Containers - CFWD 2015 (735) 0$                            

103 DCC - S2-Wastewater Trmt Plt Older Bioreactor Upgrade 0$                            

104 Sewer Maintenance Unit 3.00% 371,315$                 371,315$      

105 DCC - S2 Waterwater Trmt Plt Anaeroobic Digester 0$                            

106 DCC - S2 Wasterwater Trmt Plt New Bioreactor Upgrade 0$                            

107 Wastewater Treatment Plant New Roof 3.00% 38,267$                   38,267$        

108

109 2011 DOS Asset Management Plan

110 WWTP Capital (Table 7-2, $2010 dollars inflated) 3.00% 0$                            0$                 0$                  

111 WWTP Total Value (Pg 191/211) = ~$47,000,000 ($2010) before planned upgrades 3.00% 55,077,841$            1,000,000$   1,030,000$   1,060,900$   1,092,727$   1,125,509$   1,159,274$   1,194,052$   1,229,874$   1,266,770$    1,304,773$    1,343,916$     1,384,234$     1,425,761$     1,468,534$     1,512,590$     1,557,967$     1,604,706$     1,652,848$     1,702,433$     1,753,506$     1,806,111$     1,860,295$     1,916,103$     1,973,587$     2,032,794$       2,093,778$       2,156,591$     2,221,289$     2,287,928$     2,356,566$     2,427,262$     2,500,080$     2,575,083$     

112 Lift Station Renewal Budget 3.00% 250,326$      257,836$      265,571$      273,538$      281,744$      290,196$      298,902$      307,869$      317,105$       326,618$       336,417$        346,509$        356,905$        367,612$        378,640$        389,999$        401,699$        413,750$        426,163$        438,948$        452,116$        465,680$        479,650$        494,040$        508,861$          524,127$          539,850$        556,046$        572,727$        589,909$        607,606$        625,835$        644,610$        

113

114 Liquid Waste Management Plan & '2017 & 2016 Capital Working Papers'

115 Table 6-1 Summary of LWMP Programs and Plans, Costs, and Revenue Sources

116 UV Disinection

117 MBBR Conversion #1 (DCC- S2- Wastewater Treatment Plant Older Bioreactor upgrade) 1,100,000$    696,960$                  $              403,040  $                         0 60,456$                342,584$      

118 Anaerobic Disgester (DCC S2- Anaerobic Digester (Future Years)) 2,500,000$    1,584,000$               $              137,400  $              778,600  -in 2020 137,400$      778,600$      

119 MBBR Conversion #2 (DCC S2- Wastewater Treatment Plant - Convert New Bioreactor to MBBR (Future Years)) 2,000,000$    1,267,200$               $              109,920  $              622,880  -in 2020 109,920$      622,880$      

120 Odour Control 3.00% 16,902$                   5,305$                  5,628$          5,970$          

121 RMOW Compost Contingency (Enhanced Biosolids Program) - $550,000 for capital contingency in 20173.00% 550,000$              

122 Insert rows above 

123 Total Treatment & Disposal Expenses - includes inflation 1,053,062$                  778,141$              2,146,361$   1,734,165$   3,206,805$   1,638,520$   1,730,743$   1,836,146$   1,947,967$   2,066,598$   2,192,454$    2,325,974$    2,467,626$     2,617,905$     2,777,335$     2,946,475$     3,125,915$     3,316,283$     3,518,245$     3,732,506$     3,959,816$     4,200,968$     4,456,807$     4,728,227$     5,016,176$     5,321,661$     5,645,750$       5,989,576$       6,354,341$     6,741,321$     7,151,867$     7,587,416$     8,049,490$     8,539,704$     9,059,772$     

124

125 New Loans - Lump Sum

126 MFA Loans - Rehabilitation 0$                            0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

127 MFA Loans - new Infrastructure 1,624,699)($             0$                                0$                         0$                 0$                 1,624,699)($  0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

128 Total New Loans 1,624,699)($              $                         0  $                         0  $                         0  $                         0  $                         0 0$                                0$                         0$                 0$                 1,624,699)($  0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

129

130 Existing Debt Charges - Interest

131 Source: glreptx.xls; LTD Repayment Schedule; Budget-debt 17 working copy.xlsx

132 3028120015-900 - INTEREST LONG TERM B/L 1225/1364 0$                             $                12,750  $                11,702 

133 3028120016-900 - INTEREST LONG TERM B/L 1299/1457 - Valleycliffe Lift Station 116,025$                  $                77,350  $                77,350 77,350$                       38,675$                

134 3028120017-900 - INTEREST LONG TERM B/L 1299/1513 - WWTP 17,856$                    $                  5,952  $                  5,952 5,952$                         5,952$                  5,952$          

135 3028120018-900 - INTEREST LONG TERM B/L 1756 - WWTP Mamquam 599,760$                  $                92,852  $                70,560 70,560$                       70,560$                70,560$        70,560$        70,560$        70,560$        70,560$        70,560$        35,280$        

136 3028120019-900 - INTEREST LONG TERM B/L 1977 - Sewer Mains 376,082$                  $                30,087  $                30,087 30,087$                       30,087$                30,087$        30,087$        30,087$        30,087$        30,087$        30,087$        30,087$        30,087$        30,087$         30,087$         15,043$          

137 3028120021-900 - INTEREST LONG TERM B/L 2156 - 121 - Trunk Sanitary Sewer Mains 234,027$                  $                13,766  $                13,766 13,766$                       13,766$                13,766$        13,766$        13,766$        13,766$        13,766$        13,766$        13,766$        13,766$        13,766$         13,766$         13,766$          13,766$          13,766$          13,766$          13,766$          

138 3028120022-900 - INTEREST LONG TERM FUTURE 5,166)($                     $                         0  $                  5,166 5,166)($                        

139 3028120023-900 - INTEREST LONG TERM BL 2168-126 (20 YR) - Sewer Capital Works 132,133$                  $                  7,325  $                  7,341 7,341$                         7,341$                  7,341$          7,341$          7,341$          7,341$          7,341$          7,341$          7,341$          7,341$          7,341$           7,341$           7,341$            7,341$            7,341$            7,341$            7,341$            7,341$            

140 3028120025-900 - INTEREST LONG TERM B/L 2156-130 - Trunk Sanitary Sewer Mains 61,026$                    $                     934  $                  4,356 4,359$                         4,359$                  4,359$          4,359$          4,359$          4,359$          4,359$          4,359$          4,359$          4,359$          4,359$           4,359$           4,359$            4,359$            

141 3028120026-900 - INTEREST LONG TERM B/L 2211-130 - Centrifuge, Trunk, Lift Station 113,982$                  $                  1,745  $                  8,137 8,142$                         8,142$                  8,142$          8,142$          8,142$          8,142$          8,142$          8,142$          8,142$          8,142$          8,142$           8,142$           8,142$            8,142$            

142 3028120027-900 - INTEREST LONG TERM B/L 2211-133 (15Y) - Sewer Capital Works 320,302$                 26,188$                       21,008$                21,008$        21,008$        21,008$        21,008$        21,008$        21,008$        21,008$        21,008$        21,008$         21,008$         21,008$          21,008$          21,008$          

143 3028130028-900 - INTEREST LONG TERM B/L 2211-141 (5Y) 1,031$                  2,062$          2,062$          2,062$          2,062$          1,031$          

144 MFA Loans - Rehabilitation 0$                            0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

145 MFA Loans - new Infrastructure 1,137,290$              0$                                0$                         0$                 0$                 56,864$        56,864$        56,864$        56,864$        56,864$        56,864$        56,864$         56,864$         56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

146 Insert rows above 

147 Total Interest Payments 3,113,626$               $                         0  $                         0  $                         0  $              242,760  $              234,417 238,578$                     200,920$              163,276$      157,324$      214,189$      214,189$      213,158$      212,127$      176,847$      141,567$      141,567$       141,567$       126,523$        111,480$        98,980$          77,971$          77,971$          64,205$          56,864$          56,864$          56,864$          56,864$          56,864$          56,864$          0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

148

149 Existing Debt Charges - Principle

150 Source: glreptx.xls; LTD Repayment Schedule; Budget-debt 17 working copy.xlsx

151 3028130015-900 - PRINCIPAL LONG TERM B/L 1225/1364                 0$                             $                12,853  $                12,853 

152 3028130016-900 - PRINCIPAL LONG TERM B/L 1299/1457 - Valleycliffe Lift Station 102,825$                  $                51,412  $                51,412 51,412$                       51,412$                

153 3028130017-900 - PRINCIPAL LONG TERM B/L 1299/1513 - WWTP 11,613$                    $                  3,871  $                  3,871 3,871$                         3,871$                  3,871$          

154 3028130018-900 - PRINCIPAL LONG TERM B/L 1756 - WWTP Mamquam 800,219$                  $                88,913  $                88,913 88,913$                       88,913$                88,913$        88,913$        88,913$        88,913$        88,913$        88,913$        88,913$        

155 3028130019-900 - PRINCIPAL LONG TERM B/L 1977 - 103 - Sewer Mains 282,466$                  $                21,728  $                21,728 21,728$                       21,728$                21,728$        21,728$        21,728$        21,728$        21,728$        21,728$        21,728$        21,728$        21,728$         21,728$         21,728$          

156 3028130021-900 - PRINCIPAL LONG TERM B/L 2156 - 121 - Trunk Sanitary Sewer Mains 271,001$                  $                15,941  $                15,941 15,941$                       15,941$                15,941$        15,941$        15,941$        15,941$        15,941$        15,941$        15,941$        15,941$        15,941$         15,941$         15,941$          15,941$          15,941$          15,941$          15,941$          

157 3028130022-900 - PRINCIPAL LONG TERM BL 2211 - See 211-130 & 133 below 0$                             $                         0  $                         0 

158 3028130023-900 - PRINCIPAL LONG TERM BL 2168 - Sewer Capital Works 115,253$                  $                  6,403  $                  6,403 6,403$                         6,403$                  6,403$          6,403$          6,403$          6,403$          6,403$          6,403$          6,403$          6,403$          6,403$           6,403$           6,403$            6,403$            6,403$            6,403$            6,403$            6,403$            

159 3028130025-900 - PRINICIPAL LONG TERM B/L 2156-130 - Trunk Sanitary Sewer Mains 101,589$                  $                  7,256 7,256$                         7,256$                  7,256$          7,256$          7,256$          7,256$          7,256$          7,256$          7,256$          7,256$          7,256$           7,256$           7,256$            7,256$            

160 3028130026-900 - PRINICIPAL LONG TERM B/L 2211-130 - Centrifuge, Trunk, Lift Station 189,746$                  $                13,553 13,553$                       13,553$                13,553$        13,553$        13,553$        13,553$        13,553$        13,553$        13,553$        13,553$        13,553$         13,553$         13,553$          13,553$          

161 3028130027-900 - PRINCIPAL LONG TERM B/L 2211-133 (15Y) - Sewer Capital Works 593,862$                 39,591$                       39,591$                39,591$        39,591$        39,591$        39,591$        39,591$        39,591$        39,591$        39,591$        39,591$         39,591$         39,591$          39,591$          39,591$          

162 3028130028-900 - PRINCIPAL LONG TERM B/L 2211-141 (5Y) 19,917$        19,917$        19,917$        19,917$        19,917$        

163 MFA Loans - Rehabilitation 0$                            0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

164 MFA Loans - new Infrastructure 1,091,205$              0$                                0$                         0$                 0$                 54,560$        54,560$        54,560$        54,560$        54,560$        54,560$        54,560$         54,560$         54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

165 Insert rows above 

166 Total Principle Payments 3,659,364$               $                         0  $                         0  $                         0  $              201,122  $              221,932 248,670$                     248,670$              217,174$      213,303$      267,863$      267,863$      267,863$      247,946$      247,946$      159,033$      159,033$       159,033$       159,033$        137,305$        116,495$        76,904$          76,904$          60,963$          54,560$          54,560$          54,560$          54,560$          54,560$          54,560$          0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

167

168 Sub-total Sanitary Sewer Renewal 67,018,643$            0$                                948,700$              1,116,868$   648,295$      1,870,114$   1,313,984$   1,271,467$   651,801$      84,309$        3,051,486$   1,156,850$    0$                  0$                   149,970$        548,823$        511,526$        4,994,625$     15,425,009$    3,482,349$     3,326,857$     138,549$        373,682$        199,047$        185,952$        1,317,486$     3,826,569$     10,858,941$     4,574,182$       1,157,154$     1,268,843$     1,893,688$     535,155$        136,361$        0$                   0$                   

169 Sub-total Sanitary Sewer Capital Projects List 7,287,359$              727,959$                     486,370$              38,230$        41,555$        1,579,528)($  91,824$        53,378$        58,026$        63,081$        68,578$        74,555$         81,056$         88,125$          95,813$          104,175$        1,080,174$     123,159$        133,916$        145,617$        158,343$        172,186$        187,243$        203,623$        221,440$        240,821$        261,906$        284,843$          309,796$          336,944$        366,479$        398,612$        433,573$        471,612$        513,000$        750,873$        

170 Sub-total WWTP Capital 139,962,116$          1,053,062$                  778,141$              2,146,361$   1,734,165$   3,206,805$   1,638,520$   1,730,743$   1,836,146$   1,947,967$   2,066,598$   2,192,454$    2,325,974$    2,467,626$     2,617,905$     2,777,335$     2,946,475$     3,125,915$     3,316,283$     3,518,245$     3,732,506$     3,959,816$     4,200,968$     4,456,807$     4,728,227$     5,016,176$     5,321,661$     5,645,750$       5,989,576$       6,354,341$     6,741,321$     7,151,867$     7,587,416$     8,049,490$     8,539,704$     9,059,772$     

171 Sub-total Existing Debt 6,772,991$              487,248$                     449,590$              380,450$      370,627$      482,052$      482,052$      481,021$      460,073$      424,793$      300,600$      300,600$       300,600$       285,557$        248,785$        215,475$        154,876$        154,876$        125,168$        111,425$        111,425$        111,425$        111,425$        111,425$        111,425$        0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

172 Total Expenses for Infrastructure 221,041,108$           $                         0  $                         0  $                         0  $              443,882  $              456,349 2,268,269$                  2,662,801$           3,681,910$   2,794,643$   3,979,442$   3,526,380$   3,536,609$   3,006,046$   2,520,150$   5,487,262$   3,724,459$    2,707,630$    2,841,308$     3,112,473$     3,645,807$     4,693,051$     8,398,575$     19,000,377$    7,257,635$     7,329,131$     4,381,976$     4,873,318$     4,970,902$     5,247,043$     6,574,483$     9,410,136$     16,789,534$     10,873,555$     7,848,439$     8,376,642$     9,444,167$     8,556,144$     8,657,463$     9,052,704$     9,810,645$     

REPLACED WITH GS-01, GS-02, and GS-03

ENDS IN 2017. Refer to:

REFER TO 3128203649-900 - M1 LIFT STATION. ASSUME REMAINING BUDGET TO BE USED IN 

DCC, NO COSTS CARRIED FOR 2017

REFER TO 3128201627-900 - DECOMMISSION C3,C4,C5,C7 PUMP STNS

REFER TO MBBR Conversion #2 (DCC S2- Wastewater Treatment Plant - Convert New Bioreactor to 

ASSUME $1,000,000 TO WWTP CAPITAL RESERVE ANNUALLY

MBBR Conversion #1 (DCC- S2- Wastewater Treatment Plant Older Bioreactor upgrade)

REPLACED WITH GS-01, GS-02, and GS-03

REFER TO Anaerobic Disgester (DCC S2- Anaerobic Digester (Future Years))

REFER TO 3128201809-900 - WWTP ELECTRICAL/SCADA UPGRADE

REFER TO 3128203641-900 - WWTP UPGRADE BAR SCREENS

REFER TO 3128201704-900 - WWTP ODOUR MONITORING SYSTEM. ASSUMED REMAINING 

REFER TO 3128201821-900 - GENERATOR UNIT 9377 699 VOLT

3128201822-900 - TEMPORARY STORAGE CONTAINERS - UTILITIES

Public Works Asset Management Plan ($2010). Replaced with annual $1M reinvestment cost below

1.0
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2.0

Total 

(Projection)Sewer Utility

Community

Inflation
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Table E-1 Sewer Utility Financing Review

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

NOT REQUIRE BASED ON SMP

REFER TO 'RENEWAL'

BUDGET ENDED IN 2017

REFER TO 'RENEWAL'

NOT INCLUDED IN FORECASTED EXPENSES

NOT INCLUDED IN FORECASTED EXPENSES

REPLACED WITH GS-05

REPLACED WITH GS-01, GS-02, and GS-03

LINKED TO PARCEL GROWTH AND OPERATIONS INFLATION

LINKED TO PARCEL GROWTH

NOT INCLUDED IN FORECASTED EXPENSES

NOT INCLUDED IN FORECASTED EXPENSES

REFER TO 'SEWER CAPITAL'

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

REFER TO 2017 SMP - O&M Projects - Studies and Recurring Projects

$550,000 CAPITAL CONTINGENCY ADDED TO 2017 RESERVE BALANCE

REFER TO 3128201711-900 - UV DISINFECTION OF WWTP EFFLUENT

3128201601-900 - SEWER CONNECTIONS  & 3128201601-100 - SEWER CONNECTIONS - LABOUR

REFER TO 3128201711-900 - UV DISINFECTION OF WWTP EFFLUENT

REFER TO 'RENEWALS'



Table E-1 Sewer Uitility Financing Review District of Squamish 

Sanitary Master Plan 2017-2050

173

175

176 Operations 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

177 Administration
178 Source: glreprtx.xls -Avg. 2014-2016

179 3024211000-900 - PRO-RATA ADMINISTRATION 2.00% 1.00% 10,761,127$             $              202,575  $              245,561 239,682$                     181,570$              187,054$      192,703$      198,522$      204,518$      210,694$      217,057$      223,612$      230,365$      237,322$       244,489$       251,873$        259,480$        267,316$        275,389$        283,705$        292,273$        301,100$        310,193$        319,561$        329,212$        339,154$        349,396$        359,948$        370,819$        382,017$          393,554$          405,440$        417,684$        430,298$        443,293$        456,680$        470,472$        484,680$        

180 3024212000-900 - SURVEY / ENGINEERING STUDIES 2.00% 1.00% 5,596,825$               $                93,601  $              130,014 54,888$                       95,638$                98,526$        101,502$      104,567$      107,725$      110,978$      114,330$      117,783$      121,340$      125,004$       128,779$       132,668$        136,675$        140,803$        145,055$        149,436$        153,948$        158,598$        163,387$        168,322$        173,405$        178,642$        184,037$        189,595$        195,320$        201,219$          207,296$          213,556$        220,006$        226,650$        233,495$        240,546$        247,811$        255,295$        

181 3024212100-100 - ADMINISTRATION SALARIES 2.00% 1.00% 2,746,910$               $                44,340  $                40,730 50,438$                       46,533$                47,939$        49,386$        50,878$        52,414$        53,997$        55,628$        57,308$        59,039$        60,822$         62,659$         64,551$          66,500$          68,509$          70,578$          72,709$          74,905$          77,167$          79,497$          81,898$          84,372$          86,920$          89,545$          92,249$          95,035$          97,905$           100,861$          103,907$        107,045$        110,278$        113,609$        117,040$        120,574$        124,216$        

182 3024212200-520 - VEHICLE ALLOCATION - SEWER 2.00% 1.00% 2,966,954$               $                47,626 50,096$                       50,337$                51,857$        53,423$        55,036$        56,698$        58,411$        60,175$        61,992$        63,864$        65,793$         67,780$         69,827$          71,935$          74,108$          76,346$          78,652$          81,027$          83,474$          85,995$          88,592$          91,267$          94,024$          96,863$          99,788$          102,802$        105,907$          109,105$          112,400$        115,794$        119,291$        122,894$        126,605$        130,429$        134,368$        

183 3024212234-100 - TRAINING - LABOUR 2.00% 1.00% 359,661$                  $                  9,250  $                  7,480 1,280$                         6,185$                  6,371$          6,564$          6,762$          6,966$          7,177$          7,393$          7,617$          7,847$          8,084$           8,328$           8,579$            8,838$            9,105$            9,380$            9,664$            9,955$            10,256$          10,566$          10,885$          11,214$          11,552$          11,901$          12,261$          12,631$          13,012$           13,405$           13,810$          14,227$          14,657$          15,099$          15,555$          16,025$          16,509$          

184 3024212234-900 - TRAINING 2.00% 1.00% 553,916$                  $                10,339  $                11,262 5,938$                         9,457$                  9,742$          10,036$        10,339$        10,652$        10,973$        11,305$        11,646$        11,998$        12,360$         12,734$         13,118$          13,514$          13,922$          14,343$          14,776$          15,222$          15,682$          16,156$          16,643$          17,146$          17,664$          18,197$          18,747$          19,313$          19,896$           20,497$           21,116$          21,754$          22,411$          23,088$          23,785$          24,503$          25,243$          

185 3024212236-236 - LICENSING 2.00% 1.00% 542,540$                  $                         0  $                16,571 10,182$                       9,187$                  9,464$          9,750$          10,045$        10,348$        10,661$        10,983$        11,314$        11,656$        12,008$         12,371$         12,744$          13,129$          13,525$          13,934$          14,355$          14,788$          15,235$          15,695$          16,169$          16,657$          17,160$          17,679$          18,212$          18,762$          19,329$           19,913$           20,514$          21,134$          21,772$          22,429$          23,107$          23,805$          24,524$          

186 3024212238-900 - INSURANCE - SEWER/SANI DEPT 2.00% 1.00% 4,952,667$               $                78,545  $                81,957 84,159$                       84,017$                86,554$        89,168$        91,861$        94,635$        97,493$        100,437$      103,470$      106,595$      109,814$       113,131$       116,547$        120,067$        123,693$        127,429$        131,277$        135,241$        139,326$        143,533$        147,868$        152,334$        156,934$        161,674$        166,556$        171,586$        176,768$          182,106$          187,606$        193,272$        199,109$        205,122$        211,316$        217,698$        224,273$        

187 3024212255-900 - MAINTENANCE PROJECTS - WWTP 2.00% 1.00% 400,578$                  $                  9,390 3,900$                         6,846$                  7,052$          7,265$          7,485$          7,711$          7,944$          8,183$          8,431$          8,685$          8,947$           9,218$           9,496$            9,783$            10,078$          10,383$          10,696$          11,019$          11,352$          11,695$          12,048$          12,412$          12,787$          13,173$          13,571$          13,981$          14,403$           14,838$           15,286$          15,747$          16,223$          16,713$          17,218$          17,738$          18,273$          

188 3024212598-598 - PRO-RATA ALLOCATION - JANITORIAL 2.00% 1.00% 193,369$                  $                  3,234  $                  3,116 3,206$                         3,282$                  3,381$          3,483$          3,588$          3,696$          3,808$          3,923$          4,042$          4,164$          4,289$           4,419$           4,552$            4,690$            4,831$            4,977$            5,128$            5,282$            5,442$            5,606$            5,776$            5,950$            6,130$            6,315$            6,506$            6,702$            6,905$             7,113$             7,328$            7,549$            7,777$            8,012$            8,254$            8,503$            8,760$            

189 3024212600-900 - WASTEWATER MANAGEMENT PLAN 2.00% 1.00% 0$                             $                51,738  $                  5,733 

190 3024213000-900 - LEASES 2.00% 1.00% 100,510$                  $                  5,051  $                         0 0$                                1,735$                  1,787$          1,841$          1,896$          1,954$          2,013$          2,074$          2,136$          2,201$          2,267$           2,336$           2,406$            2,479$            2,554$            2,631$            2,710$            2,792$            2,876$            2,963$            3,053$            3,145$            3,240$            3,338$            3,439$            3,542$            3,649$             3,760$             3,873$            3,990$            4,111$            4,235$            4,363$            4,494$            4,630$            

191 3024214000-900 - PRO-RATA INSPECTIONS 2.00% 1.00% 23,030,389$             $              308,260  $              377,114 449,406$                     389,683$              401,452$      413,576$      426,066$      438,933$      452,189$      465,845$      479,913$      494,407$      509,338$       524,720$       540,566$        556,891$        573,710$        591,036$        608,885$        627,273$        646,217$        665,733$        685,838$        706,550$        727,888$        749,870$        772,516$        795,846$        819,881$          844,641$          870,149$        896,428$        923,500$        951,389$        980,121$        1,009,721$     1,040,215$     

192 3024215000-100 - MISCELLANEOUS - LABOUR 2.00% 1.00% 11,244$                    $                     208 164$                            191$                     197$             203$             209$             215$             222$             229$             235$             243$             250$              257$              265$               273$               282$               290$               299$               308$               317$               327$               337$               347$               357$               368$               379$               391$               402$                414$                427$               440$               453$               467$               481$               495$               510$               

193 3024215000-900 - SMALL TOOLS 2.00% 1.00% 508,355$                  $                  5,719  $                14,064 5,488$                         8,678$                  8,940$          9,210$          9,488$          9,775$          10,070$        10,374$        10,687$        11,010$        11,343$         11,685$         12,038$          12,402$          12,776$          13,162$          13,560$          13,969$          14,391$          14,826$          15,273$          15,735$          16,210$          16,699$          17,204$          17,723$          18,258$           18,810$           19,378$          19,963$          20,566$          21,187$          21,827$          22,486$          23,165$          

194 3024216000-900 - PRO RATA WORK SHOP YARD 2.00% 1.00% 4,575,456$               $                62,888  $                63,220 98,858$                       77,253$                79,586$        81,990$        84,466$        87,017$        89,645$        92,352$        95,141$        98,014$        100,974$       104,024$       107,165$        110,402$        113,736$        117,171$        120,709$        124,355$        128,110$        131,979$        135,965$        140,071$        144,301$        148,659$        153,148$        157,774$        162,538$          167,447$          172,504$        177,714$        183,080$        188,609$        194,305$        200,174$        206,219$        

195 3024221000-100 - SEWER COLLECTION SYSTEM - LABOUR 2.00% 1.00% 5,111,729$               $                47,413  $                98,045 106,094$                     86,383$                88,992$        91,679$        94,448$        97,300$        100,239$      103,266$      106,385$      109,597$      112,907$       116,317$       119,830$        123,449$        127,177$        131,018$        134,974$        139,051$        143,250$        147,576$        152,033$        156,624$        161,354$        166,227$        171,247$        176,419$        181,747$          187,236$          192,890$        198,715$        204,717$        210,899$        217,268$        223,830$        230,589$        

196 3024221000-900 - SEWER COLLECTION SYSTEM 2.00% 1.00% 2,000,538$               $                34,972  $                18,002 45,285$                       33,742$                34,761$        35,811$        36,892$        38,007$        39,154$        40,337$        41,555$        42,810$        44,103$         45,435$         46,807$          48,220$          49,677$          51,177$          52,722$          54,315$          55,955$          57,645$          59,386$          61,179$          63,027$          64,930$          66,891$          68,911$          70,992$           73,136$           75,345$          77,620$          79,964$          82,379$          84,867$          87,430$          90,071$          

197 3024221200-100 - MANHOLE REPAIR-LABOUR 2.00% 1.00% 21,322$                    $                         0  $                         0 1,020$                         350$                     361$             372$             383$             395$             407$             419$             431$             444$             458$              472$              486$               501$               516$               531$               547$               564$               581$               599$               617$               635$               654$               674$               695$               716$               737$                759$                782$               806$               830$               855$               881$               908$               935$               

198 3024221200-900 - MANHOLE REPAIR 2.00% 1.00% 336,603$                  $                16,290  $                     451 166$                            5,806$                  5,981$          6,162$          6,348$          6,540$          6,737$          6,941$          7,150$          7,366$          7,589$           7,818$           8,054$            8,297$            8,548$            8,806$            9,072$            9,346$            9,628$            9,919$            10,218$          10,527$          10,845$          11,172$          11,510$          11,857$          12,216$           12,584$           12,964$          13,356$          13,759$          14,175$          14,603$          15,044$          15,498$          

199 3024221201-100 - LINE CLEANING-LABOUR 2.00% 1.00% 8,445$                      $                       53  $                         0 6,273$                         2,172$                  0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

200 3024221201-900 - LINE CLEANING 2.00% 1.00% 2,251$                      $                  4,162  $                     877 388$                            1,864$                  0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

201 3024221202-100 - CCTV INSPECTIONS - LABOUR 2.00% 1.00% 11,715$                    $                15,000  $                         0 4,886$                         6,829$                  0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

202 3024221202-900 - CCTV INSPECTIONS 2.00% 1.00% 11,084$                    $                  1,520 6,799$                         4,285$                  0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

203 3024221203-100 - SOURCE CONTROL-LABOUR 2.00% 1.00% 0$                             $                         0  $                         0 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

204 3024231000-100 - LIFT STATIONS OPERATION & MAINTENANCE - LABOUR 2.00% 1.00% 4,741,509$               $                98,990  $                74,231 61,945$                       80,756$                83,195$        85,707$        88,296$        90,962$        93,709$        96,539$        99,455$        102,458$      105,552$       108,740$       112,024$        115,407$        118,893$        122,483$        126,182$        129,993$        133,919$        137,963$        142,129$        146,422$        150,844$        155,399$        160,092$        164,927$        169,908$          175,039$          180,325$        185,771$        191,381$        197,161$        203,115$        209,249$        215,569$        



206 3024232000-900 - COLLECTION SYS EMERGENCY REPAIRS 2.00% 1.00% 730,637$                  $                36,717  $                         0 0$                                12,609$                12,989$        13,382$        13,786$        14,202$        14,631$        15,073$        15,528$        15,997$        16,480$         16,978$         17,491$          18,019$          18,563$          19,124$          19,701$          20,296$          20,909$          21,541$          22,191$          22,861$          23,552$          24,263$          24,996$          25,751$          26,528$           27,329$           28,155$          29,005$          29,881$          30,783$          31,713$          32,671$          33,657$          

207 3024233000-900 - POWER 2.00% 1.00% 4,455,175$               $                23,873  $                66,067 71,433$                       75,651$                77,936$        80,289$        82,714$        85,212$        87,785$        90,436$        93,168$        95,981$        98,880$         101,866$       104,942$        108,112$        111,377$        114,740$        118,205$        121,775$        125,453$        129,241$        133,145$        137,166$        141,308$        145,575$        149,972$        154,501$        159,167$          163,974$          168,926$        174,027$        179,283$        184,697$        190,275$        196,021$        201,941$        

208 3024239700-100 - TEMP SEWER WO INTERNAL - LABOUR 2.00% 1.00% 213,907$                 3,524$                         3,631$                  3,740$          3,853$          3,970$          4,089$          4,213$          4,340$          4,471$          4,606$          4,745$           4,889$           5,036$            5,188$            5,345$            5,507$            5,673$            5,844$            6,021$            6,202$            6,390$            6,583$            6,782$            6,986$            7,197$            7,415$            7,639$             7,869$             8,107$            8,352$            8,604$            8,864$            9,132$            9,407$            9,691$            

209 3024239700-900 - TEMP SEWER WO INTERNAL 2.00% 1.00% 116$                            120$                     123$             127$             131$             135$             139$             143$             147$             152$             156$              161$              166$               171$               176$               181$               187$               193$               198$               204$               211$               217$               223$               230$               237$               244$               252$                259$                267$               275$               284$               292$               301$               310$               319$               

210

211 2016-2020 Financial Plan - Schedule 4 - Service Level Changes

212 Sewer Utility Benchmarking 2.00% 1.00% 9,576$                     9,576$                         

213 Electrical Contracting Reduction (Re New Electrician) 2.00% 1.00% 25,000)($                  25,000)($                      

214 Temporary Storage Containers Power Savings (Capital Prj) 2.00% 1.00% 2,000)($                    2,000)($                        

215 Reduce Public Works Labour Budget Surplus for Electrician 2.00% 1.00% 28,025)($                  28,025)($                      

216

217 2016-2020 Financial Plan - Schedule 5 - 2016 Special Projects

218 WWTP Building Envelope Inspections & Repairs 2.00% 1.00% 0$                            

219 Sewer Use Bylaw 2.00% 1.00% 0$                            

220 WWTP Odour Charaterization Study 2.00% 1.00% 0$                            

221 Sanitary Sewer Master Plan 2.00% 1.00% 0$                            

222

223 2011 DOS Asset Management Plan - 2011 Budget - Engineeering and Parks

224 Long-term Wastewater Management Plan 0.00% 0.00% 500,000$                 100,000$              100,000$      100,000$      100,000$      100,000$      

225

226 Liquid Waste Management Plan: Stage 2 - 3 Report (2015)

227 Table 6-1 Summary of LWMP Programs and Plans, Costs, and Revenue Sources

228 Flow Reduction - Flow Monitoring 2.00% 1.00% 0$                            

229 Flow Reduction - Flow Reduction Studies ($25,000 every 5 years, starting in 2020) 2.00% 1.00% 331,526$                 29,010$        33,663$        39,063$          45,328$          52,599$          61,036$          70,826$          

230 Flow Reduction - Indoor Water Conservation 2.00% 1.00% 752,500$                 13,000$                       13,500$                14,000$        14,500$        15,000$        15,500$        16,000$        16,500$        17,000$        17,500$        18,000$         18,500$         19,000$          19,500$          20,000$          20,500$          21,000$          21,500$          22,000$          22,500$          23,000$          23,500$          24,000$          24,500$          25,000$          25,500$          26,000$           26,500$           27,000$          27,500$          28,000$          28,500$          29,000$          29,500$          30,000$          

231 Flow Reduction - Sewer Condition Assessments 2.00% 1.00% 0$                            

232 Source Control  - Effectiveness Studies 2.00% 1.00% 128,723$                 11,264$        13,071$        15,167$          17,600$          20,423$          23,699$          27,500$          

233 Source Control  - Bylaw Enforcement, outreach 2.00% 1.00% 1,813,156$              32,801$        33,791$        34,812$        35,863$        36,946$        38,062$        39,212$        40,396$        41,616$         42,873$         44,167$          45,501$          46,875$          48,291$          49,749$          51,252$          52,800$          54,394$          56,037$          57,729$          59,473$          61,269$          63,119$          65,025$          66,989$           69,012$           71,096$          73,243$          75,455$          77,734$          80,082$          82,500$          84,991$          

234

235 2017 SMP - O&M Projects - Studies and Recurring Projects 2.00% 1.00% 0$                            

236 OM-01 - Feasibility Study to abandon Pia lift stations - to initiate when entering the planning stages for the "Cheema" development.2.00% 1.00% 23,438$                   23,438$          

237 OM-02 - Feasibility Study to abandon Judd & Cottonwood (J&C) lift station - to complete prior to the replacement of J&C forcemain 2.00% 1.00% 15,000$                   15,000$        

238 OM-03 - Recurring Sanitary Flow Monitoring Program 2.00% 1.00% 2,874,435$              52,000$        53,570$        55,188$        56,855$        58,572$        60,341$        62,163$        64,040$        65,974$         67,967$         70,019$          72,134$          74,313$          76,557$          78,869$          81,251$          83,704$          86,232$          88,836$          91,519$          94,283$          97,131$          100,064$        103,086$        106,199$          109,406$          112,710$        116,114$        119,621$        123,233$        126,955$        130,789$        134,739$        

239 OM-04 - Yearly Model Update - starting in 2018 2.00% 1.00% 276,388$                 5,000$          5,151$          5,307$          5,467$          5,632$          5,802$          5,977$          6,158$          6,344$           6,535$           6,733$            6,936$            7,145$            7,361$            7,584$            7,813$            8,048$            8,292$            8,542$            8,800$            9,066$            9,339$            9,622$            9,912$            10,211$           10,520$           10,838$          11,165$          11,502$          11,849$          12,207$          12,576$          12,956$          

240 OM-05 - Develop a Groundwater Monitoring Strategy 2.00% 1.00% 50,000$                   50,000$        

241 OM-06 - Recurring CCTV Inspections, Manhole Inspections, and Vapour Testing - starting in 2018 2.00% 1.00% 5,527,761$              100,000$      103,020$      106,131$      109,336$      112,638$      116,040$      119,544$      123,155$      126,874$       130,706$       134,653$        138,719$        142,909$        147,225$        151,671$        156,251$        160,970$        165,831$        170,839$        175,999$        181,314$        186,789$        192,431$        198,242$        204,229$          210,397$          216,751$        223,296$        230,040$        236,987$        244,144$        251,517$        259,113$        

242 OM-07 - Recurring SMP Update - starting in 2020, and then every 5 years after 2.00% 1.00% 1,499,393$              131,204$      152,249$      176,669$        205,007$        237,890$        276,048$        320,326$        

243

244 Insert rows above 

245 Total Administration Expenses 96,090,392$             $                         0  $                         0  $                         0  $            1,331,282  $            1,395,681 1,438,919$                  1,524,133$           1,741,428$   1,817,340$   2,002,422$   1,944,870$   1,849,107$   1,904,967$   1,975,569$   2,207,665$   2,082,781$    2,145,638$    2,210,377$     2,292,224$     2,561,467$     2,416,472$     2,512,768$     2,564,374$     2,659,269$     2,971,619$     2,803,286$     2,887,751$     2,974,751$     3,084,787$     3,447,157$     3,251,744$     3,349,677$       3,450,552$       3,578,157$     3,998,572$     3,771,734$     3,885,295$     4,002,270$     4,150,263$     4,638,032$     

246

247 Sewage Treatment & Disposal
248 Source: glreprtx.xls -Avg. 2014-2016

249 3024241000-100 - MAMQUAM OPERATION - MAINTENANCE - LABOUR 2.00% 1.00% 20,440,252$             $              296,592  $              364,683 348,416$                     346,728$              357,199$      367,986$      379,100$      390,548$      402,343$      414,494$      427,011$      439,907$      453,192$       466,879$       480,979$        495,504$        510,468$        525,885$        541,766$        558,128$        574,983$        592,348$        610,236$        628,666$        647,651$        667,210$        687,360$        708,118$        729,504$          751,535$          774,231$        797,613$        821,701$        846,516$        872,081$        898,418$        925,550$        

250 3024241000-900 - MAMQUAM OPERATION - MAINTENANCE 2.00% 1.00% 21,869,020$             $              378,619  $              257,657 440,584$                     369,794$              380,962$      392,467$      404,319$      416,530$      429,109$      442,068$      455,418$      469,172$      483,341$       497,938$       512,975$        528,467$        544,427$        560,869$        577,807$        595,257$        613,233$        631,753$        650,832$        670,487$        690,736$        711,596$        733,086$        755,226$        778,033$          801,530$          825,736$        850,673$        876,364$        902,830$        930,095$        958,184$        987,121$        

251 3024242000-100 - MAMQUAM OPERATION POWER & PHONE - LABOUR 2.00% 1.00% 5,636$                      $              134,324  $              117,249 93$                              96$                       99$               102$             105$             108$             111$             114$             118$             121$             125$              129$              133$               137$               141$               145$               149$               154$               159$               163$               168$               173$               179$               184$               190$               195$               201$                207$                214$               220$               227$               234$               241$               248$               255$               

252 3024242000-900 - MAMQUAM OPERATION POWER & PHONE 2.00% 1.00% 8,279,564$              156,636$                     140,179$              144,412$      148,773$      153,266$      157,895$      162,663$      167,576$      172,636$      177,850$      183,221$       188,754$       194,455$        200,327$        206,377$        212,610$        219,031$        225,645$        232,460$        239,480$        246,712$        254,163$        261,839$        269,746$        277,893$        286,285$        294,931$          303,838$          313,014$        322,467$        332,205$        342,238$        352,573$        363,221$        374,190$        

253 3024243000-100 - CENTRAL LIFT STN OPEREATION & MAINTENANCE 2.00% 1.00% 0$                            

254 3024243000-900 - CENTRAL OPERATION - MAINTENANCE 2.00% 1.00% 0$                            

255 3024245000-100 - BIOSOLIDS DISPOSAL -LABOUR 2.00% 1.00% 2,557$                      $              219,893  $                  4,610 2,557$                         0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

256 3024245000-900 - BIOSOLIDS DISPOSAL 2.00% 1.00% 27,947,611$             $              536,939 386,430$                     475,627$              489,991$      504,789$      520,034$      535,739$      551,918$      568,586$      585,757$      603,447$      621,671$       640,446$       659,787$        679,713$        700,240$        721,387$        743,173$        765,617$        788,739$        812,559$        837,098$        862,378$        888,422$        915,253$        942,893$        971,369$        1,000,704$       1,030,925$       1,062,059$     1,094,133$     1,127,176$     1,161,217$     1,196,286$     1,232,413$     1,269,632$     

257 3024246000-900 - WWTP EMERGENCY REPAIRS 2.00% 1.00% 2,114,430$               $                         0  $                65,069 5,583$                         36,393$                37,492$        38,624$        39,790$        40,992$        42,230$        43,505$        44,819$        46,173$        47,567$         49,004$         50,484$          52,008$          53,579$          55,197$          56,864$          58,581$          60,350$          62,173$          64,051$          65,985$          67,978$          70,031$          72,146$          74,324$          76,569$           78,881$           81,264$          83,718$          86,246$          88,851$          91,534$          94,298$          97,146$          

258 3024246010-900 - LANDFILL LEACHATE TREATMENT 2.00% 1.00% 342,156$                  $                         0  $                       82 5,637$                         5,807$                  5,983$          6,163$          6,350$          6,541$          6,739$          6,942$          7,152$          7,368$          7,591$           7,820$           8,056$            8,299$            8,550$            8,808$            9,074$            9,348$            9,630$            9,921$            10,221$          10,530$          10,848$          11,175$          11,513$          11,860$          12,218$           12,587$           12,968$          13,359$          13,763$          14,178$          14,607$          15,048$          15,502$          

259

260 Liquid Waste Management Plan: Stage 2 - 3 Report (2015)

261 Table 6-1 Summary of LWMP Programs and Plans, Costs, and Revenue Sources

262 WWTP Game Plan - Annual - UV Disinfection 2.00% 1.00% 77,476$                79,816$        82,226$        84,709$        87,267$        89,903$        92,618$        95,415$        98,297$        101,265$       104,323$       107,474$        110,720$        114,063$        117,508$        121,057$        124,713$        128,479$        132,359$        136,356$        140,474$        144,717$        149,087$        153,589$        158,228$        163,006$          167,929$          173,001$        178,225$        183,608$        189,153$        194,865$        200,750$        206,813$        

263 WWTP Game Plan - Annual - MBBR Conversion #1 2.00% 1.00% 45,055$        46,416$        47,818$        49,262$        50,750$        52,282$        53,861$        55,488$         57,163$         58,890$          60,668$          62,500$          64,388$          66,332$          68,336$          70,399$          72,526$          74,716$          76,972$          79,297$          81,692$          84,159$          86,700$          89,319$           92,016$           94,795$          97,658$          100,607$        103,645$        106,775$        110,000$        113,322$        

264 WWTP Game Plan - Annual - Anaerobic Digester 2.00% 1.00% 191,271$      197,047$      202,998$      209,129$      215,445$      221,951$       228,654$       235,559$        242,673$        250,002$        257,552$        265,330$        273,343$        281,598$        290,102$        298,863$        307,889$        317,187$        326,766$        336,634$        346,801$        357,274$          368,064$          379,179$        390,631$        402,428$        414,581$        427,101$        440,000$        453,288$        

265 WWTP Game Plan - Annual - MMBR Conversion #2 2.00% 1.00% 49,262$        50,750$        52,282$        53,861$        55,488$         57,163$         58,890$          60,668$          62,500$          64,388$          66,332$          68,336$          70,399$          72,526$          74,716$          76,972$          79,297$          81,692$          84,159$          86,700$          89,319$           92,016$           94,795$          97,658$          100,607$        103,645$        106,775$        110,000$        113,322$        

266 WWTP Game Plan - Annual - Environmental Monitoring 2.00% 1.00% 20,802$                21,430$        22,077$        22,744$        23,431$        24,138$        24,867$        25,618$        26,392$        27,189$         28,010$         28,856$          29,727$          30,625$          31,550$          32,503$          33,485$          34,496$          35,538$          36,611$          37,716$          38,855$          40,029$          41,238$          42,483$          43,766$           45,088$           46,449$          47,852$          49,297$          50,786$          52,320$          53,900$          55,528$          

267 Insert rows above 

268 Total Sewage Treatment & Disponsal Expenses 100,433,776$           $                         0  $                         0  $                         0  $            1,029,428  $            1,346,289 1,345,936$                  1,472,901$           1,517,383$   1,608,263$   1,656,832$   1,898,140$   2,004,725$   2,065,268$   2,127,639$   2,191,894$   2,258,089$    2,326,283$    2,396,537$     2,468,913$     2,543,474$     2,620,287$     2,699,419$     2,780,942$     2,864,926$     2,951,447$     3,040,581$     3,132,406$     3,227,005$     3,324,460$     3,424,859$     3,528,290$     3,634,844$       3,744,617$       3,857,704$     3,974,207$     4,094,228$     4,217,873$     4,345,253$     4,476,480$     4,611,670$     

269

270 Other Fiscal Services
271 Source: glreprtx.xls

272 3028210001-900 - DISCOUNTS 2.00% 1.00% 0$                             $              145,640 

273 3028210002-900 - CONTINGENCIES 2.00% 1.00% 1,750,000$              50,000$                       50,000$                50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$         50,000$         50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$           50,000$           50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          

274 3028210004-900 - OPERATING SURPLUS                                 2.00% 1.00% 0$                            

275 3028210005-900 - DEBT FINANCE CHARGE - NEW DEBT 2.00% 1.00% 0$                             $                  6,667  $                12,223 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

276 3028220001-900 - CAPITAL EXPENDITURES                              2.00% 1.00% 0$                            

277 3028220009-900 - CONTRIBUTION TO EQUIPMENT RESERVES 2.00% 1.00% 0$                            

278 3028220010-900 - CONTRIBUTION TO RESERVES 2.00% 1.00% 0$                            

279 Insert rows above 

280 Total Supply of Water Costs 1,750,000$               $                         0  $                         0  $                         0  $              152,307  $                12,223 50,000$                       50,000$                50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$        50,000$         50,000$         50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$           50,000$           50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          50,000$          

281

282 Total Operating Expenses 198,281,216$           $                         0  $                         0  $                         0  $            1,181,735  $            1,358,512  $                 2,834,855  $           3,047,034  $   3,308,810  $   3,475,603  $   3,709,255  $   3,893,010  $   3,903,833  $   4,020,235  $   4,153,209  $   4,449,559  $    4,390,871  $    4,521,921  $     4,656,915  $     4,811,137  $     5,154,941  $     5,086,759  $     5,262,188  $     5,395,316  $     5,574,195  $     5,973,066  $     5,893,867  $     6,070,157  $     6,251,756  $     6,459,247  $     6,922,017  $     6,830,034  $      7,034,521  $      7,245,169  $     7,485,861  $     8,022,778  $     7,915,962  $     8,153,168  $     8,397,523  $     8,676,743  $     9,299,701 

283

285 Expense Summary
286 Expenses for Operation 198,281,216$           $                         0  $                         0  $                         0  $            1,181,735  $            1,358,512 2,834,855$                  3,047,034$           3,308,810$   3,475,603$   3,709,255$   3,893,010$   3,903,833$   4,020,235$   4,153,209$   4,449,559$   4,390,871$    4,521,921$    4,656,915$     4,811,137$     5,154,941$     5,086,759$     5,262,188$     5,395,316$     5,574,195$     5,973,066$     5,893,867$     6,070,157$     6,251,756$     6,459,247$     6,922,017$     6,830,034$     7,034,521$       7,245,169$       7,485,861$     8,022,778$     7,915,962$     8,153,168$     8,397,523$     8,676,743$     9,299,701$     

287 Expenses for Infrastructure 221,041,108$           $                         0  $                         0  $                         0  $              443,882  $              456,349 2,268,269$                  2,662,801$           3,681,910$   2,794,643$   3,979,442$   3,526,380$   3,536,609$   3,006,046$   2,520,150$   5,487,262$   3,724,459$    2,707,630$    2,841,308$     3,112,473$     3,645,807$     4,693,051$     8,398,575$     19,000,377$    7,257,635$     7,329,131$     4,381,976$     4,873,318$     4,970,902$     5,247,043$     6,574,483$     9,410,136$     16,789,534$     10,873,555$     7,848,439$     8,376,642$     9,444,167$     8,556,144$     8,657,463$     9,052,704$     9,810,645$     

288 Total Expenses 419,322,325$           $                         0  $                         0  $                         0  $            1,625,617  $            1,814,860 5,103,124$                  5,709,835$           6,990,720$   6,270,246$   7,688,697$   7,419,390$   7,440,441$   7,026,281$   6,673,359$   9,936,821$   8,115,329$    7,229,551$    7,498,222$     7,923,610$     8,800,748$     9,779,810$     13,660,763$    24,395,693$    12,831,831$    13,302,196$    10,275,843$    10,943,476$    11,222,658$    11,706,291$    13,496,500$    16,240,171$    23,824,056$     18,118,723$     15,334,300$    16,399,421$    17,360,129$    16,709,312$    17,054,986$    17,729,446$    19,110,346$    

291

292 Revenue 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

293 Revenue Set % Increase to Revenues from User Fees 0.00% 0.00%

294 Source: glreprtx.xls & Sewer Charges.xlsx & Email: Re Sewer Master Plan - 2017-0-14

295 3011129000-900 - FRONTAGE TAXES (18,001,936)$           $             (279,160) $             (283,400) $             (284,760) (290,520)$                    (306,796)$             (316,000)$     (325,480)$     (335,245)$     (345,302)$     (355,661)$     (366,331)$     (377,321)$     (388,641)$     (400,300)$      (412,309)$      (424,678)$       (437,418)$       (450,541)$       (464,057)$       (477,979)$       (492,318)$       (507,088)$       (522,300)$       (537,970)$       (554,109)$       (570,732)$       (587,854)$       (605,489)$       (623,654)$       (642,364)$        (661,635)$        (681,484)$       (701,928)$       (722,986)$       (744,676)$       (767,016)$       (790,026)$       (813,727)$       

296 3014410000-900 - USER RATES 0$                            $          (4,478,084) $          (4,967,172) 

297 Single Family (301,558,568)$         (3,448,815)$                 (3,653,226)$          (3,838,079)$  (4,032,286)$  (4,236,320)$  (4,450,677)$  (4,675,882)$  (4,912,481)$  (5,161,053)$  (5,422,202)$  (5,696,566)$   (5,984,812)$   (6,287,643)$    (6,605,798)$    (6,940,052)$    (7,291,218)$    (7,660,154)$    (8,047,758)$    (8,454,974)$    (8,882,796)$    (9,332,265)$    (9,804,478)$    (10,300,584)$  (10,821,794)$  (11,369,377)$  (11,710,458)$  (12,061,772)$   (12,423,625)$   (12,796,334)$  (13,180,224)$  (13,575,630)$  (13,982,899)$  (14,402,386)$  (14,834,458)$  (15,279,492)$  

298 Multi-Family (35,350,261)$           (425,840)$                    (427,986)$             (449,642)$     (472,394)$     (496,297)$     (521,410)$     (547,793)$     (575,511)$     (604,632)$     (635,227)$     (667,369)$      (701,138)$      (736,616)$       (773,888)$       (813,047)$       (854,187)$       (897,409)$       (942,818)$       (990,525)$       (1,040,645)$    (1,093,302)$    (1,148,623)$    (1,206,743)$    (1,267,804)$    (1,331,955)$    (1,371,914)$    (1,413,071)$     (1,455,464)$     (1,499,128)$    (1,544,101)$    (1,590,424)$    (1,638,137)$    (1,687,281)$    (1,737,900)$    (1,790,037)$    

299 Other (96,259,649)$           (1,115,969)$                 (1,165,951)$          (1,224,948)$  (1,286,930)$  (1,352,049)$  (1,420,463)$  (1,492,338)$  (1,567,851)$  (1,647,184)$  (1,730,531)$  (1,818,096)$   (1,910,092)$   (2,006,743)$    (2,108,284)$    (2,214,963)$    (2,327,040)$    (2,444,788)$    (2,568,495)$    (2,698,460)$    (2,835,002)$    (2,978,454)$    (3,129,163)$    (3,287,499)$    (3,453,846)$    (3,628,611)$    (3,737,469)$    (3,849,593)$     (3,965,081)$     (4,084,034)$    (4,206,555)$    (4,332,751)$    (4,462,734)$    (4,596,616)$    (4,734,514)$    (4,876,550)$    

300 Unknown amount - likely interest on late acounts (135,331)$                (135,331)$                    0$                         

301 Trailer Park Utility Fees (13,643,171)$           (165,168)$                    (165,168)$             (173,526)$     (182,306)$     (191,531)$     (201,222)$     (211,404)$     (222,101)$     (233,339)$     (245,146)$     (257,551)$      (270,583)$      (284,274)$       (298,658)$       (313,770)$       (329,647)$       (346,327)$       (363,852)$       (382,262)$       (401,605)$       (421,926)$       (443,276)$       (465,705)$       (489,270)$       (514,027)$       (529,448)$       (545,331)$        (561,691)$        (578,542)$       (595,898)$       (613,775)$       (632,189)$       (651,154)$       (670,689)$       (690,809)$       

302 3014420000-900 - EFFLUENT DUMPING FEES (831,524)$                $               (18,760) $                 (8,229) (23,758)$                      (23,758)$               (23,758)$       (23,758)$       (23,758)$       (23,758)$       (23,758)$       (23,758)$       (23,758)$       (23,758)$       (23,758)$        (23,758)$        (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$          (23,758)$          (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         (23,758)$         

303 3015500000-900 - RETURN ON INVESTMENTS 0$                            

304 3015500001-900 - ACTUARIAL VALUATIONS 0$                            

305 3015992000-900 - MISCELLANEOUS REVENUE - SEWER 0$                            

306 3019110000-900 - TRANSFER FROM SURPLUS                             0$                            

307 3024216999-900 - INTERFUND - LANDFILL LEACHATE RECOVERY (44,000)$                  (44,000)$                      0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

308 3028120022-900 - Long Term Future (5,166)$                    (5,166)$                        0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

309 3042530000-900 - ACCRUED INTEREST PAYABLE   (14)$                         (14)$                             0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

310 3112200000-900 - SEWER CAPITAL WORKS RECOVERABLE REVENUE (12,816)$                      0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

311 3113000000-900 - GRANTS  (3) (789,141)$                    0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

312 3114300000-900 - DEVELOPMENT COST CHARGES         (241,158)$                    0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

313 3114400000-900 - CONNECTION FEES (881,502)$                (14,226)$                      (15,023)$               (15,474)$       (15,938)$       (16,416)$       (16,908)$       (17,416)$       (17,938)$       (18,476)$       (19,031)$       (19,602)$        (20,190)$        (20,795)$         (21,419)$         (22,062)$         (22,724)$         (23,405)$         (24,107)$         (24,831)$         (25,576)$         (26,343)$         (27,133)$         (27,947)$         (28,785)$         (29,649)$         (30,539)$         (31,455)$          (32,398)$          (33,370)$         (34,371)$         (35,402)$         (36,465)$         (37,559)$         (38,685)$         (39,846)$         

314 3119000000-900 - OTHER SOURCES                (56,076)$                      0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

315 Source: 2016 Trial Balance - Working Copy - Sewer Capital - Source of Funds 0$                            

316 UBCM - Comm Work Fund - Sewer rehab & replacement 0$                            $             (125,000)  $                         0 

317 Insert rows above 

318 Sub-total Revenues (6,767,998)$                 (5,757,908)$          (6,041,427)$  (6,339,092)$  (6,651,615)$  (6,979,741)$  (7,324,252)$  (7,685,971)$  (8,065,763)$  (8,464,535)$  (8,883,241)$   (9,322,881)$   (9,784,507)$    (10,269,224)$  (10,778,192)$  (11,312,631)$  (11,873,821)$  (12,463,105)$  (13,081,898)$  (13,731,682)$  (14,414,017)$  (15,130,539)$  (15,882,969)$  (16,673,112)$  (17,502,867)$  (18,027,240)$  (18,567,344)$   (19,123,652)$   (19,696,649)$  (20,286,835)$  (20,894,728)$  (21,520,857)$  (22,165,770)$  (22,830,030)$  (23,514,218)$  

319 Interest Earned On Rehabilitation and Replacement Reserve (47,926)$                      (35,456)$               (42,211)$       (33,628)$       (35,055)$       (25,452)$       (21,632)$       (20,971)$       (28,057)$       (42,611)$       (28,811)$        (37,137)$        (58,885)$         (82,998)$         (108,187)$       (130,200)$       (148,206)$       (133,376)$       (16,794)$         (19,708)$         (24,474)$         (66,424)$         (109,702)$       (158,579)$       (211,500)$       (255,875)$       (278,946)$        (232,041)$        (246,815)$       (295,460)$       (340,329)$       (382,568)$       (438,423)$       (498,387)$       (559,450)$       

320 Interest Earned On Sewer Works Sinking Fund Surplus Reserve (8,247)$                        (6,492)$                 (6,557)$         (6,623)$         (6,689)$         (6,756)$         (6,824)$         (6,892)$         (6,961)$         (7,030)$         (7,101)$          (7,172)$          (7,243)$           (7,316)$           (7,389)$           (7,463)$           (7,538)$           (7,613)$           (7,689)$           (7,766)$           (7,844)$           (7,922)$           (8,001)$           (8,081)$           (8,162)$           (8,244)$           (8,326)$            (8,409)$            (8,493)$           (8,578)$           (8,664)$           (8,751)$           (8,838)$           (8,927)$           (9,016)$           

321 Insert rows above 

322 Total Revenue (473,276,210)$          $                         0  $                         0 $             (279,160) $          (4,905,244) $          (5,260,161) (6,824,171)$                 (5,799,857)$          (6,090,195)$  (6,379,343)$  (6,693,359)$  (7,011,949)$  (7,352,708)$  (7,713,835)$  (8,100,781)$  (8,514,177)$  (8,919,153)$   (9,367,190)$   (9,850,635)$    (10,359,538)$  (10,893,769)$  (11,450,294)$  (12,029,564)$  (12,604,095)$  (13,106,381)$  (13,759,156)$  (14,446,335)$  (15,204,885)$  (16,000,672)$  (16,839,773)$  (17,722,529)$  (18,291,359)$  (18,854,616)$   (19,364,102)$   (19,951,958)$  (20,590,874)$  (21,243,721)$  (21,912,176)$  (22,613,031)$  (23,337,344)$  (24,082,685)$  

323

324 Sewer Rates - Flat Rates
325 Single Family 547 558 569 580 592 604 616 628 641 654 667 680 694 708 722 736 751 766 781 797 813 829 846 863 880 880 880 880 880 880 880 880 880 880 880

326 Equitable Rate ($/customer) 527.55$                       525.24$                535.75$        546$             557$             569$             580$             592$             603$             615$             628$              640$              653$               666$               679$               693$               707$               721$               735$               750$               765$               780$               796$               812$               828$               828$               828$                828$                828$               828$               828$               828$               828$               828$               828$               

327 Annual Increase -0.44% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

328 Annual Increase 527.6$              (2.3)$            10.5$     10.7$     10.9$     11.1$     11.4$     11.6$     11.8$     12.1$     12.3$      12.6$      12.8$       13.1$       13.3$       13.6$       13.9$       14.1$       14.4$       14.7$       15.0$       15.3$       15.6$       15.9$       16.2$       -$         -$         -$         -$         -$         -$         -$         -$         -$         -$         
329 Total Increase over Base Year  $                        -   527.550$                     525.242$              535.746$      546.461$      557.391$      568.538$      579.909$      591.507$      603.337$      615.404$      627.712$       640.267$       653.072$        666.133$        679.456$        693.045$        706.906$        721.044$        735.465$        750.174$        765.178$        780.481$        796.091$        812.013$        828.253$        828.253$        828.253$          828.253$          828.253$        828.253$        828.253$        828.253$        828.253$        828.253$        828.253$        

330

331

332 Reserves 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

333 Rehabilitation and Replacement Reserve - Reserve Fund Transactions
 -Total 

Infrastructure 

Expenses 

2,268,269$                  2,662,801$           3,681,910$   2,794,643$   3,979,442$   3,526,380$   3,536,609$   3,006,046$   2,520,150$   5,487,262$   3,724,459$    2,707,630$    2,841,308$     3,112,473$     3,645,807$     4,693,051$     8,398,575$     19,000,377$    7,257,635$     7,329,131$     4,381,976$     4,873,318$     4,970,902$     5,247,043$     6,574,483$     9,410,136$     16,789,534$     10,873,555$     7,848,439$     8,376,642$     9,444,167$     8,556,144$     8,657,463$     9,052,704$     9,810,645$     

334 Transfers From  $                         0 2,268,269$                  2,662,801$           3,681,910$   2,794,643$   3,979,442$   3,526,380$   3,536,609$   3,006,046$   2,520,150$   5,487,262$   3,724,459$    2,707,630$    2,841,308$     3,112,473$     3,645,807$     4,693,051$     8,398,575$     19,000,377$    7,257,635.5$   7,329,130.5$   4,381,975.7$   4,873,318.5$   4,970,901.6$   5,247,043.5$   6,574,483.3$   9,410,136.3$   16,789,534.5$  10,873,554.7$  7,848,439.2$   8,376,642.3$   9,444,167.1$   8,556,143.9$   8,657,462.8$   9,052,703.8$   9,810,644.8$   

335 Transfer To Reserve $             (333,730) (188,518)$                    (2,752,823)$          (2,781,385)$  (2,903,741)$  (2,984,105)$  (3,118,939)$  (3,448,875)$  (3,693,599)$  (3,947,572)$  (4,064,618)$  (4,528,282)$   (4,845,269)$   (5,193,721)$    (5,548,401)$    (5,738,828)$    (6,363,535)$    (6,767,377)$    (7,208,778)$    (7,532,186)$    (7,786,090)$    (8,552,468)$    (9,134,728)$    (9,748,916)$    (10,380,525)$  (10,800,512)$  (11,461,325)$  (11,820,095)$   (12,118,934)$   (12,466,096)$  (12,568,096)$  (13,327,759)$  (13,759,008)$  (14,215,508)$  (14,660,602)$  (14,782,984)$  

336 Due to/from Capital Fund (1,764,986)$             

337 Due to/from General Revenue Fund (643,196)$                

338 Interest Earned On Reserve $               (49,994) (47,926)$                      (35,456)$               (42,211)$       (33,628)$       (35,055)$       (25,452)$       (21,632)$       (20,971)$       (28,057)$       (42,611)$       (28,811)$        (37,137)$        (58,885)$         (82,998)$         (108,187)$       (130,200)$       (148,206)$       (133,376)$       (16,794)$         (19,708)$         (24,474)$         (66,424)$         (109,702)$       (158,579)$       (211,500)$       (255,875)$       (278,946)$        (232,041)$        (246,815)$       (295,460)$       (340,329)$       (382,568)$       (438,423)$       (498,387)$       (559,450)$       

339 Rehabilitation and Replacement Reserve Balance (at End of Year)  $                         0  $                         0 $          (2,925,452) $          (3,309,176) (3,545,620)$                 (4,221,098)$          (3,362,784)$  (3,505,509)$  (2,545,227)$  (2,163,238)$  (2,097,137)$  (2,805,662)$  (4,261,140)$  (2,881,108)$  (3,713,743)$   (5,888,519)$   (8,299,817)$    (10,818,744)$  (13,019,952)$  (14,820,635)$  (13,337,643)$  (1,679,421)$    (1,970,766)$    (2,447,433)$    (6,642,399)$    (10,970,232)$  (15,857,949)$  (21,150,010)$  (25,587,539)$  (27,894,603)$  (23,204,110)$   (24,681,530)$   (29,546,003)$  (34,032,916)$  (38,256,837)$  (43,842,270)$  (49,838,737)$  (55,945,023)$  (61,476,812)$  

340

341 Unappropriated Surplus

342 Draw from Reserve

343 Contribution to Reserve Interest Rate

344 Interest Earned On Reserve  $                         0  $                         0 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

345 Unappropriated Surplus Balance (at End of Year)  $                         0  $                         0  $                         0 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

346

347 VIRTUAL' WWTP and LS RESERVE

348 Draw from Reserve

349 Contribution to Reserve - Expense is transferred to this reserve Interest Rate (1,250,326)$  (1,287,836)$  (1,326,471)$  (1,366,265)$  (1,407,253)$  (1,449,470)$  (1,492,954)$  (1,537,743)$  (1,583,875)$   (1,631,392)$   (1,680,333)$    (1,730,743)$    (1,782,666)$    (1,836,146)$    (1,891,230)$    (1,947,967)$    (2,006,406)$    (2,066,598)$    (2,128,596)$    (2,192,454)$    (2,258,227)$    (2,325,974)$    (2,395,754)$    (2,467,626)$    (2,541,655)$     (2,617,905)$     (2,696,442)$    (2,777,335)$    (2,860,655)$    (2,946,475)$    (3,034,869)$    (3,125,915)$    (3,219,692)$    

350 Interest Earned On Reserve  $                         0  $                         0 0$                                0$                         0$                 (12,503)$       (25,507)$       (39,026)$       (53,079)$       (67,683)$       (82,854)$       (98,612)$       (114,976)$      (131,964)$      (149,598)$       (167,897)$       (186,884)$       (206,579)$       (227,006)$       (248,189)$       (270,150)$       (292,916)$       (316,511)$       (340,962)$       (366,296)$       (392,541)$       (419,727)$       (447,881)$       (477,036)$        (507,223)$        (538,475)$       (570,824)$       (604,305)$       (638,955)$       (674,809)$       (711,906)$       (750,284)$       

351 VIRTUAL' WWTP RESERVE Balance (at End of Year)  $                         0  $                         0  $                         0 0$                                0$                         (1,250,326)$  (2,550,665)$  (3,902,642)$  (5,307,933)$  (6,768,265)$  (8,285,418)$  (9,861,227)$  ########### (13,196,433)$ (14,959,789)$ (16,789,720)$  (18,688,361)$  (20,657,910)$  (22,700,634)$  (24,818,871)$  (27,015,026)$  (29,291,582)$  (31,651,096)$  (34,096,203)$  (36,629,619)$  (39,254,143)$  (41,972,658)$  (44,788,139)$  (47,703,646)$  (50,722,337)$   (53,847,465)$   (57,082,382)$  (60,430,540)$  (63,895,501)$  (67,480,930)$  (71,190,609)$  (75,028,430)$  (78,998,406)$  

352

353 Sewer Works Sinking Fund Surplus
354 Revenue Required for Operations (198,281,216)$         (2,834,855)$                 (3,047,034)$          (3,308,810)$  (3,475,603)$  (3,709,255)$  (3,893,010)$  (3,903,833)$  (4,020,235)$  (4,153,209)$  (4,449,559)$  (4,390,871)$   (4,521,921)$   (4,656,915)$    (4,811,137)$    (5,154,941)$    (5,086,759)$    (5,262,188)$    (5,395,316)$    (5,574,195)$    (5,973,066)$    (5,893,867)$    (6,070,157)$    (6,251,756)$    (6,459,247)$    (6,922,017)$    (6,830,034)$    (7,034,521)$     (7,245,169)$     (7,485,861)$    (8,022,778)$    (7,915,962)$    (8,153,168)$    (8,397,523)$    (8,676,743)$    (9,299,701)$    

355 Revenue Required for Unappropriated Surplus 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

356

357 Revenue Available for Infrastructure (3,989,316)$                 (2,752,823)$          (2,781,385)$  (2,903,741)$  (2,984,105)$  (3,118,939)$  (3,448,875)$  (3,693,599)$  (3,947,572)$  (4,064,618)$  (4,528,282)$   (4,845,269)$   (5,193,721)$    (5,548,401)$    (5,738,828)$    (6,363,535)$    (6,767,377)$    (7,208,778)$    (7,532,186)$    (7,786,090)$    (8,552,468)$    (9,134,728)$    (9,748,916)$    (10,380,525)$  (10,800,512)$  (11,461,325)$  (11,820,095)$   (12,118,934)$   (12,466,096)$  (12,568,096)$  (13,327,759)$  (13,759,008)$  (14,215,508)$  (14,660,602)$  (14,782,984)$  

358 Revenue Deficit / (Surplus) 0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

359

360 Draw from Surplus  $                         0 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

361 Contribution to Surplus $               (16,880) 0$                                0$                         0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                 0$                  0$                  0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                   0$                    0$                    0$                   0$                   0$                   0$                   0$                   0$                   0$                   

362 Interest Earned On Reserve $               (13,884) (8,247)$                        (6,492)$                 (6,557)$         (6,623)$         (6,689)$         (6,756)$         (6,824)$         (6,892)$         (6,961)$         (7,030)$         (7,101)$          (7,172)$          (7,243)$           (7,316)$           (7,389)$           (7,463)$           (7,538)$           (7,613)$           (7,689)$           (7,766)$           (7,844)$           (7,922)$           (8,001)$           (8,081)$           (8,162)$           (8,244)$           (8,326)$            (8,409)$            (8,493)$           (8,578)$           (8,664)$           (8,751)$           (8,838)$           (8,927)$           (9,016)$           

363 Sewer Works Sinking Fund Surplus (at End of Year)  $                         0  $                         0 $             (610,233) $             (640,998) (649,245)$                    (655,737)$             (662,295)$     (668,918)$     (675,607)$     (682,363)$     (689,186)$     (696,078)$     (703,039)$     (710,069)$     (717,170)$      (724,342)$      (731,585)$       (738,901)$       (746,290)$       (753,753)$       (761,291)$       (768,903)$       (776,592)$       (784,358)$       (792,202)$       (800,124)$       (808,125)$       (816,206)$       (824,369)$       (832,612)$       (840,938)$        (849,348)$        (857,841)$       (866,420)$       (875,084)$       (883,835)$       (892,673)$       (901,600)$       (910,616)$       

364

365 Reserves provide sufficent funding? YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

366

367 Overall Account Balance  $                         0  $                         0  $                         0 $          (3,535,685) $          (3,950,174) (4,194,865)$                 (4,876,835)$          (4,025,079)$  (4,174,427)$  (3,220,834)$  (2,845,601)$  (2,786,323)$  (3,501,740)$  (4,964,179)$  (3,591,178)$  (4,430,913)$   (6,612,860)$   (9,031,402)$    (11,557,645)$  (13,766,242)$  (15,574,388)$  (14,098,934)$  (2,448,324)$    (2,747,358)$    (3,231,791)$    (7,434,601)$    (11,770,356)$  (16,666,074)$  (21,966,217)$  (26,411,908)$  (28,727,215)$  (24,045,048)$   (25,530,878)$   (30,403,844)$  (34,899,336)$  (39,131,921)$  (44,726,104)$  (50,731,410)$  (56,846,623)$  (62,387,428)$  

368 CHECK -3800798 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

369

370

371 Financial Sustainability Indicators 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
372 Target Min or Max

373 Operating Surplus Ratio 0 to 15% 44.09% 74.2% 49.4% 46.9% 45.1% 45.0% 44.1% 44.1% 46.6% 47.6% 48.4% 47.3% 50.5% 51.4% 52.3% 53.1% 52.1% 54.9% 55.6% 56.6% 57.3% 56.4% 59.0% 59.8% 60.6% 61.2% 60.4% 62.0% 62.0% 62.0% 61.9% 60.4% 62.1% 62.1% 62.1% 61.9% 60.4%

374 Min 0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

375 Max 15% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0%

376 Sewer Reserve to Operating Expense Ratio >12.5% 10.04% 217.7% 82.2% 85.4% 57.6% 66.6% 41.9% 38.4% 37.4% 49.8% 74.4% 36.1% 54.6% 91.5% 120.4% 145.9% 156.4% 159.3% 103.2% 10.0% 21.4% 24.3% 72.4% 107.6% 148.5% 187.6% 195.7% 176.9% 100.9% 140.9% 198.3% 212.8% 225.4% 267.7% 297.5% 320.6% 326.5%

377 Min 13% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5% 12.5%

378 Liability Servicing Cost <25% 9.26% 9.3% 9.3% 6.6% 6.6% 6.1% 7.6% 7.2% 6.9% 6.3% 5.5% 3.7% 3.5% 3.4% 3.0% 2.5% 2.1% 1.4% 1.4% 1.0% 0.9% 0.9% 0.8% 0.8% 0.7% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

379 Max 20% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0%

380 Infrastructure + Operating Deficit 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
381 Cumulative Expenses  $                         0  $            1,814,860 6,917,984$                  12,627,820$         19,618,540$ 25,888,785$ 33,577,482$ 40,996,872$ 48,437,314$ 55,463,595$ 62,136,954$ 72,073,775$ 80,189,104$  87,418,655$  94,916,877$    102,840,487$  111,641,235$  121,421,045$  135,081,807$  159,477,501$  172,309,331$  185,611,528$  195,887,371$  206,830,846$  218,053,504$  229,759,795$  243,256,295$  259,496,466$  283,320,522$   301,439,245$   316,773,545$  333,172,966$  350,533,095$  367,242,407$  384,297,393$  402,026,839$  421,137,185$  

382 Cumulative Revenues (reported as (+) number)  $                        -    $            5,260,161 12,084,332$                17,884,189$         23,974,384$ 30,353,727$ 37,047,087$ 44,059,036$ 51,411,743$ 59,125,578$ 67,226,359$ 75,740,536$ 84,659,689$  94,026,878$  103,877,514$  114,237,052$  125,130,821$  136,581,114$  148,610,679$  161,214,773$  174,321,155$  188,080,310$  202,526,645$  217,731,530$  233,732,203$  250,571,976$  268,294,504$  286,585,863$  305,440,480$   324,804,582$   344,756,540$  365,347,414$  386,591,135$  408,503,311$  431,116,342$  454,453,686$  478,536,371$  

383 Cumulative Deficit If Rates Do Not Increase  $                        -   -$           3,445,301 5,166,348-$                  5,256,369-$           4,355,844-$   4,464,942-$   3,469,604-$   3,062,163-$   2,974,430-$   3,661,983-$   5,089,405-$   3,666,762-$   4,470,585-$    6,608,224-$    8,960,637-$     11,396,565-$    13,489,586-$    15,160,070-$    13,528,871-$    1,737,273-$     2,011,823-$     2,468,783-$     6,639,275-$     10,900,684-$    15,678,698-$    20,812,180-$    25,038,209-$    27,089,397-$    22,119,958-$     23,365,337-$     27,982,995-$    32,174,448-$    36,058,040-$    41,260,904-$    46,818,949-$    52,426,847-$    57,399,186-$    

384 Infrastructure Deficit in End Year (for graphing)

$100,000 (2010$) PER YEAR STARTING IN 2017

**no repayment schedule**

**no repayment schedule**

Due to Reserve 

(2016)

INTERFUND REVENUE/EXPENSE

NOT INCLUDED IN FORECASTED REVENUES

NOT INCLUDED IN FORECASTED REVENUES

NOT INCLUDED IN FORECASTED REVENUES

NOT INCLUDED IN FORECASTED REVENUES

NOT INCLUDED IN FORECASTED REVENUES

ASSUMED TO INCLUDE 'TRAILER PARK UTILTY FEES'. $0 other forecasted

Inflation

(per year)

Growth

(per year)

REFER TO 'RESERVES'

REFER TO 'RESERVES'

NON-CASH REVENUE; ACCOUNTED FOR IN LONG-TERM DEBT

NOT INCLUDED IN FORECASTED REVENUES

Total 

(Projection)

REFER TO 'RESERVES'

REFER TO 'INFRASTRUCTURE'

REFER TO 'RESERVES'

($73,000 per year, starting in 2017 as per LWMP)

 ($40,000 per year, starting in 2019 as per LWMP)

 ($160,000 per year, starting in 2021 as per LWMP

 ($40,000 per year, starting in 2022 as per LWMP)

($19,000 per year, starting in 2015 as per LWMP)

REDUCTION APPLIED TO 3024211000-900 - PRO-RATA ADMINISTRATION

REFER TO 'RESERVES'

REDUCTION APPLIED TO 3024233000-900 - POWER

REDUCTION APPLIED TO 3024211000-900 - PRO-RATA ADMINISTRATION

NOT INCLUDED IN FORECASTED EXPENSES

ASSUMED TO BE INCLUDED IN 3024212000-900 - SURVEY / ENGINEERING STUDIES

ASSUMED TO BE INCLUDED IN 3024212000-900 - SURVEY / ENGINEERING STUDIES

ASSUMED TO BE INCLUDED IN 3024212255-900 - MAINTENANCE PROJECTS - WWTP

ASSUMED TO BE INCLUDED IN 3024211000-900 - PRO-RATA ADMINISTRATION

ASSUMED STUDY OCCURS IN 2032

ASSUMED STUDY OCCURS IN 2019

STARTS IN 2018

$10,000 (2015$) EVERY 5 YEARS STARTING IN 2019

STARTS IN 2018

ASSUMED STUDY OCCURS IN 2021

REFER TO 3024221202-100 - CCTV INSPECTIONS - LABOUR

$120,000 ($2017) EVERY 5 YEARS STARTING IN 2020

$30,000 (2015$) ANNUAL COST

1/2 ASSUMED TO ALREADY BE INCLUDED IN WATER UTILITY COSTS

INCLUDED IN '2017 SMP' COSTS

INCLUDED IN 'CCTV INSPECTIONS'
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