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EXECUTIVE SUMMARY

The British Columbia (BC) Agriculture & Food Climate Action Initiative (AFCIA) are

progressing a project to assess the current and future capacity of the agricultural water

supply within the City of Delta (Delta) under changing climatic conditions and to evaluate

system improvement scenarios (the Project). The Project is being advanced as a part of

the Delta’s agricultural adaptation strategies, and specifically addresses irrigation system

planning, identified as a priority strategy in the Delta Adaptation Strategies report 

(CAI 2013, 2017). Integrated Sustainability was retained to execute the Project.

The overall objectives of the Project include:

▪ Assess current and future agricultural water demands

▪ Assess current and future water supply and capacity to meet demands under future

climate conditions

▪ Evaluate potential system improvement options and provide recommendations on

next steps

The outcomes of the study are:

▪ That the existing infrastructure can largely meet the current demand, with some

supply limitations during periods of high salinity. The major restriction in the existing

system exists between the Tasker Pump station and the Highway 99 Pump Station.

Removing this restriction will alleviate current supply difficulties, based on current

demand, and current climate conditions.

▪ Under future climate conditions the demand increases and the current freshwater

supply restrictions are exacerbated. Additional measures will be required to alleviate

these salinity challenges. The recommended additional measures include installation

of a new, auxiliary intake at the Alex Fraser Bridge, and connecting that new supply

to the expanded system.

▪ Finally, the study identifies that the existing system has sufficient capacity to supply

Westham Island, however, the reliability of the overall system decreases by doing so.

Thus the timing of this connection is best implemented after the conveyance

restriction from Tasker Pump station to Highway 99 pump station has been alleviated.

Demand Evaluation

The agricultural water demand was modelled using the Metro Vancouver Agricultural

Water Demand Model (AWDM) for the current conditions of the year 2020, and for

variations based on current and future (2050) conditions for increased irrigated area,

climate change and irrigation type (efficiency).

The AWDM results are summarised as:

▪ The current irrigated area is 4027 hectares, and the future area (including

Westham Island) as 5,676 hectares.
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▪ The area change increases the annual water use by 16.2%.

▪ Climate change increases the annual water use by 21.7%.

▪ Improving irrigation efficiency reduces the annual water use by 24%.

The various changes are combined to create six different Demand Scenarios for 

agricultural demand, with annual and peak 7-day water use being determined. The 

results indicate that under, the current build out and future climate conditions, the 

demand increases, during the peak 7-day period from 54 m3/day/ha to 66 m3/day/ha, 

and, under the full buildout and future climate conditions the demand in the peak 7 day 

period is 52 m3/day/ha. The future buildout and future climate conditions are projected 

to have a lower peak 7 day demand, as the AWDM assumed additional buildout will use 

best available technologies for irrigation that are more efficient than current systems.  

Supply Evaluation 

The availability of freshwater in the Fraser River at the 80th St intake was reviewed and 

modelled for current (2020) and future (2050) conditions. The future scenario accounts for 

the projected climate change impacts of reduced river flow and sea level rise, both of 

which increase sea water migration up the river and reduce freshwater availability at the 

pump station intake. 

The current supply scenario projects partial (intra-day) salinity closures from mid-August 

through September, with partial and full day closures in October.  The future supply 

scenario projects partial closures from late July through August, partial and full closures in 

September, and total closure for all of October. 

The capacity of the Tasker Pump Station at the 80th St intake was reviewed using pump 

curves and observed pumping performance.  The current pumping capacity is estimated 

to be 235,000 m3/day, and the ultimate capacity is 337,000 m3/day with a fourth pump 

installed. The ultimate capacity was used for modelling purposes. 

The operation of the 80th St Canal (the output from the Tasker Pumping Station) was 

reviewed, and the maximum flow capacity was estimated to be 175,000 m3/day.  This is 

significantly less than the current pumping capacity of the Tasker Pump Station, and acts 

as a limit on the current pumping rate and thus the system supply capacity. 

The effective active storage capacity of the canal system was estimated to be 1.5 Mm3, 

or 53% of the total (previously estimated) canal storage capacity of 2.8 Mm3.  The active 

storage capacity is not when the canals are empty, but the point at which an 

unacceptable amount of localised supply failure is occurring in the distribution canals.  

The canal system was hydrologically modelled (using XPSWMM software) for steady state 

conditions for demand Scenario 4 (future area, current climate & irrigation type), to 

model the ability to service an expanded area.  With the supply limited to the 80th St Canal 

capacity of 175,000 m3/day, and the peak 7-day daily demand at 266,000 m3/day, 

there is a supply deficit of 91,000 m3/day.  This deficit is supplied from the 1.5Mm3 active 

storage and could continue for 16.5 days until the storage is depleted.  For the 
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scenario of complete supply closure (0 m3/day) and 266,000 m3/day demand, the

1.5Mm3 active storage could supply the demand for 5.6 days.

The contribution of alternative water sources for agriculture was reviewed and estimated.

There are three alternative water sources in use:

1. Metro Vancouver potable water for:

a. greenhouse irrigation at 1.85 Mm3/yr.

b. food processing and other non-irrigation uses at 1.15 Mm3/yr.

2. Private surface water licenses (for irrigation), at 1.4 Mm3/yr.

3. Surface water on 112th St (for irrigation) at 0.2 Mm3/yr.

The combined total of the alternate water sources for irrigation is 3.45Mm3/yr, compared

to the Fraser River (canal system) water use of 14.3Mm3/yr. If all the alternative irrigation

water users were to completely shift to canal water, it would result in a 21% increase in

the annual demand on the canal system. The use of Metro Vancouver potable water is

subject to water restrictions in drought or natural disaster conditions.  In the extreme (and

never yet implemented) case of Level 4 restrictions, the use of potable water for food

growing is prohibited.  It should be noted that Surface Water Licenses indicate licensed

water, and that actual use and water availability may result in a lower net consumption

as a function of available supply.

Water Balance Modelling

A water balance model was developed that measured the ability of the system (supply,

conveyance and active storage) to meet the demand.  The model was run for each of

the six demand scenarios, and the main conclusions are:

The current conveyance capacity of the 80th St Canal (175,000 m3/day) is a

significant limitation to the operation of the system in all but Scenario 1, even when

full supply is available.

For the current climate conditions the existing intake and distribution system can

supply the current and future areas (Scenarios 1 and 4) without curtailments, but with

a small margin of safety for the future area scenario.

Climate change results in both increased demand and reduced availability, and the

system experiences months of partial and full curtailment in climate change scenarios

for current and future areas.

Increasing the efficiency of irrigation only partially mitigates the climate change

impacts. By reducing peak demand, the occurrence of partial curtailment is reduced,

but it cannot avoid the late season full curtailment caused by salinity closure.

For Scenario 4, the future area and current climate, the system relies on active storage

from the canals to get through the season without curtailment and so has a low

margin of safety. This scenario is quite sensitive to adverse changes to operational

flow needs and active storage volume, which can tip it into curtailment.  For 
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Scenario 1, the system has a comfortable supply margin and is not sensitive.  For 

Scenarios 2,3,5 and 6, the system has already failed (is already in partial curtailment 

for most of the season) and changing these parameters just makes it happen even 

earlier.

The peak Daily Irrigation Deficit for Scenario 5 of 146,000 m3/day gives an indication

of increase needed in supply and conveyance capacity to avoid curtailments, if

active storage is not increased.

The large size of the Cumulative Irrigation Deficit for Scenario 5 (6,500,000 m3) gives an

indication of the increase needed in active storage to avoid curtailments, if supply

and conveyance are not increased.

Water Quality

The water quality data collected from the various canal monitoring points during August

2018 was reviewed, and the conclusions are that:

• The Fraser River water quality at the 80th St intake is quite good, but it deteriorates

as it moves through the canal system.

• The decrease in quality varies by location, and appears to be caused by saline

groundwater intrusion in most places, and agricultural drainage in two specific

places.

• In principle, the Fraser River water is of low enough salinity that it could be used for

greenhouse crops in place of Metro Vancouver potable water.  But in practice,

as it moves through the system, the salinity quickly increases beyond the point of

greenhouse suitability.

The freshwater availability of an alternative intake site near Alex Fraser Bridge was

reviewed using data from the Glenrose monitoring station, 650 m upstream.  It was found

to have a much higher freshwater availability than 80th St under both current and future

climate scenarios.  The baseline water salinity at Glenrose of 40 µS/cm is significantly lower

than at 80th St, and is very close to that of Metro Vancouver potable water (27 - 38 µS/

cm).  This would enable it - with some pre-treatment - to be used for greenhouse

crops, if it could be delivered at this quality.

Improvement Options

Supply Improvement

Six major supply improvement options were developed and evaluated:

1. Expansion of 80th St Canal conveyance capacity to 337,000 m3/day to match the

Tasker Pump Station.

2. A new intake at Alex Fraser Bridge, connected to the centre of the system, with

capacity of 100,000 m3/day.

3. A large centralized storage reservoir of 5Mm3.
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4. Expansion of 80th St Canal conveyance capacity and a future intake at Alex

Fraser bridge, connected to the 80th St Canal.

5. Expansion of 80th St Canal conveyance capacity and small centralized storage

reservoir of 1 Mm3.

6. Large expansion of 80th St Canal conveyance capacity to 570,000 m3/day and

expansion of the Tasker Pump Station to the same.

The options were modelled for their ability to avoid irrigation curtailments for demand 

Scenario 5 (future area, future climate), which is the worst case scenario.  For this 

scenario, the existing system suffered partial or full curtailment from June 27 to Oct. 31, 
2019. Option 1 avoided curtailments until Sept. 27, and all the other Options avoided

curtailment for the entire season, but with varying margins of active storage remaining. 

A qualitative multi criteria analysis was used to evaluate the Options and identify a 

preferred Option, which is: 

▪ Near-term implementation of Improvement Option 1 - Increasing the conveyance

capacity of the 80th St Canal.  This can be by enlargement, twinning or a parallel

forcemain. This option provides the increased capacity and needed to service

area expansions, moderate climate resilience, easiest implementation and the

lowest up-front cost. The most cost effective way to implement an increase in the

conveyance capacity from Tasker Pump Station to Highway 99 pump station is

likely a combination of a pipeline and a parallel canal, constructed on the west

side of Burns Bog.

▪ Long-term implementation of Improvement Option 4 – a second intake at Alex

Fraser Bridge connected to the expanded 80th St conveyance.  This option

provides a season long alternate supply without relying on drawing down the

active storage and provides lower salinity water than 80th St.

This two-phase strategy allows for the simplest and most affordable option to achieve full

reliability for service area expansion and near term climate change.  Once an expanded 

80th St conveyance is in place, a second intake at Alex Fraser Bridge becomes the 

preferred second phase option as it provides the highest level of supply reliability.  If the 

80th St conveyance expansion is done as a combined pipeline and parallel canal instead 

of a canal, it enables the existing 80th St Canal to function as drainage while supply from 

Tasker Pump Station or Alex Fraser Bridge is maintained along the pipeline.  In the late 

season – (September and October) when the Tasker Pump Station is often closed from 

salinity, a reliable supply of low salinity Alex Fraser water can still be provided, which is 

particularly beneficial for cranberry farms. 

Canal System Expansion to Westham Island 

The concept of expansion to Westham Island was studied, with the major question being 

whether there is enough water available from the existing system to do so.  Conclusions 

are: 
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▪ The existing canal system, supplied by the 80th St intake, has enough supply and

conveyance capacity to provide water service to Westham Island, under the

current climate conditions, but the margin of reliability for the system is low.

▪ Under the future climate conditions, where there is increased irrigation water

demand and reduced supply availability, the supply to the existing area is not

reliable and adding Westham Island to the system reduces the reliability even

further.

▪ The hydrologic modelling shows that Mason Canal has the capacity to convey

the Westham island water, but it is recommended that this be verified by a field

test.

▪ A piped forcemain in parallel to Mason Canal is also an option, however this is

expensive when compared with a pump station installed at the end of the Mason

Canal.

There are numerous engineering considerations for conveying the water across Canoe 

Pass, and distribution within Westham Island.  With the knowledge that there is sufficient 

canal water available, the recommended next step is a detailed feasibility study to look 

at the conveyance and distribution options. 

Developing On-farm Storage 

On farm storage is not likely to be developed to any great extent, unless the individual 

farmers have no other choice.   

Piped Conveyance 

The concept of a piped supply network has been considered as a long-term alternative 

to the canals, and provides two primary benefits:

1. Separation of the supply and drainage functions.  The canals currently provide

both drainage and supply functions, and a piped supply network would separate

these, allowing the canals to provide optimal drainage at all times.

2. Preservation of the quality of supplied water. The water quality monitoring showed

that significant saline groundwater intrusion into the canals is occurring.   A piped

network would eliminate this contamination, ensuring the water the delivered is

the same quality as the source water, which is of low enough salinity that it can

be used for greenhouse operations.

Potential secondary benefits include the elimination of operational flow needs, 

elimination of potential surface water contamination and the ability to water meter all 

users.  

Further study is recommended on the concept of a long-term changeover to a piped 

system. If this became the preferred direction, then future conveyance improvements 

can be implemented as pipes, facilitating the progressive change. 
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Key Recommendations 

Key recommendations include the following: 

▪ Implement increased conveyance from Tasker Pump Station to Highway 99 pump

station.

− The most cost effective method to do so appears to be a pipeline from

Tasker Pump Station to Perimeter Road, installed in the existing canal, with

the pipeline discharging into the existing canal at Perimeter Road and a

new parallel canal constructed along the west boundary of Burns Bog.

− A detailed cost benefit of the methods to implement increased

conveyance should be completed to confirm costs at a greater level of

accuracy than can be completed within the scope of this study.

− This recommendation will provide a more reliable supply in the short to

medium term. It does not address the long term salinity challenge.

▪ To address the longer term salinity challenge, installing an intake at the Alex Fraser

bridge is recommended. This supply is connected to the existing infrastructure and

increased conveyance capacity at the intersection of the 80th St Canal and Perimeter

Road.

− The capacity of this intake is estimated at this time, to be 50,000 m3/day to

manage the peak 7-day demand by 2050.

− The capacity of this intake and pipeline can be reviewed and revised once

the increased conveyance from Tasker Pump Station to Perimeter Road

has been implemented.

▪ Connecting Westham Island to the existing canal system is possible, however the

supply is somewhat unreliable. With the increased conveyance capacity

implemented, the supply to Westham Island will be reliable, and can be implemented

for a relatively small cost. Connecting Westham Island should only be done after the

conveyance capacity from Tasker Pump Station to Highway 99 pump station has

been increased.
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1 INTRODUCTION

The British Columbia (BC) Agriculture & Food Climate Action Initiative (CAI) and its

partners, which collectively form the Delta Agricultural Adaptation Working 

Group (DAAWG), are undertaking a project to assess the current and future capac-

ity of the agricultural water supply within the City of Delta (Delta) under chang-

ing climatic conditions and to evaluate system improvement scenarios (the 

Project). The Delta Farmers' Institute (DFI), in partnership with CAI, is administering the 

Project, and DFI has retained Integrated Sustainability as their consultant to conduct the 

assessment.

This work supports priorities of CAI to progress irrigation system planning identified in the 

Delta Adaptation Strategies report (CAI 2013), the Delta Adaptation Strategies Up-

date report (CAI 2017), and further actions that have been taken by the DAAWG.

The overall objectives of the Project include:

▪ Assess the current and future water demand with consideration for both total annual

and peak water consumption requirements.

▪ Assess the current agricultural water system’s capacity to meet demands under future

climate conditions.

▪ Assess the use of Metro Vancouver potable water for greenhouse operations.

▪ Assess feasibility of and prioritize proposed system improvements to the agricultural

water system to improve supply and meet future water demands, taking into

consideration agricultural water uses, hydrology, and infrastructure characteristics.

▪ Prepare a high-level cost-benefit evaluation of the recommended prioritized system

improvements.

The DAAWG Project Oversight Committee (POC) was appointed to interface with

Integrated Sustainability, provide overall project oversight, communicate with project

stakeholders, and review project deliverables. The POC is comprised of representatives

from DFI, CAI, City of Delta, BC Ministry of Agriculture, BC Dairy Association, BC Blue-

berry Council, Delta Farmland and Wildlife Trust, BC Greenhouse Growers Association, in-

dependent subject matter experts, and agricultural producers within Delta. The POC

serves as the main deliverable audience and reviewer.

1.1 Background

The Fraser River is the is the primarily supply of water for agricultural producers in Delta.

The water is pumped from the river and conveyed through the agricultural surface water

supply system in Delta, which is comprised of a series of canals, pumping stations, culverts,

outfalls, and control structures. The Metro Vancouver potable water supply serves as an

alternate source of water for agricultural operations, including greenhouses and food

processing operations that require higher quality water. The quality of water from the

Fraser River that is currently supplied through the surface water supply system is currently
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negatively impacting agricultural producers in Delta. Climate change is expected to

increase the challenges in meeting agricultural water demands.

Irrigation water salinity is of particular concern for agricultural operations, and there is

concern that increasing sea levels will result in increased salinity. Most crops have a limited

salinity and, in particular, chloride tolerance. For example, cranberry crops, which are

common in Delta, have a very low salinity tolerance and are highly sensitive to chloride

toxicity.

Completed in 2010, the Delta Irrigation Enhancement Project (DIEP) included an

assessment of the agricultural surface water supply system in Delta, identification of

current and future water quality concerns, particularly as they relate to salinity (CH2M HILL

2010). The recommendations for infrastructure upgrades and improvements resulted in

the construction of additional water infrastructure to increase the overall system

capacity, with the major improvement being the construction of the Tasker pump station

at the 80th St intake. Prior to this work, all intake points in the system were gravity fed.

Addition of this major pump station allows supply to continue under all tidal conditions,

provided the water at the intake is below the salinity thresholds.

Regional adaptation strategies for agricultural operations in Delta were developed in

2012 and 2013 by CAI (2013). The objectives were to identify risks and opportuni-

ties associated with climate change within key agricultural regions in BC, and outline 

actions to adapt and increase resilience to challenges posed by climate change. In-

creasing water demands (largely due to hotter, drier summers) and decreasing

seasonal water supply (largely due to rising sea level, earlier peak flows in the Fraser River,

and hotter, drier summers) were anticipated to be growing challenges for the agricultural

sector in Delta. The original Delta Regional Adaptation Strategies report included 11

strategies and 26 action items that were developed to address risks within four impact

areas. In 2016, a review of progress and status of action items was completed, and an

update to Delta’s Regional Adaptation Strategies report was issued in 2017 (CAI 2017) 

which included a plan for implementing key priority actions.

This Project supports addressing a priority action item to undertake irrigation system

planning within a strategy outlined for Impact Area 2 to address changing hydrology.

Activities completed to date to support this strategy include the completion of a study

evaluating current and future salinity levels in the Fraser River, and estimating the

available water supply at the existing water intakes in Delta (Tetra Tech EBA 2016). Results

and recommendations from the study have been used to inform planning and decision

making. The DFI also initiated a multi-year salinity monitoring program in 2017 to ground-

truth projections from the study and support ongoing progress on improving irrigation

water infrastructure and management.

1.2 Purpose and Scope

Integrated Sustainability’s scope of work for the Project includes:

1) Data compilation and analysis
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2) Assessment of current and future agricultural water demands

3) Assessment of current and future water supply and performance of the existing system

4) Assessment of feasibility and costs for system improvements

5) Preparation of a final report summarizing study findings and recommendations

The purpose of this Analysis and Improvements Assessment Report is to summarize the 

findings from items (2), (3), and (4) and provide recommendations on next steps. 

2 METHODOLOGY AND ANALYSIS 

2.1 Review of Existing Information 

Existing information pertaining to the irrigation system was compiled and reviewed, 

including water supply system descriptions and data from existing reports, studies, and 

plans. Additional information provided by key individuals within the POC through email 

communications and working meetings was also obtained through the duration of the 

Project. The objective was to collate, review, and extract relevant information and 

identify any critical data/information gaps (requested information that does not exist or 

isn’t available). A summary of all information sources reviewed and identified data gaps 

is included in Table 1, attached to this report. 

2.2 Development of Study Basis 

Integrated Sustainability developed a Study Basis Memorandum (Integrated Sustainability 

2019) to summarize the proposed Project methodology, criteria, and assumptions for 

approval by the POC. 

2.3 Assessment of Current System 

The agricultural water supply system consists of four components, as summarized in Table 

A.
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Table A. Components of Existing Agricultural Water Supply System 

The methodology to assess the performance of the system components under current 

and future scenarios is summarized as follows: 

▪ Determine water demand

▪ Assess availability of the Fraser River and capacity of the existing system to supply

water

▪ Evaluate the current agricultural supply system’s capacity to convey water

throughout the system (using hydrological/hydraulic modelling)

▪ Compare and evaluate the supply and conveyance capacities against demand

(using a water balance model)

The evaluation methodology is intended to identify which system components have 

insufficient capacity to meet the current and future demands. For the purposes of this 

Project, sub-areas were delineated within Delta such that demand and supply could be 

evaluated on a sub-area basis. A schematic of the sub-areas and Delta’s agricultural 

surface water irrigation system is shown in Figure 1, which is attached to this report. 

Component Description Controlled By 

Demand Amount of water required 

by producers 

Producers 

Supply 1) Fresh water from Fraser 
River

2) Intake and Tasker pump 
station at 80th St

3) Metro Vancouver 
potable water

4) On-farm wells, storage, 
and surface water 

1) Weather, climate, tides

2) City of Delta

3) Metro Vancouver

4) Producers well and

surface water rights

Conveyance Pump stations and 

conveyance canals 

(approximately 30 km) 

transfer water from the 

intake pump stations to the 

various irrigation sub-areas 

City of Delta 

Distribution Pump stations and minor 

canals (200+ km) distribute 

water to individual users 

within the sub-areas 

City of Delta 
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Producers relying on potable water from Metro Vancouver (e.g. greenhouse operations)

do not use the surface water irrigation system described above.

A summary of the methodology and results of each step of the assessment are included

in the following sub-sections.

3 WATER DEMAND EVALUATION

3.1 Agricultural Water Demand

A water demand evaluation was completed to evaluate the water needed by producers

under current and future conditions. The Agricultural Water Demand Model (AWDM) was

used to estimate current and future agricultural water demands in order to ensure

consistency with previous local agricultural water supply and demand assessments and

CAI studies. The project team worked with the POC to develop customized AWDM

model input and output requests that considered the unique needs of agricultural

producers in Delta and local context such as how and when the water is used (e.g. the

different demand patterns for cranberries compared to other crops).

3.1.1 Agricultural Water Demand Model  (AWDM)

The AWDM is widely accepted as the primary tool for estimating agricultural water

demand in BC. The AWDM was originally developed for the Okanagan Basin and is now

used across BC to estimate current and future agricultural water needs and support

provincial and regional water management. The AWDM calculates water use on a

property by property basis and sums demands of all properties to obtain a total demand

for an entire region. It uses information on crop type, irrigation systems, soils, and gridded

climate data to calculate water demand. The AWDM accepts as input an Agricultural

Land Use Inventory (ALUI), which contains detailed information on crop and irrigation

system type and outputs water demand by region, rather than by individual property (to

protect the privacy of individual producers). The weather input to the AWDM is historical

data for any chosen year from 1961 to 2010. The driest summer in this period is 2003, and

was used as the model year for this study, as advised by the POC (POC Water Specialist

Contractor, personal communications, August 20, 2019).

Approach

Steps to complete the agricultural water demand evaluation included:

Refined understanding of agricultural water demands

Delineate irrigation system ‘sub-areas’

Request AWDM runs

Identify peak month

Develop scaling factors

Develop agricultural water demand scenarios
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Calculate agricultural water demands for the six scenarios 

These steps are described in further detail below. 

Step One: Refine Understanding of Agricultural Water Demands 

As agreed in collaboration with the POC, the team took two approaches to refining the 

understanding of agricultural water demand: 

a) Worked with the POC and DFI to identify any changes in production since the 2016 
ALUI; and

b) Reviewed available water consumption data for the City of Delta, to refine 
understanding of water demand and identify trends in use. 

Identifying changes in production: To identify changes in production, the team obtained 

the 2016 ALUI GIS file (Ministry of Agriculture, 2016) from the City of Delta and consulted 

with the POC to understand major changes to production since the ALUI was last 

conducted.  

In this step, the POC advised that it would be best to focus the assessment of new 

demand on potable water use and greenhouse demand, as field crops can rotate from 

year to year. 

To identify new greenhouses, the project team asked City of Delta staff and the DFI 

representative to provide a list of greenhouses that they believed had been expanded 

or built since the last land-use inventory (2016). For each of the identified properties, the 

greenhouse footprint in the 2016 ALIU was then compared to the 2019 greenhouse 

footprint based on satellite imagery. For the identified properties, it was determined that 

the dimensions of the greenhouses in the 2016 ALUI (Ministry of Agriculture, 2016) matched 

the dimensions in the 2019 satellite imagery. 

Review water use data: To better understand agricultural water demand, the consultant 

requested data on metered water use for agricultural properties within the City of Delta. 

This metered data would be used to calibrate AWDM estimates and identify trends in 

consumption.  

It was found that the City of Delta does not meter water use from canals but does meter 

the potable water consumed on farm properties. The metered potable consumption 

data identifies the water used on-farm for greenhouse irrigation, fruit and vegetable 

washing, food processing, and some residential use. 

The City of Delta staff provided four sets of potable water consumption data, as shown in 

Table B.  

A review of both datasets found that demand for potable water was increasing, with 2019 

demand almost double the demand in 2017 and 2018. Delta staff and POC members 

noted that the increase in demand in potable water was likely due to changes in 

production (e.g. legalization of cannabis) and stated that they expect this increased 

demand to continue.  
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Table B. City of Delta Potable Water Consumption Datasets 

Source Date 

Received 

Period 

of 

Record 

Format Average 

Demand 

per Year 

Notes 

City of Delta 

Engineering 

Department 

July 2019 2017 - 

2019 

Excel 124,799 m3 An order of magnitude 

lower than expected 

(AWDM). 

City of Delta 

Finance and 

GIS 

Departments 

Sept 23, 

2019 

2018 - 

2019 

ArcGIS 

(spatial 

variability), 

Excel 

3,000,000 

m3 

Based on billing data (actual 

use on farm properties). 

Includes use for greenhouses, 

farm residences, filling 

stations, vegetable washing.  

Shows increasing demand. 

City of Delta 

Engineering 

Department 

Nov 28, 

2019 

2017 - 

2019 

Excel 2,100,000 

m3 (2017-

2019) 

OR 

3,600,000 

m3 if 

current 

trends 

continue. 

Based on zoning data. 

Includes use for greenhouses, 

farm residences, filling 

stations, vegetable washing.  

Between 2017 and 2019, 

demand doubled. Staff 

expect this increased use to 

continue. 

City of Delta 

Engineering 

Department 

Mar 18, 

2020 

2018 – 

2019 

Excel 1,885,022 m3 

(2019) 

Estimated greenhouse use 

only. Does not consider all 

potable use. 

A review of the data also found that the estimated greenhouse demand provided by the 

AWDM was consistent with estimates of greenhouse demand from metered data. The 

water demand for greenhouses in Delta was estimated to be 1,846,135 m3 in the AWDM, 

and estimated to be 1,885,022 m3, using metered data (provided March 2020). 

It was decided to use both the AWDM results and the metered data to estimate potable 

water use.  The AWDM estimates of greenhouse demand would be used to identify 

monthly variations in use. The metered data would be then be used to ‘scale up’ these 

results to reflect total use of potable supply.  

This approach was taken because while the metered data shows actual on-farm 

demand, it was only collected quarterly and had limited value in identifying peak 

demands.   While the AWDM provides monthly (and daily) estimates of greenhouse 
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demand, it does not consider the potable water used for other agricultural purposes, such 

as fruit and vegetable washing and food processing.  

To consider both of these data sources, the AWDM greenhouse demand estimates were 

used to develop an understanding of monthly variation in use. This variation was 

compared to the quarterly data, to ensure it was consistent with City of Delta records. 

Then a scaling factor was calculated to relate to the AWDM results to current demands 

in the Delta area, considering local practices and changes in production. 

After a review of the available data and consultation with City of Delta staff, it was 

decided to use the City of Delta Finance dataset to develop a scaling factor. Reasons 

for this selection include: 

- City of Delta staff stated that both the Finance and Engineering datasets were equally

likely to be accurate estimates of on-farm use and could not provide direction on

which was more accurate (Delta Staff, personal communications, November 28,

2019).

- The Finance dataset was provided in both an Excel and ArcGIS format, showing

geographic variations in water demand.

- The Finance dataset was based on actual billing data on farm properties.

- The Finance dataset had a shorter period of record, which focused on more recent

use, and was more likely to be indicative of current and future use.

- The average yearly use in the Finance dataset was midway between the historical

average (using both the Finance and Engineering datasets) and the anticipated new

yearly average (if current trends were extrapolated into the future), so it was viewed

as a moderate and reasonable estimate.

To obtain a scaling factor, the average yearly potable demand as shown in the 

metered data (3,000,000 m3), was divided by the yearly potable water demand for 

greenhouses in the AWDM (1,846,135 m3) using this approach. A scaling factor of 1.6 was 

obtained. The estimates of greenhouse demand calculated using this approach are 

included in the demand found in Table 2. 

Step Two: Delineate Irrigation System Sub-Areas 

Irrigation system ‘sub-areas’ were delineated to enable the water supply and demand 

assessment to be done at a higher resolution. City of Delta staff and the DFI representative 

were consulted to determine the appropriate planning units. The sub-areas are shown in 

Figure 1, attached to this report. 

Step Three: Request AWDM Runs 

The POC requested that the consulting team use the AWDM to understand water 

demands and develop ‘scaling factors’, which would be used to identify the effect of 

climate change, buildout, and improvements to irrigation systems on agricultural water 

demand. 

The scaling factors are listed below: 
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a) Climate Factor: the percent increase expected with climate change (annually)

b) Buildout Factor: the percent increase expected with buildout (annually and

monthly)

c) Irrigation Factor: the percent increase expected with updated irrigation systems,

as described in Table D (annually and monthly)

The AWDM model runs that were requested are shown in Table C. 

The AWDM can estimate water demand, under poor, average and good irrigation 

management practices (Van der Gulik et. al, 2013). For this study, a ‘good’ irrigation 

management factor was used. This was done to recognize that producers will need to 

increasingly improve irrigation management practices to adapt to changing climate 

(POC Water Specialist Contractor, personal communications, August 20, 2019).  

Table C. AWDM Runs to be Requested 

Model 

Run 

Climate 

Year 

Area of 

Land in 

Production 

Temporal 

Output 

Irrigation System Types Purpose of 

AWDM Run 

1 2003 Current January 

to 

November 

Current Identify 

current 

demand. 
2 2003 (15 

July to15 

August) 

Current July 15 -
August 15

Current Identify peak 

demand.

3 2003 Buildout Existing systems in use. 

All new production is 

vegetable with drip irrigation. 

Identify the 

effect of build 

out (‘buildout 

factor’).
4 2003 Current January 

to 

November 

For all Horticulture crops:  

Irrigation_System_Type=Drip 

and 

For all Forage crops: 

If Cropped_Area>10acres: 

Irrigation_System_Type= 

Pivots 

Identify the 

effect of 

irrigation 

system 

improvements 

(‘irrigation 

factor’).
5 2003 Buildout January 

to 

November 

For all Horticulture crops: 

Irrigation_System_Type=Drip 

and 

For all Forage crops: 

If Cropped_Area >10acres: 

Irrigation_System_Type= 

Pivots 

All new production is 

vegetable with drip irrigation. 

Identify the 

effect of 

irrigation 

system 

improvements 

and buildout.
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Model 

Run 

Climate 

Year 

Area of 

Land in 

Production 

Temporal 

Output 

Irrigation System Types Purpose of 

AWDM Run 

6 Average 

of 

demand 

in the 

2053, 

2056, 

2059 

using 

climate 

models: 

Access1 

rcp 8.5, 

CanESM2 

rcp 8.5, 

cnrm-

cm5 rcp 

4.5 

Current Total 

Annual 

For all Horticulture crops: 

Irrigation_System_Type=Drip 

and 

For all Forage crops: 

If Cropped_Area>10acres: 

Irrigation_System_Type= 

Pivots 

All new production is 

vegetable with drip irrigation. 

Identify the 

effect of 

climate 

change 

(‘climate 

factor) 

Notes: 

1. For all scenarios, ‘good’ irrigation management practices were assumed.

2. Results were provided daily, and reported by commodity, water supplier, and sub-area.

3. The AWDM models runs May to October, however provides outputs of 0 value when irrigation is not being 
used, hence the temporal output covers a longer period. 

Step Four: Identify Peak Month 

The project team calculated a rolling 31-day average using all the daily demand data, 

to identify the peak month.  

The AWDM results showed the highest water demand is during the month of June - this is 

partially due to the fact that the model was run in 2003, which had a particularly dry June 

and rainy July,  

Step Five: Develop Scaling Factors 

The results of the model runs were used to develop the scaling factors for climate, buildout 

and irrigation.  

A summary of the monthly and annual climate scaling factors is provided in Table D. 

Note: the climate scaling factor is provided on a monthly basis; however, it was unclear 

whether the results could be reliably downscaled to a monthly resolution. Consequently, 

the climate scaling factor was applied on an annual basis. 
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Table D. Scaling Factors 

Month Monthly 

Climate 

Factor 

(Unused) 

Annual 

Climate 

Factor 

Monthly 

Buildout 

Factor 

Annual 

Buildout 

Factor 

Monthly 

Irrigation 

Factor 

Annual 

Irrigation 

Factor 

January -0.080

0.217 

0.000 

0.163 

0.000 

-0.240

February 0.244 0.000 0.000 

March 0.418 1.859 -0.037

April 2.233 0.568 -0.050

May 1.545 0.118 -0.295

June -0.115 0.149 -0.331

July 0.219 0.172 -0.217

August -0.057 0.168 -0.175

September 0.381 0.208 -0.118

October 0.452 0.223 -0.112

November 0.068 0.000 0.000 

December N/A1 0.163 N/A1 

Notes: 

The annual buildout factor is the percent increase in annual water use between Scenarios 1 and 3 (Table C). 

The annual irrigation factor is the percent decrease in annual water use between Scenarios 1 and 4 (Table C). 

The annual climate factor is the percent increase in annual water use between Scenarios 1 and 6 (Table C).  

Step Six: Develop Scenarios 

Next the team worked with the POC to develop six potential future water demand 

scenarios. These are described in Table E. 
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Table E. Agricultural Water Demand Scenarios 

Scenario 1 2 3 4 5 6 

Land Use Current Current Current 

Future 

(Agricultural 

Buildout) 

Future 

(Agricultural 

Buildout) 

Future 

(Agricultural 

Buildout) 

Irrigated 

Area (ha) 
4,570 4,570 4,570 5,949 5,949 5,949 

Climate Current Future Future Current Future Future 

Climate 

Year(s) 
2003 

Average: 

2053, 2056, 

2059 

Average: 

2053, 2056, 

2059 

2003 

Average: 

2053, 2056, 

2059 

Average: 

2053, 2056, 

2059 

Irrigation 

Systems 
Current Current Future Current Current Future 

Irrigation 

System 

Type** 

Same as 

2016 

ALUI 

Same as 

2016 ALUI 

Same as 

2016, with 

all 

horticulture 

upgraded 

to drip and 

all forage> 

10ac 

upgraded 

to pivots. 

Same as 

2016 ALUI 

Same as 

2016 ALUI 

2016 ALUI, 

with all hort. 

upgraded 

to drip and 

all forage> 

10ac 

upgraded 

to pivots. 

New 

irrigation all 

drip. 

Notes: 

*Irrigated area:

Irrigated area under the ‘Current’ land use refers to the area irrigated, according to the 2016 ALUI, excluding

Musqueam First Nation lands (as advised by POC). This includes land irrigated by private systems on Westham.

Irrigated area under the 'Future’ land use refers to the area irrigated, according to the buildout map

developed from the 2016 ALUI, excluding Musqueam First Nation lands. This includes land irrigated on

Westham.

**Irrigation systems:

‘Current’ means that the irrigation systems are assumed to be the same as the ones in use in the 2016 ALUI.

‘Future’ means that existing irrigation systems are assumed to be the same as the ones in the 2016 ALUI with

the two following improvements: For all Horticulture crops, it is assumed that the irrigation systems are drip

systems, and for all forage crops over 10 acres, it is assumed that the irrigation system is a centre pivot system.

Any new production in Delta or Westham is vegetable with drip irrigation.

In the ‘Current’ land use scenarios, it was assumed that the producer is growing the crop 

identified in the 2016 ALUI (Ministry of Agriculture, 2016). This is a reasonable assumption, 

as many producers either consistently grow the same crop or vary the crops from year to 

year (in which case it would be difficult to model the variation).  

For the ‘Future' (Agricultural Buildout) scenarios, an agricultural buildout map that

was developed by the BC Ministry of Agriculture in 2013 was used. This was developed to 

show future estimated production, considering current trends.  

Step Seven: Calculate Agricultural Water Demand  

Agricultural water demand was calculated for each of the six scenarios, shown in Table 

E. To calculate the demand in each scenario, the following calculations were used to
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determine the base demand, and then these values were then adjusted using the scaling 

factors for climate change, irrigation improvements, and buildout, to provide estimates 

of water demand under Scenarios 1 to 6.  

The agricultural water demand was calculated for the following sources: 

1. Fraser River source (canals)

2. Metro Vancouver potable water supply source

3. Private water license

Water demand was provided in the following units: 

Annual Demand (m3/year) 

Calendar Month Daily Demand (m3/day) for March to November 

Peak Month Daily Demand (m3/day) (The Peak Month Daily Demand refers to the 31-

day period with the greatest agricultural water demand, which was generally found 

to be July 15 - Aug 15)

Fraser River Supply Source 

The annual demand (m3/year) for the Fraser River source (FA) was calculated as: 

FA = S – P 

Where: 

▪ S is the surface water demand from AWDM run #1 for the period between January 1

to November 30

▪ P is the potable water demand from the AWDM run for the period between January

1 to November 30

The calendar month daily demand (m3/day) for the Fraser River source (FM) was: 

FA = (S – P)/N 

Where: 

▪ S is the surface water demand from AWDM run #1 for each calendar month between

January and November.

▪ P is the potable water demand for the AWDM run for each calendar month between

January and November.

▪ N is the number of days in the month.

The peak month average daily demand (m3/day) for the Fraser River source (FP) was 

calculated as: 

FP = (S-P)/ N 

Where: 
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▪ S is the volume of water obtained from surface water sources from the AWDM run that

had the highest monthly demand (AWDM run #1 or #2 in Table C).

▪ P is the potable water demand from the AWDM run for the month with the highest

demand (AWDM run #1 or #2 in Table C).

▪ N is the number of days in the peak month period.

Metro Vancouver Potable Water Supply 

The annual demand (m3/year) for potable water from the Metro Vancouver source (MA) 

was calculated as: 

MA = G * S 

 Where: 

▪ G is the greenhouse demand from AWDM run #1 for the period between January 1

to December 31.

▪ S is the scaling factor that is used to scale up the estimated greenhouse demand

provided by the AWDM, to include all potable water. A factor of 1.6 was used.

The calendar month daily demand (m3/day) for the Metro Vancouver source (MM) was: 

MM = (G*S)/N 

Where: 

▪ G is the greenhouse demand from AWDM run #1 for each calendar month between

January and December.

▪ S is the scaling factor that is used to scale up the estimated greenhouse demand

provided by the AWDM, to include all potable water. A factor of 1.6 was used.

▪ N is the number of days in the month.

The peak month average daily demand (m3/day) for the Metro Vancouver source (MP) 

was  calculated as: 

MP = (G *S)/N 

Where: 

▪ G is the greenhouse demand from the AWDM run for the month with the highest

demand (AWDM run #1 or #2 in Table C).

▪ S is the scaling factor that is used to scale up the estimated greenhouse demand

provided by the AWDM, to include all potable water. A factor of 1.6 was used.

▪ N is the number of days in the month.
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Private Surface Water Licenses 

Several agricultural producers within Delta hold surface water licenses on watercourses 

within the City of Delta. Generally, producers that have surface water licenses are 

drawing water from watercourses that are part of the City of Delta irrigation network 

(Delta Staff, email correspondence, September 26, 2019). These water demands

would be accounted for in the Fraser Valley water supply source calculations; 

however, because these producers have unique legal rights to water, the water 

demand for users with surface water licenses were calculated separately, as shown 

below.  

The annual demand (m3/year) for private water license sources (PA) was calculated as:PA = W 

Where: 

▪ W is the volume of water obtained from private water sources from AWDM run #1 for

the period between January 1 and November 30.

The calendar month daily demand (m3/day) for private water license sources (PM) was: 

PM = W/N 

Where: 

▪ W is the volume of water obtained from private water sources from AWDM run #1 for

each calendar month between January and November.

▪ N is the number of days in the month.

The peak month average daily demand (m3/day) for private sources (PP) was calculated 

as: 

PP = M /N 

Where: 

▪ M is the is the volume of water obtained from private water sources for the AWDM run

that had the highest monthly demand (AWDM run #1 or #2 in Table C).

▪ N is the number of days in the peak month.

City of Delta staff noted there are seven water license points of diversion on the 112th St 

ditch that should be given unique consideration (Delta Staff, email correspondence,  

October 3, 2019). The 112th St ditch channel is only partially controlled by the City of

Delta and, at times, the producers are diverting natural flows. The total demand from 

these individual sources was identified on a yearly basis by summing the quantity field 

in the water license information available from the BC Data Catalogue (2019). 
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3.1.2 Agricultural Water Demand Results 

Table F provides a summary of the results of the agricultural water demands on the Delta 

Canal System. Full details of the agricultural water demand evaluation are provided in 

Table 2. Figure A provides a summary of the demand scenarios for the Delta canal system. 

Table F. Agricultural Water Demand Analysis for the Delta Canal System 

Scenarios 1 2 3 4 5 6 

Irrigated Area 

(ha)  4,027 4,027 4,027 5,767.4 5,767.4 5,767.4

Climate Current Future Future Current Future Future 

Irrigation Type Current Current Future Current Current Future 

Annual Irrigation 

Demand (m3) 14,342,628 17,454,979 14,012,718 16,675,661 19,788,012 16,345,751 

Demand on Delta Canal System in Peak Month 

 Total Daily 

Demand 

(m3/day) 161,188 196,166 150,972 185,131 220,108 176,934 

 Daily Demand 

per Hectare 

(m3/day/ha) 40.0 48.7 37.5 32.1 38.2 30.7 

 Volumetric Flow 

Rate per Unit 

Area (m3/s/ha) 
0.0005 0.0006 0.0004 0.0004 0.0004 0.0004 

Demand on Delta Canal System in Peak 7-Day Period (June 22-28)

 Total Daily 

Demand 

(m3/day) 218,418 265,814 193,597 250,860 298,257 226,040 

 Daily Demand 

per Hectare 

(m3/day/ha) 54 66 48 43 52 39 

 Volumetric Flow 

Rate per Unit 

Area (m3/s/ha) 
0.00063 0.00076 0.00056 0.00050 0.00060 0.00045 

Notes: 

*Irrigated area:

Irrigated area under the ‘Current’ land use refers to the area irrigated, according to the 2016 ALUI, excluding

Musqueam First Nation lands, greenhouses (as they are not supplied by the canal system), and Westham

Island.

Irrigated area under the 'Future’ land use refers to the area irrigated, according to the buildout map

developed from the 2016 ALUI, excluding Musqueam First Nation lands and greenhouses. This includes land

irrigated on Westham.
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Assessment of Peak Flow Rates 

The agricultural water demand results are relatively consistent with the anticipated peak 

flow requirements in the Delta area, as identified in the BC Irrigation Assessment Guide 

(Ministry of Agriculture, 2005) and the BC Agriculture Water Calculator (POC Water 

Specialist Contractor, communications, March 23, 2020). 

The BC Irrigation Assessment Guide estimates that the peak irrigation flow rate in the Delta 

area is 4.5 US gallons per minute per acre (gpm/ac), or 0.000702 m3 per second per 

hectare (m3/s/ha) (Ministry of Agriculture, 2005).  

It is common in BC to assume that fields are irrigated approximately 75% of the time in the 

peak month (POC Water Specialist Contractor communications, August 15, 2019). 

Therefore, it would be reasonable to expect the AWDM results to produce a volumetric 

flow rate per unit area that is approximately 75% of the estimated 4.5 gpm/ac.  

The AWDM results, as shown in Table F indicate that in the peak month, under current 

conditions (Scenario 1), the volumetric flow rate per unit area from the canal is 0.005 

m3/s/ha, which is 66% of the 4.5 gpm/ha.  

While this is lower than 75%, this difference is to be expected, as in this study, it was 

assumed that ‘good’ irrigation management practices were followed, so the volume of 

water used is lower than average. If ‘average’ irrigation management practices were 

followed, then the volumetric flow rate per unit area in the peak month would be 

0.0005 m3/s/ha, or 74% of the 4.5 gpm/ha, which would be consistent with typical 

peak month demands. 

During a peak week, it is common in BC to assume that the volumetric flow rate per unit 

area would be 90-100% of the peak (POC Water Specialist Contractor, personal 

communications, March 23, 2020). 

During the 7-day maximum demand period, the volumetric flow rate per unit area from 

the canal is estimated to be 0.00063 m3/s/ha, or 89% of the BC irrigation Assessment 

Guide maximum of 0.00702 m3/s/ha (4.5 gpm/ac), which is also consistent with 

expected patterns of use and anticipated demands in the area.  

3.2 Non-Agricultural Water Demand Evaluation 

In addition to agricultural water demand, two other demands are put on the water supply 

and conveyance system and were evaluated as a part of the total demand: 

Environmental Flow Needs (EFNs) – flow requirements in watercourses for water quality 

and/or fish passage; and

Operational Flow Needs (OFNs) – flow requirements within canals to maintain quality 

(limit salinity increase due to infiltration from soils when water is stagnant).

City of Delta staff indicated that while they do strive to maintain environmental flows in 

certain locations, there are no quantitative regulatory flow requirements (Delta Staff, 

email correspondence, August 8, 2019). Thus the EFN is assumed to be zero for all six

scenarios. 
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City of Delta staff run the ocean outfall pumping stations in response to the observed 

conditions in the canals, including water levels, demand, and salinity (Delta Staff, verbal 

correspondence, July 24, 2019). In early and late season it is possible to have

drainage infiltration in the downstream end of a canal simultaneously with 

freshwater being supplied to the upper end. In the peak mid-summer irrigation season 

there is usually little drainage occurring from the fields to the canals. During these times, 

the OFN is purely to maintain movement of fresh water along the canals. The flows are 

variable, and not all pump stations operate continuously. 

In consideration of these variable and unquantified conditions, a combined EFN/OFN of 

3,000 m3/day per sub-area was used in the evaluation. This applies to all sub-areas except 

Central Ladner and Westham Island. Central Ladner has only one ocean outlet (Kirkland 

gate) and typically flow is not released there. For Westham Island, which is a potential 

future connection to the system, it is assumed that the on-island distribution system will be 

developed in such a way that OFNs are not required. Thus, an OFN of 15,000 m3/day was 

applied to all six demand scenarios for the water balance modelling.  

Since the OFNs are based on assumptions, a sensitivity analysis of the OFNs was 

conducted as part of the Water Balance modelling, in for Scenario 5.   

Conclusion 

The (regulated) Environmental Flow Needs are zero.

The Operational Flow Needs are estimated to be 15,000 m3/day. 

The combined total of 15,000 m3/day is the Non Agricultural Demand, and this is the 

same for all six demand Scenarios.  

3.3 Total Canal Water Demand

For the canal system, the agricultural water demand and non-agricultural water demand 

are added to create the Total Canal Water Demand for each scenario, which is then 

compared to the supply in the Water Balance model in Section 5. 

The lowest and highest agricultural demand (peak 7-day demand) is 193,000 m3/day for 

Scenario 3 and 298,000 m3/day for Scenario 5. The 15,000 m3/day of non

agricultural demand represents a 7% and 5% increase over the agricultural demand.  

To create a daily time series for demand, the daily variations of agricultural demand for 

the 2003 data year are used as the baseline, with the various scenario factors being 

applied to create a daily series for each of Scenarios 1-6.  The operational flow needs –

which do not vary by scenario – are then added to get total canal water demand.  In this 

way, the relative pattern of daily variations is the same for each scenario, but the total 

water demand varies by scenario factor. In effect, all scenarios use the same weather 

pattern as for Scenario 1, but apply the different modification factors according to the

specific scenario. 
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There are substantial daily fluctuations agricultural demand and in operation the canal 

storage will service these fluctuations.  A 7 day moving average was used to represent 

the daily demand for modelling purposes. 

The time series of demand results are and summarised in Table G and shown graphically 

in figure A. 

Table G. Summary of Total Canal Water Demand 

Scenarios 1 2 3 4 5 6 

Irrigated Area  Current Current Current Future Future Future 

Climate Current Future Future Current Future Future 

Irrigation Type Current Current Future Current Current Future 

Peak 30-day period, June 
5 - July 5 (m3/day) 188,376 225,999  172,097 214,835  252,457  198,556  

Peak 7-day period, June
22-28 (m3/day) 233,418 280,814 208,597 265,860 313,257 241,040 

Figure A. Total Canal Water Demand for all Scenarios 

These time series of the 7-day demand, for the six demand scenarios, are then used as

the basis of the water balance modelling in Section 5. 
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4 WATER SUPPLY EVALUATION 

A water supply evaluation was completed to evaluate the availability and capacity of 

the Fraser River supply to deliver water (that falls below the acceptable salinity threshold) 

under current and future conditions. Four water supplies were evaluated, as previously 

summarized in Table A. 

The supply assessment was evaluated based on the following for each supply source: 

Availability of water of sufficient quality for use 

Capacity of the conveyance mechanism 

4.1 Fraser River Freshwater Availability, Current and Future

Daily availability of fresh water during the irrigation season was evaluated taking the 

following factors into consideration: 

80th St intake as the only supply source. Other intakes supply the system in addition to 

the 80th St intake, and are located downstream of the 80th St intake. For the 

purposes of this evaluation, only the 80th St intake was considered as it is the only 

intake able to supply the entire irrigation system. The other intakes service 

individual sub-areas only and face availability limitations first. As such, the critical 

period for the Fraser River source is when the 80th St intake is the only intake in service. 

Freshwater is defined as water having conductivity of less than 400 µS/cm, which is 

the current pumping cutoff level used by the City of Delta. 

Current (2020) conditions for salinity, sea level (City of Delta 2019), and Fraser River 

flows (Environment Canada 2019). Salinity data was provided by the City of Delta for 

the years 2014 to 2018 (City of Delta 2019). 

Modelled future (2050) conditions for sea level and Fraser River flows (Appendix 1). 

The data series of river level and salinity for the Tasker pump station Intake for August to 

October is shown in Figure B. 
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Figure B. Fraser River Level and Salinity at Tasker Pump Station (August to 

October) 

The typical minimum salinity at the 80th St intake is approximately 115 µS/cm. Increasing 

salinity is generally associated with a rising tide, but can also be caused by reductions in 

river flow. Water availability from the Fraser River has previously been expressed in terms 

of a pumping window (hours per day) for different tide and flow conditions (Tetra Tech 

EBA 2016). For the current study, an hourly time series of freshwater availability was 

developed to represent a model “dry year” from July to October to be matched to the 

daily agricultural demand in the water balance model. 

Analysis of the flow data for the Fraser river at Hope (Environment Canada 2019) showed 

that the flow was at or near historic lows for the periods of July and August of 2015 and 

September and October for 2018. Graphs for these two periods are presented in 

Appendix 2. These two periods were blended to create a four-month flow period that 

incorporates the lowest recorded flows. This was deemed to be the current climate 

scenario and the result (Scenarios 1 and 4) is nominally labelled the”2020 year”. For 

modelling the future scenario, the current series of flow, river level and salinity data were 

extrapolated for the expected future climate conditions in 2050. 
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A detailed summary of methodology, assumptions and criteria, and results of 

extrapolation for the future salinity scenarios is provided in Appendix 1. Results of the 

availability evaluation are presented in Figure C.  

Figure C. Modelled Freshwater Availability at Tasker Pump Station Intake for 

Years 2020 and 2050 

Fraser River water availability results are presented in Table H and have been summarized 

in the following two ways: 

1) % availability – percentage of hours in a day or month when salinity is expected to

be below threshold values; and

2) Number of 24 hour closure days per month (i.e. availability is 0/24 hours).
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Table H. Availability Analysis Results 

Supply Scenario Current - 2020 Future - 2050 

Parameters Availability, % of 

hours/month 

Days of 24 

Hour 

Closure 

Availability, % of 

hours/month 

Days of 24 

Hour 

Closure 

July 98% 0 94% 0 

August 81% 0 41% 2 

September 51% 1 7% 9 

October 38% 7 1% 29 

Results of the freshwater availability assessment illustrate that the impact of climate 

change on freshwater availability is significant with respect to both rising sea levels and 

reduced flows in the Fraser River - both these variables contribute to the 

upstream migration of the salt wedge. 

Conclusions for Freshwater Availability 

The Current Supply Scenario (based on 2020 climate conditions) produces partial (intra-

day) salinity closures from mid-August through September, with partial and full closures in 

October.  The Future Supply Scenario (based on projected 2050 climate conditions) 

effectively moves the problem period a month earlier, producing partial closures from 

late July through August, partial and full closures in September, and total closure for 

October. 

4.2 Pumping Capacity Analysis 

Only the Tasker pump station, located at 80th St was considered as an active source of 

supply. The pumping capacity of the Tasker pump station was analysed, considering the 

following: 

1) Performance curves of the pumps (Xylem 2019).

2) Operational data (City of Delta 2019).

3) Three pumps currently installed in a two duty and one standby arrangement, with

space for a fourth pump to be installed at a later date. The existing pumps are one at

100 hp and two at 135 hp, with the fourth is expected to be at 135 hp.

The maximum pumping capacity is shown in Table I. 
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Table I. Pumping Capacity of Tasker Pump Station 

Configuration Status Pumping Capacity 

(m3/day) 

2 x 135 hp pumps running 

(2019 configuration) 

2019 configuration 235,000 

2 x 135 hp + 1 x 100 hp 

pumps running 

Potential operational 

change to realize maximum 

capacity of existing pumps 

337,000 

Add fourth 135 hp pump, 2 x 

135 hp + 1 x 100 hp running  

Designed expansion 

scenario with one 135 hp 

out of service 

337,000 

Add fourth 135 hp pump, 3 x 

135 hp running  

Designed expansion 

scenario with 100 hp out of 

service 

352,000 

Four pumps running Potential arrangement for 

future peak pumping 

capacity 

454,000 

The pumps are all equipped with variable speed drive motors and can ramp their speed 

up or down according to the flow requirements. City of Delta staff (Delta Staff, verbal 

correspondence, October 9, 2019) indicated that the pumps typically run at 80% of

speed, and that they cannot run at the current maximum capacity (235,000 m3/day) 

because the 80th St Canal (defined, for the purposes of this document, as the canal

between the 80th St intake and the Hwy 99 pump station) cannot handle that flow 

volume.  

Conclusion for Tasker Pump Station Capacity 

The current pumping capacity is estimated to be 235,000 m3/day, and the 

ultimate capacity is 337,000 m3/day with the fourth pump installed. The ultimate 

flow rate of 337,000 m3/day has been used for modelling of future flows from the Tasker 

pump station, as this represents the maximum possible flow from the existing 

configuration, and the minimum guaranteed flow if the fourth pump is installed. 

4.3 Canal Conveyance Capacity Evaluation 

The existing canal system was modelled to evaluate the conveyance capacity, and 

identify potential limitations. The water conveyance evaluation comprised the following: 

▪ Assess the maximum hydraulic capacity of the output canal from the 80th St intake

(80th St canal), and compare this to the capacity of the Tasker pump station.
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▪ Evaluate the ability of the entire conveyance system (major canals) to meet the sub-

area demands, using a hydrologic-hydraulic model of the major canals to simulate

steady state supply conditions.

4.3.1 80th St Canal Analysis 

The flow capacity of the 80th St canal was assessed using the Tasker pump station pump 

performance curves, SCADA data, and observations from the City of Delta staff who 

operate the station (Delta Staff, verbal correspondence, 09 October 2019). City of Delta 

staff confirmed that the pump station is currently set up to only run two of the three pumps 

at any time and, even then, the two cannot be run at full capacity as they will overflow 

the upstream end of the 80th St canal.  Thus, the normal maximum pumping rate is equal 

to the effective capacity of the 80th St Canal.  The task is then to determine what that 

pumping rate is. 

The City of Delta staff observe that the pumps typically run at 80% to 85% of maximum 

speed. The capacity range of the pumps, based on the referenced pump curves (Xylem 

2019) running 50 Hz (83% of maximum speed), is summarized in Table J. 

Table J. Pumps Capacity Range 

Pumps in Operation Pumping Capacity (m3/day) 

2 x 135 hp at 60 Hz 235,000 

2 x 135 hp at 50 Hz 190,000 

1 x 100 hp + 1 x135 hp at 60 Hz 219,000 

1 x 100 hp + 1 x 135 hp at 50 Hz 176,000 

On 09 October 2019, the Tasker pump station was observed to be running with 1 x 100 hp 

and 1 x 135 hp, at 50 Hz, for a nominal flow of 176,000 m3/day (Delta Staff, verbal 

correspondence, 09 October 2019). The 80th St canal level was steady at steady 1.19 m, 

which is just below the typical maximum level of 1.2 m. There is an electronic flow 

measurement point at the North Gate (a Langemann style gate) 3.5 km downstream, 

which showed a flow of 147,000 m3/day, with a head loss of 1.55 m from the start of the 

canal. Cranberry growers were known to be extracting water that day, from the canal 

upstream of the North gate, in preparation for harvesting. This extraction is assumed to 

account for the difference in the measured flow rate and the nominal pumping rate. 

Taking into consideration Delta operations staff reports that a maximum of 176,000 

m3/day can be pumped without exceeding the maximum canal water level, a nominal 

canal conveyance capacity of 175,000 m3/day is assumed for modelling purposes. This 

flow capacity is approximately half of the 337,000 m3/day pumping capacity of the Tasker 

pump station. 
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4.3.2 Estimation of Active Storage in Canal System. 

One of the key parameters in modelling the canal irrigation system is the amount of water 

storage in the canals themselves.  This was extensively studied as part of the 2010 Delta 

Irrigation Enhancement Project (CH2MHill, 2010).  That study estimated a total storage of 

2.8Mm3. 

Despite this large storage, not all of the storage volume is available for use to irrigators. 

City of Delta staff (Delta Staff, verbal correspondence, 09 October 2019) indicated that 

before the main canals have even reached half their depth, many irrigators are 

experiencing local failure on the distribution canals.  Some users at specific locations 

experience local failure even when the system is operating at near full storage, if there is 

excess demand on the distribution canals. 

For modelling purposes, an Active Storage volume of 1.5Mm3 has been assumed, equal 

to 53.3% of the total storage.  The level reductions and active storage changes for a 

conceptual conveyance and distribution canal with the same water surface are shown 

in Figure D 

Figure D. Conceptual Canal Cross Sections 

The geometry and elevation of the canals varies throughout the system, and the smaller, 

shallower canals will deplete to failure before the larger deeper ones. As the overall 

system level storage is depleted and the canal levels drop, an increasing number of users 

will experience supply failure and irrigation curtailment.  The proportion of storage at 

which there is deemed to be an unacceptable number of users in curtailment is a level 

of service parameter.  The purpose of proposed system improvements is to maintain 

supply and conveyance such that curtailment is not experienced anywhere.  But given 

the highly variable nature of local canals and pumping rates of irrigators, there is always 

the potential for local failure even when the system is at Full Storage.   
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A sensitivity analysis of the Active Storage volume is conducted as part of the water 

balance model in section 5. 

4.3.3 Steady State Hydrologic/Hydraulic Modelling of the Conveyance System 

The canal system was modelled using XPSWMM software and the base model that was 

developed in 2010 (Diep).  The model was updated for the changed geometry of the 80th 

St canal, and the full discussion of the modelling is contained in Appendix 1. The model 

covers the entire system, including all conveyance and the over 200km of distribution 

canals.  However, analysing the performance of all the distribution canals was outside the 

scope of the Project. It was assumed that in the future scenarios sufficient improvements 

had been made to the distribution system in all sub-areas (including Westham Island) to 

deliver water to the end users. 

The steady state modelling was based on continuous and full supply availability with no 

salinity closures, such that results would illustrate the limitations of the current system’s 

conveyance capacity and canal storage. The demand scenario used was Scenario 4, 

representing the future area (including Westham Island) but with the current climate and 

irrigation practices. This effectively represents asking the question “can the existing 

conveyance canals service an immediate and maximal expansion of irrigated area and 

thus demand?” 

The demand parameter used was the maximum weekly demand, defined as the highest 

value of the 7-day moving average demand. This smooths out the peak individual day 

fluctuations, and these fluctuations are supplied by the canal storage. But it does not 

average over too long of a period, such that the trend is increasing or decreasing, as is 

the case when using a monthly average. For Scenario 4, the peak 7-day demand of 

265,860 m3/day occurred on 25 June, representing the average for the period from 22 

June to 28 June. 

The XPSWMM model was run for the steady state demand of 265,860 m3/day (Scenario 4) 

and the pumping supply set to equal the conveyance limitation of 175,000 m3/day. The 

starting condition was with all canals full, and the sub areas then use water according to 

their respective modelled demands.  Since the total demand exceeds the conveyance 

capacity, the canal storage volume is gradually drawn down.  The point of “failure” is 

deemed to be when the active storage volume of the canals has been depleted.  For 

comparison, the time to depletion is also calculated for a zero supply condition, 

representing a salinity closure or total pump station failure.  Results of the steady state 

water balance for Scenario 4 are provided in Table K. 
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Table K. Results of Steady State Conveyance Analysis (Scenario 4) 

Period Total 

Demand 

(m3/day) 

Supply 

Capacity 

(m3/day) 

Conveyance 

Capacity 

(m3/day) 

 Deficit 

(m3/day) 

Time to 

deplete 

active 

canal 

storage of 

1,500,000 

m3 (days) 

June 22 to 

June 28 

265,860 337,000 175,000 90,860 16.5 

Theoretical 

Salinity 

Closure 

265,860 0 175,000 265,860 5.6 

It should be noted that the Time to Deplete Active Storage does not mean that it will be 

this time before any irrigator runs out of water - there will be local failures of some 

distribution canals well before this time, while other canals, especially the larger 

conveyance canals, will still have usable depth of water. For the modelling exercise, the 

depletion of the Active Storage volume represents when there is an unacceptable -but 

not total- level of local failures.  In this regard it is a Level of Service parameter. 

To answer the question of time to total failure, the model run was continued until the 

canals ran “dry”.  This represents the theoretical case of the demand and supply 

continuing at 265,860 and 175,000m3/day, and continuing until all the 2.8Mm3 of canal 

storage has been extracted, leaving all the canals empty.  The modelled time to reach 

total depletion in Scenario 4 for each of the sub-areas are summarized in Table L. 

Table L. Time to Total Depletion for the Sub-Areas (Scenario 4) 

Sub- Area Tilbury East 

Delta 

North 

East 

Delta 

South 

Ladner West 

Ladner 

South 

Delta 

Westham 

Island 

Days to total 

depletion with 

supply at 

175,000m3/day 

22 28 27 23 25 23 28 

Days to total 

depletion with 

supply at 

0m3/day 

(approximated) 

7.5 9.5 9.2 7.8 8.5 7.8 9.5 
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The results show that under current supply and conveyance conditions, and with the 

existing conveyance capacity 175,000m3/day), the system depletes the active storage in 

16 days, with total depletion occurring at 22 days to 27 days. Under conditions of zero 

supply, the active storage is depleted in 5.6 days, and total depletion between 7 and 10 

days for all sub-areas.  The model showed the upstream areas experiencing failure earlier 

than the downstream ones, as the internal pump stations were “pulling” their peak 

demand through, while the upstream flow was limited by the conveyance capacity.  The 

depletion of the sub-areas can be varied by changing the operation of the internal pump 

stations. An extreme case is if all the internal pumps are shut down, then the upstream 

sub-area of Tilbury receives full supply while all the others fail.  The present operation has 

the downstream sub-areas receiving full supply until the upstream ones fail.   

The time for total depletion is best considered a theoretical result, as many users would 

experience effective failure much sooner due to local depletion of the small distribution 

canals. 

Conclusions from Steady State Conveyance Modelling  

The major conclusions from the steady state conveyance modelling are: 

The 80th St canal poses a severe limitation on the ability of the system to supply future 

peak demand. 

At future peak demand, the active storage (1.5Mm3) is depleted after 16 days and 

total storage (2.8Mm3) depletion occurs after 22 to 28 days. 

Local occurrences of depletion will occur earlier, depending on the specific locations 

and how the pump stations are operated in the depletion scenario. 

Major conveyance improvements are needed to reliably meet the future peak 

demand for Scenario 4. 

Since all Scenarios have a peak demand greater than the conveyance capacity of 

175,000 m3/day, conveyance improvements (or an auxiliary supply) are needed to 

service all scenarios. 

A detailed summary of methodology, assumptions and criteria, and results of the supply 

evaluation is provided in Appendix 1. 

4.4 Alternative Water Supply Sources 

In addition to water supplied from the Fraser River, the following additional water supply 

sources were considered in terms of the volume currently supplied and their potential to 

increase to meet future demands: 

1) Metro Vancouver potable water supply

2) Existing private water sources (e.g. surface water, on-farm storage)

The contributions from the various sources was developed for the agricultural water 

demand modelling in Section 3. The results are summarized in Table M, for the annual total 
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volumes, for Scenarios 1 and 5, which represent the minimum and maximum water 

demand scenarios, respectively.  It is assumed that the other intermediate demand 

scenarios will have a similar proportion for Alternative Water sources.  

Table M. Alternative Water Source Volumes 

Source Scenario 1, Annual Total 

(m3) 

Scenario 5, Annual Total (m3) 

Metro Vancouver Potable- 

Food Processing and other 

1,153,000 1,540,000 

Metro Vancouver Potable- 

Greenhouse Irrigation  

1,846,000 2,460,000 

Private Surface Water 

Licenses 

1,400,000 1,900,000 

Surface water on 112th St 200,000 200,000 

Subtotal Alternative 

Sources for irrigation 

3,446,000 4,560,000 

Fraser River (Includes OFN 

of 2,250,000 m3) 

16,600,000 22,400,000 

Alternative sources as 

proportion of Fraser River 

21% 20% 

Total all sources for 

irrigation  

20,046,000 26,960,000 

Alternative sources as 

proportion of total  

17% 17% 

The demand modelling shows that alternative sources account for approximately 22% of 

the present-day water use and it is assumed these alternative sources will continue to 

provide the same overall proportion of flow in the future. The surface water licenses are 

mostly at the eastern end of the canal service area and cannot meaningfully be used to 

supply water to remaining canal system. It is considered unlikely that these sources can 

be significantly expanded beyond their present proportion. 

The current use of Metro Vancouver potable water is assumed to be primarily for 

greenhouses and food processing purposes, with negligible use for field irrigation.  

The availability of Metro Vancouver potable water as an agricultural water supply is not 

always guaranteed.  Summer drought summer conditions in 2015, 2017, and 2018 have 

led to the imposition of various levels of water restrictions to cope with reduced supply 

situations. 
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In 2017, Metro Vancouver adopted the Drinking Water Conservation Plan (Metro 

Vancouver 2017) which formalised a four-stage schedule for progressive water 

restrictions, according to the water supply conditions.   The stages are summarized in Table 

N. 

Table N. Metro Vancouver Water Restrictions 

Stage Edible Plant Growing Food Processing 

One (May 01 to 

October 15) 

Allowed Allowed 

Two Allowed Allowed 

Three Allowed, conservation 

strongly encouraged 

Allowed, conservation 

strongly encouraged 

Four Prohibited Allowed, but may be 

partially curtailed 

Metro Vancouver determines the water restriction stage based on water supply 

conditions. The only impact to commercial growing operations is during Stage 3 and 4. 

Metro Vancouver expects that the highest stage to be caused by drought conditions 

would be Stage 3, with Stage 4 being contemplated for natural disaster situations. The 

Metro Vancouver Drinking Water Conservation Plan (2017) defines these stages as follows: 

Stage 3 restrictions respond to serious drought conditions, or other water 

shortage, and achieve further reductions in drinking water use by implementing 

a lawn watering ban and additional stricter measures. 

Stage 4 is an emergency stage that limits both indoor and outdoor water uses as 

much as possible to ensure an adequate supply of drinking water for human 

consumption, use in firefighting and to protect the quality of drinking water 

within the water system for public health. Stage 4 is activated based on the rare 

occurrence of a significant emergency, such as an earthquake, flood, wild land 

and interface fire, severe weather, or a prolonged regional power outage that 

causes significant impacts to the water system infrastructure (e.g. damage to 

major water transmission lines, pump stations, or treatment plants). In addition to 

the following outdoor water restrictions, Metro Vancouver could request that 

industrial water users implement voluntary reductions or reschedule production 

processes that consume large amounts of water until Stage 4 is deactivated. 

Metro Vancouver presently has no specific policy regarding the use of potable water for 

greenhouse growing of food or medicinal cannabis crops. However, if there is significant 

increase in demand for potable water for greenhouse growing it is possible that Metro 

Vancouver may look to regulate or limit this use. 
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Conclusions for Alternative Water Sources 

The alternative water sources account for 21% of the total water use, with Metro 

Vancouver potable water being two thirds of this.  If all the water except food processing 

water was to shift to the canal system it would result in a 20 % increase in the annual 

demand on the canal system. 

5 WATER BALANCE EVALUATION 

5.1 Model Methodology 

A water balance model was developed for the canal system.  Its purpose is to match the 

demand scenarios to the supply scenarios, to see if the supply can satisfy the demand.  

The model calculates for each day of the season and specifically takes into account: 

1. The total demand on the canal system (as determined in Section 3.3)

2. The freshwater availability at the 80th St intake (as determined in Section 4.1)

3. The pumping capacity of the Tasker Pump Station (as determined in Section 4.2)

4. The 80th St Canal conveyance capacity (as determined in Section 4.3.1)

5. The Active Storage capacity in the canal system (as determined in Section 4.3.2)

When the demand can be satisfied for the entire season (01 April to 31 October) with no 

irrigation curtailments, then the system is in balance. If the demand cannot be satisfied, 

by the supply and conveyance, then water is drawn down from the active storage.  

Once the active storage is depleted to zero, the system can no longer supply all the 

demand and partial or full irrigation curtailments occur and an irrigation deficit is created. 

This irrigation deficit is the water that would have been used had it been available.  By 

not irrigating this water, a soil moisture deficit is created, and it accumulates until irrigation 

is restored, or the season ends.  

The model results track this deficit, and show the number of days of supply closure and 

partial and full irrigation curtailment.   The model results also identify which are the limiting 

components, and this is used for identifying system improvement options in Section 8.1. 

5.2 Model Results 

The water balance modelling used demand Scenarios 1 though 6, and two scenarios, for 

the Fraser River supply current climate (2020) and future climate (2050).   Demand 

Scenarios 1 and 3 are based on the current climate for demand calculation, so they then 

use the current supply scenario.  Scenarios 2,3,5 and 6 use the future climate for demand 

estimation, and these scenarios also use the future climate supply scenario. 

The model is run for each scenario and the output is a time-series chart for the season 

showing the system performance.  The output chart for each scenario is provided in 

Appendix 3, and a summary of the water balance results is provided in Table O, 
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Table O. Water Balance Results Summary 

Demand Scenario 1 2 3 4 5 6 

Area Current Current Current Future Future Future 

Climate Current Future Future Current Future Future 

Irrigation type Current Current Future Current Current Future 

Fraser River supply Current Future Future Current Future Future 

Maximum 7-day 

demand (m3/day) 

233,418 

(25 

Jun) 

280,814 

(25 Jun) 

208,597 

(25 Jun) 

265,860 

(25 

Jun) 

313,257 

(25 Jun) 

241,040 

(25 Jun) 

24-hour supply

closure (days/year)

8 36 36 8 36 36 

Partial irrigation 

curtailment 

(days/year) 

0 64 31 0 91 44 

Date of first partial 

curtailment 

- 30 Jul 27 Aug - 28 Jun 14 Aug 

Full irrigation 

curtailment 

(days/year) 

0 36 35 0 36 36 

Date of first full 

curtailment 

27 Aug 27 Aug 27 Aug 27 Aug 

Peak Day Irrigation 

Deficit (m3/day) 

0 121,000 

(31 Jul) 

104,000 

(28 Aug) 

0 146,000 

(31 Jul) 

120,000 

(27 Aug) 

Cumulative Irrigation 

Deficit (m3) 

0 4,280,000 2,080,000 0 6,520,000 3,330,000 

Notes: 

1. For all scenarios, the conveyance capacity is limited to 175,000m3/day, and thus the maximum daily 
supply is limited to the same value.

2. Supply closure days are defined as days when salinity at the 80th St intake is above the 400 uS/cm salinity 
threshold for 24 hours.

3. Full curtailment days are defined as days when no water is available for irrigation (i.e. the supply is 

closed, and the canal active storage is depleted).

4. Partial curtailment days are defined as days when some water is available for irrigation, but not enough 
to meet the full demand. These days only occur when the canal storage is depleted and supply is 
available, but it is less than demand. In the case of partial curtailment, some sub-areas will have water, and 
to others will not. Canal storage will not refill under partial curtailment as the water is used as quickly as it is 
supplied. When the supply exceeds the demand, the partial curtailment period ends and the canal storage 

will begin to refill. 
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The numerous occurrences of partial curtailments will result in some parts of the system, 

and thus some users, will experience curtailment while others do not. In this case, it is not 

possible to meaningfully quantify the replenishment period, as it will be different in 

different parts of the system – faster at the top, slower at the far ends. Thus, the results 

reported for partial and full curtailment do not include any allowance for the 

replenishment period. 

Scenario 1 is the current (2020) scenario, and the monthly water balance model results 

for Scenario 1 are provided in Table P 

Table P. Water Balance Results for Scenario 1 

Month Monthly 

Daily 

Demand 

(m3/day) 

Supply 

Closure 

(days) 

Storage 

Life for 

1,500,000 

m3 

(days) 

Partial 

Irrigation 

Curtailment 

(days) 

Full 

Irrigation 

Curtailment 

(days) 

Peak 

Irrigation 

Deficit 

(m3/day, 

date) 

April 580 0/30 2600 0 0 0 

May 39,900 0/31 38 0 0 0 

June 178,900 0/30 8.4 0 0 0 

July 152,900 0/31 9.8 0 0 0 

August 118,200 0/31 12.7 0 0 0 

September 45,700 1/30 32.8 0 0 0 

October 21,500 7/31 70 0 0 0 

Annual 

total 

79,700 8 0 0 0 

The water balance results for Scenario 1, expressed in graphical form, are provided in 

Figure E and the results for Scenarios 1 through 6 are provided in Appendix 3. 
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Figure E. Water Balance Results for Scenario 1 

The chart can be interpreted as follows: 

1. When the Demand (blue line) first exceeds the Supply (green line), then the Canal

Storage (grey dot line) begins to deplete.

2. If the Demand falls below the Supply, then Canal Storage will begin to replenish

3. Once the Canal Storage reaches zero (all active storage depleted) and the

demand is still greater than the supply, then an Irrigation Deficit (red line) is

created.  This represents the “missing water” that was demanded but not supplied

for that day.

4. The Irrigation Deficit is added to that of the previous day, creating the Cumulative

Irrigation Deficit (red dot line). If the demand drops to be less than supply, then

the deficit decreases.

There is a special importance to the Irrigation Deficits for consideration of improvement 

option (supply expansions). They represent an irrigation curtailment because the supply is 

less than the demand and the active storage has been depleted. The primary objective 

of a proposed improvement is to prevent curtailments. The greatest value of the Daily 

Irrigation Deficit, in m3/day, is the target for a conveyance capacity increase, or an 
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auxiliary supply (or both). The greatest value of the Cumulative Irrigation Deficit is the 

target size for additional active storage such as a large centralized storage reservoir.   

The chart for Scenario 1 shows that there was no Irrigation Deficit (curtailments) for the 

entire season, and only several minor depletions of canal storage.  Thus, the system can 

comfortably supply the demand for the current area, climate and irrigation practice. 

Scenario 4 is the future area with the current climate and irrigation practice, representing 

an immediate and maximal expansion and, the monthly water balance model results for 

Scenario 4 are provided in Table Q 

Table Q. Water Balance Results for Scenario 4 

Month Monthly 

Daily 

Demand 

(m3/day) 

Supply 

Closure 

(days) 

Storage 

Life for 

1,500,000 

m3 

(days) 

Partial 

Irrigation 

Curtailment 

(days) 

Full 

Irrigation 

Curtailment 

(days) 

Peak 

Irrigation 

Deficit 

(m3/day, 

date) 

April 640 0/30 2350 0 0 0 

May 43,000 0/31 35 0 0 0 

June 203,200 0/30 7.4 0 0 0 

July 176,500 0/31 8.5 0 0 0 

August 135,700 0/31 11 0 0 0 

September 52,000 1/30 28.8 0 0 0 

October 23,000 7/31 65 0 0 0 

Annual 

total 

90,700 8 0 0 0 

The water balance results for Scenario 4, expressed in graphical form, are provided in 

Figure F. 
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Figure F. Water Balance Results for Scenario 4 

For Scenario 4 – the future area under current climate and irrigation conditions, the water 

balance model shows that the system can supply the demand, but there is very little 

margin for error during July and August.  With the active storage being partially depleted, 

it is likely that local irrigation curtailments are occurring on the distribution canals 

Scenario 5 is the worst-case scenario of future area, future climate and current irrigation 

practice. The monthly water balance model results for Scenario 5 are provided in Table 

R. 
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Table R. Water Balance Results for Scenario 5 

Month Monthly 

Daily 

Demand 

(m3/day) 

Supply 

Closure 

(days) 

Storage 

Life for 

1,500,000 

m3 

(days) 

Partial 

Irrigation 

Curtailment 

(days) 

Full 

Irrigation 

Curtailment 

(days) 

Peak 

Irrigation 

Deficit 

(m3/day, 

date) 

April 20,100 0/30 75 0 0 0 

May 24,200 0/31 62 0 0 0 

June 228,800 0/30 6.6 4 0 112,000 

(29th) 

July 206,500 0/31 7.3 31 0 146,000 

(31st) 

August 158,100 2/31 9.5 29 2 136,000 

(27th) 

September 58,700 8/30 25.5 22 8 108,000 

(2nd) 

October 24,600 26/31 60.1 5 26 74,000 (1st) 

Annual 

total 

36 91 36 

The water balance results for Scenario 5, expressed in graphical form, are provided in 

Figure G. 
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Figure G. Water Balance Results for Scenario 5 

The chart for Scenario 5 shows that Irrigation Deficits (curtailments) occur from June 

through to October.  As expected, the peak deficit (148,000 m3/day) is at the end of July, 

but the peak deficit in June (June 28, 112,000 m3/day) 76% of the peak, and even the 

peak deficit for October (Oct 1, 74,000 m3/day) is still 50% of the July peak. 

Overall, Scenario 5 shows a system that is in partial or full irrigation curtailment from the 28 

June and never recovers.  The peak daily irrigation deficit of 146,000 m3/day shows that 

a the conveyance capacity of the 80th St canal would need to be increased from 175,00 

to 321,000 m3/day to supply the peak day. The cumulative irrigation deficit, at 6.5 million 

m3, shows that going with a storage approach would require a 6.5 million m3 reservoir to 

supply the system for the season.   

5.3 Sensitivity Analysis 

A sensitivity analysis was completed to evaluate the variation in model output when 

varying the OFNs (Operational Flow Needs) and the volume of canal active storage. 

These parameters were selected for the sensitivity analysis given the level of uncertainty 

around their values. For all modelling, the OFNs have been assumed at 15,000 m3/day. 

The sensitivity of the Scenario 5 model results to this parameter was evaluated first by 
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doubling the OFN 30,000 m3/day, and then reducing it to zero. The canal storage volume 

has been assumed at 1,500,000 m3. The sensitivity of the model results on this parameter 

were evaluated by reducing it to 1,000,000 m3. For comparison, Scenario 4 was also run 

with both the OFN increased ad storage reduced. The sensitivity analysis results are 

presented in Table S, with the results being the change in the number of days of partial 

and full curtailment. 

Table S. Water Balance Sensitivity Results 

Demand Scenario  5  5  5  5  5 4 4 

OFN (m3/day) 15,000 

(default) 

30,000  0 15,000  30,000 15,000 

(default) 

30,000 

Active storage 

(Mm3) 

1.5 

(default) 

1.5 1.5 1.0 1.0 1.5 

(default) 

1.0 

Days of supply 

closure (days/year) 

36 36 36 36 36 8 8 

Days of full 

irrigation 

curtailment 

(days/year) 

36 36 36 36 36 0 1 

Days of partial 

irrigation 

curtailment 

(days/year) 

91 94 87 100 103 0 103 

Date of first 

curtailment 

28 Jun 25 Jun 2 Jul 19 Jun 16 Jun None 27 Jun 

The sensitivity results show that if the system is already experiencing curtailments (Scenario 

5), then the minor variations in these parameters do not make a substantial difference to 

the partial and full curtailment periods. 

If the system is in balance but is relying on the active storage to avoid curtailments 

(Scenario 4) then it is sensitive, and adverse changes can quickly tip the system into partial 

curtailment. 

Conclusions from Water Balance Modelling 

Key observations from the water balance results include: 

For the current conditions (Scenario 1) the existing supply can reliably service the 

existing area without experiencing curtailments. 
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If the area is expanded under current conditions (Scenario 4) the existing supply can 

service the increased area, but it is relying on the use of canal active storage for July 

to mid-September.   That makes this scenario sensitive to relatively minor changes in:

a) user demand (increase)

b) length of salinity closures (increase),

c) Operational Flow Needs (increase).

d) The true active storage volume (decrease)

The climate change scenarios (Scenarios 2 and 5), result in partial and full curtailment 

due to both reduced supply availability and increased irrigation demand.  These are 

the two worst case scenarios. 

The climate change and improved irrigation efficiency scenarios (Scenarios 3 and 6) 

result in significant curtailment periods, but less than those of Scenarios 2 and 5. The 

effect of improved irrigation efficiency is a delay in onset of full curtailment by 29 days 

for the current irrigated area (Scenario 3 compared to 2) and 46 days for future 

irrigated area (Scenario 6 compared to 5). 

Partial curtailments are primarily caused by the conveyance limitation of the 80th St 

canal. Even when full supply is available, the conveyance limit prevents supply from 

meeting demand, rapidly drawing down the canal storage until partial curtailment 

occurs. 

The practical manifestation of partial curtailment is that some agricultural operations 

will be able to irrigate, and others will not. This situation favors those who are at the 

upstream ends of canals and sub-areas. The spatial distribution of curtailments will 

vary over the course of the irrigation season and can be partially manipulated by the 

City of Delta based on how much water is pumped at the intermediate pump stations. 

Full curtailments only occur as a result of multi day salinity closures. For all four of the 

climate change scenarios (Scenarios 2, 3, 5, and 6) the system is already in partial 

curtailment (canals at zero active storage) when the salinity closures occur. This results 

in full curtailment the day after the supply is closed. 

Key Conclusions on water balance modelling: 

Without consideration for climate change impacts, (Scenarios 1,4) the existing system 

can supply the current and future areas, but with little safety margin for the expansion 

to include increased irrigated area. 

The current conveyance capacity of the 80th St canal is a significant limitation to the 

operation of the system in all but the current scenario, even when full supply is 

available. 

Climate change results in both increased demand and reduced availability, and the 

existing system experiences months of partial and full curtailment in all climate 

change scenarios. 
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Increasing the efficiency of irrigation only partially mitigates the climate change 

impacts. By reducing peak demand, the occurrence of partial curtailment is reduced, 

but it cannot avoid the full curtailment caused by salinity closure.   

The system sensitivity to varying the operational flow needs and active storage volume 

depends on how close the scenario is to curtailment.  For scenario 1, the system has 

a comfortable supply margin and is not sensitive.  For the climate change scenarios, 

where the system is already in curtailment, it is not sensitive. But for Scenario 4, the 

future area and current climate, the system has a low margin of supply reliability, and 

an adverse change tips it into curtailment.   

The peak Daily Irrigation Deficit for Scenario 5 of 146,000m3/day gives an indication 

of the size of increase needed in supply and conveyance capacity to avoid 

curtailments, if storage is not increased. 

The large size of the Cumulative Irrigation Deficit for Scenario 5 (6,500,000 m3) gives an 

indication of the size of increase needed in active storage to avoid curtailments, if 

supply and conveyance are not increased.  

6 WATER QUALITY CONSIDERATIONS 

6.1.1 Canal Water Quality 

Water quality is an important consideration for agricultural producers. The major quality 

consideration for the Fraser River canal water is salinity, as some crops, such as cranberries 

and tomatoes, are highly sensitive to salinity, and chloride ions in particular (CH2M HILL 

2010). Secondary water quality parameters include: suspended solids, turbidity, pH, 

dissolved metals, alkalinity, hardness, nutrients, dissolved organics, and microbial content 

(potential for viruses, bacteria and parasites to be present in the water).   

The Delta Farmers Institute has been monitoring water quality each summer at various 

locations throughout the system during the month of August, from 2014 to 2019 (DFI 2019). 

The sampling locations are shown in Figure H. 
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Figure H. Water Quality Sampling Locations 2018 

A summary of the results for electrical conductivity, for August 2018, is shown in Figure I. 
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Figure I. Canal System Salinity Data, August 2018 

Figures H and I show that the water pumped into the system at the 80th St intake is typically

the best quality water available to the system. The salinity increases as it moves through 

the system.  With the typical 80th St salinity being 140 µS/cm, and the monitoring points at 

Crescent Slough, Centre Slough and Chilukthan Slough showing salinity in the range of 

300-800 µS/cm, there has been a two to six times increase in salinity.  With the cranberry

threshold being 400 µS/cm (CH2MHill, 2010), irrigation of this crop, and other salt sensitive

crops, is precluded at some locations.

The typical salinity at the 80th St intake (in August) is also below the nominal threshold for 

greenhouse crops of 200uS/cm (CH2MHill, 2010), but is above this level at all downstream 

monitoring points within the canal system.  

The two canals that are primarily drainage canals, Tamboline and Big Slough, exhibit 

much higher salinity than the delivery canals.  

The canal at Watershed Creek and 112th St is under the influence of additional freshwater 

input from local surface sources and its salinity is largely independent of the canal system. 

While chloride is often associated with salt water intrusion either as a result of ocean-

influenced surface flows or groundwater infiltration, stormwater surface runoff can also 
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be a significant source of chloride. The chloride concentrations for the same locations 

and period are shown in Figure J. 

Figure J. Canal System Chloride Concentrations, August 2018 

The canals in drainage mode have the highest chloride concentrations. 

Phosphorus is a nutrient which is applied to agricultural lands and is typically present in 

agricultural surface runoff, and is illustrated in Figure K. 
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Figure K. Canal System Phosphorus Concentrations, August 2018 

Phosphorus exhibits a similar pattern to chloride of elevated concentration within canals 

in drainage mode, except for Centre Slough/80th St. The highly elevated phosphorus 

concentration at this site, but without an elevated chloride concentration, suggests that 

it is heavily influenced by agricultural drainage rather than salt water. The water at 56th St 

shows a similar pattern, but to a lesser extent. 

Conclusions on Water Quality 

The major conclusions to be drawn from the water quality data, for the midsummer period 

of August, are that: 

The Fraser River water quality at the 80th St intake is quite good, and it deteriorates as 

it moves through the canal system.   

The decrease in quality varies by location, and appears to be caused by saline 

groundwater in most places, and agricultural drainage in two specific places. 

In principle, the Fraser River water (at the 80th St intake) is of low enough salinity that it 

could be used for greenhouse crops in place of Metro Vancouver potable water.  But 

in reality, as it moves through the system, the salinity quickly increases beyond the 

point of greenhouse suitability. 
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The salinity increase (and other contamination) of the irrigation water could be 

avoided by the use of a fully piped conveyance and distribution system.   By way of 

example, Metro Vancouver potable water is a fully piped system, and the water 

delivered to the user is of very high quality.  A fully piped conveyance system would 

not be subject to any contamination from saline drainage or agricultural runoff, and 

would thus avoid all the observed quality decreases.  The piped conveyance 

concept is further discussed in Section 8.4.2.   

Future Actions 

Measures should be taken to prevent discharge with high nutrient or organic loading 

from entering the irrigation canals. This is particularly important for point sources of 

discharge from intensive agricultural growing or processing operations.  Elevated 

nitrogen and phosphorus levels can lead to algae blooms and deterioration in water 

quality for downstream users. 

The cause. of the elevated phosphorus levels at Centre Slough/80th St should be 

investigated. 

The Tasker Pumping Station (80th St intake) should be added to the monitoring 

program, as it represents the baseline water quality for the canal water, and all 

downstream locations reflect changes from this baseline. 

Consideration should be given to changing the monitoring program from five weekly 

samples in August, to five monthly samples from May to September.  This would give 

a better picture of how the quality is changing over the course of the season and may 

assist in identifying the underlying causes of the changes. 

Continuous salinity monitoring is recommended for the sampling sites that are at 

monitoring stations connected to the City of Delta SCADA system.  This will enable real 

time mapping of changes in salinity and may help to identify causes and locations of 

salinity changes. 

6.1.2 Fraser River Water Quality at Alex Fraser Bridge 

A new intake near the Alex Fraser Bridge, 4.5km upstream of the 80th St intake, has been 

under consideration since 2010 (CH2M HILL 2010), and is one of the improvement options 

to be evaluated as part of this Project.  The primary motivation for this new intake is lower 

salinity and greater freshwater availability at this location, compared to 80th St.  

The water quality at this location was evaluated to determine the availability of fresh 

water in both current and future climate conditions, with the same method as used for 

the 80th St intake. 

DFI contracted Northwest Hydraulics Consultants (NHC) to establish a river monitoring 

station at Glenrose, approximately 650 m upstream of the Alex Fraser Bridge, and real 

time data from this station is available for the period from August 21 to November 30, 
2018 (NHC 2019).  The data was correlated with the 80th St Fraser River data to 

extrapolate the 
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projected freshwater availability for the 2050 climate change scenario of reduced Fraser 

River flows and sea level rise. 

The methodology and assumptions for this analysis are detailed in Appendix 1. Results of 

the availability analysis are presented in Figure L and compared with the 80th St intake in 

Table T. 

Figure L. Modelled Freshwater Availability at Alex Fraser Bridge. 
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Table T. Modelled Freshwater Availability for 80th St and Alex Fraser Bridge 

Freshwater Availability. 

(% of Hours/month, days of 24hr closure/month) 

Location 80th St (existing intake) Alex Fraser Bridge 

(Glenrose monitoring station) 

Model Year 2020 2050 2020 2050 

July 98%, 0 94%, 0 100%, 0 100%, 0 

August 81%, 0 41%, 2 100%, 0 97%, 0 

September 51%, 1 7%, 9 95%, 0 81%, 0 

October 38%, 7 1%, 29 83%, 0 72%, 0 

Typical salinity during 

freshwater availability 

(µS/cm) 

115 40 

The absence of complete closure days when modelled with this improvement option is 

significant. In October 2018, the 80th St intake experienced a 7-day full salinity closure 

while the proposed intake location near the Alex Fraser Bridge was at 50% daily 

availability. Based on this comparison, an Intake near the Alex Fraser Bridge can be 

expected to have much greater availability than at 80th St.  

The lower salinity of the water at this location is also a significant result. The measured 

salinity at 40 µS/cm is well below the salinity thresholds for both greenhouse crops (200 

µS/cm) and cranberries (400 µS/cm). In fact, it is very close to the reported range of 29-

38 µS/cm for Metro Vancouver potable (Metro Vancouver, 2018) If this water was being 

conveyed and distributed by pipes, and avoiding the observed salinity increases in the 

canals, it could reliably be used by the greenhouse operators (though some other 

treatment, such as filtration and disinfection might still be needed). The piped 

conveyance concept is further discussed in Section 8.4.2. 

The Glenrose monitoring station is 650 m upstream of the Alex Fraser bridge, but is not 

necessarily a suitable location for an intake. The City of Delta is planning for a drainage 

outfall and pumping station 500 m downstream of the Bridge, and has suggested this 

would make a convenient site for an intake and pumping station. This alternate location 

is 1.15km downstream of the Glenrose station, so the water salinity will likely be higher, and 

the freshwater availability lower.  However, it is still approximately 4km upstream of the 

80th St intake and so the salinity behaviour should be significantly better than at 80th St.  

The salinity profile at this site will need to be monitored and compared to 80th St and 

Glenrose to confirm suitability.  
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7 GREENHOUSES AND METRO VANCOUVER WATER SUPPLY 

Presently, all commercial greenhouses use the Metro Vancouver potable water supply. In 

the absence of potable water use restrictions, there is no regulatory need for greenhouses 

to use an alternative source. However, in some circumstances it may be more 

economical to supply water from the Fraser River and reduce potable water costs. 

The major constraint to using canal water for greenhouse operations has been salinity, as 

the major vegetable crops are not salt tolerant. There are also secondary water quality 

concerns regarding the use of non-potable water from the Fraser River including 

suspended solids, turbidity, and bacteria levels. One consideration would be for each 

greenhouse to treat water to make it “fit for purpose”, as each crop may have unique 

water quality requirements. 

A qualitative analysis of example treatment technologies and crop categories is provided 

in Table U. 

Table U. Greenhouse Crop and Water Treatment Options 

Water Source and 

Treatment Option 

Crop Type 

Salt intolerant 

(most greenhouse 

vegetables) 

Salt tolerant 

(some cannabis 

varieties) 

Untreated Fraser River 

Water 

N Maybe1 

Filtration and Disinfection - 

Canal Water  

Maybe2 Y 

Filtration and Reverse 

Osmosis – Canal Water 

Y Y 

Metro Vancouver Potable 

Water 

Y Y 

Notes: 

1. The use of raw water will depend on the specific setup of the greenhouse operation, the irrigation type

and degree of recirculation. Usually some level of filtration is required for any raw water.

2. It may be possible to use treated canal water diluted with potable water, to reduce potable water usage

and still remain below desired salinity thresholds.

The purpose of Reverse Osmosis (RO) is primarily to remove dissolved salts (salinity), but it 

also serves to remove pathogenic microorganisms that may be present in the water. RO 

membranes require pre-filtration to remove suspended solids and turbidity that could 

affect the membrane performance, and they generate a brine reject stream (up to 50% 

of the treated water flow) that requires disposal. Consequently, if salinity removal is 
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required, RO treatment of canal water is highly unlikely to be an economically viable 

option If potable water is available.  

One of the challenges for using the canal water is the variable salinity levels over the 

growing season. For greenhouse growers to switch to using water sourced from the Fraser 

River, it is likely that a pipeline conveyance and distribution system will be required to 

maintain water quality. The canals also serve as drainage conduits, and surface drainage 

and potentially saline groundwater entering the canals could adversely affect water 

quality.  

The greenhouse growers will need to be consulted to confirm water quality requirements 

and determine the technical and economic feasibility of using Fraser River canal water 

or possibly Fraser River water distributed by pipeline as a water source. This would be an 

ideal topic for further study. 

Metro Vancouver presently has no specific policy regarding the use of potable water for 

greenhouse growing of food or medicinal cannabis crops. However, if there is significant 

increase in demand for potable water for greenhouse growing, it is possible that Metro 

Vancouver would look to regulate or limit this use. 

8 IMPROVEMENT OPTIONS 

8.1 Major Supply Improvement Options 

The water balance modelling in Section 5shows that the current system cannot reliably 

supply the increased water demand while simultaneously suffering the reduced supply of 

the future climate change scenarios (Scenarios 2,3,5&6).   Thus, some degree of supply 

improvement is necessary to future-proof the system. A series of major water supply 

improvement options have been developed, modelled and evaluated, resulting in the 

selection of a preferred option. 

8.1.1 Methodology for Developing Improvement Options 

In considering any potential improvement options, it is first necessary to reconsider the 

overall nature of the irrigation system in the light of the water balance modelling results.  

Of greatest importance is to understand the failure modes that occurred, and the 

underlying causes of them. Then the potential improvement options can be identified 

and targeted to address the failure modes. 

There are two primary external drivers on the irrigation system, which are beyond the 

control of the system operator (the City of Delta):

The salinity of the water at the source (intake location).  The salinity increases are 

caused by tidal cycles, sea level rise and decreases in river flow.  This manifests as 

reduced freshwater availability at the intake. 
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The overall water demand. The increased water demand is primarily caused by 

increased irrigation demand, but there can also be changes in Environmental and 

Operational Flow Needs, which contribute to the overall water demand. 

From the point of view of the irrigation system, these two external drivers are where the 

water enters the system -the river intake – and leaves the system – the irrigation 

withdrawals and OFN’s.   

Once the water is within the system, its movement through the system components is 

controlled by the City of Delta, to try to meet the water demand.  The overall system is 

shown schematically in Figure M. 

Figure M. Overall Irrigation System Schematic 

The six water balance scenarios effectively changed the two external drivers over the 

course of the season, according to the conditions of each scenario.  The system 

components then reacted to the external drivers, to try to satisfy the water demand.  The 

results showed that when failure to meet demand occurred, it was one of two modes; 

Partial curtailment.  This occurs when there is one or both of: 

a) not enough system capacity (the System Components) to meet the water

demand, or

b) partial supply closure, reducing the available daily supply.

For either of these situations, supply is still happening, but not keeping up with 

demand.  The difference is made up from active storage, until it is depleted. From this 

point, partial curtailment occurs, because part of the demand is not met. The spatial 

distribution of partial curtailment is likely to be highly localized, with some areas 

receiving full supply and others receiving little or none. 
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Full curtailment.  This occurs only when the supply source is completely closed for days 

or weeks because of salinity closure. Irrigation continues until the active storage is 

depleted, whereupon there is no water remaining in the system and full curtailment 

occurs.  

Accordingly, the two primary outcomes for any proposed system improvement are to 

minimise or prevent these failure modes.    

The underlying cause of the failure modes is that one or more of the system components 

are limiting the ability of the system to meet the demand scenario.  A limiting component 

then restricts the flow to the downstream components, or if it fails completely (e.g. salinity 

closure), then there is zero flow to the downstream components. A limitation or failure of 

one component is initially mitigated by withdrawal of water from active storage, until it is 

totally depleted, whereupon partial or full irrigation curtailment occurs.  

Accordingly, a potential system improvement consists of changing one or more system 

components to raise a capacity limitation. 

The five system components, their limitation modes and potential strategies are listed in 

Table V.  
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Table V. System Components 

System 

Component 

Capacity Variable Limitation/ 

Failure 

Mode 

Improvement  Strategies & 

Examples 

River Intake Freshwater 

Availability(hrs/day) 

Reduced 

or zero 

freshwater 

availability 

Improve availability: 

▪ Add an auxiliary intake at a

location with better availability

(e.g. Alex Fraser Bridge)

Pump Station Flow (m3/day) Demand 

greater 

than flow 

capacity 

Increase pumping capacity; 

▪ Enlarge existing pump station

▪ A new intake location will

come with a new pumping

station

Canals 

(Conveyance) 

Flow (m3/day) Demand 

greater 

than flow 

capacity 

Expand conveyance capacity: 

▪ Enlarge existing canal,

▪ Add a parallel canal or pipe

(forcemain)

▪ Convey water from new intake

to system via different existing

canals (creating a parallel

conveyance canal)

Canals 

(Active 

Storage) 

Volume (m3) Depletion 

to zero 

active 

storage 

Increase Storage; 

▪ Enlarge canals

▪ Add a central reservoir

Canals 

(Distribution) 

- - Not a limiting component* 

* Note: The 200+ km distribution canals were not modelled for this project, due to the

level of detail required.  The supply improvement modelling has assumed that local

capacity improvements will be made to the distribution canals as required, such that

they are not a limiting component.

Table T shows how changing one component can raise the threshold for failure of that 

specific component, but potential failure of other components remains. If two 

components are limiting for a given modelling scenario, changing only the upstream one 
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will leave the downstream one remaining as a limiting component. Similarly, changing 

only the downstream component leaves the upstream as the limiting component.  Thus, 

changes to several components can be combined to prevent multiple failure modes and 

create different Improvement Options.  

This interdependency resulted in six distinct Improvement Options for evaluation: 

Increased conveyance capacity between 80th St and Hwy. 99 pump station. 

Addition of a new intake near the Alex Fraser Bridge, connected to centre of the 

system via means other than the 80th St canal, to create a parallel conveyance. 

Addition of a large storage reservoir near the centre of the system. 

Increased conveyance between 80th St and Hwy. 99 and addition of a new intake 

near the Alex Fraser Bridge, connected to this increased conveyance. 

Increased conveyance between 80th St to Hwy. 99 and addition of a small storage 

reservoir near the centre of the system. 

Increased conveyance between 80th St and Hwy. 99 and increased pumping 

capacity at the Tasker Pump Station. 

The options as initially described are conceptual, and the specific capacity increase of 

components for each option was determined iteratively using the water balance model.  

Thus, the specific capacity increase for each option is one of the output results, along 

with the performance achieved. 

8.1.2 Improvement Options Results 

The functional performance of each Improvement Option was assessed using the water 

balance model, for Scenario 5.  This scenario is the future area, future climate and present 

irrigation practice, and has the highest water demand and the same reduced supply 

availability as all the future climate scenarios.   

The capacities of the four system components - freshwater availability, pumping 

capacity, conveyance capacity and active storage volume - were varied to represent 

the proposed Improvement Option.  In an iterative process, success was deemed to be 

when the modelled improvement option resulted in no partial or full irrigation curtailments. 

Details on proposed improvement options 1 through 6 are provided in the following 

sections. Graphs summarizing the water balance model results for each of the 

improvement scenarios are provided in Appendix 4. 

Option 1 – Increase 80th St Canal Conveyance Capacity 

Concept 

The conveyance capacity of the 80th St Canal is half of the Tasker Pump Station, so 

increasing this to match the pump station it is a logical first candidate for an improvement. 
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Change 

The conveyance capacity was increased to 337,000 m3/day to match the capacity of 

the Tasker Pump Station.  The specific means of the increase – whether to enlarge the 

canal, twin it or use a forcemain – is not modelled, just the increase in capacity.   

Figure N. Improvement Option 1 – Expand 80th St Conveyance Capacity 

Results 

The performance of the improved system, compared to the current system, is shown in 

Table W. 
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Table W. Results for Improvement Option 1 

Existing 

System 

Option 1 Improvement 

Flow Capacity, Tasker PS open  

(m3/day)  

175,000 337,000 162,000 (57%) 

Flow Capacity, Tasker PS  closed 

from excess salinity (m3/day) 

0 0 None 

Days of full supply closure 36 36 None 

Days of partial curtailment 91 6 85 days avoided 

Date of first partial curtailment 28 June 11 Sep Delayed 73 days 

Days of full curtailment 36 32 4 days avoided 

Date of first full curtailment 27 August 30 Sep Delayed 34 days 

Lowest Volume of Storage (m3) 0 0 None 

Increasing the conveyance capacity removes a bottleneck, and the system could meet 

peak demand, provided that full supply was available. After partial supply closures, the 

system refilled the canals much faster than before the improvement, and this avoided 

partial curtailments until mid-September. But the system could not avoid full curtailments 

during October when the supply is completely closed. 

Implications 

Increasing the conveyance capacity alone significantly improves the system reliability for 

all conditions except complete salinity closure – therefore, this improvement option alone 

does not guarantee complete reliability.  For the purposes of Option 1, the intention was 

to only increase the conveyance capacity to match that of the Tasker Pump Station.  A 

further increase in both conveyance and pump station capacity is modelled in Option 6. 

Additionally, while the system provided reliable supply until mid-September, the margin of 

safety was very low for this month. An unusually warm and dry September could tip the 

system into failure. 

Features 

▪ Enables the use of the full capacity of the existing Tasker Pump Station.

Challenges 

▪ Increasing conveyance capacity by expanding the existing canal will not be simple,

due to 17 different road crossings and culverts totaling 850m in canal length, including

three crossings underneath the four lane South Fraser Perimeter Road. In addition the
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connection between the Tasker Pump Station and Perimeter road passes through an 

already congested area with limited room for expansion, due to the built up area.  

There are three potential alternatives: 

▪ A parallel canal along a different alignment, such the west boundary of Burns Bog 
(Option 1A).

▪ A forcemain along a different alignment, such as the west boundary of Burns Bog, or 
underneath the agricultural fields themselves (Option 1B).

▪ A hybrid consisting of a pipeline from the Tasker Pump station to the Perimeter road, 
capable of conveying the full 337,000 m3/day a distance of approximately 1 km, 
placed into the existing canal. Once the pipeline reaches Perimeter Road, the 
pipeline discharges into both the existing canal and a parallel canal constructed 
along the west boundary of Burns Bog  (Option 1C).

▪ All four conveyance modes have their own benefits and drawbacks and will need 
Stakeholder acceptance if Option1 is selected. The key challenge will be land 
acquisition for a parallel canal. 

Costs 

The estimated cost to expand conveyance under Option 1 and it’s variants, to the 

nearest million, are as follows: 

▪ Option 1 - $21,000,000

▪ Option 1A - $36,000,000

▪ Option 1B - $19,000,000

▪ Option 1C - $17,000,000

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

Option 2 – New Intake at Alex Fraser Bridge 

Concept 

The new intake is located near the Alex Fraser Bridge and conveys water via pipeline to 

a location on the downstream side of the Hwy. 99 pump station (centre of the system). 

This avoids the conveyance limitation of the 80th St canal. The conceptual pipe 

alignment could be along either the east or west side of Burns Bog, the key point being 

that the pipe runs to the centre of the system, rather than using a conveyance canal.   

Change 

The system was modelled with additional supply from a new intake near the Alex Fraser 

Bridge, and this water being conveyed to the centre of the system via new, dedicated, 
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pipeline around the east side of Burns Bog to the Hwy 99 Pump Station.  The availability of 

this supply is based on the modelled future salinity profile at the Glenrose monitoring 

station (as discussed in Section 6.1.2 and detailed in Appendix 1). The Tasker pump 

station and 80th St canal continue to operate as the primary supply when fresh water is 

available at the 80th St intake. 

Figure O. Improvement Option 2 – New Intake at Alex Fraser Bridge. 

Results 

Model iterations showed that a minimum flow rate of 50,000 m3/day from an intake near 

the Alex Fraser Bridge was required to avoid curtailments. However, this drew the canal 

storage down to less than 50% for much of the season, giving a low margin of reliability. 

Increasing the supply rate to 75,000 m3/day maintained over 76% canal storage for the 

entire season. 

The performance of the improved system, compared to the current system, is shown in 

Table X. 
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Table X. Results for Improvement Option 2 

Existing System Option 2 Improvement 

Flow Capacity, Tasker PS 

open (m3/day)  

175,000 250,000 75,000 (43%) 

Flow Capacity, Tasker PS 

closed (m3/day) 

0 75,000 75,000 

Days of full supply closure 36 0 100% reduction 

Days of partial curtailment 91 0 100% reduction 

Date of first partial 

curtailment 

28 June None Completely 

Avoided 

Days of full curtailment 36 0 100% reduction 

Date of first full curtailment 27 August None Completely 

Avoided 

Lowest Volume of Active 

Storage (m3) 

0 1,140,000 (6 

July) 

Depletion Avoided 

Additional model runs were made with the supply from Alex Fraser Bridge at greater 

than 75,000 m3/day. At 100,000 m3, the minimum active storage was 90% and greater 

flowrates simply displaced supply from the 80th St intake and produced no additional 

reliability benefit, as at 100,000 m3/day, the system is already providing 100% reliability. 

However, there may be a water quality benefit from the lower salinity water being 

sourced from an intake near the Alex Fraser Bridge. 

Implications 

A new intake near the Alex Fraser Bridge conveying water to the centre of the system can 

provide the required reliability for all demand scenarios.  

The connection must be able to send the water to the centre of the system, for distribution 

to all sub areas.  Connection is also possible via the east end of the Centre Slough canal, 

which would reduce the pipeline length to 8km.  However, this would require reversing 

the flow in this canal and likely a conveyance capacity increase.  An additional 

consideration is that the water quality monitoring (Section 2.5.1) for Centre Slough at 80th 

St showed a substantial increase in water salinity and phosphorus concentration in mid-

August, likely due to agricultural drainage. If Centre Slough is being used for the 

conveyance of the Alex Fraser water, it will be contaminated by this drainage before 

reaching the centre of the system – which may or may not be a problem for downstream 

users.  The piped conveyance all the way to the centre of the system avoids the capacity 

and contamination issue.   
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This modelling used the water quality data from the Glenrose monitoring station upstream 

of the bridge, but a more practical location might be 500m downstream, where the City 

of Delta is building a drainage station. Being further downsteam, the freshwater 

availability will not be quite as favourable as at Glenrose. 

Features 

▪ No improvement required to the 80th St canal

▪ Provides partial redundancy in the event of failure of the Tasker pump station

▪ Higher quality (lower salinity) water

Challenges 

▪ Permitting and siting of a new intake and pump station

▪ Alignment of connection from the proposed intake near the Alex Fraser Bridge to the

centre of the system

An alternative would be to run the pipeline to the intersection of Perimeter Road and the 

80ths Street Canal and have the pipeline discharge into a conveyance canal 

constructed along the west side of Burns Bog. This could be considered Option 2A. 

Costs 

The estimated costs for implementing Option 2 and it’s variant, to the nearest million, are 

as follows: 

▪ Option 2 - $73,000,000

▪ Option 2A - $44,000,000

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

Option 3 – Large Centralized Storage 

Concept 

The concept of a large centralized water storage reservoir was developed to provide a 

third option that was not dependent on either supply or conveyance improvements. The 

concept is to build an engineered storage reservoir that is filled in the winter & spring, by 

pumping from the canals, and releases water back to the system in the summer, as 

required. The storage capacity can be partially refilled in the middle of the irrigation 

season when excess supply is available.  In effect, the reservoir acts as an increase in the 

active storage volume of the canal system. 
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The City of Delta owns a parcel of land, approximately 130 hectares in size (ha) between 

Burns Bog and Hwy. 99, adjacent to the City of Vancouver landfill and located near the 

hydraulic centre of the system. For modelling purposes, water was assumed to be 

released to the output side of the Hwy. 99 pump station (the same location assumed for 

improvement options 1 and 2). The parcel of land has power lines crossing the southern 

portion, leaving approximately 100 ha available for a reservoir.  

Change 

The system was modelled with an increase in the system storage volume from 

1,500,000 m3, to 6,500,000 m3, to reflect the addition of a 5,000,000 m3 storage reservoir. It 

was assumed that the storage reservoir would automatically be refilled during periods of 

excess supply in the summer. 

Figure P. Improvement Option 3 – Large Centralized Storage 
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Results 

Table Y. Result for Improvement Option 3 

Existing System Option 3 Improvement 

Active Storage Volume (m3) 1,500,000 6,500,000 5,000,000 (333%) 

Days of full supply closure 36 0 100% reduction 

Days of partial curtailment 91 0 100% reduction 

Days of full curtailment 36 0 100% reduction 

Date of first access of storage 2 June 2 June No change 

Date of first access of canal 

storage 

2 June 30 Sep Delayed 119 days 

Lowest Volume of Active 

Storage (m3) 

0 780,000 (31 

Oct) 

Depletion Avoided 

The large storage allowed all supply disruptions to easily be handled throughout the 

season.  The storage remaining in the canals was 770,000 m3 at the end of October. 

Implications 

Assuming that a reservoir storage of this size can physically be constructed, it can provide 

the required reliability. The model assumes that the water goes into the during periods of 

excess supply - without this condition, a storage volume greater than the assumed 

5,000,000 m3 would be required. 

Features 

▪ No improvements are required for the 80th St canal

▪ Can provide effectively unlimited volume on any given day (limitation would be the 
capacity of the surrounding canals to distribute the water)

▪ The City of Delta owns both the land for the reservoir and a road right of way for the 
connection from the Hwy 99 Pump Station

▪ Provides complete redundancy in the event of failure of the 80th St pump station or 
canal 

Challenges 

▪ Subsurface conditions may pose challenges for reservoir design and construction (i.e.

soft, organic soils)

▪ Regulatory requirements may pose cost and schedule hurdles (e.g. BC Dam Safety

requirements, International Commission on Large Dams (ICOLD) requirements)

▪ Constraints posed by existing rights-of-way (ROWs) and other existing land users
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▪ Reversing the flow along the entire length of the 80th St canal when the Tasker PS is 
closed and the reservoir is operating

▪ An additional pump station to lift water into the reservoir

▪ Reservoir maintenance requirements (operational costs) 

Costs 

The estimated costs for implementing Option 3, to the nearest million, is $100,000,000. Key 

assumptions and methodology are provided in Appendix 5. 

Option 4 – Increase 80th St Canal Capacity and Connect New Intake From Alex 

Fraser Bridge 

Concept 

This option is comprised of the following improvements, listed in order of assumed 

implementation phasing: 

▪ Increased conveyance between the 80th St intake and Hwy. 99, utilizing Option 1C -

Hybrid

▪ Addition of an intake near the Alex Fraser Bridge

▪ Connection of the new intake near the Alex Fraser Bridge to the parallel 80th St canal

This option takes advantage of the increased 80th St conveyance capacity, and 

reduces the length of the conveyance pipeline from the proposed intake new the 

Alex Fraser Bridge connection from 15.5 km (improvement option 2) to 5.5 km. 

Change 

The conveyance capacity between the 80th St intake and Hwy. 99 was increased to 

337,000m3/day(as per improvement option 1), and the additional supply from the 

proposed intake near the Alex Fraser Bridge was added to convey water to the 80th St 

canal. 
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Figure Q. Improvement Option 4 – Increase 80th St conveyance Capacity and 

Add New Intake at Alex Fraser Bridge.  

Results 

Model iterations showed that an additional supply of 25,000 m3/day from a proposed 

intake near the Alex Fraser Bridge was needed to provide the necessary reliability to avoid 

curtailments. However, this assumed flow rate resulted in canal drawdown to below 50% 

in mid-September and mid-October. Increasing the flow rate to 50,000 m3/day reduced 

the drawdown of canal storage to 77% in mid-September, providing a similar level of 

performance to improvement option 2. For this reason, a flow rate of 50,000 m3/day from 

the new intake was assumed. 
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Table Z. Results for Improvement Option 4 

Table Heading Existing System Option 4 Improvement 

Flow Capacity, Tasker PS 

open (m3/day)  

175,000 337,000 100,000 (57%) 

Flow Capacity, Tasker PS 

closed (m3/day) 

0 50,000 50,000 

Days of full supply closure 36 0 100% reduction 

Days of partial curtailment 91 0 100% reduction 

Date of first partial 

curtailment 

28 June None Completely 

Avoided 

Days of full curtailment 36 0 100% reduction 

Date of first full curtailment 27 August None Completely 

Avoided 

Lowest Volume of Active 

Storage (m3) 

0 1,115,000 (8 

Sep) 

Depletion Avoided 

Implications 

This option provides improved reliability in the late season compared to the conveyance 

increase alone (improvement option 1). The relatively small additional supply volume of 

50,000 m3/day from the new intake reflects the contribution it would make for the duration 

of the irrigation season, and the lower irrigation demands in the late season when this 

would be the only supply available.  

Features 

▪ Provides partial redundancy in the event of failure of the Tasker pump station

▪ Higher quality (lower salinity) water

▪ Ability to phase the implementation of improvements

Challenges 

▪ Alignment of 80th St conveyance improvement

▪ Permitting and siting of a new intake and pump station

▪ Alignment of connection from an intake near the Alex Fraser Bridge to the 80th St

canal
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Costs 

The estimated costs for implementing this solution is estimated to be an additional 

$35,000,000 over and above implementing Option 1, whichever variant of Option 1 is 

selected. The total cost for implementing Option 1C followed by Option 4 would be 

$52,000,000. 

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

Option 5 – Increase 80th St Canal Capacity & Adding Centralized Storage 

Concept 

This option is comprised of the following improvements, listed in order of assumed 

implementation phasing: 

▪ Increased conveyance between the 80th St intake and Hwy. 99

▪ Addition of a centralized water storage reservoir near the centre of the system

(assumed to be smaller than the storage reservoir required for improvement option 3)

Change 

The conveyance capacity between the 80th St intake and Hwy. 99 was increased to 

337,000m3/day (as per improvement option 1), and the system storage capacity was 

increased to reflect the addition of a reservoir.  
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Figure R. Improvement Option 5 – Increase 80th St Conveyance Capacity and 

add Small Centralized Storage.  

Results 

The iterations of the model showed that an additional storage of 1,500,000 m3 was 

required for this option to provide the necessary reliability. 
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Table AA. Results for Improvement Option 5 

Table Heading Existing System Option 5 Improvement 

Flow Capacity, Tasker PS 

Open  (m3/day)  

175,000 337,000 100,000 (57%) 

Flow Capacity (from 

reservoir), Tasker PS  Closed 

(m3/day)  

0 337,000 337,000 

Active Storage Volume (m3) 1,500,000 3,000,000 1,500,000 

Days of full supply closure 36 0 100% reduction 

Days of partial curtailment 91 0 100% reduction 

Days of full curtailment 36 0 100% reduction 

Date of first storage access 25 June 29 July Delayed 31 days 

Date of first canal storage 

access  

28 June 25 Sep Delayed 92 Days 

Lowest Volume of Active 

Storage (m3) 

0 400,000 (31 

Oct) 

Depletion Avoided 

The storage volume steadily decreased over the summer months, and the reservoir itself 

was exhausted on 25 September, with irrigation demands during the month of October 

supplied from the canal storage.  There was 400,000m3 of canal storage remaining at the 

end of October. 

Implications 

This combined option provides improved reliability in the late season compared to the 

conveyance increase alone (improvement option 1). The 1,500,000 m3 storage volume is 

smaller than that considered in improvement option 3, but would still require a 30-ha area 

assuming a 5 m depth. The reservoir sizing could be larger and shallower, or smaller and 

deeper.  The use of a liner to limit saline groundwater intrusion may favour a smaller and 

deeper reservoir.  These factors would need detailed study if this option were to be 

selected. 

Features 

▪ Provides partial redundancy in the event of failure of the Tasker pump station

▪ Can provide effectively unlimited volume on any given day (limitation would be the 
capacity of the surrounding canals to distribute the water)

▪ The City of Delta owns both the land for the reservoir and a road right of way for the 
connection from the Hwy 99 Pump Station 
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▪ Ability to phase the implementation of improvements

Challenges 

▪ Alignment of 80th St canal improvement

▪ Subsurface conditions may pose challenges for reservoir design and construction (i.e.

soft, organic soils)

▪ Regulatory requirements may pose cost and schedule hurdles (e.g. BC Dam Safety

requirements,)

▪ Constraints posed by existing ROWs and other existing land users for conveyance

expansion

▪ An additional pump station to lift water into the reservoir

▪ Reservoir maintenance requirements (operational costs)

Costs 

The estimated costs for implementing this solution is estimated to be an additional 

$51,000,000 over and above implementing Option 1, whichever variant of Option 1 is 

selected. The total cost for implementing Option 1C followed by Option 5 would be 

$68,000,000. 

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

Option 6 – Increase 80th St Canal Capacity & Tasker Pumping Station Capacity 

Concept 

Option 1 showed that when the conveyance capacity of the 80th St canal is matched to 

the Tasker Pump Station (337,000 m3/day), the system performance improves but does 

not achieve full reliability.  The intent of Option 6 is to further increase the capacity of both 

components, until full reliability (zero curtailment) is achieved, without need of a new 

intake or additional storage. 

Change 

1. The pumping capacity of the Tasker Pump Station is increased beyond the 337,000 
m3/day

2. The conveyance capacity between the 80th St canal is increased beyond 337,000 
m3/day 
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Figure S. Improvement Option 6 – X-Large increase of 80th St Conveyance 

Capacity and Increase Tasker Pump Station Capacity.  

Results 

The iterations of the model showed that both capacities need to be increased to 570,000 

m3/day to provide the necessary reliability. 
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Table BB. Results for Improvement Option 6 

Existing System Option 6 Improvement 

Flow Capacity, Tasker PS open 

(m3/day)  

175,000 570,000 395,000 (225%) 

Flow Capacity, Tasker PS closed 

(m3/day) 

0 570,000 233,000 

Active Storage Volume (m3) 1,500,000 1,500,000 1,500,000 

Days of full supply closure 36 0 100% reduction 

Days of partial curtailment 91 0 100% reduction 

Days of full curtailment 36 0 100% reduction 

Date of first storage access 25 June 13 Aug Delayed 59 days 

Lowest Volume of Active 

Storage (m3) 

0 55,000 (31 

Oct) 

Depletion Avoided 

This option works by being able to provide enough flow capacity to rapidly refill the active 

storage after short salinity closures.  Once the supply is closed completely in late 

September, the system supplies the demand using only the canal active storage, which 

is 97% depleted by the end of the season. 

Implications 

This combined option provides improved reliability for the whole season compared to the 

smaller conveyance increase alone (Improvement Option 1). But in late season, it is 

possible that there will be uneven localized demand for the water demand.  If the 

demand is concentrated in certain sub-areas, it is possible that not all the active storage 

can be accessed, as it might be in different sub-areas of the system that cannot flow 

backwards to others.  It might also be possible that the water quality deteriorates to the 

point it is unusable for certain applications, such as cranberries. So while this option is 

theoretically possible, the margin of safety is very low and it will require a lot of detailed 

study required to ensure its viability. 

Features 

▪ No new “greenfield” infrastructure, just major expansion of existing

▪ Provides full reliability that Option 1 does not 

Challenges 

▪ A fourfold expansion of 80th St Canal may not be possible, thus implementation may

require a twin canal or a forcemain.

▪ Tasker pump station will require major expansion or twinning.
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▪ Hwy 99 pump station will require major expansion or twinning.

▪ To handle the very high daily flow rates, expansion of other conveyance canals, and

intermediate pump stations, is likely required.

▪ Uneven local demand in late season might result in localized failures before that

cannot be supplied from the active storage volume.

Costs 

The estimated costs for implementing this solution is estimated to be an additional 

$68,000,000 over and above implementing Option 1, whichever variant of Option 1 is 

selected. The total cost for implementing Option 1C followed by Option 6 would be 

$85,000,000. 

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

Results Summary 

The major results of the improvement options are summarized in Table CC, all modelled 

for demand Scenario 5. 
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Table CC. Improvement Options Results Summary 

Component Improvement Option 

1 2 3 4 5 6 

Flow Capacity, Tasker PS open 

(‘000 m3/day)  

337 275 337 337 337 570 

Flow Capacity, Tasker PS closed 

(‘000 m3/day) 

0 75 337 50 337 570 

Partial Irrigation Curtailment 

(days/year)  

6 0 0 0 0 0 

Date of First Partial Curtailment 11 Sep - - - - - 

Full Irrigation Curtailment 

(days/year) 

32 0 0 0 0 0 

Date of First Full Curtailment 30 Sep - - - - 

Lowest Volume of Active Storage 

(Mm3)  

0, 

26 Jun 

1.14, 

6 Jul 

0.78, 

31 Oct 

1.15, 

8 Sep 

0.4, 

31 Oct 

0.05, 

31 Oct 

Total Costs (Assuming lowest cost 

variant for each option is selected 

in $millions) 

$17 M $44 M $100 M $52 M $68 M $85 M 

Response of the Canal System to Increased Supply 

All the improvement options result in increased supply to the centre of the system, and 

from there the additional water flows to the various sub-areas. The initial supply point in 

the XPSWMM model is at the outlet from the Hwy. 99 pump station. This increased supply 

was incorporated into the XPSWMM model which was then run to observe the system 

behaviour with the increased supply and demand of Scenario 5. The specific change was 

to add a supply point at the outlet of the Hwy. 99 pump station, as all the improvement 

options convey the water to the same point. The results of this modelling are described in 

Section 3.5 of in Appendix 1. The modelling showed that, for steady state conditions, the 

major conveyance canals can handle the increased flow for Scenario 5. 

The one scenario that was not modelled was Option 6, of the increase in pump station 

and conveyance capacity to 570,000 m3/day.  This is a very large increase in the daily 

flow rate of 233,000 m3/day above any of the other options, and it is assumed this would 

require extensive capacity increases to the all the other conveyance canals. 
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8.1.3 Improvement Options Evaluation 

In addition to the results of the water modelling, the Improvement Options were 

evaluated on a qualitative basis to illustrate their comparative advantages and 

disadvantages for a range of considerations relating to their construction and operation. 

Options 4, 5 and 6 can be phased, with the first phase being the 80th St conveyance 

expansion (Option1) and the second phase being the Alex Fraser intake,  storage reservoir 

or additional pump station and conveyance increase.  The evaluation reflects the 

completion of both phases, since the first phase is simply evaluated as Option 1. 

Supply Reliability & Climate Resilience. The performance of the improvement – the 

ability to avoid partial and full curtailments.  Since this is for the future climate change 

scenario, it is effectively a ranking for Climate Change Resilience. 

Non-Climate Qualitative Factors 

▪ Regulatory Requirements – The regulatory authorizations required from various third

parties; government, non-government and private landowners.  The requirements

vary markedly between the options, and the major ones are listed in Table DD.

Table DD. Regulatory Requirements 

Entity Authorization Improvement Option 

1 2 3 4 5 6 

Fisheries & Oceans 

Canada  

River Intake - Y - Y - Y 

BC Ministry of 

Environment 

Water License, 

River Intake 

- Y - Y - Y 

Water License, 

Storage  

Y Y 

Dam Safety 

Regulation 

Y Y 

BC Ministry  of 

Transport 

Highway Crossings Y Y - Y Y Y 

International 

Commission on 

Large Dams 

Registration for 

Storage >3Mm3 

Y 

City of Delta Land Rezoning ? ? 

Overall Ranking Low Med. V. High Med. High Med. 
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▪ Landowner & Rights of Way Requirements.  Rights of way will be needed for crossings

under (or over) any land not owned by the City of Delta.  This includes private land,

provincial and federal land, utility corridors and railroads.

▪ Design & Construction Challenges. Engineering design complexities for items like

highway crossings, river intakes, pump stations, and reservoir design.  Construction

considerations includes crossings of roads, material handling for reservoir walls,

geotechnical considerations.

▪ Energy Consumption (pumping).  The energy required to move the water. All options

see an increase in energy use as they are all moving more water to meet increased

future demand.  But some options will use more energy than others, as water is moved

farther (from new intakes) or higher (into reservoirs).

▪ Operational Flexibility.  The ease by which the operator (the City of Delta) can meet

the needs under various operational conditions, including upset conditions such as

pump station failure.

▪ Construction GHG Footprint.  A relative ranking of the greenhouse gas emissions

related to construction.  This is primarily the amount of earthmoving involved, which is

roughly proportional to the length of canal or pipeline built.  The reservoir options

involve very large volumes of earthmoving, and possibly importing of earth or the use

of synthetic liners.

▪ Operation and Maintenance Cost. For this ranking it is assumed the maintenance

items are the pump stations as medium maintenance and the reservoirs as high

maintenance. Maintenance of new canal or pipe is considered minor by comparison

and has not been included.

Capital Cost.  The estimated cost to implement the project. For two part options (4,5,6)

this cost is for both parts.  Capital costs are comparative only – they should be used

for the purposes of comparison between the proposed improvement options.

A summary of the evaluation of the improvement options evaluation is provided in Table 

EE. The following colour scheme has been used to indicate relative desirability. 

Evaluation V.Poor Poor Fair Good V. Good

The evaluation for the three summary categories are then used to determine the overall 

evaluation 
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Table EE. Improvement Options Evaluation 

Improvement Option 1 2 3 4 5 6 

1. Supply Reliability/

Climate Resilience

Med. V. High High High High High 

Regulatory 

Requirements 

Low Med. V. High Med. High Med. 

Landowner/ ROW 

challenges 

Med. High Low High Med. Med. 

Design & Construction 

Challenges 

Low Med. V. High Med. High. Med. 

Energy Consumption Low Med. High Med Med Low 

Operational Flexibility Low V.High High High High Med. 

Construction GHG 

Footprint 

Low Med. V. High Med . High Med. 

Maintenance Cost Low Med. V. High. Med. High Med. 

2. Non- Climate

Qualitative Ranking

V. 

Good 

Fair V. Poor Fair Poor Fair 

3. Comparative

Capital Cost

$17M $44M $100M $52M $68M $85M 

Ability to Phase No No No Yes Yes Yes 

Overall Evaluation V. 

Good 

Fair Poor Good Fair Poor 

Based on the results of the options evaluation, the best approach appears to be: 

Near-term implementation of Improvement Option 1 – This option provides the 

increased capacity needed to service area expansions, moderate resilience and 

reasonable benefits, easiest implementation and the lowest up-front cost.  

Long-term implementation of Improvement Option 4.  With the phased approach, 

further refinement of the capacity of Option 4 could be made, to reduce costs.  

Option 4 is also more beneficial in terms of water quality, and gives greater flexibility 

for operation.  The performance of the system after implementing Option 1 can be 

studied to determine what capacity for Option 4 is required.   

This strategy allows for the simplest and most affordable option to achieve full reliability 

for service area expansion and near term climate change.   
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8.2 System Expansion to Westham Island 

The proposed expansion of the system to service Westham Island was evaluated. While 

this option can be regarded as a system improvement, it is not a supply expansion option, 

but rather an area expansion.    

Presently, Westham Island is served for irrigation water by a series of fifteen tidal flood-

boxes and one pump station around the perimeter of the island, connected to canals 

that run to the interior of the island. Similarly to the mainland canals, they function as both 

irrigation and drainage canals. Because they are located at the lower end of the Fraser 

River, the water entering the flood-boxes has a higher salinity concentration early in the 

season compared with the upstream intake water. Connecting Westham Island to the 

mainland system would allow for more reliable delivery of irrigation water for the entire 

season, and open up new crop options.   

The question to be answered for this Project is “can the canal system supply enough water 

to reliably service Westham Island under the current and future climate scenarios?” 

The agricultural water demand modelling included Westham Island as a sub-area in all 

the future area scenarios (i.e. Scenarios 4, 5, and 6).  The AWDM results showed that the 

current irrigated area is 362 hectares, and projected a future irrigated area of 468 

hectares.  For the future demand scenarios, Westham Island accounts for 8.7% of the total 

water demand in those scenarios. The modelled water demand for Westham Island is 

summarised in Table FF. 
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Table FF. Modelled Water Demand for Westham Island 

Month Monthly Daily Demand (m3/day) 

Scenario 4 

Future area, current 

climate, current 

irrigation practice 

Scenario 5 

Future area,    future  

climate, current 

irrigation practice 

Scenario 6 

Future area,    future 

climate, future 

irrigation practice 

April 56 58 56 

May 2,434 2,911 2,253 

June 16,377 19,471 14,827 

July 14,053 16,657 14,032 

August 10,499 12,447 10,873 

September 3,221 3,801 3,473 

October 768 904 833 

Annual total 1,450,000 m3 1,720,000 m3 1,417,000 m3 

Maximum 7-day 

demand 

(m3/day) (June 

22-28)

21,824 25,948 19,665 

Peak 7-day 

Demand per 

hectare 

(m3/day/ha) 

46.6 55.4 42 

Volumetric Flow 

Rate (m3/s/ha) 
0.00054 0.00064 0.00049 

As with the modelling of the Improvement Options, Scenario 5 has been used as the 

design basis for modelling a connection to Westham Island. This scenario combines the 

highest water demand with the reduced supply availability from future climate change 

The maximum 7-day demand of 25,948 m3/day equates to an instantaneous flow rate of 

300 L/s (4800 USGPM). 

The water balance modelling of section 5 determined the ability of the canal system to 

supply the total demand, and this resulted in partial and full curtailments in some 

scenarios. The results for the three future scenarios that include Westham are 

summarized in Table GG. 
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Table GG. Modelled irrigation Water Balance Results for Scenarios Including 

Westham Island 

Scenario 4 

Future area, 

current climate, 

current irrigation 

practice 

Scenario 5 

Future area,    

future  climate, 

current irrigation 

practice 

Scenario 6 

Future area,    

future climate, 

future irrigation 

practice 

Partial 

Curt. 

(days) 

Full 

Curt. 

(days) 

Partial 

Curt. 

(days) 

Full 

Curt. 

(days) 

Partial 

Curt. 

(days) 

Full 

Curt. 

(days) 

April 0 0 0 0 0 0 

May 0 0 0 0 0 0 

June 0 0 4 0 0 0 

July 0 0 31 0 0 0 

August 0 0 29 2 16 2 

Septemb

er 0 0 22 8 22 8 

October 0 0 5 26 5 26 

Annual 

total 0 0 91 36 43 36 

Partial curtailment does not necessarily mean that Westham Island is partially or fully 

curtailed, as there will be local variations depending on the local canal storage volume, 

and how the intermediate pump stations are operated. If the downstream areas are 

given priority, then the pump stations can be operated to preferentially move water to 

them, and local failure will occur in the upstream sub-areas first. However, if downstream 

areas are not given priority, then by being “at the end of the line”, Westham will run out 

of water first. 

8.2.1 Alternative Intake Locations 

If Westham Island is serviced from the mainland canal system, then the river water intake 

point will be the 80th St intake and Tasker pump station.  

The alternative of a dedicated intake at Westham Island was also considered.  This would 

require a new intake and pump station, but would avoid the complexity of a connection 

across Canoe Pass, and would not impose any additional water demand on the 

mainland system.    
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In 2018, DFI contracted Northwest Hydraulics Corp to establish river water monitoring 

stations at two locations on Westham Island - Tamboline and the Westham Gun Club, as 

shown in Figure T, and these locations were evaluated as potential intake sites. 

Figure T. Westham Island Potential Intake Locations 

Salinity data collection from the Tamboline and the Gun Club stations commenced on 

July 18, 2018 and ran to Aug 31, 2018 (NHC 2019). The salinity data for the two stations

and the existing Tasker pump station intake at 80th St are presented in Figure U. 
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Figure U. Westham Island and 80th St Water Salinity Comparison 

The salinity data presented in Figure U shows a clear trend of rising salinity for both the 

Tamboline and Gun Club station locations over the entire monitoring period of 18 July 

through 29 August. The only date where the salinity level at all three station locations was 

below the critical threshold of 400 µs/cm was the first day of sampling on 18 July. 

Consequently, both Westham Island intakes are not considered suitable pump station 

intake locations, and connection to the mainland system is the preferred option. 

8.2.2 Conceptual Conveyance Options 

The conveyance to Westham Island from the existing system has been modelled for two 

options: 

1. Conveyance along the existing Mason Canal with a dedicated pump station

extracting water at the west (downstream) end of the canal and sending to a piped

connection across Canoe Pass to Westham Island.

2. A dedicated pump station at the upstream end of Mason Canal, in Chilukthan slough,

with piped conveyance parallel to Mason Canal, going directly to the connection

across Canoe Pass.
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Two optional pump station locations and a possible intake pipe alignment for the 

upstream pump station option are illustrated in Figure V. 

Figure V. Westham Island Pump Station Options 

The XPSWMM modelling of the improvement options (Appendix 1) included the additional 

demand for Westham Island being conveyed via Mason Canal. The modelling results 

suggest that Mason Canal and the upstream canals of Chilukthan Slough and the 

Monastery Ditch, can all handle the increased flows associated with both Westham Island 

and future demand for the other sub-areas.  

Before a decision can be made on the preferred conveyance options, several factors 

should be considered: 

▪ Mason Canal serves as a major drainage canal and when operating in drainage

mode the downstream water may exceed salinity targets.

▪ The increased flow in Mason Canal to service Westham Island may inhibit its

performance as a drainage canal.

▪ A Westham Island pump station at the downstream end of Mason canal could be co-

located with the existing Mason Pump Station.

▪ The existing Mason Pump Station might be suitable for modifying to also serve as the

Westham pump station.

▪ While the modelling indicates there is sufficient hydraulic capacity in Mason Canal,

field verification of the canal conditions should be carried out including (ideally) a
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controlled flow test along the length of the canal to simulate peak demand for both 

the West Ladner and Westham Island sub-areas. 

▪ The alignment for a piped connection needs to be carefully studied - it may be that 
the simplest alignment is along Mason Canal itself.

▪ The piped conveyance option has a potential to serve as the supply for existing users 
and secondary canals along Mason Canal. This would allow Mason Canal to function 
exclusively for drainage.

▪ The concept of piped conveyance is further discussed in section 8.4.2. 

Costs 

The estimated costs for installing a pump station and pipeline at the end of the existing 

Mason Canal is approximately $1.4 M. The estimated costs for installing a pump station 

and pipeline as per Option 2, illustrated in Figure V is approximately $6.5 M. 

Note any costs presented are considered conceptual level only, and carry a contingency 

of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% higher or 30% 

lower than numbers quoted. Key assumptions and methodology are provided in 

Appendix 5. 

8.2.3 Connection to Westham Island across Canoe Pass 

The connection across Canoe Pass to Westham Island was not studied as part of this 

Project.  There are several options for making this connection, including: 

1. A sea-bed pipeline

2. A subterranean pipeline (installed by using horizontal directional drilling)

3. An aerial pipeline attached to the Westham Island Bridge structure

A detailed study is required to assess the regulatory, technical and economic feasibility 

of these and any other connection options.  

At a conceptual level, the costs for running a pipeline across the bridge would be of the 

order of $700,000 where as a directional drill under Canoe pass would be of the order of 

$2.5 M. Note any costs presented are considered conceptual level only, and carry a 

contingency of 25%, and an accuracy range of +50%/-30%. Actual costs could be 50% 

higher or 30% lower than numbers quoted. Key assumptions and methodology are 

provided in Appendix 5. 

8.2.4 Distribution on Westham Island 

Distribution of supplied water on Westham Island was not studied for this Project.  There is 

an existing system of irrigation and drainage canals, but they were developed for 

individual movement of water to and from the ocean, and not as a linked distribution 

network.   

It is likely that some trunk conveyance canals and numerous interconnections of and 

hydraulic adjustments to existing canals, and possibly intermediate pump stations would 
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be needed for effective distribution of water from a single supply point.  This will require 

detailed study before any cost estimates can be made. 

Construction of a piped distribution system is an alternative, especially since the water 

would be arriving to the island via a pipe across Canoe Pass.  This would enable 

independent and simultaneous irrigation and drainage, while preserving irrigation water 

quality.  The concept of piped conveyance and distribution is further discussed in Section 

8.4.2.   

8.2.5 Conclusions for Westham Island 

The major conclusions from this study of providing water to Westham Island are: 

▪ The existing canal system, supplied by the 80th St intake, has enough supply and

conveyance capacity to provide reliable water service to Westham Island, under the

current climate conditions.

▪ Under the future climate conditions, where there is increased irrigation water demand

and reduced supply availability, the supply to the existing area is not reliable and

adding Westham Island to the system reduces the reliability even further.

▪ The hydrologic modelling shows that Mason Canal has the capacity to convey the

Westham island water, but it is recommended that this be verified by a field test.

▪ There are numerous engineering considerations for conveying the water across

Canoe Pass, and distribution within Westham Island.  With the knowledge that there is

sufficient canal water available, the recommended next step is a detailed feasibility

study to look at the conveyance and distribution options.

8.3 Minor Improvement Options 

In addition to the major improvement options described in Section 8.1, several 

minor improvement options were identified but not studied as a part of the Project. 

These options may have the ability to improve the performance of the system but 

were not considered to have potential to solve the supply deficit on their own. 

They are recommended for further study, as they may be used in conjunction with 

the major improvement options. While the benefits of the minor improvement options 

may be scale-limited, they may provide significant value relative to their cost. 

8.3.1 On-Farm Storage 

▪ Decentralized on-farm storage can provide the same function to an individual farm

as a centralized water storage reservoir would to the whole system.

▪ The volume of on-farm storage required will vary according to the farming operation,

but the water balance results can provide an approximate volume.

▪ The water balance results suggest that, in the absence of other improvements, an

additional storage volume of 5,000,000 m3 is required in Scenario 5. For the

approximate future area under irrigation of 5,000 ha, this equates to 1,000 m3 of
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storage per hectare of irrigated farmland, or enough to provide 100 mm of irrigation. 

This would carry that hectare through the future irrigation curtailments predicted for 

Scenario 5.  If the storage reservoir is 5 m deep, it will occupy 200 m2/ha, or 2% of the 

land area. In reality, there would be ancillary loss of land area, such as the 

embankments for a dugout. 

▪ The supply for on-farm storage can be from surface or drainage water collected on

the farm, or canal water during times of full availability, such as April to June.

▪ This is an option not within the control of the City of Delta or DFI, though both can

encourage its implementation.

▪ One specific implementation challenge is that the additional decentralized storage

may become redundant if major improvements are made to the canal system by the

City of Delta. In this case, if land area has been given up for constructing dugouts or

ponds, the value of the land may not be worth the cost of decommissioning the

ponds.

Given the high cost of constructing on-farm storage, and the loss of useable land, this 

option is likely only worthwhile for high value crops.  Presently, most of the on farm storage 

ponds that exist are for cranberry farms.  

8.3.2 On-Farm Groundwater Use 

▪ There may be areas within the Delta irrigation service area where the groundwater

quality is sufficient for irrigation, most likely at the eastern end of the irrigated area.

▪ Low-flow rate groundwater is not a good match for high-rate irrigation (e.g. travelling

guns), but it can be a good match for drip irrigation systems, as the water use

efficiency is high, and the drip zones can be controlled to match the steady 24-hour

production from the well(s).

▪ The areas of useable fresh groundwater are likely to be at the east end of the irrigated

area, which is where the most private water licenses are held

▪ Similar to on-farm storage, on-farm groundwater use suffers the same risk of future

redundancy for the landowner if major improvements are made to the canal system.

8.3.3 An Updated Hydrologic Model 

▪ The XPSWMM model used for this study is based on the model developed in 2010

(CH2MHill, 2010), with some updates for recent conveyance improvements.

However, no updates have been made to the distribution part of the model.

▪ An up to date model, calibrated using the extensive telemetry collected field data, is

a valuable management tool, as it allows simple and fast analysis of alternative flow

management regimes and performance prediction for major and minor physical

improvements.
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8.4 Long Term Planning Options 

In the course of this Project, two potential long-term improvement options were identified 

that were not part of the original project scope, but may be worthy of future 

consideration: 

1. Water metering, and volume based water rates

2. Piped conveyance and distribution

8.4.1 Water Metering 

The present canal irrigation system has flow measurement at certain points on the system, 

but has no measurement of water used by producers.  

Water metering for customers is commonly used in potable water systems, and some 

irrigation systems elsewhere in BC and in other provinces and countries.  It enables three 

major improvements: 

▪ The use of consumption-based rates for producers.  This turns a “flat tax” into a 
variable input cost, which encourages and rewards leakage reduction and efficiency 
in water use.  Thus, water metering is a major way of encouraging changes to better 
irrigation systems as was modelled for the “future irrigation” scenarios 3 and 6.

▪ System mapping of water use.  High and low use areas can easily be identified, as 
can changes in use, for planning of improvements.

▪ Completion of a water inventory.  By comparing metered use with the supplied 
volume, system leakage can be quantified and located. 

For canal based water systems, metering is only practical where there are controlled 

points of extraction from the system, such as individual sluice gates for each property. This 

is not the case with the Delta system, where producers can extract from wherever is 

convenient, often using mobile pumps. 

Implementation of metering is likely only practical for a fully piped conveyance and 

distribution system, where there would then be specific access points for the users, as is 

the case with the potable water system.   

8.4.2 Piped Conveyance and Distribution 

With the exception of some short pipe runs associated with pump stations, and the 

occasional submerged culvert, the existing canal system is an all free water surface, 

gravity flow system.  Canals work well on flat land such as Delta, are easy to construct, 

and are (usually) the most energy efficient way to move water.   

But there are some circumstances where piped conveyance is preferred, particularly 

when there are large elevation differences to overcome, or surface infrastructure 

conflicts, such as buildings and roads.  In developing some of the major supply 

improvement options (Section 3), consideration was given to piped conveyance for: 

Connection of a new intake at Alex Fraser Bridge 
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As an alternative to expanding the 80th St Canal, for increasing the conveyance 

capacity between the Tasker and Hwy 99 pump stations 

Supplying water to, and retrieving water from a storage reservoir 

In addition to handling head changes, there are some other functional benefits of piped 

conveyance. As a thought experiment, if a completely piped conveyance and 

distribution system was built, to service al the existing canal water users, numerous benefits 

can be realized: 

▪ Improved Canal Drainage.  One of the major challenges for the operation of the 
canal system is that there are periods where it is being used simultaneously for 
drainage and irrigation supply. This creates some operational challenges, as the 
optimal way to operate in drainage mode is to have the canals as empty as possible, 
moving the water out at the downstream end as quickly as possible.  But in irrigation 
mode, the optimal way is to keep the canals as full as possible, and move the water 
in at the upstream end as quickly as possible.  If the canals were only being used for 
drainage, their function could be optimized.  This would allow for increase active 
drainage (pumping of water from fields to canals), and earlier starts for field 
operations.

▪ Elimination of Operational Flow Needs (OFNs). Presently, water needs to be pumped 
from the downstream (ocean) end of some canals simply to keep fresh water coming 
in at the upstream end of the canal to minimize the impact of saline groundwater 
infiltration. A piped network would eliminate this need and the associated water 
demand.  The ocean end pump stations would still be operating for drainage 
purpose, but there would no longer be any need to bring in fresh water at the 
upstream end, as the users are being supplied from the pipe.  For this study, the 
assumed OFN accounted for up to 5% of the peak day demand and 10% of the total 
annual demand.

▪ Elimination of evaporative losses. These losses were not estimated for this Project, but 
any area of open water will see some evaporation which not only loses water, but 
increases the salinity of the remaining water by concentration of salts.  Evaporative 
losses will increase with predicted climate change.  The use of pipe conveyance 
would eliminate this loss.

▪ Elimination of seepage losses.  When the canals are running full, in irrigation mode, 
there will be some seepage through unlined canals into the groundwater.  In some 
places, this water will be available to plants in the adjacent fields and so is not a net 
loss.  But in other places, some of the seepage water will be unavailable or unused, 
and represents a loss from the system.  The use of piped conveyance – assuming there 
are no pipe leaks – would eliminate this loss.

▪ Elimination of groundwater infiltration. The water quality monitoring showed that the 
salinity of the canal water increased as it moved through the system, and this is at 
least partially from groundwater contamination. As sea level rises with climate 
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change, so too will the groundwater table and the amount of groundwater infiltration 

into canals.  The use of piped conveyance would eliminate this infiltration.  

▪ Elimination of surface contamination sources.  Being open water, the canals are 
subject to surface water contamination, from stormwater and agricultural runoff.  The 
water quality monitoring showed that in two locations, there is significant agricultural 
nutrient (phosphorus) input into the canal water.  Additionally, all surface waters are 
subject to the risk of contamination by accidental spills, such as oil fuel or other 
material from a vehicle accident or even a train derailment. While the likelihood of 
occurrence is low, the consequences of an occurrence can be high.  The use of 
piped conveyance would eliminate this contamination.

▪ Control of supplied water quality. With a piped system eliminating all the potential 
contamination sources, the salinity of the water delivered to the user should be the 
same as the salinity of the intake water.  This is of particular interest to greenhouse 
growers, as the typical salinity of water at the Tasker pump station, at 140 µS/cm, is 
low enough for greenhouse crops.  The Glenrose station upstream of the Alex Fraser 
bridge, at 40 µS/cm, is almost as low as Metro Vancouver potable water (27-38 
µS/cm).  If a low level of salinity could be reliably delivered, then greenhouses could 
switch from potable to river water for growing purposes (food processing water would 
remain on the potable system). The use of a piped system provides this control over 
salinity.

▪ Ability to meter the water use.  As discussed above in 8.4.1.

▪ Flexibility in conveyance alignments.  Unlike canals, pressure pipelines do not have to 
be at constant gradients, and can more easily go around, above or below various 
obstacles, such as highways.  They do not require any surface land area and can 
even be buried under actively farmed fields. In some cases, it may be possible to 
locate the pipe within the embankment, or under the base, of existing canals, thus 
using the existing right of way.  This gives tremendous flexibility for designing 
conveyance alignments and distribution branches. 

While there are many advantages, piped networks also have some disadvantages; 

▪ High capital cost. The cost of pipe and installation per linear metre can be higher than

an earth canal of the same capacity.  In addition to the cost of the pipe and

installation, greater pumping capacity (higher pressure) is required.

▪ Higher energy consumption and cost.   There is more friction loss moving water through

the pipe so higher pump pressure is required.

▪ No active storage. A piped network effectively has zero active storage, so sudden

increases in demand can cause undesirable pressure drops.  This can be controlled

by using balancing storage reservoirs and variable flow, constant pressure pumping

systems, but both increase the cost and complexity of the system.

▪ Phased works delay some of the major benefits.  To capture all the benefits, the entire

network needs to be piped, or at least entire sub-areas.  For any phased work, the
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initial benefit of separating drainage from irrigation is captured. But the other benefits 

such as water quality control can only be realized if the entire system from the intake 

to the user is piped, or the elimination of OFNs requires piping to the ocean end of 

the canals.  This which may mean a long lead time and large amount of capital 

before these benefits are realized.

Despite the difficulty of phasing the works, this is likely the only practical implementation 

of a piped system, as it spreads the works and costs out over time.  Two conceptual 

phasing strategies present themselves, though more are possible:

a) Phased implementation by sub-area

This strategy breaks the work into seven smaller areas, though each one would still be a 

substantial project.  If a whole area can be put onto piped distribution, then the drainage 

benefits can be realized for that whole area.  Within a sub- area, it may be possible to 

start with selected branches – such as ones that have drainage or supply chokepoints, 

and service these first to resolve the problems.   

This progressive approach captures the drainage benefits, but the supply benefits of 

water quality control cannot be realised until the whole system is piped, from the Tasker 

pump station to the end user. 

b) Phased implementation by major conveyance canals

This approach seeks to first augment the major conveyance canals with pipes, and then 

later progressively extend piped distribution to all properties.  This arrangement resolves 

canal conveyance capacity limitations, and allows the delivery of quality controlled 

water.  Since many of the commercial greenhouses are located on or near the major 

canals, this strategy enables their use of canal water sooner.   

In consideration of the various supply improvements, and service expansion to Westham 

Island, there are four linear components that could be done with piped conveyance as 

an alternative to canal expansions, as shown in Figure W. 
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Figure W. Potential Piped Conveyance Projects 

In considering the locations of these potential piped components, it can be seen that 

they span over half the length of the service area, with a missing link in the middle.  If this 

link were to be filled in, then there would be a piped conveyance system that ran from 

the intake to the west end of the system allowing, allowing for progressive addition of 

further branches.  This conceptual arrangement is shown in Figure X. 
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Figure X. Potential Piped Conveyance System 

This concept would allow independent operation of the conveyance canals for 

drainage.  The piped network could then be progressively expanded to the remaining 

conveyance canals and the nearby distribution canals to facilitate the drainage 

separation. 

This concept would also give control of the river water quality such that it could be used 

for greenhouse growing.  Conveniently, most of the large greenhouses are located 

adjacent or very close to the major conveyance canals, and thus are close to the piped 

conveyance and so could easily connect to the system. 

Conclusions on Piped Conveyance 

A piped network offers the most benefits and highest level of service to the users, but likely 

at the highest cost.  It has many operational improvements over canals for the present 

day, and provides improved protection against climate change impacts on both water 

supply and demand.  It would allow for water metering of all users and can supply river 

water of low enough salinity that it can be used for greenhouse operations.   

A detailed study would be required on the concept of a long-term changeover to a 

piped system. If that became the preferred direction, then the future conveyance 

improvements can be implemented as pipes, facilitating the progressive change. 
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9 SUMMARY OF CONCLUSIONS 

Assessment of Existing Canal System 

The land area currently serviced by the canal irrigation system is estimated at 4027 

hectares and is projected to increase to a maximum of 5767 hectares (including Westham 

Island) by 2050. 

The major supply to the current system is based on the Tasker Pumping Station and 80th 

St Canal. The Canal has 52% of the capacity of the pump station and is presently the 

limiting component in the system. 

Even with the 80th St Canal limitation, the existing system can reliably supply the current 

service area, for current climate conditions.  The fully expanded service area, including 

Westham Island, can also be supplied but with significantly reduced reliability. 

The impact of future climate change is to both increase irrigation water demand and 

reduce freshwater availability in the Fraser River (from reduced flows and sea level rise). 

The existing system cannot reliably supply the current or future areas under climate 

change conditions.   

Improving irrigation efficiency reduces the overall water demand, but not enough to 

make up for the impact of climate change, or of area expansion. 

The salinity of the canal water increases as it moves through parts of the system, and this 

precludes its use for some field crops and most greenhouse crops. 

Potential Improvement Options 

The recommended near term improvement option is an expansion of the conveyance 

capacity of the 80th St Canal, to match the design capacity of the Tasker Pump Station.  

This conveyance increase could be by expanding the canal or installing a pipeline. 

However due to the likely expense of a pipeline, and the space limitations for canal 

expansion, in particular in the built up areas, the most cost effective way to increase 

conveyance is likely a combination of a pipeline from Tasker Pump Station to Perimeter 

Road, and at this point, the pipeline discharges into open channel flow. The open 

channel flow splits into a parallel canal constructed along the west boundary of Burns 

Bog and the original canal. A detailed cost benefit of the variants on implementation of 

Option 1 should be completed before proceeding. Stakeholder buy in for land acquisition 

for the expanded canal will be required. 

The recommended long term improvement option is a new, auxiliary intake near the 

Alex Fraser Bridge, which would be connected to the expanded 80th St conveyance. 
This intake provides greater freshwater availability, even with long term climate change, 

and produces lower salinity water than the present 80th St intake.  

The existing system has sufficient water supply capacity to reliably service an expansion 

to Westham Island, for the current climate. Under climate change conditions, the supply 

improvement option(s) must be implemented to ensure reliable service to both the 

existing area and Westham Island.  Hydrologic modelling of Mason Canal shows that it 

has the capacity to service Westham Island, but this needs to be confirmed by a field 
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test. A pipeline parallel to Mason Canal is an alternative means of servicing Westham 

which has some operational benefits, and is recommended for further study.  Detailed 

study is also needed for options of conveyance across Canoe Pass, and distribution within 

Westham Island. 

The canal system operates as a dual-purpose supply and drainage system.  The concept 

of a piped conveyance and distribution system would separate these functions.  It would 

allow the canals to provide optimal drainage, while the pipe network protects the 

supplied water from salinity contamination. The piped water from the existing (or 

proposed) river intakes may then be below the salinity thresholds for greenhouse and 

other salt sensitive crops. This concept is recommended for further study, and if found to 

be desirable, future conveyance improvements can be implemented as piped projects 

instead of canal expansions, to progressively implement the system.  

10 RECOMMENDATIONS AND NEXT STEPS 

Based on the results of the evaluation of the current system and the improvement options 

evaluation, key recommendations and next steps were identified and described in the 

following sections. 

10.1 Canal System 

Detailed hydraulic and engineering analysis of the 80th St Canal (Tasker to Hwy 99) 

for expansion capability to confirm the most cost-effective Option 1 variant for 

implementation. 

Implementation of increased conveyance capacity of the canal system from Tasker 

Pump station to Highway 99.  

Installation of real-time flow measurements at the major pump stations within the 

system and other appropriate points in the system. 

Continued updating and use of the XPSWMM model (or alternative model platform) 

of the conveyance and distribution system as a management tool.  

A conceptual level study on the concept of long term piped conveyance and 

distribution. 

10.2 River/Intake Monitoring 

In the case that either of improvement options involving a new intake at Alex Fraser Bridge 

(Options 2 or 4) are considered, the following actions are recommended: 

Reinstating multi–depth water column salinity monitoring at the Glenrose Station. 

Implementing multi level salinity monitoring at the drainage station 500m downstream 

of the bridge.  
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Identification of a practical alignment for a future pipeline from the proposed intake 

near the Alex Fraser Bridge around the east side of Burns Bog to the centre of the 

system (specifically for improvement option 2). 

Identification of a practical alignment for a future pipeline from the proposed intake 

near the Alex Fraser Bridge to the 80th St canal (specifically for improvement option 

4).

10.3 Westham Island 

Field flow trial of Mason Canal to confirm ability to handle Westham Island flows. 

Water quality monitoring at the upstream and downstream ends of Mason Canal, 

during the Westham irrigation season. If the downstream water quality is 

unacceptable, a pipe conveyance needs to be considered. 

Analysis of the conveyance options for crossing the river to reach Westham Island – 

seabed, subterranean and bridge-suspended pipes. 

Analysis of distribution options on Westham Island, including a piped and metered 

distribution system. 

10.4 Greenhouses 

A targeted program of data collection on potable water use, carried out in co-

operation with the greenhouse producers. The objective being to determine the 

volume of water being used for growing purposes that could potentially be 

substituted with Fraser River water. 

Investigation of treatment options to improve Fraser River water quality to the level 

required for greenhouse crops. 

Investigation of the potential for cannabis producers to use Fraser River water. This will 

primarily depend on the tolerance of cannabis to salinity, which is expected to be 

higher than for traditional greenhouse crops. 

10.5 Canal Water Quality Monitoring 

Continue the summer canal water monitoring program, but change the monitoring 

period from the present schedule of weekly sampling in August, to monthly sampling 

from May to September.  

Add the Tasker Pump Station and Hwy. 99 Pump Station to the program as sampling 

locations. 

Add continuous electrical conductivity (EC) monitoring at the Hwy 99 Pump Station 

and other SCADA connected pump stations and control gates. 

Consideration should also be given to carrying out a detailed review of the summer canal 

water quality monitoring program to assess the objectives, results and determine if and 

how the results are to be actioned. 
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City of Delta 2013 - 2018 .xlsx, .kmz 
(monitoring 
locations)

No

8 Map clearly showing preferred sub-regions of Delta for the purposes of this irrigation 
study (Delta, East/South Delta, Westham Island)

24-July-2019 Christina Metherall Meeting City of Delta N/A GIS file No

9 LiDAR data 15-July-2019 Haley Massong Email/File 
Transfer

City of Delta 2018 .las files No

10 Cross sectional data for Fraser River N/A N/A N/A N/A N/A N/A No
11 Raw data from the study titled - Modelling Effects of Climate Change and Dredging on 

the Availability of Irrigation Water for Delta Farmers (2016), including salinity, water level, 
and flow time series data at selected locations for different scenarios as presented in 
Chapter 4 of the final report

09-July-2019 Haley Massong Email/File 
Transfer

Delta Farmers 
Institute

2016 - 2017 modelling files No

12 Information on the locations of potable water connections used by producers and 
ideally, get information on consumption (2018 year), too. If not available, at a minimum 
it would be good to get an idea of the locations of potable water connections utilized 
by farm businesses.
Preferences for the varying formats are:
1. Top choice of data format - Locations of potable water connections for agricultural
customers + associated 2018 water consumption in a GIS file
2. Locations of potable water connections for agricultural customers + associated 2018
water consumption in a GIS file
3. List of potable water connections for agricultural customers in a file, identifying
property ID/address (so that I can link to cadastral data)
4. Potable water consumption for agricultural customers aggregated by irrigation sub-
area (e.g. East Delta North, East Delta South, etc. from map in meeting). Ideally, 
identifying how much water is used by greenhouses by sub-area (This format could be 
useful, but is not preferable).

29-Nov-2019 Haley
Massong/Christina 
Metherall

Email/File 
Transfer

City of Delta N/A .xls Yes

13 Delta irrigation system customer data - ideally in a GIS file with attribute data that 
includes business name and any other information that might be related to water use 
such as type of production, type of intake, size of property/irrigated area, etc.

N/A N/A N/A N/A N/A N/A No

14 Cadastre data (City of Delta) 16-July-2019 Haley Massong Email/File 
Transfer

City of Delta 2010 .gdb and other 
GIS compatible 
files, .ecw, .ers

No

15 BC Assessment data (current use) (City of Delta) N/A N/A N/A N/A N/A N/A No

16 Orthophotography (if its possible, then orthophotography for ALUI survey years - 2010, 
2016, and current) (City of Delta)

16-July-2019 Haley Massong Email/File 
Transfer

City of Delta 2001, 2004, 2006, 
2008, 2010, 2012, 
2014, 2016, 2018

.ecw No

City of Delta.gdb (Survey Monument, Rights of Way, Zoning, Legal Parcels) 1) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\File Geodatabase
2) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MG6.5
3) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MGO

N/A - no documents provided. N/A

Orthophotos from various years spanning from 2001 to 2018 (.ecws) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Orthophotos

DFI salinity modelling data: Model result files at select locations P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Delta Farmers Institute Salinity 
Modeling

Delta potable water consumption data P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info

N/A - no documents provided. N/A

spatial data in GIS file and .dwg file format, as well as a .pdf map P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Delta_Subareas_Map

Bare earth (2018) and non-bare earth (date unknown) files P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\LiDAR

N/A N/A

1) Survey files
2) Other City of Delta geodatabase files
3) Raster map
4) Mosaic

1) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Survey_Files
2) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\File Geodatabase
3) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MG6.5
4) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MGO

2010 DIEP study and supporting base model files P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\DIEP_Study_2010

1) Water quality data: Field data and lab test results spanning from 2013 to 2018
2) Ag adaptation data: salinity test results at three pump locations from 2014 to
2018
3) DFI salinity modelling data
4) Salinity data available on Northwest Hydraulics Consultants (NHC) website

1) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\DeltaWaterQualityData.zip
2) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Ag_Adaptation_Data
3) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Delta Farmers Institute Salinity
Modeling
4) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info \Email_Transfer_Correspondance

XPSWMM modelling files P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\DIEP_Study_2010

Geodatabase files and ALUI Results User Guide (pdf document) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\ALUI

Will be populated following Integrated Sustainability requested this model run. TBC

Table 1 - Data Register

Documents Provided Internal Location

Delta Irrigation Enhancement Project (DIEP) Draft Report, DIEP Function Design 
Map Exhibits

P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\DIEP_Study_2010

VP19-DFI-01-00-LOG-PM-DataRegister_20190808
PMT-0003 Rev 0 2019-12-12 | Page 1 



Project Name: Delta’s Future Agricultural Water Supply and Demand Project: Number: VP19-DFI-01-00
Client Name: Delta Farmers Institute Client Project Manager: Foster Richardson

Project Manager: Haley Massong Date: December 12, 2019
Rev: 0

Item 
No.

Requested Items
Date 

Received
Received by Delivery Method Originated by Date Issued

Document 
Format

Action 
Required?

Table 1 - Data Register

Documents Provided Internal Location

17 Delta Irrigation System service - GIS map showing the service area boundaries, or 
properties serviced, Agricultural Water Rates Map (as referenced in BYLAW NO. 7441)

17-July-2019 Haley Massong Email/File 
Transfer

City of Delta 17-Jul-19 .gdb and other 
GIS compatible 
files, .xls

No

18 Zoning (City of Delta) 16-July-2019 Haley Massong Email/Data 
transfer

City of Delta N/A .dwg, .gdb and 
other GIS 
compatible files, 
.ecw, .ers

No

19 Irrigation Water License Area for City of Delta 10-July-2019 Haley Massong Email City of Delta N/A .xls, .tif No
20 Water User Rates Map (as referenced in BYLAW NO. 7441) 17-July-2019 Haley Massong Email/File 

Transfer
City of Delta 17-Jul-19 .gdb and other 

GIS compatible 
files

No

21 Water intake records from 80th st Intake - pump hours and/or actual flow, from 2014 -
2018, daily records if available

12-Jul-2019, 
28-Jul-2019

Haley Massong Email City of Delta 2014 - 2018 .xlsx Yes

22 Any flow measurement at internal points on within the irrigation water supply system - 
calibrated weirs/flumes or pump run hours.  Records 2014-2018

N/A N/A N/A N/A N/A N/A No

23 Information on agricultural operations on Westham Island - size, crop type, current 
irrigation practices, and water sources (if any)

N/A N/A N/A N/A N/A N/A No

24 Appendices from DIEP report N/A N/A N/A N/A N/A N/A No
25 Control philosophy for internal pump stations (other than Tasker) when in irrigation mode 

(not drainage mode).  What are the pump cut in & cut out levels, and are they for the 
intake canal our outlet canal?

Aug-Sept 
2019

Paul Nash Verbal and 
email 
communication

City of Delta N/A Verbal and 
email 
communication

Yes

Notes:
1. Cells in red indicate requested items which have not been received (outstanding).
2. Cells marked with N/A indicate requested items that were not provided due to unavailability.
3. Cells marked with TBD indicate items which have not been requested by Integrated Sustainability as of yet.

N/A - no documents provided. N/A

N/A - no documents provided. N/A
N/A P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info

Delta water bylaw layers for agricultural water rates and user water rates P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\City_of_Delta.gdb.zip

Ag Adaptation Data files - includes salinity data and pump run times from SCADA 
for Tasker and Hwy. 99 pump station

P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Ag_Adaptation_Data

N/A - no documents provided. P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Ag_Adaptation_Data

Delta water bylaw layers for agricultural water rates and user water rates P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\City_of_Delta.gdb.zip

City of Delta.gdb (Survey Monument, Rights of Way, Zoning, Legal Parcels) 1) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Survey_Files
2) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\File Geodatabase
3) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MG6.5
4) P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\MGO

Delta water licence database and map P:\DFI\VP19-DFI-01-00\2.0_Communication\2.5_Client_Supplied_Info\Water_Licenses

VP19-DFI-01-00-LOG-PM-DataRegister_20190808
PMT-0003 Rev 0 2019-12-12 | Page 2 



Table 2 – Agricultural Water Demand Scenarios 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-
Aug 15 

Average 
Daily 

Demand 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-Aug 
15 Average 

Daily Demand 
(m3/day) 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-Aug 
15 Average 

Daily 
Demand 
(m3/day) 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-Aug 
15 Average 

Daily 
Demand 
(m3/day) 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-
Aug 15 

Average 
Daily 

Demand 

 Annual 
Demand 
(m3/year) 

 Month Daily 
Demand 
(m3/day) 

 July 15-
Aug 15 

Average 
Daily 

Demand 
 January -  -  -  0 -  -  
 February -  -  -  0 -  -  

 March 0  0  0  1.043225801 1  1  

 April 112  136  130  174.8423948 199  193  

 May 25,352  30,853  23,378  28331.69775 33,833  26,358  

 June 161,188  196,166  142,872  185130.5633 220,108  166,814  

 July 141,193  171,832  141,135  165462.9437 196,102  165,405  

 August 103,423  125,865  107,770  120827.8199 143,271  125,175  

 September 30,689  37,348  33,722  37081.35691 43,741  40,115  

 October 4,239  5,159  4,686  5184.518718 6,104  5,631  

 November 2,751  3,349  3,349  2751.470986 3,349  3,349  

 December -  -  0 -  -  

 January 1,348  1,641  1,641  1,348.00  1,641  1,641  
 February 3,480  4,235  4,235  3,480.12  4,235  4,235  

 March 6,234  7,586  7,355  17,824.90  19,178  18,946  

 April 8,547  10,402  9,972  13,398.51  15,253  14,824  

 May 11,648  14,175  10,741  13,016.62  15,544  12,110  

 June 14,377  17,497  12,743  16,512.59  19,632  14,879  

 July 16,075  19,563  16,068  18,838.06  22,326  18,831  

 August 15,255  18,565  15,896  17,822.12  21,132  18,463  

 September 11,707  14,247  12,864  14,145.26  16,686  15,302  

 October 6,230  7,582  6,887  7,619.33  8,971  8,276  

 November 3,291  4,005  4,005  3,290.67  4,005  4,005  

 December -  -  -  -  -  -  

January - - - - - -
February -  -  -  0 -  -  

March -  -  -  0 -  -  

April -  -  0 -  -  

May 52  63  63  58.14053279 63  63  

June 9,121  11,100  11,100  10475.30673 11,100  11,100  

July 20,338  24,751  24,751  23833.70161 24,751  24,751  

August 13,480  16,406  16,406  15748.98666 16,406  16,406  

September 1,977  2,406  2,406  2388.329822 2,406  2,406  

October 296  360  360  361.5961204 360  360  

November -  -  -  0 -  -  

December -  -  0 -  -  

Surface Water 
Licenses on 

112th
ANNUAL 222026.4

 19,788,012   209,770 

 1,586,853  24,953 

 2,926,643  16,263 

 1,360,361  21,292  1,618,881  24,962   1,921,029  29,584 

 3,482,815  19,066   4,132,848  22,596  3,413,911  19,059 

Private Surface 
Water Licenses

 14,342,628  151,034  17,454,979  183,809 

  1,392,389   21,301  1,694,537  25,923 

  2,995,547   16,269  3,645,580  19,800 

 Fraser River 
(Ditches) 

 Metro 
Vancouver 

Potable Water 

 14,012,718  150,972   16,675,661  176,996 

 Water Supply 
Source 

 Month 

Water Use (m3)

 16,345,751  176,934 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6

 Current (does not include Westham Island)  Current Area, Irrigation, Future Climate  Current Area, Future Climate, Irrigation  Current Irrigation and Climate, Future Area  Future Area, Climate, Current Irrigation Future Area, Climate, Irrigation



Note: The data within this table, prepared in 2019 predates the decision in 2020 of Canopy Growth to no longer operate within the Study Area. The consequence of this decision is that the greenhouse consumption is likely significantly overstated. 
Greenhouse consumption more than doubled from 2017 to 2019, but with Canopy Growth shutting down in 2020, a large drop is anticipated. This decision was made by Canopy Growth after this analysis was completed, and hence is not included in 
the report. 
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1 Introduction 

Westhoff Engineering Resources, Inc. (Westhoff) has been retained by Integrated Sustainability 
(IS) to undertake hydrologic and hydraulic analyses for the Delta Irrigation System. The analyses 
are in support of the “Delta’s Future Agricultural Water Supply and Demand” study being 
completed by IS for the Delta Farmers Institute (DFI). 

The study is split in two major components, i.e. the water availability study and the irrigation 
infrastructure system capacity study. 

The water availability study is required to identify current and future water availability from the 
Fraser River at two locations of water intake. 

The irrigation infrastructure system capacity study is required to identify current and future 
updates required by the system in order to cover future higher irrigation demands and lower 
freshwater availability. 

1.1 The Problem 

The primary source of water for the Delta Irrigation district is the Fraser River. Currently only 
one water intake (80th street) is being used to pump water from the river into the irrigation 
system. 

Due to minimum water quality standards for certain crops, the availability of the water is not 
continuous at the current intake location. Future prediction of higher sea tides and lower river 
flows are expected to contribute to further shortages of available water from Fraser River. In 
addition, higher irrigation demands are predicted. 

Predictive models are required to identify the magnitude of future shortages and to evaluate 
the suitability of mitigation measures.  

1.2 Scenarios 

In previous phases of the project, many scenarios have been identified and analyzed. The 
scenarios can be classified in the following main categories: 

 Climate Change

 Intake Location

 Irrigation Demand

 Physical capacity of the main components of the irrigation infrastructure system.
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After a review of previous studies and considering the limitations in terms of budget and time, 
IB has defined the following scenarios for the purpose of this study. Scenarios are separated for 
the water availability study and for the irrigation system capacity. 

Climate Change Intake 

Water Availability 
Scenario A Existing 80th Street 

Water Availability 
Scenario B Near term impact 80th Street 

Water Availability 
Scenario C Near term impact Alex Fraser Bridge 

System Capacity Irrigation Demand 

Irrigation System 
Scenario 1 Existing Existing 

Irrigation System 
Scenario 4 

Future Increased Pump 
Capacity Future 

Irrigation System 
Scenario 5 

Future Increased Pump 
Capacity Future 

1.3 Approach 

For the water supply availability predictive model, information from previous studies and 
analysis of actual collected water quality data were used to assemble a simple regression model. 
This model is used to predict current and future availability of water at two diversion points. 
Future conditions are evaluated based on consideration of climate change that are reflected in 
higher sea tides and lower river flows. 

For the assessment of the irrigation infrastructure system capacity, an existing XPSWWM model 
of the system was used. The model was updated to reflect current conditions of main canals. 
The model was used to conduct simulation for current and future irrigation demands.  
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2 Statistical Analysis for Salinity 

2.1 Monitoring Data and Existing Models 

The effects of changes in sea level and river flows due to climate change on salinity distribution 
in the Fraser River were investigated by the Delta Farmers Institute (DFI) in 2016. The 
methodology and results of the investigation completed the Tetra Tech EBA Inc (Tetra Tech EBA) 
are documented in the report “Modelling Effects of Climate Change and Dredging on the 
Availability of Irrigation Water for Delta Farmers” (Tetra_Tech_EBA 2016). 

The availability for irrigation was defined based on a threshold for the salinity of water of 0.34 
parts per thousand, equivalent to a value of conductivity of 400 µS/cm. Water is considered 
suitable for irrigation if conductivity is less than 400 µS/cm. 

The near-term impact of climate change was assessed by considering two low flow values for 
Fraser River (1,000 m3/s and 2,000 m3/s) over a one month fall period. Sea level increase near 
term impact was assessed by considering a sea rise level of 0.3 m. Near-term impact was 
defined for a time frame of 10-25 years. 

As the above-mentioned study was completed based on a modelling exercise, one of the 
recommendations of the report was to implement a salinity monitoring program at the existing 
and/or potential intake locations.  

Water conductivity was collected at the 80th Street intake between 2015 and 2018 on an hourly 
basis. Values of conductivity range between 41 and 2059 µS/cm. It is believed that the upper 
limit is the maximum detection limit of the equipment used for the analysis since it was found in 
10% of the total number of monitored hours and maximum values were expected in the order 
of magnitude of sea water (5,000,000 µS/cm).  

2.2 Predictive Regression Model for Existing Conditions – Scenario A 

Collected data between 2015 and 2018 at the 80th St intake was used to establish a relationship 
between conductivity and river flow and sea water level. While a predictive model is not 
required for the years where actual data was collected, this model is useful for the prediction of 
future conditions. Sea water level measured near the Westham Island was used for the analysis 
instead of river levels at the intake location to make the effect of tidal effect independent of 
river flows. 

Initially a correlation between hourly conductivity as the dependent variable and hourly river 
flow and hourly sea water level as independent variables was considered, but only a very poor 
correlation was obtained. One of the main reasons found for the poor correlation was the fact 
that the upper limit of the conductivity in the collected data appears to be a maximum detection 
limit instead of actual water conductivity. 
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As the objective of the analysis is to identify the number of hours for which suitable water for 
irrigation is available, the dependent variable was defined as the number of hours in one day for 
which conductivity is lower than 400 µS/cm. 

Figure 1 shows the correlation between daily river flow and number of hours for which 
conductivity is lower than 400 µS/cm. 

Figure 1: Hours of Suitable Water as Function of River Flow 

From Figure 1, it is noted that the availability of water meeting the criterion for irrigation is 
always 24 hours when the daily flow is 3,860 m3/s and greater. For flows lower than 3,860 m3/s, 
the trend is that the number of suitable water increases if flow increases, but it has significant 
dispersion. The average flow (red line) for zero hours of availability is 1,005 m3/s. The average 
flow for 12 hours, 18 hours and 23 hours of availability are 1,360, 1,570 and 1,970 m3/s 
respectively. 

Figure 2 shows the correlation between sea water level and number of hours for which 
conductivity is lower than 400 µS/cm. Sea water level is expressed for both maximum and 
minimum sea level during each day of the record.  
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Figure 2: Hours of Suitable Water as Function of Sea Level 

From Figure 2, it is noted that the availability of water meeting the criterion for irrigation is 
inversely proportional to the minimum sea level in one day for availably between 0 and 6 hours. 
For availability greater than 8 hours the difference does not change significantly. The dispersion 
in the data is very high. 

A multivariable correlation was established between hours of availability (dependent variable) 
and river flows and sea water level (as independent variables). For sea water level, maximum 
and minimum values during a day were used. It is noted that the correlation was established 
using the average values (red lines in figures 1 and 2) and therefore the predictions are only 
indicative of expected average values. The dispersion from predicted average values is expected 
to be high. 

The following equation was obtained: 

𝑁𝐻 = 0.016𝑄 + 10.8𝑀𝑖𝑛𝑆𝐿 − 0.28𝑀𝑎𝑥𝑆𝐿 − 41.3 Equation 1 

 Where 
NH: Number of hours in one day for which conductivity is lower than 400 µS/cm 
Q : Daily river flow at Hope in m3/s 
Max SL: Maximum Value of Sea Level during the day in m measured at Westham Island 
Min SL: Minimum Value of Sea Level during the day in m measured at Westham Island 
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Figure 3 shows a comparison between measured number of hours of water availability and 
predicted number of hours using the predictive equation 1. 

Figure 3: Comparison of Final Regression Predictions to Actual Measured Data 

2.3 Application of Predictive Model for Future Conditions – Scenario B 

Equation 1 is used to predict the expected number of average hours of water availability for 
irrigation when the river flow and maximum and minimum sea water levels are known.  

Future conditions were defined based on the scenario near-term impact of climate change 
defined in the “Modelling Effects of Climate Change and Dredging on the Availability of Irrigation 
Water for Delta Farmers” (Tetra_Tech_EBA 2016). Near-term impact was defined for a time 
frame of 10-25 years. 

Figures 4 shows river flows used for the prediction of one typical irrigation season (July to 
October). The information is presented for both existing and near-term impact conditions. 
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Figure 4: Fraser River Flows 

Figures 5 and 6 shows sea water levels for one typical irrigation season (July to October) for both 
existing and future (near-term) conditions. The overall change in the sea water level for future 
conditions is the overall increase of 0.3 m. 



Westhoff 
Engineering 
Resources, Inc. 

Hydrologic Analysis for Delta’s Agricultural Water 
Supply and Demand 

Final Report 
July 13, 2020 

© Westhoff Engineering Resources, Inc. Page 8 
Distribution of this document or any portion thereof is forbidden without approval from Westhoff Engineering Resources, Inc. 
WER 119-40 

Figure 5: Sea Water Levels – July to October 

Figure 6: Sea Water Levels – Three Day Period 
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Figure 7 shows the number of hours of available water for irrigation at the 80th Street intake. 
Results for existing conditions (2020) correspond to collected data (2015-2018). Results for 
future (near-term - 2050) conditions were obtained by applying the predictive model (Equation 
1). 

Figure 7: Number of Hours of Available Water for Irrigation at 80th Street Intake 

The average number of hours of availability for the period July 1 to October 31 is 14.7 hours for 
the existing conditions and 8.6 hours for near term conditions (2050). 

2.4 Application of Predictive Model for Proposed Alex Fraser Bridge Intake – 
Scenario C 

Conductivity data was collected at an alternative intake location, i.e. Alex Fraser Bridge. Data is 
available for the period August 21, 2018 to November 25, 2018. 

A predictive model similar to the one obtained for the 80th Street intake was developed for the 
proposed intake location at Alex Fraser Bridge. Figure 8 shows the results for hours of 
availability at this location for both existing conditions (based on 2018 collected data) and near-
term future conditions (2050) based on the predictive model at this location. 
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Figure 8: Number of Hours of Available Water for Irrigation at Alex Fraser Bridge Intake 

The average number of hours of availability for the period August 21 to November 25 is 22.2 
hours for the existing conditions and 19.6 hours for near term conditions (2050). 
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3 Irrigation District Modelling 

3.1 XPSWMM Model for the System 

The irrigation distribution system was modelled using XPSWMM. The model was assembled 
during the initial phases of the Delta Irrigation Enhancement Project (DIEP) by a CH2MHILL 
(CH2MHILL 2010). XPSWMM is a dynamic hydraulic and hydrologic model used for modelling a 
wide range of systems, including river and floodplain, stormwater, and sanitary systems. The 1D, 
2D, water quality, surface flooding, and real-time control features of the program make it a 
powerful and dynamic tool for hydrologic and hydraulic analysis. 

For this analysis, the hydraulic capabilities of XPSWMM were used to model the system and 
determine its capacity and evaluate its performance under varied demand and supply 
conditions. 

The model schematic is shown in Figure 9. We note that the colors were set by the original 
modelers but are not relevant for the scope of this study.  

Figure 9: Model Schematic 
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3.1.1 General Assumptions 

For the purpose of this exercise, it was assumed water quality at the intake was not an issue. 
Pumps were run at maximum system capacity and at a constant rate. The main intake location 
was modelled to be at the 80th street pump station, and an additional inflow location was 
modelled just downstream of the 99th street pump station for scenario 5 only. All tidal boundary 
conditions and additional inflow and outflow locations were disabled.  

The system was evaluated using the maximum 7-day demands for each district, as calculated by 
our client, and modelled as a constant outflow rate at the locations as shown in Figure 10. For 
districts with multiple demand outflows (Tilbury (TIL), East Delta South (EDS), East Delta North 
(EDN), and Ladner (LAD)) demand rates were divided to be proportional to the area appearing 
to be serviced by each demand point. The divided sub-areas are shown in Figure 11. 

It was also assumed that all future developments (conveyance system from Mason ditch to 
Westham Island, and a system to increase capacity from the 80th street intake to the center of 
the system) can be designed and built to the required capacity.  

3.1.2 Main Channel Assumptions 

All channels as existing in the original XPSWMM model were kept for this study. However, 
verification of geometry and required modifications were only carried out for the three main 
channels - the SFPR Canal, which runs through the past the Tilbury demand district and beside 
part of the Ladner district along SFPR down to the HWY 99 pump station; the East Irrigation 
Canal, which runs from the HWY 99 pump station to the east towards the EDS and EDN demand 
districts; the West Delta Canal, which runs from the HWY 99 pump station first towards the west 
and then to the south towards the South Delta; and the Mason Canal, which runs towards the 
West from the West Delta Canal West through West Ladner and Westham Island.   

Modifications were only made to the 80th street intake channel (from the intake to the SFPR 
connection), SFPR ditch, and East Delta Canal. No modifications were made to the geometry of 
the East Irrigation Canal and Mason Canal in the model. Labels for main channels and location of 
channel geometry modifications are shown in Figure 12. Culverts were only modified along the 
three main distribution channels. Google earth data was used to verify and estimate the 
approximate dimensions of the 80th Street intake channel as needed. All other modifications 
were made based on survey data provided by the City of Delta to ISC.  

Average channel slopes were extracted for all main channels and are as shown in Table 1. 

Table 1: Average Slope for Main Distribution Channels 

Channel Average Slope (%) 
East Delta Canal 0.20 
West Irrigation Canal 0.08 
SFPR Ditch 0.08 
Mason Canal 0.01 
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Main channels were modelled as trapezoidal channels. The average cross section parameters for 
each main channel are given in Table 2. 

Table 2: Average Channel Parameters for Main Distribution Channels 

SFPR East Delta Mason West Delta 
Average Top (Max) Width (m) 3.35 2.50 11.86 2.51 
Average Depth (m) 2.16 2.72 2.73 2.07 
Average Side Slope (H:1) 1.9 1.5 3.3 1.5 
Shape Class Trapezoid Trapezoid Natural (Irregular) Trapezoid 

Manning’s coefficients were not modified and were left as per the original model. Table 3 
summarizes the Manning’s n ranges used for natural and artificial channels, and the 
corresponding expected channel conditions. The four main channels are all primarily natural, 
with only some segments (culverts) comprised of artificial materials.  

Table 3: Manning's Coefficients Used 

Type Characteristics Manning's n 
Min - Natural Channels No or minimal vegetation 0.025 
Max - Natural Channels Sluggish reaches, weeds 0.080 
Min - Artificial Channels Smooth cement or smooth pipe 0.011 
Max - Artificial Channels Corrugated Steel Culvert 0.027 

3.2 Existing Conditions 

3.2.1 System 

System geometry was kept as it was in the original 2010 model received except for some 
sections of the main ditches were updated using topographical data provided by client. No 
additional inflows or ditches were added. 

The existing pumping station has a total maximum capacity of 337 000 m3day (3.9005 cms) but 
is currently run at a maximum of 175000 m3/day, as per the capacity of the main ditch. For all 
scenarios with the current system (scenarios 1 and 4) the 80th street station pump is operated at 
a constant rate of 175000 m3/day, or 2.0255 cms.  
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3.2.2 Areas 

“Current” area includes all sub-areas presently served by the irrigation system: Tilbury, West 
Ladner, South Delta, Ladner, East Delta South, and East Delta North. Westham Island is currently 
not serviced by the irrigation system and is not included in models for current area scenarios.  

All assumptions described in section 4.1.1 were implemented in modelling existing conditions. 

3.2.3 Irrigation Type and Climate 

Irrigation type and efficiency were assumed to reflect existing conditions and are accounted for 
in the demand volumes provided by our client. 

3.3 Future Conditions 

3.3.1 Areas 

Future area scenarios include all currently serviced areas as well as Westham Island. For these 
scenarios it was assumed that a system with adequate capacity can be designed and constructed 
from the west end of Mason ditch to Westham Island. The Westham Island demand was 
modelled as a constant outflow at the west end of Mason ditch.  

3.3.2 System 

The future update to the system modelled is an increase in conveyance capacity from the 80th 
street intake to the center of the system (just downstream of the 99th street pump station). It 
was assumed that this additionally capacity could be created and was modelled in the system as 
a 162 000 m3/day (1.8750 cms) inflow at the node just downstream of the 99th street pump 
station.  

3.3.3 Irrigation Type and Climate 

The impacts of future changes in irrigation type (efficiency) and climate (crop demand) were 
accounted for in the demand volumes provided.  

3.4 Scenarios and Demand 

Conditions for each scenario are given in Table 4 and daily demand values are as shown in Table 
5. 

Table 4: Modelled Scenarios 

Scenario 1 4 5 
Area  Current  Future  Future 
Climate  Current  Current  Future 
Irrigation Type  Current  Current  Current 
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Table 5: Daily Demand 

Scenario 1 
(m3/day ) 

Scenario 4 
(m3/day ) 

Scenario 5 
(m3/day ) 

ESD* 61,660 59,561 70,247 
Ladner 34,993 33,741 40,116 
EDN** 44,754 43,259 50,866 
South Delta 21,737 21,067 24,480 
Tilbury 45,488 43,968 51,708 
West Ladner 24,784 24,005 27,973 
Westham Island - 40,259 47,866 
Total 233,418 265,860 313,257 
% increase from 
Scen.1  0% 14% 34% 

Constant demand rates for modelling were divided by converting all m3/day values to cubic 
meters per second (cms). For example:  

61660 𝑚 /𝑑𝑎𝑦

86400 𝑠/𝑑𝑎𝑦
= 0.7137 𝑐𝑚𝑠 

Constant demand rates all scenarios are shown in Table 6: 

Table 6: Constant Demand Rates 

Scenario 1 
(cms) 

Scenario 4 
(cms) 

Scenario 5 
(cms) 

ESD  0.7137  0.6894  0.8130 
Ladner  0.4050  0.3905  0.4643 
EDN  0.5180  0.5007  0.5887 
South Delta  0.2516  0.2438  0.2833 
Tilbury  0.5265  0.5089  0.5985 
West Ladner  0.2869  0.2778  0.3238 
Westham Island -  0.4660  0.5540 
Total  2.7016  3.0771  3.6257 
% increase from 
Scen.1  0% 14% 34% 

Demand sub-division for sub-areas with multiple demand points (EDS, TIL, LAD, and EDN) 
are shown in Table 7 to Table 10. Division of sub-areas and labels are shown in Figure 11:
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Table 7: Demand Division for East Delta South 

% of Sub-
Area 

Scenario 1 Demand 
(cms) 

Scenario 4 Demand 
(cms) 

Scenario 5 Demand 
(cms) 

EDS1 23.6 0.1684 0.1626 0.1918 
EDS2 29.1 0.2079 0.2008 0.2368 
EDS3 34.4 0.2452 0.2369 0.2794 
EDS4 12.9 0.0922 0.0890 0.1050 
EDS TOTAL 100.0 0.7137 0.6894 0.8130 
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Table 8: Demand Division for Tilbury 

% of Sub-
Area 

Scenario 1 Demand 
(cms) 

Scenario 4 Demand 
(cms) 

Scenario 5 Demand 
(cms) 

TIL1 73.4 0.3866 0.3737 0.4395 
TIL2 26.6 0.1399 0.1352 0.1590 
TIL TOTAL 100.0 0.5265 0.5089 0.5985 

Table 9: Demand Division for Ladner 

% of Sub-
Area 

Scenario 1 Demand 
(cms) 

Scenario 4 Demand 
(cms) 

Scenario 5 Demand 
(cms) 

LAD1 48.3 0.1957 0.1887 0.2244 
LAD2 51.7 0.2093 0.2018 0.2399 
LAD TOTAL 100 0.4050 0.3905 0.4643 

Table 10: Demand Division for East Delta North 

% of Sub-
Area 

Scenario 1 Demand 
(cms) 

Scenario 4 Demand 
(cms) 

Scenario 5 Demand 
(cms) 

EDN1 62.1 0.3215 0.3107 0.3654 
EDN2 37.9 0.1965 0.1900 0.2234 
EDN TOTAL 100.0 0.5180 0.5007 0.5887 

3.5 Model Results 

For all scenarios, in the steady state (or quasi steady state) condition no flooding was found 
along main ditches. For systems 1 and 4, where supply was exceeded by demand the ‘steady 
state’ condition is empty ditches. For system 5, where supply exceeded demand, the steady 
state involved stable flows and water surface elevations in the ditches with spill of excess supply 
at several locations, either in secondary ditches, or at ditch dead ends. No spills were present in 
any main ditches. It is noted, however, that by the time steady state was achieved the system 
had been given time to balance itself and optimize flows and distribution patterns. Given the 
intermittent nature of supply and demand in real-life the system cannot be expected to always 
operate as per steady state conditions in practice. Steady state dynamic plan view results are 
shown in Figure 13 to Figure 15. 
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Figure 13: System East at Steady State - Scenario 5 

Figure 14: System North at Steady State - Scenario 5 
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Figure 15: System West at Steady State - Scenario 5 

It was noted that near the start of simulations, when ditches were assumed to be full or almost 
full, various additional spill points were identified, both in secondary ditches, as well as in 
primary channels. These observations can be explained by noting that the capacity of ditches 
and conveyance structures is affected by downstream and/or upstream water surface 
elevations. In practice, water levels in ditches and the resulting hydraulic conditions may vary, 
causing spills in locations where no problems are present for steady state conditions.  

Figure 18 shows how the change in spills in the system from model initiation, to the end of 
one simulation day, to the steady state condition.  

Figure 16: System East at Simulation Time = 0 - Scenario 5 
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Figure 17: System East at Simulation Time = 1 Day -Scenario 5 

Figure 18: System East at Steady State – Scenario 5 
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4 Conclusions 

The following conclusions are derived from the statistical analysis for salinity: 

 Based on collected data at the 80th Street intake, the average number of hours for a
typical dry year for which water at the intake meets the irrigation criterion (conductivity
lower than 400 µS/cm) is 14.7 hours per day. This average applies for the period July 1
to October 31.

 Based on collected data at the proposed intake location at Alex Fraser Bridge, the
average number of hours for which water at the intake met the irrigation criterion
(conductivity lower than 400 µS/cm) was 22.2 hours per day in 2018. This average
applies for the period August 21 to November 25.

 Predictive models for the average numbers of hours of available water for irrigation
were developed at two intake locations in the Fraser River. The models are considered
suitable as an initial prediction for near-term future conditions of climate change.

 Based on predictive model at the 80th Street intake, the average number of hours for a
typical future dry year for which water at the intake meets the irrigation criterion
(conductivity lower than 400 µS/cm) is 8.6 hours per day. This average applies for the
period July 1 to October 31.

 Based on predictive model at the proposed intake location at Alex Fraser Bridge, the
average number of hours for which water at the intake met the irrigation criterion
(conductivity lower than 400 µS/cm) is 19.6 hours per day. This average applies for the
period August 21 to November 25.

 Given the uncertainties and dispersion found in the analysis, further analyses are
required to support future decisions on intake locations or expansion of the system
capacity.

The following conclusions are derived from the irrigation infrastructure system hydraulic 
modelling: 

 Irrigation demand is expected to increase 34% in the near-term future with respect to
current demand.

 Hydraulic analyses were completed for steady state conditions, in which the water
supply (pumped from Fraser River) is assumed to be constant and equal to the total
demand. The model was run until stable conditions were obtained. It is noted that this
may not be the critical case during the operation of the system and therefore further
analyses are required to identify the critical cases.

 The hydraulic analysis shows that the existing system can handle the existing demands
with no enhancement to the main canals of the system.

 The analysis for future conditions of irrigation demand shows that the system appears
to provide the required capacity via lateral and secondary canals.
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5 Recommendations 

Before making any decisions on location of new intakes or expansion of components of the 
irrigation infrastructure system, the analyses completed and documented in this report need to 
be refined. 

Specifically the following recommendations are provided: 

 The salinity model completed by Tetra Tech EBA and documented in the report
“Modelling Effects of Climate Change and Dredging on the Availability of Irrigation  
Water for Delta Farmers” should be calibrated using the information on conductivity
collected between 2015 and 2018.

 The XPSWMM model for the irrigation system should be updated using as-built
information for the entire system. Simulations for system enhancement should be
completed for long term periods of time (continuous simulations) in addition to steady
state analyses. 
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Appendix 2 – Fraser River Flow Data 



Philosophy for Salinity Modelling 
The salinity modelling of the Fraser River for the present day (2020) modelling begins with analysis of the flow patterns from 2014 to 2019. 
These years were selected as they are the years of operation of the Tasker Pump Station, where there has been continuous SCADA 
collection of real time data for river level and salinity. Real time data for the Fraser River flow is available from Environment Canada for 
the same period. 

The summers of 2015 and 2018 were very dry and led widespread water restrictions in southern BC. By selecting the periods from these 
two years that are closest to the historic low flows of the Fraser River, a blended year scenario can be constructed. This will then be 
combination of periods that have real time data for river flow, river level and salinity. This can then be the basis for extrapolating salinity 
results for the future (2050) scenario with increase sea level and reduced river flows.  

The monitoring station used is the Fraser River at Hope (Environment Canada Station 8FM005) (2019). For the year 2015, the flow 
(discharge) from mid-July to late August is the historic minimum. For the year 2018, the flow in September and October is below the 
median and close to the historic lows. 

For modelling purposes, the period of July and August 2015 and September and October 2018 have been combined to form the model 
year for 2020. This data has then been used by Westhofff Engineering Resources Inc. to extrapolate for the expected future (2050) 
conditions. 



Fraser River Flow at Hope, BC, 2015 (Environment Canada 2019) 



Fraser River Flow at Hope, BC, 2015 (Environment Canada 2019) 



Appendix 3 – Water Balance Model Results 



Water Balance Results for Existing System with No Improvements 
Demand Scenario 1 2 3 4 5 6 

Area  Current  Current  Current  Future  Future  Future 

Climate  Current  Future  Future  Current  Future  Future 

Irrigation Type  Current  Current  Future  Current  Current  Future 

FW availability  Current  Future  Future  Current  Future  Future 

Max 7-day total demand 
(m3/day) 

233,418 280,814 208,597 265,860 313,257 241,040 

Tasker pump station capacity 
(m3/day) 

337,000 337,000 337,000 337,000 337,000 337,000 

80th St conveyance capacity 
(m3/day) 

175,000 175,000 175,000 175,000 175,000 175,000 

Active storage m3 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000 1,500,000 

Minimum active storage during 
season (m3) 

1,106,000 

(7 July) 

0 

 (7 July) 

0 

(28 Aug) 

317,000 

 (9 July) 

0 

(28 Jun) 

13 Aug 

(31 Oct) 

Days of supply closure (days/year) 8 36 36 8 36 36 

Days of partial curtailment 
(days/year) 

0 64 31 0 91 44 

Days of full curtailment 
(days/year) 

0 36 35 0 36 36 

Notes: 

1. Scenarios 4, 5, and 6 include demand for Westham Island.
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Appendix 4 – Improvement Option 

Evaluation Results 



Table 2: Water Balance Results for All Improvement Options (Demand Scenario 5) 
Improvement Option 1 2 3 4 5 6 

Area Future Future Future Future Future Future 

Climate Future Future Future Future Future Future 

Irrigation Type Current Current Current Current Current Current 

Freshwater availability Future Future Future Future Future Future 

Max 7-day demand (m3/day) 313,257 313,257 313,257 313,257 313,257 313,257 

Tasker Pump Station capacity 
(m3/day) 

337,000 235,000 235,000 337,000 337,000 570,000 

80th St conveyance capacity 
(m3/day) 

337,000 175,000 175,000 337,000 337,000 570,000 

Alex Fraser Bridge supply (m3/day) 0 75,000 0 50,000 0 0 

Total conveyance capacity 
(m3/day) 

337,000 250,000 337,000 337,000 337,000 570,000 

Active storage volume (m3) 1,500,000 1,500,000 6,500,000 1,500,000 3,000,000 1,500,000 

Minimum active storage during 
season (m3) 

0 

(25 Sep) 

1,144,000 

 (6 July) 

777,000 

(31 Oct) 

1,150,000 

 (8 Sep) 

403,000 

(31 Oct) 

55,000 

(31 Oct) 

Days of supply closure (days/year) 36 0 0 0 0 0 

Days of partial curtailment 
(days/year) 

6 (10 Sep) 0 0 0 0 0 

Days of full curtailment (days/year) 32 (26 Sep) 0 0 0 0 0 

Notes: 

1. Scenarios 4, 5, and 6 include demand for Westham Island.
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1 PROJECT OVERVIEW

The British Columbia (BC) Agriculture & Food Climate Action Initiative (CAI) and its
partners, which collectively form the Delta Agriculture Adaptation Working Group
(DAAWG), are undertaking a project to assess the current and future capacity of the
agricultural water supply within the City of Delta (Delta) under changing climatic
conditions and to evaluate system improvement scenarios (the Project). The Delta
Farmers Institute (DFI), in partnership with CAI, is administering the Project, and DFI has 
retained Integrated Sustainability as their consultant to conduct the assessment

Integrated Sustainability have been engaged to support Delta Farmers Institute (DFI) in
this project. A part of this project is a conceptual level assessment of costs for
implementing the improvement options identified in the study to inform decision making.

This document records the key assumptions and methodology used to assess the costs for
implementation of the improvement options.

2 BASIS OF ESTIMATE

2.1 Estimate Purpose

Integrated Sustainability’s scope of work includes an assessment of conceptual level
improvements that could be implemented to the existing supply and distribution
infrastructure used by the Delta Farmers Institute members and operated by the City of
Delta. A component of the assessment includes examining costs associated with various
improvement options, so that decision making can be made with respect to which
options to pursue.

The purpose of this Basis of Estimate (BOE) is to outline the rationale and assumptions used
to complete the estimate.

2.2 Scope of Work

The scope of work covers the preparation of factored cost estimates based on the
conceptual level solutions that have been proposed for implementing improvements to
the supply and distribution system. There were 6 improvements options some of which
have multiple sub variants that are considered.

2.2.1 Accuracy

Given that these are conceptual level ideas, the accuracy can be considered to be no
better than +50 / - 30%.

2.2.2 Contingency

All estimates provided carry a contingency of 25% given the level of definition is so low.
No additional costs for scope creep, development or changes have been included.



2.2.3 Allowances 

No allocation of allowances for equipment, commodity materials, and associated labour 
to account for detailed design changes, project development have been included. 

All costs reported in Canadian Dollars (CAD) have been developed on a current first 
Quarter 2020 basis. Escalation has been excluded. 

2.3 Methodology 

2.3.1 Major Improvement Options 

Option 1 – Expanded Conveyance from Tasker Pump Station to Highway 99 Pump 
Station 

Option 1 costs consider 4 variants of expanding the conveyance capacity of the existing 
canal from 175,000 m3/day by an additional 165,000 m3/day, from Tasker Pump Station to 
Highway 99 Pump Station. 

The following table outlines what was included for each variant of option: 
Table A – Summary of Inclusions in Cost Estimate 

Items Included 

Option Option Description Earthworks to 

expand / 

build canal 

Road 

Crossings 

New Pipeline 

Option 1 Expand the existing canal 7 km of 

expansion 

~900 m of 

road crossings 

and culverts 

N/A 

Option 1A Expand the existing canal, 

run parallel to west side of 

Burns Bog 

~ 1 km of 

expansion, 

~ 6 km of new 

canal 

~ 520 m of 

road crossings 

and culverts 

N/A 

Option 1B A force main from Tasker 

Pump Station to Highway 99 

Pump Station 

N/A N/A 7 km of 40” 

diameter 

force main for 

165,000 

m3/day 

Option 1C A force main from Tasker 

Pump Station to Perimeter 

Road, carrying all of the 

conveyance capacity of 

~ 6 km of new 

canal 

~ 180 m of 

farm accesses 

and minor 

road crossings 

~ 1 km of 56” 

diameter 

force main for 



Items Included 

Option Option Description Earthworks to 

expand / 

build canal 

Road 

Crossings 

New Pipeline 

the existing canal and the 

increased flow rate required 

337,000 

m3/day 

The earthworks construction cost was estimated based on historical date for earthmoving 
and hauling of material available to Integrated Sustainability, with data inflated to 2020 
rates, and productivity and location factors applied for working adjacent roads. The 
volume of material was estimated based on the increased capacity required to convey 
the increased flow rate. 

The road crossings costs were estimated based on historical pricing available to 
Integrated Sustainability based on directional drill per linear metre. The pipe diameters 
were factored for size using the 6/10’s method for factored estimates. 

The pipelines were preliminarily sized based on an upper liquid velocity of 3 m/s, with a 
10% factor of safety, assuming negligible static head. The pipe diameters were the priced 
per linear meter scaling from known pipeline prices per diameter inch mile, for length and 
pipe diameter, applying the 6/10’s method for factored estimates. 

Option 2 - New Intake at Alex Fraser Bridge 

Option 2 costs consider 2 variants of providing new intake supply capacity at Alex Fraser 
Bridge and providing conveyance for that new supply to Highway 99 via either the east 
or westside of Burns Bog. 

Items Included 

Option Option Description Intake Pipeline New Canal 

Option 2 75,000 m3/day capacity 

intake @ Alex Fraser Bridge & 

15 km pipeline on east side 

of Burns Bog 

75,000 

m3/day 

intake 

15 km of 28” 

diameter 

pipeline 

N/A 

Option 2A 75,000 m3/day capacity 

intake @ Alex Fraser Bridge & 

5.5 km pipeline to west side 

of Burns Bog discharging into 

new parallel canal 

75,000 

m3/day 

intake 

5.5 km of 28” 

diameter 

pipeline 

~ 6 km of 

canal 

construction 

& road 

crossings 

The pipelines and canal construction costs were estimated using the same methodology 
per Option 1. 



The intake cost was estimated using a known construction cost for an intake built in 2018, 
at a scale of 20,000 m3/day. The known cost for this intake was scaled using the method 
of 6/10’s for factored estimates, as well as price escalation from 2018 to 2020 construction 
costs. 

Option 3 – Large Centralized Storage 

Option 3 is the construction of a 5,000,000 m3 reservoir. The cost provided for this option is 
based on historical construction costs available to Integrated Sustainability for a range of 
earthen reservoirs from 20,000 m3 capacity to 1,000,000 m3 capacity. This data provides 
us with a $/m3 storage cost, which has been factored to 5,000,000 m3 capacity using the 
method of 6/10’s. 

Option 4 – Increase 80th St Canal Capacity and Connect New Intake From Alex 
Fraser Bridge 

This option is comprised of the following improvements, listed in order of assumed 
implementation phasing: 

 Increased conveyance between the 80th St intake and Hwy. 99, utilizing Option 1C -
Hybrid

 Addition of an intake near the Alex Fraser Bridge

 Connection of the new intake near the Alex Fraser Bridge to the parallel 80th St canal

The intake costs, increased conveyance costs and pipeline costs were calculated using 
the same methodology as per the applicable constituent parts of Options 1 and 2. 

Option 5 – Increase 80th St Canal Capacity & Adding Centralized Storage 

This option is comprised of the following improvements, listed in order of assumed 
implementation phasing: 

 Increased conveyance between the 80th St intake and Hwy. 99

 Addition of a centralized water storage reservoir near the centre of the system at a
capacity of 1,500,000 m3.

The conveyance capacity cost estimate is assumed to be the same as that of Option 1C. 
The reservoir construction cost was estimated using the same methodology as Option 3, 
applied to 1,500,000 m3. 

Option 6 – Increase 80th St Canal Capacity & Tasker Pumping Station Capacity 

The components of option 6 for which costs were estimated, include an intake of 233,000 
m3/day capacity, a pipeline of 46 inches in diameter, of 1 km in length to convey 233,000 
m3/day to perimeter road and the increased conveyance capacity of the parallel canal 
to convey 570,000 m3 from Perimeter Road to Highway 99. 



Each component was estimated using the same methodology as per the previous 
options, i.e. Factored estimate for the 233,000 m3 intake and pipeline per Options 2 and 
1 respectively, as well as earthworks and road crossing for the expanded canal geometry 
over and above what is required to Option 1C. 

2.3.2 System Expansion to Westham Island 

Conceptual Conveyance Options 

Two options were costed for conveyance, which were, 1) pumping from the west end of 
the Mason Canal to Westham Island a distance of approximately 800 m and 2) pumping 
from Ladner canal to Westham Island a distance of approximately 4000 m. Option 1 
pipeline was estimated to be a 20 inch HDPE pipe, with a 50kW pump station to move 
25,000 m3/day. Option 2 was estimated to be a 20-inch HDPE pipe, with a 120-kW pump 
station. 

The pipeline costs were estimated using known pipeline costs for installed pipelines of 
similar lengths, calculated on a dollar price per diameter inch mile, scaled to the length 
and diameter of these pipelines.  

The pump station costs were factored cost estimate, scaled for size, from known costs of 
constructed pump stations. 

Connection to Westham Island across Canoe Pass 

Two options were costed for connection to Westham Island across Canoe Pass. The 
options costed were 1) pipeline fixed to the bridge, and 2) HDD under canoe pass which 
is 400 m wide, with an allowance of an additional 200 m for the HDD to get the required 
depth under the crossing.  

The pipeline fixed to the bridge was estimated using known pipeline costs for installed 
pipelines of similar lengths, calculated on a dollar price per diameter inch mile, scaled to 
the length and diameter of these pipelines. 

The HDD crossing under canoe pass was estimated using quoted HDD costs on other 
projects, currently in active bid, and scaled for size from 30 inch to 20 inches. Current 
project for which active quotes have been provided is a 30-inch crossing. 

2.4 Assumptions 

2.4.1 CAPEX Assumptions 

 Estimate base date is First Quarter 2020

 All costs are expressed in in Canadian Dollars

 The cost estimates have an expected accuracy range of +50% / -30%

 Costs include for Engineering Design, Construction Supervision as well as material
supply and install where applicable



 All costs carry a 25% contingency given the level of design at this conceptual stage.

2.5 Exclusions 

2.5.1 Exclusions from CAPEX Estimate 

The following items are excluded from this CAPEX estimate: 

 Escalation beyond estimate base date of First Quarter 2020 through to the project
completion has not been included

 Owners’ and Construction Management Costs are excluded from the estimate

 Costs associated with procurement of equipment and materials as well as
construction contracts has been excluded from the estimate

 Costs associated with obtaining permits and approvals have not been included

 All applicable duties and taxes

 External adverse impact from events such as competing projects, strikes, civil disorder,
work stoppage and slow downs, or any other actions that may impact the project

 Procurement of, or integration into a central programmable logic controller (PLC) and
any associated telemetry is excluded from the estimate

 Land acquisition costs for increased canal footprint 

2.6 Risks and Opportunities 

No qualitative or quantitative risk analysis was carried out in identifying the overall cost or 
schedule impacts for this project. A design, and or development allowance with uniform 
contingency allocation across all activities was included based on historical in-house 
expert opinion. 

The overall accuracy of the estimate was assessed on probabilistic techniques at the time 
of the deterministic estimated base cost completion, and on the maturity of the technical 
and cost information at the time. The assessed overall accuracy of the CAPEX and OPEX 
estimates is +50% / -30%. 

A key risk to highlight with the conveyance expansion options using either a new canal or 
expanding existing canals is the cost of land acquisition. This cost could be substantial. 

No assessment has been made of the long-term operation costs of each option. 

2.7 Contingencies 

Contingency was calculated against the total installed cost. The calculated 
contingencies do not include delays due to regulatory approvals, start of construction 
delays (weather, etc.), impacts due to health and safety, operations, or business activities. 
Contingency is only based on the increased costs associated with unknowns in execution 
of current scope. 



Contingencies are not intended to be used for project scope creep and/or changes due 
to omissions or execution strategies, acceleration in schedule and risk allocations. 

2.8 Management Reserve 

If a requirement for coverage of unexpected changes in project scope is required, it 
would be recommended that a qualitative risk analysis with scope, cost, time and quality 
be carried out. No allowance for management reserve is included in the estimate. 

3 CLOSURE 

Integrated Sustainability would like to thank DFI for the opportunity to support the study, 
with this BOE and the associated Conceptual Level Cost estimates. We trust that this report 
meets the needs and expectations of DFI, if you have any questions, please contact the 
undersigned at any time. 

Sincerely, 

Integrated Sustainability Consultants Ltd. 

Kevin Clarke 

Project Manager 
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