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1.0 Project Background, Objectives and Methodology 

1.1 Project Background and Objectives 

Concerns regarding future water supply and impacts of climate change on agricultural water sources for 
Delta’s greenhouse sector were initially identified in the Delta Adaptation Strategies planning process in 
2013-2014 and reconfirmed in the Delta Adaptation Strategies Update project in 2018.  

In 2020, a study was completed to assess the capacity of the surface water supply system (including Fraser 
River irrigation and drainage canals, private surface water licences, and the existing potable water supply) 
to meet Delta’s agricultural demands. The assessment included both current conditions and future 
modelled scenarios of increased agricultural production and hotter and drier summers. The study found 
that the existing surface water supply system could meet agricultural demands under the current climate 
and production levels but will fall short of meeting future water demands or supporting significant 
expansion of the industry without substantial upgrades. Recommendations included refining the demand 
assessment for the greenhouse industry specifically, which relies mainly on potable water for irrigation, as 
well as further investigation of alternative water supply options that might be suitable for the greenhouse 
sector.1 

This project follows through on those recommendations by providing a more detailed picture of the Delta 
greenhouse sector’s water demand and exploring how disruptions to water supply (either due to climate 
change or other types of impacts) could be minimized. 

1.2 Methodology 

The project is undertaken by Upland Agricultural Consulting with guidance and input from a Project 
Oversight Committee (POC) that included representation from the BC Greenhouse Growers’ Association 
(BCGGA), the Climate Change Adaptation Program (CCAP), BC Ministry of Agriculture and Food (MAF), the 
Delta Farmers’ Institute and the City of Delta.  

1.2.1 Stakeholder Outreach 
A brief questionnaire was developed with input from the POC and distributed to ten greenhouse growers 
in Delta to gather information about volumes of water used for irrigation purposes.  The growers included 
five tomato producers, two cucumber producers, three pepper producers, three cannabis producers, and 
two strawberry producers. Eight of the ten growers were producing more than one type of crop. Four on-
farm greenhouse site tours were conducted by the consultants with the greenhouse operators.  

In addition to these interviews and tours, additional discussions were held with the following individuals: 
• Manager of Utilities and Assistant Utilities Engineer at the City of Delta to discuss water demand

and water billing as well as key infrastructure concerns.
• Senior Environmental Officer at the City of Delta to discuss groundwater supply and quality.

1 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food Climate Action 
Initiative. 
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• Senior Planner of Agriculture and Food Security and Utilities Policy and Planning staff at Metro 
Vancouver with regards to future regional potable water infrastructure projects. 

• Regional Hydrologist with Water Act Referrals (Lower Mainland Branch) of Ministry of Forests, 
Lands, Natural Resource Operations and Rural Development regarding water licensing 
requirements for Delta greenhouses under current canal systems and a piped Fraser River water 
supply scenario. 

 
1.2.2 Literature Review  
A review of recent research regarding agricultural water demand in Delta and relevant greenhouse crop 
data use estimates was conducted to provide broader context for this report. This included: 
 

Title Authors Year 

Delta Agricultural Land Use Inventory Report BC Ministry of Agriculture Food and Fisheries 2010 

Delta Agricultural Land Use Inventory Map BC Ministry of Agriculture Food and Fisheries 2010 

Drinking Water Management Plan Metro Vancouver 2011 

Climate Change Adaptation and On-Farm Drainage 
Management in Delta, BC 

BC Agriculture and Food Climate Action 
Initiative 

2015 

Modelling Effects of Climate Change and Dredging 
on the Availability of Irrigation Water for Delta 
Farmers 

Tetra Tech for the Delta Farmers Institute 2016 

Water Supply Outlook 2120 Metro Vancouver 2019 

Delta's Future Agricultural Water Supply and 
Demand 

Integrated Sustainability for the BC Agriculture 
and Food Climate Action Initiative 

2020 

Climate Normals: Station Data for Delta 
Tsawwassen Beach 1981 to 2010 

Environment and Climate Change Canada 2021 

Drinking Water Conservation Plan Metro Vancouver 2021 

Climate Modeled Precipitation Data for Delta BC Pacific Climate Impacts Consortium 2021 

 

1.3 Regional Potable Water System  
 
Potable water in Metro Vancouver is derived from rainfall and snowmelt in three major watersheds: 
Capilano, Seymour, and Coquitlam. These protected watersheds comprise about 60,000 ha and provide 
high-quality source water2. Metro Vancouver benefits from having supply sources which reliably refill, are 
near end users, and are situated at high elevations that allow for the delivery of water largely by gravity. 
The regional water system (Figure 1) also includes:  

• 5 dams; 
• 2 water treatment plants; 
• 26 in-system storage reservoirs and tanks; 
• 19 pump stations; 
• 8 disinfection facilities; and  
• over 520 kilometers of transmission water mains.  

 

 
2 Metro Vancouver Water Supply Outlook 2120, 2019. 

http://www.metrovancouver.org/services/water/WaterPublications/WaterSupplyOutlook2120.pdf
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There is additional local government infrastructure which distributes water from the regional system to 
residents and businesses.  
 
Currently, greenhouse producers in Delta rely almost exclusively on potable water from Metro Vancouver 
for their irrigation supply. All ten of the greenhouse producers interviewed indicated that they are using 
potable water for their irrigation water. The water supplied to Delta comes from the Seymour and Capilano 
watersheds and is treated at the Seymour Capilano Filtration Plant, before moving through the water 
conveyance system to the City of Delta. The City is then responsible for the distribution of water to 
properties within its jurisdictional boundary. 
 
Approximately 98% of the water distributed in Delta is purchased from Metro Vancouver and enters Delta 
from four submarine crossings:  

1) Lulu Island/Delta Main entering Ladner;  
2) Tilbury Main entering Tilbury;  
3) Annacis No. 2 Main entering Annacis Island and continuing on to Surrey; and 
4) Annacis No. 4 Main entering Annacis Island.  

 
The City of Delta’s Annual Drinking Water Quality Report notes that the remaining 2% of the water 
distributed through Delta comes from three artesian wells near Watershed Park3. This water is pumped 
from deep wells in Sunshine Hills into the 64 Avenue Reservoir and then distributed to the lowland area 
south of 64 Avenue. This relatively low-cost system relies on gravity to supply the area south of 64 Avenue 
from the reservoir.  
 
The total value of the City of Delta’s water distribution system is approximately $643 million and about $6 
million per year is spent on water infrastructure replacement. To date, this water supply has been reliable 
and has provided Delta greenhouse producers with sufficient, quality water with minimal disruptions. 
Nonetheless, there may be risks to the potable water supply that create vulnerability for greenhouses in 
the future and these include: 

- Periods of intensive or extended drought, during which it is possible that greenhouse water could 
be curtailed if Metro Vancouver enacts Stage 4 water restrictions (see section 1.3.1); 

- Growth in demand from the greenhouse sector (e.g., new operations in new areas of Delta or 
expansion of existing operations) resulting in decisions to restrict greenhouse water use;  

- Planned infrastructure upgrades or waterworks that limit water supply; or, 
- Restrictions due to an emergency event such as an earthquake. 

 
1.3.1 Potable Water Management and Policy 
The updated November 2021 Metro Vancouver Drinking Water Conservation Plan (DWCP)4 is a regional 
policy developed with local governments and other stakeholders to manage the use of potable water during 
periods of high demand, water shortages and emergencies.  
 
The plan includes stages that are intended to be activated as needed (depending on water supply status) 
in successive order.  The stages are as follows:  

• Stage 1: reduces demand in summer months and is automatically in effect on May 1 until October 
15.  

 
3 City of Delta, 2020. Drinking Water Quality Report Covering Data for Calendar Year 2019. 
4 Metro Vancouver Drinking Water Conservation Plan, 2021.  

https://cityofdelta.net/sites/default/files/fileattachments/public_works_amp_utilities/page/2281/2020_ccr_2019_data.pdf
http://www.metrovancouver.org/services/water/WaterPublications/DrinkingWaterConservationPlan.pdf
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• Stages 2 and 3: activated and deactivated by the Greater Vancouver Water District Commissioner, 
are likely to be activated during unusually hot and dry conditions to maximize conservation.  

• Stage 4: activated and deactivated by the Greater Vancouver Water District Commissioner during 
an emergency to immediately limit water use to essential needs only. This would include the 
restriction of water use for edible plants. 

 
The primary purpose of the DWCP5 is to reduce the outdoor usage of water, especially during the peak 
summer months.  As described in the 2011 Drinking Water Management Plan (DWMP), which is the 
overarching plan for Metro Vancouver and its member jurisdictions, the region will provide safe drinking 
water for food processing and agricultural use6.  That aligns with the 2011 Regional Food System 
Strategy7.  There are action items included in the DWMP that pertain to the water conservation in the 
agricultural sector, including efforts to conserve and reclaim water to reduce demand on the region’s 
potable water resources. 
 
 
 
 

 
Figure 1. Metro Vancouver's water supply system (source: Metro Vancouver Water Supply Outlook 2120). 

 
 

5 Ibid.  
6 Metro Vancouver Drinking Water Management Plan, 2011. 
7 Metro Vancouver Regional Food System Strategy, 2011. 

http://www.metrovancouver.org/services/water/WaterPublications/DWMP-2011.pdf
http://www.metrovancouver.org/services/regional-planning/PlanningPublications/RegionalFoodSystemStrategy.pdf
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1.4 Potential Impacts of Climate Change on the Water System 
 
Climate change will have several impacts on water supply and demand, which could affect the Delta 
greenhouse industry. These include: 
 

- A decreasing average annual snowpack, combined with reduced summer precipitation, will reduce 
the main source of potable water in the North Shore mountains and will impact the amount and 
timing of the Fraser River freshet (which feeds the surface water canal system); 

- Sea level rise will continue to push the ‘salt wedge’ of saline water from the mouth of the Fraser 
River further upstream, thereby impacting the quality of groundwater and the surface water 
brought into the canal system or into any new conveyance systems (e.g. pipe infrastructure); and 

- Increasing temperatures in Delta during the peak agricultural production months of June, July, 
August, and September will increase crop water demands. 

 
1.4.1 Potential Impacts of Climate Change on Water Supply 
The warmer average temperatures that are projected for Metro Vancouver will cause a decrease in snowfall 
in the watersheds during winter months, and winter rains will erode the winter snowpack more quickly and 
reduce its depth and availability for drinking water in the spring and summer months8. Precipitation 
projections also point to longer, drier summers. Summer heat waves, combined with reductions in 
snowpack, could strain the existing water supply during times of the year when temperatures are high and 
water is in greatest demand for both agricultural and non-agricultural uses.  
 
The impacts of climate change on regional water supply infrastructure region are expected to occur within 
the next ten years, and Metro Vancouver acknowledges it will need to build additional source storage by 
the mid-2030s. It is also possible that drought and supply impacts may be more severe, earlier, and/or more 
frequent than originally anticipated. 
 
The proposed solution to medium-term supply constraints (by the late 2030s) is to construct a second 
intake in the Coquitlam Reservoir. Once this infrastructure is in place, no water shortages are anticipated 
to occur until at least 20709. Over the longer term, Metro Vancouver is proposing to build a new higher 
dam at Seymour Falls to increase water supply. A higher dam would provide storage capacity for an 
estimated additional 145 billion liters of water, eliminating the forecasted future supply shortage for at 
least the next 100 years under all demand scenarios. Despite these proposed solutions, the scope, scale 
and complexity of the required infrastructure projects suggests that the status quo for water supply is likely 
for the near-term.  
 
In addition to impacts to water quantity, climate change is anticipated to impact the quality of some 
alternative (potential) water sources for the greenhouse sector. A recent study assessed the availability of 
freshwater in the Fraser River at the 80th St intake modelled for current (2020) and future (2050) 
conditions. The future scenario accounted for the projected climate change impacts of both reduced river 
flow and sea level rise, which will increase salinity levels and reduce freshwater availability at the pump 
station intake.  
 

 
8 Metro Vancouver Water Supply Outlook 2120, 2019. 
9 Metro Vancouver Water Supply Outlook 2120, 2019. 

http://www.metrovancouver.org/services/water/WaterPublications/WaterSupplyOutlook2120.pdf
http://www.metrovancouver.org/services/water/WaterPublications/WaterSupplyOutlook2120.pdf
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The current (2020) Fraser River supply scenario results in partial salinity closures from mid-August through 
September, with partial and full day closures in October. The future (2050) supply scenario projects partial 
closures from late July through August, partial and full closures in September, and total closure for all of 
October. This would significantly reduce the feasibility of using Fraser River as an irrigation source for both 
field-based and greenhouse agriculture unless Reverse Osmosis (RO) is employed.10 
 
1.4.2 Potential Impacts of Climate Change on Water Demand 
According to the 2020 report, Delta’s Future Agricultural Water Supply and Demand, there are a few key 
ways in which water demand could change by 205011. Modeling shows potential for an increase of 21.7% 
annual water use due to climate change. At the same time, an improvement in irrigation efficiency has the 
potentially to reduce annual water use by 24%. While the study does not specify how much of the change 
in demand could be attributed to the greenhouse industry, Controlled Environment Agriculture systems, 
like greenhouses, make it likely that most of the modeled increase will be in field-based agriculture. 
Regardless, an increase in pressure on water resources still has the potential to impact greenhouses.   
 
 

1.5 Other Potential Impacts on the Water System 
 
There are other (non-climate change related) impacts that could also affect Metro Vancouver’s potable 
water supply and demand, including: 
 

- Planned or unplanned upgrades to infrastructure by either Metro Vancouver or the City of Delta 
(supply disruption could be sudden or gradual and may be disrupted for a short period of time); 

- An emergency, such as an earthquake, that would disrupt infrastructure (supply disruption would 
be sudden and supply could be disrupted for a short or a long period of time); and/or 

- Expansion of the greenhouse industry within Delta (demand increase or decrease would be 
sudden or gradual and could be short term or long term). 

 
1.5.1 Other Potential Impacts on Water Supply 
In the spring of 1997 Metro Vancouver’s transmission main broke beneath the Port Mann Bridge leaving 
only two alternate supply sources to Surrey and Delta. This event left Delta with greatly reduced system 
redundancy. To compensate for the reduced supply, conservation measures were implemented and, 
recognizing Delta’s vulnerability, the City of Delta’s Council directed the Engineering Department to identify 
an alternative water source to be available in the event of a natural catastrophe. The only available option 
is groundwater wells that feed into emergency reservoirs which supply a very small percentage 
(approximately 2%) of the total potable water usage into the Delta system. All reservoirs have back-up 
generators for emergency power requirements.12  
 
Metro Vancouver and the City of Delta perform regular upgrades and maintenance on water supply 
infrastructure to improve resilience to non-climate related situations and provide consistent water supply 

 
10 The greenhouse sector in Delta does not currently use Fraser River water supply as an irrigation source. 
11 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 
12 City of Delta Drinking Water Quality Report 2020, 2021.  

https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
https://delta.civicweb.net/filepro/documents/204483?preview=204620
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to all water users in the region.13 There is also phased and prioritized implementation on critical pump 
stations and facilities within the potable water system to ensure back-up power supply and continued 
operation during power outages.  
 
In the situation of planned infrastructure upgrades, the City of Delta does not foresee any water supply 
interruptions occurring to greenhouse growers.14 When infrastructure upgrades occur, a consistent water 
supply from other sources within the system are planned to ensure there are no restrictions or 
interruptions to supply. The City of Delta also has systems in place for when leaks are detected to ensure 
that water can still be supplied to users. 
 
Therefore, the biggest risk to supply would come from either an emergency event, such as an earthquake 
or an unplanned water infrastructure upgrade. The former may have a short to long term disruption ranging 
from days to months and could also impact water quality. The latter would likely have a shorter timeframe 
of water supply impact, such as days to weeks. It is unlikely that seasonality would play a role in these risks. 
However, if supply were ever in jeopardy, the priority would to be to direct potable water to residential 
users rather than agricultural users. 
 
1.5.2 Other Potential Impacts on Water Demand 
 
There are over a dozen greenhouses operating within Delta over approximately 178.6 ha, with an average 
and median size of 10 ha. Crop production within the greenhouses changes over time in response to market 
drivers. For instance, since 2017 there have been several Delta greenhouses that have converted from 
vegetable to cannabis production. Due to market conditions, some of these cannabis operations are 
returning to vegetable, nursery, or strawberry production.  
 
Regardless of the type of crop being grown within the greenhouses it is unusual for this infrastructure to 
sit idle or vacant for any length of time. Glass greenhouses are expensive structures to build and are very 
valuable once established. It is impossible to predict if new greenhouses will be built, or if existing 
greenhouses will be expanded on over the short or long term. Therefore, predicting the level of potential 
increased demand on potable water due to changes in the industry is challenging. 
 
From the City of Delta’s perspective, the challenge of supplying water to greenhouses may arise if there is 
an increase in water demand due to greenhouse operations becoming established in areas where pipes 
supplying the area have limited capacity.15 There are rural areas in Delta, for example Westham Island or 
areas with dead-end streets, where water pipes are smaller in size and would likely not be able to meet the 
demand for potable water for a greenhouse operation. In the scenario where a new greenhouse operation 
wishes to establish within these areas, a discussion would be needed with the City of Delta about the 
capacity to upgrade the water system and the costs that would be incurred by the greenhouse operation. 
In order to ensure that water demand could be met for a future greenhouse on Westham Island, a water 

 
13 There are several recently completed, ongoing and planned upgrades to infrastructure that may improve the resiliency of the 
water supply to Delta. Metro Vancouver has completed the Port Mann Water Supply Tunnel and is in the process of completing 
seismic upgrades to several other water supply tunnels that cross under the Fraser River to ensure reliable water supply to all 
users in the region following a major earthquake. Metro Vancouver Water Supply Outlook 2120, 2019. 
14 Personal correspondence with City of Delta Utilities Staff. July 2021. 
15 Personal correspondence with City of Delta Utilities Staff. July 2021. 

http://www.metrovancouver.org/services/water/WaterPublications/WaterSupplyOutlook2120.pdf
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pipe may have to be built to access the island and the end user (e.g. greenhouse operator) would likely 
need to cover the expenses related to this upgrade. 
 
 

2.0 Delta Greenhouse Sector Water Supply and Demand 
 

2.1 Greenhouse Production in Delta 
 
At the time of the 2016 Agricultural Land Use Inventory (ALUI), conducted by the BC Ministry of Agriculture 
and Food, there was a total of 178.6 ha under glass greenhouses within the City of Delta.16 This represents 
considerable growth in greenhouse area (of 23.5 ha) from the 2010 ALUI, at which time there was 152.1 
ha under glass.17 The crops grown within the greenhouses are primarily vegetable vine crops (tomatoes, 
sweet peppers, and cucumbers), strawberries, propagation/nursery, and cannabis. Information provided 
by the BC Greenhouse Growers’ Association indicates that the amount of cannabis being grown in 
greenhouses has trended upward over the last five years. A map showing the locations of greenhouses 
within the City of Delta, in relation to key water infrastructure, is provided in Figure 2.  
 
 

 
16 Direct Communication, Regional Agrologist. 2021. Ministry of Agriculture, Food, and Fisheries. 
17 Agricultural Land Use Inventory report and maps. 2010. Ministry of Agriculture, Food, and Fisheries. 
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Figure 2. Locations of greenhouses and water infrastructure in Delta BC (source: City of Delta, Google Earth). 
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2.2 Water Demand Modelling Highlights 
 
Controlled Environment Agriculture, such as greenhouse crop production, typically involves a highly 
efficient watering program. Water conservation methods such as rainwater collection, computer-
controlled drip irrigation, water reuse/recirculation and weigh scales are used to effectively manage crop 
production. Nevertheless, a significant volume of Metro Vancouver potable water is used by the 
greenhouse industry in Delta.  
 
A 2020 report by Integrated Sustainability noted that annual greenhouse water demand in Delta was 
estimated to be 1,846,135 m3 based on the Agricultural Water Demand Model (AWDM)18, which is aligned 
with the 1,885,022 m3 measured in 2018-2019 by the City of Delta19. The report found that while the 
metered data reflected actual on-farm demand, it was only collected quarterly and had limited value for 
assessing peak demands.  
 
The AWDM results indicated that the highest water demand would occur during the month of June. The 
Integrated Sustainability report noted that an increase the amount of land under production, combined 
with the effects of hotter and drier summers, would result in greater future irrigation water needs.  
 

2.3 Greenhouse Water Use Per Crop Type 
 
In order to ground truth the AWDM estimates and refine the information by crop type, ten greenhouse 
producers in Delta were contacted and asked to share water data to model the total seasonal water 
demand and demand by crop type.  Of the ten producers contacted, four were able to provide  
water consumption data sets that were separated by crop and three reported total water consumption 
for mixed crops20.  
 
2.3.1 Snapshot of Annual Greenhouse Water Use Per Crop 
 
Weekly and monthly water use data in liters per metre square (L/m2) of crop production was collected for 
representative tomato, cannabis, and pepper production and is presented below in Figure 3 and Table 1. 
The data confirms that June is a high water demand period, particularly for tomato crops. Cannabis water 
use is more evenly distributed over the entire year, which reflects regular crop turnover and is further 
discussed below.  Water use data forcucumbers and strawberries was not available. 
 
 

 
18 The AWDM is generally 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. 
19 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 
20 Three producers did not provide data within the specified timeline.  Two of the producer respondents were certified organic 
and their water consumption was less than the average amount used by conventional growers. 

https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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Figure 3. Monthly water use (L/m2) per crop for representative greenhouse production in Delta BC. 

 
 
Table 1. Greenhouse water use (L/m2 of production) for three crop types in Delta BC. 

 Month Tomatoes Cannabis Peppers 
 

L/m2/month L/m2/month L/m2/month 

Jan 20.6 94.6 19.1 

Feb 44.0 87.2 28.1 

Mar 104.8 117.5 87.2 

Apr 136.0 97.8 143.0 

May 166.8 102.2 138.0 

June 215.9 131.9 141.8 

July  191.8 96.1 171.2 

Aug 195.8 110.0 167.1 

Sept 95.2 85.3 137.6 

Oct 50.9 79.8 74.6 

Nov 16.7 83.1 31.0 

Dec 3.7 74.7 14.6 

Annual Totals 1242.3 1160.1 1153.3 
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2.3.2 Greenhouse Water Use for Tomato Production 
 
Greenhouse tomato crops in Delta are planted out in January (weeks 1 to 4).  Tomatoes are typically grown 
on the high wire system until week 50 (mid-December) with anywhere from a two to four week turn 
around21.  
 
Greenhouse tomato crops require a somewhat linearly-scaled volume of water from week 1 through to 
week 50 as the crops grow along a hanging wire and are lowered, to support continuous vegetative growth.  
 
The average water usage over five years (from 2016 to 2020) for a tomato producer in Delta with a large 
(23 ha) facility is presented in Figure 4. 
 

 
Figure 4. Average monthly water demand over a 5-year period for tomatoes in L/m2/month in Delta, BC. 

 
  

 
21 Some tomato producers may elect to also plant a late summer or fall tomato crop, known as an ‘intercrop’. While it is not clear 
whether any tomato producers in Delta are intercropping, it should be noted that it is economically feasible and in some regions, 
such as southwestern Ontario, it is considered a best management practice. 
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2.3.3 Greenhouse Water Use for Pepper Production 
 
Greenhouse pepper crops are planted in January (weeks 1 to 4) and typically one crop will be grown for the 
entire year (up to 46 to 50 weeks). The water usage data from one year (2020) for a pepper producer in 
Delta with a large (24 ha) facility is presented in Figure 5.  
 
Unlike tomatoes and cannabis, the highest water consumption rates for peppers tends to occur in July and 
August, rather than June. Like tomato production, greenhouse pepper crops require a somewhat linear 
scaling volume of water from week 1 through 50 as the crops grow towards high wire.  
 
Overall summer water demand for peppers is lower than for tomato production.   
 

 
Figure 5. Monthly water demand in 2020 for peppers in L/m2/month in Delta, BC. 

 
 
 
2.3.4 Greenhouse Water Use for Cannabis Production 
 
Cannabis flower cropping is typically an eight-to-ten-week process with the crop being grown sequentially 
in individual compartments. As a result of the crop’s steady state of production throughout the year, the 
amount of water being used is more consistent than for greenhouse vegetable crops. Figure 6 summarizes 
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the average water consumption from a Delta cannabis producer over a three-year period. The production 
method involves over draining, which is more water intensive22. 
 
 

 
Figure 6. Average monthly water demand over 3 years for cannabis in L/m2/month in Delta, BC. 

 
 

2.4 Estimating the Volume of Potable Water Used for Greenhouse Irrigation 
 
To estimate the amount of potable water used for greenhouse irrigation, the amount of water used per 
year for three crops (tomatoes, cannabis, peppers) was calculated to an equivalent amount of water in m3 
over 10 ha (which is the average size of a greenhouse in Delta) as well as to the total amount of area in 
Delta under glass, as a “full production” scenario (Table 2). Based on Table 2, the average amount of water 
(m3) for a 10-ha greenhouse 118,500 m3 per year.  
 
 

 
22 Watering to the production of over drain is a practice used by most conventional greenhouse producers. For the few producers 
using pre-flushed growing media, drain-water can be used within the first two weeks of production, though most producers run 
their initial irrigation water to waste and may begin collection in weeks 4 to 6. Nevertheless, the use of drain water can carry 
significant risk, especially for organic producers, due to the build-up of unwanted ions or pathogenic pressure such as viral load, 
pythium and/or Fusarium. Typically, producers will utilize a water sand filtration and UV/ozone/chlorine dioxide sterilization 
process (similar to the rainwater treatment systems described above). One producer noted using heat pasteurization. 
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Table 2. Estimated annual water use over 10 ha for three crops. 

Crop L/m2/year m3/10 ha/year m3/178.6 ha/year 
Tomatoes 1,242 124,200 2,218,212 
Cannabis 1,160 116,000 2,071,760 
Peppers 1,153 115,300 2,059,258 
Average 1,185 118,500 2,116,410 

 
The average amount of water use estimated for the entire 178.6 ha footprint of greenhouses in Delta is 
2,116,410 m3 per year. Since this number is calculated based on several assumptions (including that all 
square footage is under production at all times) it should be taken as a high-level gross estimate only. 
 
For comparison, according to metered data from the City of Delta, 1,885,022 m3 of water was used by the 
greenhouse sector in 2018-2019. This is about 10% less than the calculated average total in Table 2.  
 
This difference between the metered value and the estimate suggests that:  

• Not all acreage under glass is operating at full production levels every year; and/or  
• The amount of water used shifts along with changes in the types of crops being produced; and/or 
• A portion of potable water use is being offset by rainwater collection and storage 

 
This underscores that water consumption will fluctuate annually depending on the amount of production 
occurring under glass and changes in crop type production (e.g. operations moving into and out of cannabis 
production). 
 

2.5 Estimating the Cost of Potable Water Used for Greenhouse Irrigation 
 
Water rates are established by the Greater Vancouver Water Board. For 2021, the agricultural rates as 
published by the City of Delta23 are as follows: 
 
$0.96/m3 for first 8,000 m3 of water use every quarter (so 32,000 m3 at $0.96/m3 on an annual basis) and 
$1.48/m3 thereafter. 
 
The following equivalents can be used convert the amount of water used in L/m2 to m3/ha: 

• 1 L/m2 = 0.001 m3/m2 
• 1 m3/m2 = 10,000 m3/ha 

 
An average 10 ha greenhouse would therefore incur water costs in excess of $150,000 per year (Table 3). 
 
Table 3. Estimated annual water costs for three crops over 10 ha. 

Crop 32,000 m3 at $0.96/m3 Remaining m3 at $1.48/m3 Total cost of water per year 

Tomatoes  $                     30,720   $                        136,456   $                        167,176  

 
23 The Corporation of Delta Bylaw No. 7441: A bylaw to provide for the operation of the water service and impose charges for the 
use of water. January 25, 2021. 

https://delta.civicweb.net/document/135323
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Cannabis  $                     30,720   $                        124,320   $                        155,040  

Peppers  $                     30,720   $                        123,284   $                        154,004  
 

2.6 Economic Impacts of Reduced Water Supply to Greenhouse Crops 
 
2.6.1 Tomato Crops 
 
Even a fairly short-lived reduction of water supply could have dire consequences for a tomato crop, 
particularly if an unplanned disruption occurs during the months of June to August (e.g. Metro Vancouver 
water restrictions due to drought conditions). Under a planned shutdown due to infrastructure upgrades, 
greenhouse operators may have some time to adjust by taking down a crop early and/or intercropping. 
Water usage could be reduced using an intercropping model, but this would still have significant economic 
impacts. Depending on the market at the time, it is estimated that a tomato crop’s gross revenues are 
approximately $1.15 million per hectare24. Therefore, the crop value of a 10-ha facility under full tomato 
production could be nearly $12 million. 
 
2.6.2 Pepper Crops 
 
Similar to tomato crops, even a fairly short-lived reduction of water supply could have major impacts on a 
pepper crop. It is estimated that a pepper crop’s gross revenues are approximately $1.10 million per 
hectare25. Therefore, the crop value of a 10-ha facility under full pepper production could be nearly $10 
million. 
 
2.6.3 Cucumber Crops 
 
Disruptions to water supply could result in cucumber producers losing an entire crop and/or choosing not 
to plant out for the period of disturbance. Given the shorter cycle times of cucumber crops, the economic 
implication to a water shortage is not as significant as with tomatoes or peppers. It is estimated that a 
cucumber crop’s gross revenues are approximately $1.16 million per hectare26. Therefore, the crop value 
of a 10-ha facility under full cucumber production could be nearly $12 million. 
 
2.6.4 Strawberry Crops 
 
Strawberry production tends to peak at two times: spring (May/June) and early fall (August/September), 
therefore water demand timing is slightly different than vegetable crops. It’s unlikely that water restrictions 
would impact the spring crop, but an impact on the fall crop is a possibility. 
 
2.6.5 Cannabis Crops 
 

 
24 Commercial Greenhouse Production, 2018. Government of Alberta.  
25 Commercial Greenhouse Production, 2018. Government of Alberta. 
26 Ibid. 

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1443/$file/250_830-2.pdf?OpenElement
https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1443/$file/250_830-2.pdf?OpenElement
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Under the scenario of Metro Vancouver implementing a planned water limitation and without adequate 
water storage, cannabis producers may lose an entire crop and/or choose not to plant out for the period 
of disturbance. Given the shorter cycle times of cannabis crops, the greenhouse operator would have some 
flexibility on cropping timing. However, the economic value of cannabis is much higher than vegetable 
crops, and therefore the economic impact would likely be higher. The gross revenues of a greenhouse 
cannabis crop have been estimated to range from $10 million (low grade/bulk) - $50 million (premium) per 
acre ($24.7 - $123.5 million per hectare), depending on the quality of the product.  

3.0 Potential Water Supply Solutions  
 
The following supply alternatives were considered as potential solutions to address the risk of potable 
water supply disruptions and are discussed in no particular order. 
 

1. Surface (Canal) Water 
2. Rainwater Catchment and Storage 
3. Piped Supply of Fraser River Water 
4. Groundwater/Aquifer Water 

 
For each water option a description is provided, along with: 

• Associated water quality and estimated treatment costs27; 
• infrastructure requirements and estimated costs; 
• regulatory consideration; and 
• overall feasibility assessment. 

 

3.1 Surface Water (Canals) Description 
 
Delta operates and maintains hundreds of kilometres of storm and sanitary sewer mains, as well as drainage 
ditches, irrigation canals, and several pump stations. The canals act as a source of irrigation water from the 
Fraser River during the summer (dry season) and convey water away from farm fields as a drainage system 
in winter (wet season). The main supply source for the canal system is Fraser River water, via the Tasker 
Intake and Pump station located at 80th St. Other smaller intakes provide additional supply to the system 
and are located downstream of the 80th St intake/pump. These smaller additional intakes service individual 
sub-areas.  
 
While irrigation canals serve a large portion of Delta, they do not reach every greenhouse. Approximately 
half (11 out of 23) greenhouses in Delta are in areas that are not served by the irrigation canals (see Figure 
7). Red dots represent greenhouses that are not located in areas serviced by canals, and green dots 
represent greenhouses that may have access to canal water. All locations are approximate. 

 
27 In a greenhouse setting, irrigation water quality must be very high. For example, there must be no particulates; 0 to low dissolved 
suspended solids (TDS or uS/cm); 0 to low microbial load (biofilm minimization); and 0 pathogen loading. The required treatment 
of water to achieve these desired water quality parameters and associated costs will depend upon the potential water supply 
option and these are discussed below. When assessing the required water treatment needs of each option it is assumed that most 
greenhouse operations use a sand filter and/or UV system and/or alternative disinfection system downstream of any supply intake.  
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Figure 7. Existing surface water canals (shown in blue). Red and green dots represent greenhouses and canal accessibility. Source: Integrated Sustainability, 2020. 
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3.1.1 Surface Water (Canals) Quality and Treatment 
 
Water quality in the Delta canals is affected directly by the quality of incoming Fraser River water. 
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. The typical minimum salinity at the 80th St intake (Tasker Pump) is 
approximately 115 μS/cm.  
 
During high tides and low river flows (generally in later summer), saline water movement upriver can 
restrict intake windows for bringing sufficient fresh water into the system to meet irrigation 
requirements. During certain windows, water in some parts of the canal system has been found to 
contain high salinity (Figure 12), and many greenhouse crops have an upper salinity threshold of 200 
μS/cm. A 2016 study28 modelled the impacts of climate change on windows of freshwater intake on the 
Fraser River. The combined climate change effects of reduced river flows, particularly in late summer into 
early autumn (August to October), and rising seas levels (in the near, medium and long-term) are 
anticipated to reduce freshwater intake windows. 
 
Intermittent water quality monitoring has been conducted in the canal system during the month of August, 
from 2014 to 2019. In August, the typical salinity at the 80th St intake starts off below the threshold for 
greenhouse crops of 200 μS/cm but is above this level at all downstream monitoring points within the canal 
system (Figure 8)29. The two canals that are primarily drainage canals, Tamboline and Big Slough, exhibit 
much higher salinity than the delivery canals.  

 
28 Tetra Tech EBA. 2016. Final Report – Modelling Effects of Climate Change and Dredging on the Availability of Irrigation Water 
for Delta Farmers. 
29 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 

https://bcclimatechangeadaptation.ca/wp-content/uploads/2022/Resources/DL10-Delta-FR-Salinity-Modeling-Monitoring-2016-full.pdf
https://bcclimatechangeadaptation.ca/wp-content/uploads/2022/Resources/DL10-Delta-FR-Salinity-Modeling-Monitoring-2016-full.pdf
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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Figure 8. Surface water salinity monitoring (source: Integrated Sustainability, 2020). 

 
The potential for freshwater availability at an alternative intake site located 650 m upstream from the Alex 
Fraser Bridge (at DFI’s Glenrose monitoring station) was assessed by Integrated Sustainability. This location 
was found to have a much higher freshwater availability than the existing 80th St intake under both current 
and future climate scenarios. The baseline water salinity of the alternative intake was 40 µS/cm – very close 
to that of Metro Vancouver potable water (27 - 38 µS/ cm). This would greatly increase the potential for 
intake water to be used for greenhouse crops (assuming the low salinity level could be maintained). 
 
The City of Delta is planning for a future drainage outfall and pumping station 500 m downstream of Alex 
Fraser Bridge (red triangle, Figure 1), and has suggested this would make a convenient potential site for a 
new intake station. This alternate location is 1.15 km downstream from the Glenrose monitoring station, 
so the salinity levels will likely be higher, and the freshwater availability lower.  
 
In addition to salinity concerns, there can be other underlying water quality issues such as total dissolved 
solids, bacteria and viruses, metals, pesticide residues, and other contaminants in the canal water, which 
is a major concern for greenhouse operators. This is one of the main reasons why Delta greenhouse 
operators located near existing canals have chosen to use (and pay for) potable water30. 
 
The irrigation canal water quality data conclusions noted by Integrated Sustainability include:  

• The Fraser River water quality at the 80th St intake is quite good, but it deteriorates as it moves 
through the canal system.  

 
30 Personal communication, interviews with greenhouse operators, July 2021. 
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• 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 (Tamboline Slough on Westham 
Island and Big Slough at Hornby Drive).  

• In principle, the Fraser River water is of low enough salinity that it could be used for greenhouse 
crops in place of potable water but in practice, as it moves through the system, the salinity quickly 
increases beyond the point of greenhouse suitability.  

 
Therefore, to use existing irrigation canals for greenhouse water supply, desalination would be required at 
the point of intake. Desalination water quality treatment, maintenance and operational costs would 
include: 

• Pre-treatment using multi-media filters, carbon filters, microfiltration units, degasifiers, pre-filters, 
softeners, chemical feed pump calibration, chemical tank replenishment (such as anti-scalant, 
chlorine/chloramine reducers, and coagulants for depth filters), and chemical feed pump 
calibration. 

• Data collection and analysis, cleaning and calibrating critical sensors, and membrane 
cleaning/replacement as needed based on normalized data trends.  

• Post Treatment deionizers, ultraviolet (UV) sterilizers, submicron point of use filters, calibration of 
quality instrumentation and periodic system sanitizations. 

 
While the desalination equipment can have quite a small physical footprint (some can be located within 
shipping containers), it would be recommended that the canal water first be allowed to settle to remove 
colloidal particulates and solids. This would require a sedimentation/holding pond with a pump positioned 
off the bottom of the pond. The water could then be then pumped through a sand filter to remove 
particulates/colloids, followed by a desalination system to reduce salinity, and remove bacteria and viruses. 
This cleaned water would then be fed into outside day storage tank(s) and the concentrated saline water 
(brine) would be collected for disposal. Every greenhouse is fitted with indoor day storage tanks (with heat) 
and the cleaned water would be pumped through the indoor day storage tanks followed by sand filtration 
and usually chlorine dioxide and/or UV.  
 
Cox et al. (2018) reviewed several desalination treatments for greenhouses and associated costs for a 
typical ten-hectare greenhouse with a water demand of 600 m3/day31. All costs from this study have been 
calculated as CAD in Table 4. Note that energy costs are based on California pricing and therefore may not 
be accurate for BC but are useful in comparing energy use between and across the technologies. 
  
Table 4. Desalination techniques and associated costs (CAD) for a ten ha greenhouse. Source: Cox et al., 2018. 

Equipment Reverse 
Osmosis (RO) 

Closed Circuit 
RO 

Electrodialysis 
Reversal (EDR) 

Monovalent 
Selective EDR 

Capital expenditures (one-time) $144,000 $180,000 $162,000 $178,000 
Operational costs – energy  $7,500 $6,200 $6,200 $6,600 
Operational costs – membranes  $6,200 $5,000 $8,700 $15,500 

Total  $157,700 $191,200 $176,900 $200,100 
 

 
31 Cox, R.S et al., 2018. Brackish water deslination for greenhouse agriculture: comparing the costs of RO, CCRO, EDR, and 
monovalent-selective EDR. Massachusetts Institute of Technology  
31 The information regarding water licencing was obtained through email correspondence with 

https://puretecwater.com/reverse-osmosis/industrial-reverse-osmosis-systems
https://dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf?sequence=1&isAllowed=y
https://dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf?sequence=1&isAllowed=y
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While the reverse osmosis option appears to be the most cost-effective, it is important to note that these 
costs do not include the collection and disposal of the wastewater (brine) that would be left over from the 
water treatment. Between 58-75% of the water treated by reverse osmosis systems ends up as brine and 
would need to be disposed of32. There both financial and regulatory costs associated with brine disposal 
that may result in this option being unfeasible for the greenhouse sector. This is further discussed in 3.1.3 
under regulatory considerations. 
 
Lastly, in the summer, canal water can warm above optimal temperature pf 25oC, especially when canal 
flows are low. Underground plumbing and turbulent flow could help manage this and a standard heat 
exchanger (found in most greenhouse) would further mitigate high temperatures.  
 
3.1.2 Surface Water (Canals) Infrastructure Requirements  
 
System-Wide Infrastructure Requirements  
 
The 2010 Delta Irrigation Enhancement Project by (CH2Mhill, 2010) estimated a total storage of 2.8 million 
m3 in the canals. However, not all of this water is available for irrigation. City of Delta staff have indicated 
that before the main canals have even reached half their depth, many irrigators experience 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. 
 
The 2020 Integrated Sustainability report explored the need for canal capacity upgrades based on future 
scenarios of a changing climate and an increase in irrigated area. Results of the freshwater availability 
assessment illustrate that the impact of climate change on freshwater availability is significant. 
 
Agricultural demand within the canal system has the potential to grow from a peak seven-day demand of 
193,000 m3/day to 298,000 m3/day in the future, due to climate change and production-related demand33. 
While there are already some partial salinity closures required at the irrigation intake, typically during late 
summer and early fall, future salinity modelling indicates that by 2050 the Tasker Station would need to 
shut down intake for 24-hours at least twice in August, nine times in September, and twenty-nine times in 
October (therefore nearly the entire month of October).  
 
A number of irrigation intake and conveyance improvements are explored in the Integrated Sustainability 
report to address future potential irrigation water shortfalls. Solutions are costly and will require 
involvement of multiple levels of government34.  
 
Regardless of whether the salinity and supply issues can be addressed within the surface water conveyance 
system, it still couldn’t provide water to many existing greenhouses in Delta due to lack of proximity. Nearly 
half of Delta’s greenhouses (eleven out of twenty-three) are located in West Ladner, South Delta, or 
EastDelta in areas too far from the irrigation canals to practically connect to them (see Figure 1). 
 

 
32 A 2019 article by E. Gies in Scientific American suggests 58% brine, personal communication with a Delta greenhouse operator 
suggests closer to 75%, 2021. 
33 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 
34 Ibid. 

https://www.scientificamerican.com/article/slaking-the-worlds-thirst-with-seawater-dumps-toxic-brine-in-oceans/
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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Farm-Based Infrastructure Requirements  
 
If a greenhouse operator located in proximity to canals decided to connect into the existing surface water 
conveyance system, the infrastructure requirements and costs would not be overly onerous (not including 
water quality treatment discussed in 3.1.1).  
 
The steps involved in installing an intake from the canal include: 

• Digging a trench for the intake pipe to run from a holding pond or storage tank to the canal. 
• Measuring the depth of the canal to the surface of the ground or bottom of the trench where the 

intake pipe will run. 
• Attaching PVC pipe to an intake filter basket and ensure it remains off the bottom of the canal.  
• Connecting the intake pipe from the canal wall to the pump. 
• Filling in the trench for the intake pipe.  
• Testing the system to make sure the pump is drawing water properly. 

 
Due to concerns with water quality, and potential for quantity limitations in late summer and fall, a 
greenhouse operator relying on conveyed water would likely want a holding pond or storage tank with 
capacity for at least 4 weeks supply of water. The holding pond and storage tanks would also allow for 
appropriate water treatment prior to the water entering the greenhouse’s irrigation system. 
 
The cost of the infrastructure required for using canal water, including water treatment through reverse 
osmosis (as discussed in 3.1.1) are detailed in Table 5.  
 
Table 5. Infrastructure cost estimates for a rainwater collection and storage system for a ten-ha greenhouse. 

Equipment Cost 

Materials and labour to construct a small holding pond $ 300,000 
Reverse osmosis system and installation  $ 144,000 
Storage tanks & installation  $ 75,000 
Storage tank covers  $ 11,800 
Storage tank plumbing $ 10,000 
Reservoir/holding pond plumbing $ 5,000 
Pump and associated PVC plumbing $ 5,000 

Total  $ 550,800 
 
Annual operational costs such as energy requirements, membrane, and filter replacements for the reverse 
osmosis system for a ten-ha greenhouse with treatment capacity of 600 m3/day of water are estimated at 
$14,000:35  

Annual energy costs;  $7,500 
Annual membrane/filter costs $6,500 

 
There is also an annual flat rate fee of $500 for agricultural users to connect to the irrigation canals.  

 
35 Cox, R.S et al., 2018. Brackish water deslination for greenhouse agriculture: comparing the costs of RO, CCRO, EDR, and 
monovalent-selective EDR. Massachusetts Institute of Tec  

file://Users/ionesmith/Documents/Work/Greenhouse%20water/hnology%20https:/dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf%3fsequence=1&isAllowed=y
file://Users/ionesmith/Documents/Work/Greenhouse%20water/hnology%20https:/dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf%3fsequence=1&isAllowed=y
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3.1.3 Surface Water (Canals) Regulatory Considerations 
 
The City of Delta has obtained a provincial a water licence for the current intake of Fraser River water and 
distribution through the canal system. No additional licencing would be required for greenhouses to 
connect to the canal system36. The City of Delta’s current water service bylaw requires that farms 
connecting to the irrigation canal system have farm tax status and pay an irrigation water service user 
charge ($500/year). The bylaw also states that all irrigation systems on the farm must be drip irrigation37. 
 
In order to dispose of the brine into the sewer system, a Metro Vancouver waste discharge permit 
application would be required. The cost associated with the application is $1,00038. If/when a permit is 
issued, sewer users are charged according to wastewater treatment requirements and the demand on the 
sewerage system. The 2021 costs for usage and capacity within the Fraser Sewerage Area are as follows: 
 

Table 6. Metro Vancouver waste discharge fees, 2021. 

Parameter Cost 
Biological oxygen demand $6.09 per kg 
Total suspended solids $35.01 per kg 
Flow $26.51 per m3 

 
The overall discharge fees are set on a case-by-case basis and are difficult to estimate. The considerations 
involved in determining the fees include nutrient loading, overall volume of brine produced, and any pre-
treatment requirements. This is of particular concern during winter and spring months, when the quality 
of canal water may be at its lowest (e.g. when the canal is being used as a drainage system by surrounding 
agricultural users). 
 
 
3.1.4 Feasibility of Surface Water (Canals)  
 
At first glance, it might seem that greenhouses located in proximity to Delta’s irrigation canals have the 
opportunity to connect into a relatively affordable water source. However, unless conveyance is extended 
into currently unserved areas, only 11 of the current 23 greenhouses will have this option. For those 
greenhouses with proximity to the surface water system, several risks remain with sourcing irrigation water 
from the canals.  

The quantity of water is not guaranteed, and this will be exacerbated by climate change (particularly in the 
summer and early fall when crop water demand is still high). In addition, the levels of salt and other 
contaminants within the canal system are of significant concern. To manage this risk, greenhouse operators 
accessing surface water would be required to make investments into desalination and brine wastewater 

 
36 Information regarding water licencing was obtained through email correspondence with a Regional Hydrologist within Water 
Allocation at the Ministry of FLNRORD and personal communication with the Senior Environmental Officer, City of Delta. 2021. 
37 City of Delta Bylaw 7441: Water Service and Charges.  
38 Greater Vancouver Sewerage & Drainage District Sewer Use Bylaw No. 299 (as amended), 2007).  

https://delta.civicweb.net/document/135323
http://www.metrovancouver.org/services/Permits-regulations-enforcement/PermitRegulationEnforcementPublications/General_Waste_Discharge_Application.pdf
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disposal. Although the desalination equipment itself would not take up a large amount of space, a holding 
pond would be required for sediments to settle prior to use of a reverse osmosis system, and also to provide 
water storage for periods when the canal water quantity is insufficient.  

With these limitations, accessing water from the canal system is not likely to be an optimal alternative 
water source for Delta’s greenhouse sector. The feasibility is low for those greenhouses that are not located 
in the vicinity of the canals and medium-low for those that are. 

 
 

3.2 Rainwater Catchment and Storage Description 
 
In a greenhouse setting, rainwater can be collected from the glass roof and directed into a holding pond 
and then pumped into a series of storage tanks (Figures 9-11) prior to entering the greenhouse. This system  
can supplement the use of potable water, but not fully replace it. Of the six Delta greenhouse producers 
who supplied water consumption data for this project, five had established rainwater catchment and 
storage systems; however, two were not in use due to required repairs to plumbing and/or challenges with 
chemical dosing systems. 
 
 
 

 
Figure 9. View of pump in a rainwater holding pond at a Delta greenhouse (2021). 
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Figure 10. Dual fill rainwater/potable water storage tank at a Delta greenhouse (2021). 

 

 
Figure 11. Water storage tanks at a Delta greenhouse (2021). 

 
3.2.1 Rainwater Quality and Treatment  
 
There a two key concerns with water quality from rainwater collection: 
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1) Sediments and particles entering the pond from wind or through accumulation on the glass roof. 
2) Development of algae within the holding pond and/or storage tanks. 

 
Water quantity can also be a challenge due the potential for evaporation during summer months.  
 
To alleviate these risks, the following solutions can be employed (costs are detailed in the following 
section): 

• Using ReduSol/ReduClean (solar gain reducing) and gutter maintenance are standard operational 
activities that help to ensure the rainwater entering the holding pond maintains its high quality.  

• Covering the holding pond (if possible) and storage tanks to limit algal growth. 
• Recirculating water and maintaining minimal turbulent flow with passive mechanical agitation 

(single pump) to limit algal growth within the holding pond. The pump set in the pond can be raised 
approximately 1 m higher than the lined bottom to prevent sediments from being pumped through 
the system (Figure 9). 

• Scrubbing ponds annually to remove sediment by manually or mechanically sweeping the 
polyethylene bottom layer. Some operators choose to do this in the summer but it can alternatively 
be done during the fall months. 

• Applying chempricide, peroxide, or quaternary ammonia to the storage tanks. 
• Setting up a sand filter and UV (or ozone) treatment between the main collection system 

outdoors and the indoor water holding tanks (Figure 12).  
• Integrating the dual-source rain and potable water holding system with the existing greenhouse 

fertigation system. 
 

 
Figure 12. Water storage and fertigation systems at a Delta greenhouse (2021). 
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The use of shade balls, to reduce evaporation from the holding pond, is used in some instances particularly 
in water treatment systems in the USA (Figure 13). The balls are plastic HDPE spheres that float on top of 
the water and reflect the sun, thereby keeping the water temperature cool under warm conditions39. 
However, initial cost estimates indicate that this practice may be cost-prohibitive for greenhouse operators, 
and therefore including them in a rainwater catchment and storage plan should be carefully considered40. 
 
As with canal water, storage tank water may warm above optimal temperatures in the summer and the 
same approaches (see section 3.1.1) apply. The water from the holding pond will be recirculated through 
a pump, which will add dissolved oxygen into the water. Additionally, with a standard heat exchanger, the 
water from the holding pond will be recirculated through a pump, increasing dissolved oxygen 
concentrations. The water will also be subject to turbulent flow when moving from the holding ponds to 
the day storage holding tanks. Potable water is oxygenated from regional system-wide pumping and piping 
after being stored for long periods of time, therefore the levels of dissolved oxygen in the holding ponds 
may not be much different from levels found in potable water. If oxygen levels are too low in the water 
incoming from the holding ponds, hydrogen peroxide (H2O2) can be dosed into the day storage tanks. Many 
producers may be already oxygenating water with H2O2 or with an inline diffuser pump downstream of the 
fertigation mixing tank. 
 

 
Figure 13. Shade balls employed in a water holding pond (source: Advanced Water Treatment Technologies).. 

 
3.2.2 Rainwater Catchment and Storage Infrastructure Requirements  
 
Infrastructure costs will vary somewhat based on the size and configuration of storage capacity that is 
best suited for an individual site (for example, one large holding pond or several small ponds). There are 
two key considerations regarding the infrastructure costs associated with rainwater storage. 
 
1) Water storage infrastructure can be completed in a modular sequence and can be added to over time.  

 
39 Advanced Water Treatment Technologies, 2021.  
40 With a surface area of 11,250 m2 for the holding pond, over 1.4 million balls of 0.1 m diameter each would be required. At a 
price of $0.21/ball, the overall cost would be more than $300,000. 

https://www.awtti.com/floating-cover/
https://www.awtti.com/floating-cover/
https://www.alibaba.com/product-detail/Shade-Balls-Shade-Balls-Water-Treatment_1600259660967.html?spm=a2700.7724857.normal_offer.d_title.3a703f79DRmp82&s=p
https://www.alibaba.com/product-detail/Shade-Balls-Shade-Balls-Water-Treatment_1600259660967.html?spm=a2700.7724857.normal_offer.d_title.3a703f79DRmp82&s=p
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2) There is an opportunity cost associated with the land required to accommodate the holding pond and 
the storage tanks, which could otherwise be used for greenhouse production or other farm 
infrastructure. 

This second point also applies to the canal water supply option and the groundwater/aquifer options, which 
would require holding ponds (albeit smaller) for settling and pre-treatment purposes. 
 
The following costing for a ten hectare greenhouse water storage system (Table 7) is based on 
correspondence with several greenhouse producers and vendors41 with experience in designing and 
building holding ponds for both industrial and agricultural applications in Delta. This design example is 
based on the ability to capture and store up to 45,000 m3 of water in a pond and with down-stream water 
handling tanks. This would help to supplement potable water supply but not fully replace it.  
 
Two holding ponds, each 50 m wide x 150 m long x 3 m deep (Figure 14) would be required to create a 
volume of 45,000 m3. The footprint of this design is 15,000 m2 or 1.5 hectares. We can assume that a ten-
hectare greenhouse will plan to use 40,000 m3 of this 45,0000 m3 capacity to supplement the potable water 
supply (see Technical Briefing). The additional 5,000 m3 (11%) provides contingency for any water loss 
through evaporation. For a 45,000 m3 of storage pond with an average temperature of 20oC during the 
summer, there would be an evaporative loss of approximately 1,800 m3 of water per month42 or about 
5400 m3over a three month summer period.  Once a pond size and design is selected a more specific 
evaporation estimation technique can be employed, such as calculating the specific water balance for the 
site43. A small buffer of 2 - 3 m between the ponds is recommended. The layout is flexible and can be 
modified to best fit each site. For example, a single larger pond could be built if space allows, rather than 
two ponds. 
 
Not every greenhouse operation will be able to accommodate the 1.5 hectares necessary for this 
infrastructure and individual operations may need to scale infrastructure to available land. According to 
Farm Credit Canada, the value of farmland in BC’s Lower Mainland can exceed $150,000 per acre44. Those 
greenhouse operations that do have the space will need to balance the cost-benefit of using the land to 
reduce irrigation water scarcity risk against other uses for that land, such as future greenhouse expansion 
or other farm uses. These costs are anticipated to range from $600,000-$700,000 for a typical 10 ha 
greenhouse, plus operational and water treatment costs of about $15,000 per year (Table 7 and Table 8). 
 

 
41 Western Tank & Lining Ltd.: vendor of pond liners and tanks; John Dewitt Contracting: greenhouse contractor with expertise in 
pond engineering/construction; Southern Irrigation: pumps, horticultural plumbing supplies, aeration, disinfection; and Water 
Tech: pumps, horticultural plumbing supplies, aeration, disinfection. 
42 Engineering Toolbox: Evaporation from a Water Surface. Accessed February 2022. https://www.engineeringtoolbox.com/evaporation-water-
surface-d_690.html  
43 Water evaporation rates will vary widely, depending mainly on ambient air temperature, relative humidity, wind speed, and length of time that 
the water is stored in the tank(s). A full study on estimating evaporation is provided by McJannet, Cook, and Burn, 2003. Comparison of 
techniques for estimating evaporation from an irrigation water storage. Water Resources Research 49(3): 1415-1428. 
44 Farm Credit Canada, 2021. FCC Farmland Values Report 2020. 

https://www.engineeringtoolbox.com/evaporation-water-surface-d_690.html
https://www.engineeringtoolbox.com/evaporation-water-surface-d_690.html
https://www.fcc-fac.ca/fcc/resources/2020-farmland-values-report-e.pdf
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Figure 14. Aerial schematic of a rainwater holding pond. 

 
Table 7. Infrastructure cost estimates for a rainwater collection and storage system for a ten hectare greenhouse. 

Equipment Cost 
Materials and labour to construct holding pond $ 500,000 
Round storage tanks & installation  $ 75,000 
Round storage tank covers  $ 11,800 
Round storage tank plumbing $ 10,000 
Reservoir/holding pond plumbing $ 5,000 
Pump and associated plumbing $ 5,000 
Sand filter and UV (chlorine dioxide or ozone) treatment45 $ 10,000 

Total  $ 616,800 

 
Depending on the site, construction of water storage in Delta may involve additional civil engineering (site 
preparation) costs for the following: 

1. High water table and existing soil quality may require an additional pump to be installed to 
ensure that no water disturbs the tarp liner from underneath the holding pond. The estimated 
cost would be $5,000-$10,000 depending on the size of the pump required. 

2. Civil and mechanical engineering for seismic loading may be required on a case-by-case basis. 
 

 
45 This would be a second optional treatment system (in addition to any systems in place within the greenhouse fertigation 
setup). This could be a component of the outdoor water collection and holding system. Costs were obtained from Fresh Water 
Systems UV purification systems for industrial operations.  

https://www.freshwatersystems.com/products/sanitron-s10-000c-166-gpm-ultraviolet-water-purifier?variant=13249434812459
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In addition to infrastructure costs, there are Operational Expenditures (OPEX) associated with rainwater 
collection and storage systems. These costs include system maintenance, technician labour, additional 
energy consumption, water quality testing and disinfection chemicals (Table 8).  
 

Table 8. Annual operational cost estimates for a rainwater collection and storage system for a ten-hectare greenhouse. 

Item Annual Costs 
Maintenance/repair $8,000 
Energy  $4,000 
Water quality testing and chemicals $3,000 
Total $15,000 

 
A discussion and analysis of opportunity costs and water savings is included in the accompanying technical 
briefing. 
 
3.2.3 Rainwater Storage Regulatory Considerations  
 
Provincial Regulatory Considerations  
If the water catchment and storage system is located on the same property of the greenhouse, there would 
not be any concerns in relation to the ALC Act and Regulations4647. The ALR Use Regulation indicates the 
following: 
 
Land development works 
6 (1) The use of agricultural land for conducting land development works may not be prohibited as described 
in section 4 if the works are required for farm uses conducted on the agricultural land on which the works 
are conducted. 
(2) Without limiting paragraph (b) of the definition of "farm operation" in section 1 of the Farm Practices 
Protection (Right to Farm) Act, land development works include all of the following: 

(a) levelling and berming agricultural land; 
(b) constructing reservoirs; 
(c) constructing works ancillary to clearing, draining, irrigating, levelling or berming agricultural 
land and to constructing reservoirs. 

 
Furthermore, Section 19 of the ALR Use Regulation indicates: 
Other permitted non-farm uses 
19 The use of agricultural land for any of the following purposes is permitted and may not be prohibited as 
described in section 14: 

(a) collecting surface water for farm use or domestic use, water well drilling, connection of water lines 
and access to water well sites; 

 
Municipal Regulatory Considerations 

 
46 If any covenants, easements or statutory rights of way are required they may trigger an application/referral or need to submit a 
notification of statutory right of way to the ALC. If the infrastructure is just on an individual property then this would be unlikely. 
47 Personal communication, Land Use Planner, Agricultural Land Commission. 2021. 

https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96131_01
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96131_01
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Zoning requirements for setbacks from property lines may affect the siting of water storage infrastructure. 
The City of Delta Zoning Bylaw48 states within the A1 Agriculture Zone (Section 10.10.12 and 10.10.13) that 
holding ponds and water storage tanks must be sited at least 7.5 m from the front lot line and 4.5 m from 
the side lot lines of a property. If a property is located within the area outlined within the City of Delta Edge 
Planning Maps, storage tanks would need to be located 7.5 m back from side lot lines. A holding pond and 
storage tanks would need to be located at least 5 m from a constructed ditch, 10 m from a channelized 
stream, and/or 15 m from a natural stream. 
 
3.2.4 Rainwater Storage Overall Feasibility Assessment 
 
The relative cost of establishing rainwater collection and storage systems may be high for greenhouse 
operators; however, the water quality is relatively high and the risk to water supply due to climate change 
is mitigated since the water is collected during wet winter months and can be stored for used during the 
dry summer months. Risk of water loss through evaporation is challenging to manage in larger holding 
ponds but can be minimized by using covers on the round storage tanks. As noted above, some siting 
limitations – such as local government setback requirements - may exist.  
 
One of the most important opportunity costs for rainwater storage relates to the amount of land required 
to accommodate the systems (approximately 1.5 ha for 10 ha greenhouse). Based on interviews with Delta 
producers, the overall appeal of this option is high in part because each operator would have control over 
their own individual system. As such, feasibility for those with land availability is considered high. A technical 
brief accompanies this final report that further investigates the ability to offset water needs through these 
storage systems and explores the return on investment (break-even analysis) for this investment. 
 

3.3 Fraser River Piped Water Description 
  
The concept of a piped supply network could provide 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. A piped supply network would separate functions, allowing the canals to 
provide optimal drainage at all times and the piped river water to provide optimal supply.   
 

2. Preservation of the quality of supplied water. Water quality monitoring shows that significant 
saline groundwater intrusion into the canals is occurring.49 A piped network would eliminate 
this contamination, ensuring the water delivered retains the same quality as at the intake 
(source). If the intake was situated far enough upstream, the salinity levels would likely be 
consistently low enough that it could 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. Despite these potential benefits, the 

 
48 City of Delta Zoning Bylaw   
 
49 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 

https://delta.civicweb.net/filepro/documents/29754?preview=177229
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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cost of building this infrastructure would be high and investment would likely be needed from multiple 
levels of government. Due to complexity and cost of infrastructure to pipe Fraser River water, it is explored 
as a long-term option. 
 
 
3.3.1 Fraser River Piped Water Quality and Treatment 
 
While piped water to greenhouses and farms directly from the Fraser River would minimize the influence 
of contaminants from the canal system, the water would still need to be treated for other potential issues 
(e.g, suspended solids, turbidity, pH, dissolved metals, alkalinity, hardness, and microbial content). As long 
as salinity remains below 200 μS/cm the standard greenhouse sand filters and UV disinfection systems 
would likely suffice.  
 
However, the salt wedge that influences Fraser River salinity levels is anticipated to create increasing water 
quality challenges. A combination of decreasing Fraser River flow (due to a decrease in snowpack and 
summer precipitation) with sea level rise will result in higher levels of salinity in the mouth of the Fraser 
River, thereby reducing the amount of water suitable for irrigation. This modelling has been accepted in 
other reports such as a 2013 report by UBC50, the Delta Farmers Institute’s 2016 Salinity Study51, and 
Integrated Sustainability’s 2020 report.  
 
If the salinity of piped water supply rises above the threshold of greenhouse crops (200 μS/cm) then 
desalination will be required. This would require a similar investment as to the water treatment required 
for the canal water (see section 3.1.1) but without the requirement of a holding pond. Therefore, a cost of 
approximately $144,000 for capital expenditures and $14,000 of annual operational expenditures could be 
expected. 
 
 
3.3.2 Fraser River Piped Water Infrastructure Requirements 
 
System-Wide Infrastructure Requirements  
 
It is anticipated that a new irrigation water intake near the Alex Fraser Bridge and the associated 
conveyance system would cost between $44 million and  $73 million, with the extent of the range reflecting 
different delivery options52.  
 
The more costly option involves connecting piped water to the centre of the canal system, and the less 
expensive option involves running a pipeline to the intersection of Perimeter Road and the 80th St. canal 
and discharging the water into a conveyance canal constructed along the west side of Burns Bog. A project 
of this magnitude would require significant investments from all levels of government in order to proceed. 
 
Farm-Based Infrastructure Requirements  
 

 
50 UBC CALP, 2013. Delta-RAC Sea Level Rise Adaptation Visioning Study. 
51 Delta Farmers Institute, 2016. Salinity Study Forecasts Future of Agricultural Water in Delta. 
52 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 

https://www.fraserbasin.bc.ca/_Library/CCAQ_BCRAC/bcrac_delta_visioning-policy_4d.pdf
https://www.climateagriculturebc.ca/app/uploads/project-summary-DL10.pdf
https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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Neither of above cost estimates include piping to greenhouse locations or to individual greenhouses. The 
City of Delta notes that greenhouses may need to contribute a portion of the individual water servicing 
costs from a new Fraser River intake system53. Furthermore, any piping would have to align with River Rd. 
and Highway 17 or Highway 91 in order to go around Burns Bog. It is challenging to estimate the cost of 
connecting individual greenhouses to the new piped system, as distant to system would vary significantly 
between operations and it is unclear who would be responsible for the capital costs and maintenance of 
this infrastructure.  
 
3.3.3 Fraser River Piped Water Regulatory Considerations 
 
If piping water from the Fraser River were the preferred supply option, a water licence would need to be 
obtained by individual greenhouses54. The water licence application would need to identify the greenhouse 
demand (quantity) and the time (period of use) for irrigation water, as well as the point of diversion where 
the water is to be diverted, and the end place of use, where the water is to be used. If the water is treated 
to remove sediments or to improve water quality, depending on the end use of the sludge or sediments, 
additional permits may be required; such as an Effluent Permit. For the Fraser River, this may require an 
Environmental Flow Needs study to be conducted. 
 
If the applicant is an individual greenhouse owner, the private property where the greenhouse is located 
would be considered the appurtenant land; whether the pipe to the river is immediately adjacent to the 
greenhouse, or some distance away. The licensee would need to make arrangements with the other 
landowners or local government as to have the water line cross their property. 
 
If the applicant is the City of Delta, the service area where the greenhouses are located would be considered 
the appurtenant land; whether the pipe to the stream is immediately adjacent to the greenhouse, or some 
distance away. According to the Water Licence Office, the City of Delta has an irrigation licence (#C116994) 
with several points of diversion. The City of Delta could use the Local Government Act to acquire land for 
the water line or use easements or right of ways for their utilities for the water line. 
 
3.3.4 Fraser River Piped Water Overall Feasibility Assessment 
 
While the Fraser River is a desirable source of water for the greenhouse industry (particularly if the intake 
is located far enough upstream for salinity levels to be low), development of piping infrastructure would be 
a substantial and long-term undertaking, and benefits would need to accrue to all agricultural water users. 
It will take all levels of government to support this infrastructure upgrade. Even with support, the buildout 
would be years away. The biggest risk with this option from the perspective of the greenhouse operator 
are the unknown costs associated with connecting individual greenhouses to a new intake, which may be 
exorbitant. There are also unknowns regarding who will be responsible for maintenance and upgrades of 
these individual hookups. In addition, there is consensus that salinity levels at upstream Fraser River 
locations may rise over time due to the salt wedge creeping further upstream over time due to climate 
change. The salinity risk is therefore not eliminated. While the supply option may be desirable, the 

 
53 Personal communication, Senior Environmental Officers, City of Delta. 2021  
54 The information regarding water licencing was obtained through email correspondence with a Regional Hydrologist within 
Water Allocation at the Ministry of FLNRORD. 
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timeframe regarding availability and connection costs are relatively unknown, and so the feasibility of this 
option is medium. 

 

3.4 Groundwater and Aquifers Description 
 
Infiltration of precipitation into Burns Bog is the main shallow groundwater recharge mechanism in Delta, 
whereby groundwater flows out from the bog into surrounding surface water bodies, which in turn 
recharge the deeper aquifer55. Because the water table below the bog is near the ground surface, shallow 
groundwater is intercepted and controlled by ditches, drainage features, and control structures. Downward 
recharge of sands and the deeper aquifer under the bog is limited by the peat-textured material and fine-
grained mineral soil under the bog. 
 
Groundwater elevation within the agricultural areas of Delta ranges from -0.5 m to 1.0 m above sea level, 
and water level variation between the wet and dry seasons ranges from 0.4 m to 0.8 m56. Ditches and 
creeks control the level of the water table by either surface water discharge to shallow groundwater (wet 
season) or groundwater discharge to surface water (dry season). 
 
There are two deep aquifers underlying the City of Delta, one that is located across the majority of the 
municipality and into Tsawwassen (Aquifer #42), and one that is located under Westham Island (Aquifer 
#63) (Figure 15). The main characteristics of the two aquifers are provided in Table 9 and Table 1057.  
 
 
 

 
55 Golder Associates Ltd. 2006. South Fraser Perimeter Road – Hydrogeology Impact Assessment. Prepared for the BC Ministry of 
Transportation 
56BC Ministry of Transportation and Infrastructure (MOTI). 2015. George Massey Tunnel Replacement Project: Hydrogeology 
Study 
57 Aquifer #42. Factsheet generated: 2020-08-06. Aquifers online: https://apps.nrs.gov.bc.ca/gwells/aquifers. 

https://engage.gov.bc.ca/app/uploads/sites/52/2016/08/Hydrogeology-Study.pdf
https://engage.gov.bc.ca/app/uploads/sites/52/2016/08/Hydrogeology-Study.pdf
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Figure 15. Aquifer #42 with wells shown as black dots. Source: BC Water Resources Atlas. 

 
Table 9. Characteristics of aquifers in Delta, BC (source: Aquifer #42. Factsheet generated: 2020-08-06). 

Characteristic Aquifer 42 (Delta Mainland) Aquifer 63 (Westham Island) 
Aquifer area 142.9 km2 10.4 km2 
Geology Unconfined fluvial or glacio-

fluvial sand and gravel 
Unconfined fluvial or glacio-

fluvial sand and gravel 
Number of wells  12 1 
Vulnerability High High 
Productivity Moderate Moderate 

 
Table 10. Report well depth, depth to water, and well yield for 7 wells in Aquifer 42 (source: Aquifer #42. Factsheet generated: 

2020-08-06). 

 Well Depth (m) 
 

Depth to 
Water (m) 

Reported Well Yield 
(L/s) 

Maximum 91 3 25 
Minimum 2.5 0.6 1.26 
Average 39 1.8 10.9 
Median 38 2.1 5.93 

Geometric Mean 23 1.5 6.06 
 
A 2017 report indicates that the majority (87%) of wells in Aquifer #42 are used for private domestic 
purposes58, not for agricultural purposes, and City of Delta staff indicate that many of these are temporary 
dewatering wells59. By comparison there are over 800 hundred wells registered in neighbouring Surrey, 
east of Highway 91, related to Aquifer #61. This is further demonstrated in Figure 16 which shows 

 
58 South Delta Groundwater Feasibility Study, 2017. Advisian Consulting. 
59 Personal communication, City of Delta Engineering staff, 2021. 

https://delta.civicweb.net/document/173933/F15%20South%20Delta%20Groundwater%20Well%20Feasibility%20Study.pdf
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registered wells in the City of Delta and surrounding areas. Only construction-related wells (orange dots) 
can be found in and around farming areas in Delta. The one exception is a private/domestic use well on 
Westham Island that was drilled in 1990 and has a yield of 31.5 L/s. 
 
 

 
Figure 16. Registered wells in Delta and surrounding areas (source: BC Water Resources Atlas). 

 
 
3.4.1 Groundwater/Aquifer Water Quality and Treatment and Water Quantity/Yield 
 
3.4.1.1 Dynamics of Salinity, Iron, and Manganese in Coastal Aquifers 
 
The mixing of saline sea water into coastal groundwater and aquifer systems, such as those along the Fraser 
River delta, impacts the oxidation rates of iron (Fe) and manganese (Mn)60. The saline water intrusion and 
circulation pattern provides a flow pathway that allows dissolved Fe and Mn to accumulate continuously 
and to be transported along the saline wedge to the top mixing zone.  
 
The cross-section in Figure 17 indicates the flow of water in the Fraser River sandy aquifer on Lulu Island, 
Richmond, which is believed to be similar to that of Aquifer #42 in Delta due to similarities in 
geomorphology and sedimentation61. The green rectangle indicates the location of the “upper mixing 

 
60 Zinati, G. and X. Shuai, 2016. Management of iron in irrigation water. New Jersey Agricultural Experiment Station, Rutgers 
University. 
61Neilson-Welch, Laurie, and Leslie Smith. 2001. “Saline Water Intrusion Adjacent to the Fraser River, Richmond, British 
Columbia.” Canadian Geotechnical Journal 38 (1): 67–82. doi:10.1139/t00-075. 

https://njaes.rutgers.edu/fs516/
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zone,” where overturned saline water meets the shallow fresh groundwater. Extremely high levels of 
dissolved metals are found in the upper mixing zone62. The pink rectangle indicates the location of the 
“lower mixing zone,” where freshwater flows up into the overlying sandy aquifer.  
 
Groundwater tested on neighboring Lulu Island (Richmond) - which has an aquifer believed to be similar to 
Aquifer #42 - found dissolved Fe(II) concentrations ranging from 10 – 350 mg/L. The highest concentrations 
of Fe were recorded at 10 – 12 m of depth (aligning with the upper mixing zone), where it exceeded 300 
mg/L. This is two orders of magnitude higher than what is acceptable for greenhouse irrigation water63. 
Irrigation water with Fe levels above 0.1 mg/L may cause clogging of drip irrigation emitters or nozzles and 
above 0.3 mg/L may lead to iron rust stains, and discoloration on foliage plants in overhead irrigation 
applications64.  
 
3.4.1.2 Quality of Groundwater in Delta’s Aquifer #42 
 
A number of reports have been completed over the years that include information that create a picture of 
the Delta aquifer water quality and quantity.  
 
Private Water Well Record, 1991. 
A water well record created in 1991 by Field Drilling Contractors Ltd for Mr. C. Deboer at 4130-88th St (just 
east of the Boundary Bay Airport) was reviewed. The record noted a hole depth of 300 ft and describes a 
lithology of mainly silty sands and clays. A single comment “salt water intrusion 300’ ” is included in the 
record. However no other specific parameters, such as yield, are provided65 (Figure 18). 
 

 
62 Ibid. 
63 Zinati, G. and X. Shuai, 2016. Management of iron in irrigation water. New Jersey Agricultural Experiment Station, Rutgers 
University. 
64 Ibid. 
66 Golder Associates Ltd. 2006. South Fraser Perimeter Road – Hydrogeology Impact Assessment. Prepared for the BC Ministry of 
Transportation. 

https://njaes.rutgers.edu/fs516/
http://www.llbc.leg.bc.ca/public/PubDocs/bcdocs/406340/Volume10.pdf
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Figure 17. Water well record for 4130 88th St, 1991. 

 
A study by Golder and Associates (2006) explored test wells dug at various locations around the area of 
South Fraser Perimeter Road (SFPR) (Figure 19)66. Five of the test wells were located within agricultural 
areas in Delta, west and south of Burns Bog. These are represented by the red triangles in Figure 18. The 
remainder of the wells were dug outside of agricultural areas: within Burns Bog, in urban/developed areas, 
and/or within the City of Surrey.  
 
The Golder study found a lack of registered water wells in Delta generally, and no registered wells present 
west of Highway 91 (Annacis Highway). City of Delta staff at that time (pers. comm., Verne Kucy, Manager 
Environmental Services, 2004) indicated that groundwater wells were not likely to be located in the vicinity 
of the SFPR route due to the suspected high salinity of groundwater in the lowland areas of Delta.  
 
A summary of water quality results from the five wells in agricultural areas are presented in Table 11 and 
Table 12, with indications as to when the parameters exceed the Contaminated Sites Regulation (CSR) 
standards for irrigation water (red) or aquatic life (blue).  
 
 

 
66 Golder Associates Ltd. 2006. South Fraser Perimeter Road – Hydrogeology Impact Assessment. Prepared for the BC Ministry of 
Transportation. 

http://www.llbc.leg.bc.ca/public/PubDocs/bcdocs/406340/Volume10.pdf
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Figure 18. Location of wells monitored by Golder and Associates in 2006. Red triangles indicate five wells in agricultural areas. 

Table 11. Location and characteristics of agricultural test wells (Source: Golder and Associates, 2006). 

Well ID Location 
Northing (m) 

Location 
Easting 

(m) 

Depth to 
Groundwater (m 

below top of pipe) 

Hydraulic 
Conductivity 

(mS/cm) 

Lithology Chloride 
(Cl-) 

(mg/L) 

TDS 
(mg/L) 

MW04-A 5435055.8 497431.9 1.39 - 2.08 5.30E-07 Silty clay 260 1,870 
MW04-B 5437371.7 497592.6 0.96 - 1.78 N/A N/A 9.64 318 

MW04-C1 5439349.9 497959.6 0.80 - 1.32 1.00E-06 Peat 15.7 462 
MW04-M 5441504.7 498623.1 0.32 - 0.60 1.60E-06 Silty clay 28.0 451 

MW04-N 5441912.4 499153.8 1.30 - 1.46 1.80E-07 Silt and 
clay 

73.9 748 

 
Table 12. Total Dissolved Metals (mg/L) of agricultural test wells (Source: Golder and Associates, 2006). 

Well ID Aluminum 
(mg/L) 

Boron 
(mg/L) 

Chromium 
(mg/L) 

Copper 
(mg/L) 

Iron 
(mg/L) 

Manganese 
(mg/L) 

MW04-A  <0.050 1.16 <0.0025 <0.0050 0.199 0.541 
MW04-B 9.28 <0.10 0.0186 0.0278 14.1 0.863 
MW04-C1 0.068 <0.10 <0.0010 0.005 1.09 1.03 
MW04-M 6.97 <0.10 0.0221 0.0287 11.1 2.05 
MW04-N 3.06 <0.10 0.012 0.0126 42 2.88 

*Exceedance of the CSR standards for irrigation water (red) or aquatic life (blue). 
 
In 2015, the BC Ministry of Transportation and Infrastructure (MOTI) completed a study to document 
existing environmental conditions that could potentially be affected by the proposed George Massey 
Tunnel Replacement Project. A review of hydrogeology was initiated to document existing groundwater 
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information along a 250-m wide corridor centred on Highway 99 extending from Westminster Highway in 
Richmond to the Highway 10 interchange in Delta. The study was compiled based on a review of existing 
data and information – no site-specific groundwater data was collected. 
 
The study notes that groundwater collection sites from within agricultural lands along the project footprint 
are limited to areas south of Burns Bog and the Vancouver Landfill. The data from these sites was 
extrapolated to describe the hydrogeology for all agricultural areas within the study area, which was 
considered appropriate based on the well-understood depositional history and geology of the Fraser River 
delta. Groundwater in the agricultural area is characterized by a pH of between 5-8 and slightly reducing 
conditions. In addition to concerns regarding iron, groundwater in Delta’s agricultural areas was found to 
have chlorine, boron, nitrate, aluminum, iron, magnesium, manganese, and some hydrocarbons at 
concentrations above provincial water quality standards67.  
 
In 2017, the City of Delta hired Advisian to have a second look at groundwater availability in South Delta 
and to undertake test drilling in Diefenbaker Park, located in Tsawwassen (Figure 20).  Previously (in 1964) 
a 305 m deep test well was dug approximately 300 m north of 16th Avenue, immediately east of 56th 
Street68. Several water-bearing zones containing saline waters with chloride concentrations ranging from 
750 to 2,650 ppm were encountered while drilling that test well.  At that time, it was inferred that 
sediments in the South Delta lowlands were not connected to the freshwater sources flowing eastwards 
from the upland area of the City of Surrey and southwards from the upland areas of Vancouver. Rather, 
the aquifer under South Delta was influenced by salt water to the west and to the south. The well was 
abandoned in 1964 given that a potable groundwater source was not encountered.  
  
The objective of the 2017 study was to determine the feasibility of using groundwater as an emergency 
water supply source in South Delta, specifically for the communities of Tsawwassen and Ladner. The 
minimum requirements as directed by the City of Delta included was that the water must meet CSR 
standards for potable water and the well must provide a minimum yield of 3.0 L/s69. The Diefenbaker Park 
site was historically used as a gravel pit, which operated from the 1910s to the mid to late 1970s. At that 
time, ponds were present at the gravel pit operation but the mechanism providing water to the ponds is 
unknown (e.g. surface water vs. groundwater).  
 

 
67 BC Ministry of Transportation and Infrastructure (MOTI). 2015. George Massey Tunnel Replacement Project: Hydrogeology 
Study 
68 South Delta Groundwater Feasibility Study, 2017. Advisian Consulting. 
69 Ibid. 

https://engage.gov.bc.ca/app/uploads/sites/52/2016/08/Hydrogeology-Study.pdf
https://engage.gov.bc.ca/app/uploads/sites/52/2016/08/Hydrogeology-Study.pdf
https://delta.civicweb.net/document/173933/F15%20South%20Delta%20Groundwater%20Well%20Feasibility%20Study.pdf
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Figure 19. Location of test well site at Diefenbaker Park in South Delta (Source: Advisian 2017). 

The report notes that well reports for 13 wells located within a 1 km distance from the test site were 
reviewed but all had limited hydrogeology information associated with them, and none had water quality 
data associated with the records.  
 
Drilling of the 2017 test well was completed to a total depth of 78 m and no significant water bearing zone 
was encountered. The yield criteria of 3 L/s could not be met but a well yield of 0.4 L/s was estimated by 
collecting discharged groundwater into a bucket and timing the flow. Testing was completed for 
approximately 30 minutes and then terminated given that higher yields were unlikely. A groundwater grab 
sample was collected to test for temperature, conductivity, total dissolved solids, salinity, dissolved oxygen, 
and turbidity. Results are presented in Table 14. Due to the low well yield (0.4 L/s vs. minimum of 3 L/s) the 
well was decommissioned and exploration in this area is no longer being pursued.  
 
 

Table 13. Diefenbaker Park test well characteristics (Advisian, 2017) 

 Diefenbaker Park Test Well 
Address 4500 Clarence Taylor Crescent 

Northing (m) 5427974 
Easting (m) 494903 

Temperature (oC) 17.5 
Depth (m) 78 

Conductivity (us/cm) 372 
Total Dissolved Solids 281 

Salinity (%) 0.21 
Dissolved Oxygen (mg/L) 8.2 

Turbidity (NTU) 53 
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The 2020 Integrated Sustainability70 report about future water supply for agriculture did not focus on 
groundwater, but did note that any useable groundwater is likely to be located at the east end of the 
irrigation canal area; as there is no available data regarding test wells in the eastern part of Delta, 
feasibility would require additional investigation. In addition, saline groundwater intrusion appears to 
impact the water quality of the canal system, which deteriorates as it moves through the canal system. 
While this decrease in quality varies by location, it appears to be caused by saline groundwater intrusion 
in most places. Presently, water in the canal system 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. This indicates that the salinity levels within the groundwater 
is high. 
 
 
3.4.2 Groundwater/Aquifer Water Treatment and Infrastructure Requirements 
 
Given the findings in section 3.4.1, the main concerns with regard to groundwater/aquifer as a water supply 
source are as follows: 

• Data availability is sparse, with only a few test wells in recent decades primarily around the western 
edges of Burns Bog and South Delta. There was no data found for east Delta. 

• Availability of groundwater is inconsistent, with some test wells indicating low or no yield. 
• Data that is available confirms high levels of salinity, dissolved Fe, and dissolved Mn in many cases. 

 
Groundwater yield is often measured in litres/second (L/s) Estimated yield requirements for an average 10 
ha greenhouse (118,500 m3/year) would therefore be approximately 3.75 L/s71. 
 
The following discussion regarding treatment needs assumes the following: 

• Yield is consistent and high enough to supply irrigation water needs of the greenhouse (e.g. at least 
3.75 L/s). 

• Salinity is high enough to warrant treatment. 
• Dissolved iron and manganese levels are high enough to require treatment. 

 
Treatment technologies for reduction of iron (Fe) and manganese (Mn) concentrations in water include 
aeration followed by precipitation, filtration, adsorption systems, ion exchange, and reverse osmosis72. The 
effectiveness of treatment will depend on the type of ion present, the concentration of the metal, and the 
pH of the water.73. Regardless of the type of Fe and Mn that needs to be treated, based on the City of 
Delta’s recent experience from various deep utility projects in the low-lying areas, the cost to treat the 
water will likely be quite high74.  
 
The first step in treatment will include pumping well water into a holding pond fitted with an aeration 
pump. The size of the holding pond will be smaller (about half the size) than the rainwater catchment pond 
as described in section 3.2.2 and is therefore estimated at $300,000. The goal of aeration is to chemically 

 
70 Integrated Sustainability. 2020. Delta’s Future Agricultural Water Supply & Demand: Project Report. BC Agriculture & Food 
Climate Action Initiative. 
71 118,500 m3/yr is equivalent to 325 m3/day or 71,424.59 gallons/day or 49.59 Gallons/s 
72 Modelling study of iron and manganese in groundwater, 2013. Golder and Associates Ltd. 
73 Other forms of treatment include using a water softener with a resinous cation exchanger and/or chlorination. 
74 Personal communication, City of Delta Engineering staff, 2021. 

https://www.climateagriculturebc.ca/app/uploads/DL12-future-water-supply-2020-report-v1.0.pdf
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oxidate the metals into a molecular form which can then be absorbed through filtration that concurrently 
increases the pH. The water will then be further treated by a water softener filter or desalination system. 
The costs associated with desalinization through a reverse osmosis system are discussed in 3.1.1 and are 
estimated at $144,000.  
 
In addition to the costs of groundwater treatment, there is the cost of drilling the well. Most wells up to 
100 m in depth can be drilled in one to two days once a drilling rig is set-up on the well drilling site. The 
cost of drilling a well for commercial greenhouse use ranges from $8,000 to $15,000, or even up to $30,000 
depending on the depth of the well75. Table 15 provides a summary of anticipated costs associated with 
using groundwater as an alternative water supply option. 
 
Annual operational costs including energy requirements and membrane, and filter replacements for the 
reverse osmosis system (for a ten hectare ha greenhouse with treatment capacity of 3.75 L/s of water) are 
estimated at $14,000.76  Water licence holders must pay an annual water rental fee based on the water 
use purpose and volume. The BC Ministry of Environment and Climate Change Water Rent Estimator was 
used to calculate the costs of annual licensing and water payments. A usage amount of 325 m3/day was 
used, based on the calculations provided in Table 3. A total cost of $350.83 is anticipated ($100.83 for the 
annual rent and $250 for the application fee). 
 
Pumping tests may be required and results submitted to the Government of BC if: 

• The well is likely to be hydraulically connected to a stream or a surficial saline water body (e.g., 
coastal),  

• There are active wells nearby in the same aquifer,  
• The well is in an aquifer or a watershed with an allocation notation or known water scarcity issues,  
• A large volume is requested (>100 m3/day bedrock aquifer, >1000 m3/day unconsolidated 

aquifer).  
Depending on the duration, scale, and complexity these pumping tests can range in costs from $5,000-
$30,000. According to City of Delta staff, the City would require a groundwater flow analysis to be 
conducted for any new well. This analysis can be conducted by a hydrogeologist and may cost upwards of 
$5,000-$10,000, depending on scope77. The City of Delta also requires a drilling permit for a new well. 
 

Table 14. Infrastructure cost estimates for a well water irrigation source. 

Equipment Cost 

Groundwater flow analysis $5,000 - $10,000 
Materials and labour to drill a well $8,000 - $30,000 
Technical assessments and pumping tests $5,000 - $30,000 
Licensing and permitting $2,000 - $5,000 
Materials and labour to construct a small holding pond $ 300,000 
Reverse Osmosis system and installation  $ 144,000 
Holding pond plumbing $ 5,000 

 
75 Fraser Valley Well Drilling, 2021. Frequently Asked Questions.  
76 Cox, R.S et al., 2018. Brackish water deslination for greenhouse agriculture: comparing the costs of RO, CCRO, EDR, and 
monovalent-selective EDR. Massachusetts Institute of Tec  
77 Local hydrogeologist services can be provided by Western Water, PGL Consultants, or KWL Consultants among others.  

https://www.fraservalleywelldrilling.com/bc-water-well-drilling-faq.html
file://Users/ionesmith/Documents/Work/Greenhouse%20water/hnology%20https:/dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf%3fsequence=1&isAllowed=y
file://Users/ionesmith/Documents/Work/Greenhouse%20water/hnology%20https:/dspace.mit.edu/bitstream/handle/1721.1/123112/NAYAR-greenhouse_ag-2019-preprint.pdf%3fsequence=1&isAllowed=y
http://www.westernwater.ca/western_water_associates_services_groundwater_supply_development.html
https://www.pggroup.com/our-people/christina-trotter/
https://www.kwl.ca/expertise/engineering-solutions/
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Pump and associated PVC plumbing $ 5,000 
Total  $ 474,000 - $529,000 

 
Other considerations: 
- Costs associated with collection, storage, and disposal of iron precipitate, brine water are unknown, 

however discharge permit fees average $52,000 per year in Metro Vancouver. 
- Opportunity costs of use of 0.5 hectares of land should be considered. This is further explored in the 

accompanying technical briefing. 
 
3.4.3 Groundwater/Aquifer Water Regulatory Considerations 
 
A water licence and associated fees and rentals are required for the diversion and use of groundwater for 
non-domestic purposes (see http://www.groundwater.gov.bc.ca). There are also legal requirements 
regarding well drilling under the Groundwater Protection Regulation78. These requirements may include 
technical assessments that will require assistance from a registered well driller and/or a professional 
hydrogeologist. Wells drilled deeper than 15 m must be constructed under the direct supervision of a 
registered water well driller or a professional in the field of hydrogeology or geotechnical engineering. 
Water licence holders must pay an annual water rental fee based on the water use purpose and volume.  
 
Wells must be constructed according to minimum specifications in the Groundwater Protection Regulation. 
These include the following minimum setbacks: 

• 6 m from buildings or dwellings 
• 15 m from an existing water supply well 
• 30 m from sources of contamination (e.g. septic tank) 
• 120 m from cemeteries and landfills 

 
Other permitting requirements may include79: 

• Drinking Water Protection Act operating permit (required for all “water supply” systems); 
• Environmental Assessment certificate (or exemption letter) for systems designed to pump above 

75L/s or project notification for systems designed to pump above 63.25 L/s. 
 
 
3.4.4 Groundwater/Aquifer Water Overall Feasibility 
 
In summary, there is a general lack of detailed information regarding the extent and quality of groundwater 
within the City of Delta’s agricultural areas. This is underscored by the small number of existing wells within 
the ALR in Delta in comparison to neighbouring City of Surrey. Existing wells in Delta are mainly associated 
with construction (dewatering) or private use/domestic use outside of agricultural areas.  
 
Of the wells that have been dug and tested related to infrastructure projects, the following conclusions can 
be drawn: 

• Salinity levels in groundwater are anticipated to be high (above CSR criteria for irrigation) in most 
areas and will require treatment (desalinization). 

 
78BC Government, 2021. Know Before You Drill.  
79 Licensing Groundwater in BC: Questions and Answers.  

http://www.groundwater.gov.bc.ca/
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/brochure-beforeyoudrill-2020-web.pdf
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/gwlicensingqas-2020.pdf
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• Dissolved iron (Fe) and manganese (Mn) are anticipated to be high (above CSR criteria for irrigation) 
and will require treatment (precipitation and filtration). 

 
For greenhouse operators interested in investigating the suitability of groundwater as an alternative water 
supply source, the first step will be to dig a test well to determine yield at that specific site. A minimum 
yield of 3.75 L/s would be required to satisfy the irrigation needs of an average ten hectare greenhouse in 
Delta.  
 
The treatment protocol will involve a holding pond, filtration, and desalinization, with the added step of 
iron and manganese precipitation, storage, and disposal. The brine left over from desalinization will also 
require disposal. This will trigger the requirement of a waste discharge permit and associated fees from 
Metro Vancouver. Therefore, the treatment costs for well water are anticipated to be equal to, or greater 
than, the costs for treatment of canal water. For these reasons, groundwater has low feasibility as an 
alternative supply of irrigation water for Delta’s greenhouse sector.  
 
 

3.5 Overview of the Four Alternative Water Supply Options 
 
Four alternative water supply options for Delta’s greenhouse sector that have been explored: 

1. Surface (canal) water  
2. Rainwater collection and storage  
3. Fraser River piped water  
4. Groundwater/Aquifer 

Table 16 summarizes the potential of each option to reduce risk of water supply disruptions. Highlights 
include: 

• Of the four water supply options, all but rainwater collection and storage are at risk of becoming 
more impacted by water quality issues (salinity) due to climate change.  

• The three options that rely on holding ponds as part of water quality treatment (canal water, 
rainwater, and groundwater/aquifer) will be impacted by increasing evaporation rates due to 
higher summer temperatures. 

• Groundwater wells and the canal system are most at risk of being impacted by other (non-climate) 
disruptions, such as an earthquake. Rainwater collection and storage systems and Fraser River 
piping infrastructure can incorporate seismic-resilient design principles. 
 

Table 17 presents key points for consideration of each option for ease of comparison. Highlights include: 
• Surface (canal) water and piped Fraser River water will require significant investment by all levels 

of government in order for these options to be available to all greenhouses. 
• There is a lack of certainty regarding the availability of groundwater with some test wells indicating 

limited or unsuitable supply. 
• Water quality concerns are greatest for canal water and groundwater/aquifer. Both of these 

options require desalination, which would then result in the requirement for brine disposal along 
with appropriate permitting. 

• Rainwater collection and storage is the only option that does not require desalination. 
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• Piped Fraser River water is the only option that would not require a holding pond to be developed 
on-site as part of the water treatment system. 

• Rainwater collection and storage has the least amount of permitting/regulatory requirements  but 
requires the largest holding pond (and therefore land availability). 

 
Table 18 compares the costs required to establish and operate each option. Highlights include: 

• Surface (canal) water and piped Fraser River water will require significant investment (millions of 
dollars) by all levels of government in order for these options to be available to all greenhouses. 

• Rainwater collection and storage requires the most up front capital expense for producers, but 
offers the greatest level of certainty in terms of water quantity and quality. 

• There are a lot of unknown costs surrounding piped Fraser River, primarily due to the fact that 
greenhouse operators will be responsible for at least a portion of the costs involved in connecting 
individual properties to a centralized water distribution point. 

• Surface (canal) water and groundwater require collection, storage, and disposal of brine. 
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Table 15. SWOT Analysis of Three Water Supply Options 

Supply Option Climate Change Threats and Risks Other Threats and Risks 
Surface (canal) water Increasing risk of salinity due to salt wedge (sea level 

rise and decreased Fraser River flow). 
 
Current conveyance capacity insufficient to meet 
future agricultural irrigation demand under climate 
change scenarios 
 
Increasing summer temperatures will increase 
evaporation from holding ponds and may require 
temperature regulation. 
 

May not provide on-site resiliency during/after a 
seismic event.  
 
Water source (canal system) infrastructure may 
become impacted.  

Rainwater collection and storage Shifts in precipitation patterns throughout the year 
may require design to accommodate 2-3 months of 
water demand. 
 
Increasing summer temperatures will increase 
evaporation from the holding pond and may require 
temperature regulation. 
 

Depending on design, the system may provide 
moderate protection from seismic- related 
disruptions. 

Fraser River piped water Increasing risk of salinity due to salt wedge (sea level 
rise and decreased Fraser River flow). 
 

Depending on design, the system may provide 
moderate protection from seismic- related 
disruptions. 
 

Groundwater/Aquifer 
 

Increasing risk of salinity due to salt wedge (sea level 
rise and decreased Fraser River flow). 
 
Increasing summer temperatures will increase 
evaporation from the holding pond and may require 
temperature regulation. 
 

May not provide on-site resiliency during a 
seismic event.  
 
Water source (aquifer) may become impacted by 
a seismic. 
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Table 16. Summary of Key Features of Alternative Water Supply Options 

Water Supply 
Option 

Infrastructure 
Responsibilities  

Water Quality 
Concerns 

Treatment 
Requirements 

Land and Regulatory 
Considerations 

Other Considerations Overall 
Feasibility 

Surface (canal) 
water 

Investment in 
upgrades – all levels 
of government  
 
Canal maintenance 
by City of Delta 

• Salinity 
• Sediment 
• Bacteria/Viruses 
• Runoff from farm 

fields 
• Temperature 
 

• Small holding 
pond 

• Sand filter 
• Desalination 
• Brine collection 

and disposal 

0.5 hectares required for 
holding pond 
 
Brine storage and discharge 
permits and associated costs 
 
Water system connection 
fee 

Management of brine, which 
accounts for 58-75% of total water 
 
Canals only accessible to some 
greenhouses 
 
Water quality and quantity may be 
improved in the future if new 
intake developed 

Medium-
Low 

Rainwater 
collection and 

storage 

Individual 
greenhouse operator 

• Sediment 
• Micro-organisms 
• Algae build-up  
• Temperature 

 
 

• Large holding 
pond 

• Sand filter 
• Storage tanks 
• Shade balls 

(optional) 

1.5 hectares required for 
holding pond 
 
Local siting (lot line setback) 
requirements 

Opportunity costs associated with 
the land use requirements 

High 

Fraser River 
piped water 

Investment in high 
cost infrastructure - 
all levels of 
government  
 
System maintenance 
by City of Delta and 
possibly individual 
farms 

• Salinity (may be 
seasonal) 

• Micro-organisms 
• Dissolved solids 

• Desalination Water licensing required 
under the Provincial Water 
Sustainability Act 

Costly infrastructure required that 
will require support from all levels 
of governments - uncertainty 
 
Uncertainty around connection 
and maintenance costs and 
responsibilities 

Medium 
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Groundwater Individual 
greenhouse operator 

• Salinity 
• Iron 
• Manganese 
• Other dissolved 

metals 
• Temperature 

 

• Small holding 
pond 

• Aeration/oxidati
on and 
precipitation 

• Filtration 
• Desalination 
• Brine collection 

and disposal 

0.5 hectares required for 
holding pond 
Groundwater flow analysis 
and drilling permit required 
Water licensing under the 
Water Sustainability Act  
Groundwater Protection Act 
and Regulations 
Brine storage and discharge 
permits and associated costs 
Pumping tests (may be 
required) 

Lack of availability of 
groundwater/aquifer information 
in Delta; unpromising well tests 
 
Collection, storage, and disposal 
of iron and manganese precipitate 
 
Uncertainty regarding yield rates 
on a site-by-site basis (at least 
3.75 L/s needed for 10 ha 
greenhouse) 
 

Low 
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Table 17. Summary of Estimated Costs of Alternative Water Supply Options 

Tool Farm-Level Water Quality Treatment Costs Infrastructure Upgrade 
Costs  

(Requires Federal and 
Provincial Investment) 

Surface (canal) 
water 

Capital Expenditures: 
- Small holding pond:      $300,000 
- Desalination system:    $144,000 
- Storage tanks/system: $106,800 
- Total:                               $550,000 

 
Annual Operating Expenditures: $14,000 
 
Other costs:  

- Opportunity costs of use of 0.5 hectares of land. 
- Brine water management and disposal (avg. $52,000). 

$17 million - $36 
million 

Rainwater 
collection and 

storage 

Capital Expenditures: 
- Large holding pond:   $500,000 
- Storage/system:         $116,800 
- Total                             $616,800 

 
Operating Expenditures: $15,000 
 
Other costs:  

- Opportunity costs of use of 1.5 hectares of land. 

None 

Fraser River 
piped water 

Capital Expenditures: 
- Desalination system:  $144,000 

 
Operating Expenditures:  $14,000 
 
Other costs:  

- Capital expenditures required associated with connection fees.  
- Water Sustainability Act Licensing fees. 

$44 million - $73 
million 

Groundwater Capital Expenditures: 
- Groundwater flow analysis:                           $5,000 - $10,000 
- Materials and labour for well:                       $8,000 - $30,000 
- Technical assessments and pumping tests: $5,000 - $30,000 
- Licenses and permitting:                                 $2,000 - $5,000 
- Small holding pond:                                         $300,000 
- Desalination system:                                       $144,000 
- Holding pond and plumbing:                              $5,000 
- Pump and associated PVC plumbing:               $5,000 
- Total                                                                  $474,000 - $529,000 

 
Operating Expenditures: $15,000 
 
Other Costs: 

- Collection, storage, and disposal costs associated with iron 
precipitate, brine water (avg. $52,000) 

None 
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- Opportunity costs of use of 0.5 hectares of land. 

4.0 Summary 
 
This report identified four alternative water supply options for the greenhouse industry and assessed each 
option by reviewing climate change-related and other types of risks, comparing infrastructure and water 
quality treatment requirements, reviewing regulatory requirements, and evaluating overall feasibility.  
 
The order of feasibility from highest to lowest is: 

1) Rainwater collection and storage:  HIGH 
2) Piped Fraser River water:   MEDIUM 
3) Surface (canal) water:    MEDIUM-LOW 
4) Groundwater/aquifer (wells):   LOW 

 
Given that implementation of Option 2, piped Fraser River water, depends on substantial investment by all 
levels of government, it remains moderately feasible, as it is also out of reach for the near-term. Piped 
water does create the potential for high quality water supply, assuming the intake is far enough upstream 
that the Fraser River salt wedge does not overly impact the water source. There are uncertainties regarding 
the responsibilities of individual landowners with regard to paying for connection fees and associated 
infrastructure. 
 
Option 3, surface (canal) water, is only accessible to about half of the greenhouses in Delta (those in 
proximity to canals) unless significant infrastructure upgrades are made. Those greenhouses with the ability 
to tap into this source have not done so, likely because the water quality is often poor and the quantities 
available are inconsistent. Use of canal water would require greenhouse operators to invest in water quality 
treatment and brine management. 
 
Well water (Option 4) is considered the lowest feasibility due in part to unknowns around accessibility. Well 
tests conducted by the City of Delta have failed to find suitable water sources in South Delta. Test results 
indicate water quality concerns for iron and manganese, particularly south and west of Burns Bog, and 
there are few existing wells within the City of Delta. Groundwater treatment would be onerous and costly, 
in line with the costs associated with canal water treatment and water licensing requirements also have 
the potential to create additional complexity and cost. 
 
Despite land use requirements and capital investments, the rainwater collection and storage alternative 
(Option 1) remains the most feasible. Each greenhouse operator will need to weigh the advantages and 
disadvantages of making investments into the infrastructure and the land required to establish rainwater 
storage. A technical briefing has been developed as an accompanying document to further explore the 
costs of this system. 
 
As a next step, some secondary sources of water that were not investigated within the scope of this project 
could be evaluated.  These source could help to offset gaps in current water supply sources or “top-up” 
alternative options. They include: 

• Treatment and reuse of greywater, such as excess water from non-irrigation uses in the 
greenhouse (e.g. washing, cleaning). 

• Assessment of partnering with nearby food processing plants to treat and use their excess water. 
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Upland Agricultural Consulting would like to thank the BC Greenhouse Growers Association for the 
opportunity to support the future of Delta’s greenhouse sector. We trust that this report meets the needs 
and expectations of the Project Oversight Committee. 
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Appendix A - Precipitation Data for Delta-Tsawwassen 

 

Figure 20. Climate Normals for Delta Tsawwassen (source: Environment Canada). 

Data source: Environment Canada Climate Normals for Delta Tsawwassen Beach. 
 
 
 
City of Delta precipitation projections: 

• Annual precipitation: +4% (may increase) in 2020s (+7% by 2050s) 

• Summer: −7% (may decrease) in 2020s (−15% by 2050s) 

• Winter: +3% (may increase) in 2020s (+6% by 2050s) 

• Snowfall: −22% decrease in winter in 2020s (−36% by 2050s) 
 
Data source: Delta Regional Adaptation Strategies report (2013). 
 
 
 

https://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnName&txtStationName=delta&searchMethod=contains&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=766&dispBack=0
https://climateagriculturebc.ca/app/uploads/RegionalStrategies-Delta.pdf


 
 
 
 

II 

 
Table 18. Precipitation normals for Delta-Burns Bog, 2015 (drought year) (source: Environment Canada). 

Month Precipitation (m) dry year (2015) 

January 0.167 

February 0.089 

March 0.160 

April 0.045 

May 0.004 

June 0.008 

July 0.023 

August 0.052 

September 0.028 

October 0.116 

November 0.153 

December 0.210 

Total 1.055 

 
Data source: Environment Canada climate normals – search by weather station. 
 
 
  

https://climate.weather.gc.ca/historical_data/search_historic_data_stations_e.html?timeframe=2&Prov=BC&StationID=51442&hlyRange=2013-06-11%7C2013-06-18&Year=2013&Month=6&Day=13&StartYear=1840&EndYear=2020&searchType=stnProx&txtRadius=25&optProxType=navLink&txtLatDecDeg=49.194722222222&txtLongDecDeg=123.18388888889&optLimit=specDate&selRowPerPage=25&station=VANCOUVER+INTL+A
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Table 19. Climate normals for Delta Tsawwassen (source: Environment Canada) 

STATION_NAME PROVINCE LATITUDE LONGITUDE ELEVATION CLIMATE_ID WMO_ID TC_ID 

DELTA TSAWWASSEN BEACH BC 49°00'39.400" 
N 

123°05'36.000" 
W 

2.4 m 1102425     

 
1981 to 2010 
Canadian Climate 
Normals station data 

                          

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Rainfall (mm) 124.3 77.1 77 67.9 52.2 42.6 30.5 28.7 39.8 101 142.7 116.3 899.9 

Snowfall (cm) 10.4 3.3 1.6 0 0 0 0 0 0 0.3 2.4 9.6 27.5 

Precipitation (mm) 134.6 80.4 78.5 67.9 52.2 42.6 30.5 28.7 39.8 101.3 145.1 125.9 927.5 

 
Data source: Environment Canada Climate Normals for Delta Tsawwassen Beach. 
 
 
Table 20. Modeled precipitation data for Delta BC (source: PCICS) 

Model 
Period January February March April May June July August 

Septem
ber October November 

Decem
ber Annual 

Unit
s 

1961 - 1990 167.09 109.62 113.15 72.3 49.91 52.8 29.76 42.47 51.9 111.91 181.2 172.36 1154.47 mm 

1971 - 2000 170.81 108.46 116.87 71.7 48.67 53.4 28.52 42.16 52.2 113.15 177.3 172.98 1156.22 mm 

1981 - 2010 170.19 111.65 118.42 70.5 50.53 53.1 27.59 40.61 50.1 113.15 174.6 171.12 1151.56 mm 

2010 - 2039 175.46 111.94 115.32 73.2 51.15 51.3 25.11 37.2 49.5 113.77 182.1 178.87 1164.92 mm 

2040 - 2069 176.39 116.87 119.66 78.6 50.22 50.4 22.94 35.34 49.8 119.97 193.2 187.55 1200.94 mm 

2070 - 2099 189.72 126.15 124 78.6 52.39 48.6 20.46 30.07 45 130.82 211.5 197.47 1254.78 mm 

               
 

https://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnName&txtStationName=delta&searchMethod=contains&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=766&dispBack=0
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Data source:  Pacific Climate Impacts Consortium  
 

https://services.pacificclimate.org/pcex/app/#/data/climo/ce_files
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Appendix B - Greenhouse Water Quality Requirements and Treatment 
Options 
 
 
Table 21. Greenhouse water treatment options (source: Flowers Growers Canada, 2018) 

 
 
 
Filtration 
There is a wide variety of filter systems used to remove contaminants from either source water or water 
recovered for reuse in recirculating systems. Often filters are used as a pre-treatment step prior to other 
physical disinfection systems such as UV that require relatively clear water in order to perform optimally or 
chemical disinfection where organic materials can tie up the active disinfection component. Ideally total 
suspended solids should be less than 20 mg/L. Coarse materials can rapidly clog filtration systems designed 
to remove finer particles (e.g. microfiltration) and should be removed first to increase the efficiency and 
longevity of a more expensive downstream filtration system. The capital and operating costs of filtration 
systems generally increases with decreasing pore size, from very low for in-line screens ($0.02/1000 gal) to 
very high for nano- and ultra- filtration ($1.75/1000 gal)1, so a multistage filtration will be cost-effective in 
the end.  

https://www.flowerscanadagrowers.com/uploads/2018/04/guidance%20document.pdf
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Figure 21. Filtration capabilities (source: Flowers Growers Canada, 2018). 

 
Disinfection 
Unlike physical methods, chemical methods continue to act in the irrigation system and can assist in 
reducing biofilm buildup. However, chemicals also kill beneficial organisms and potentially reduce 
competition and create inherent resistance to pathogens within the whole production system when used 
at high levels. Prior to chemical treatment, the water should be pre-filtered to remove suspended solids, 
organic matter and the solids associated with microbial growth, which will lower the chemical demand for 
disinfection. Similarly, nutrients should be added after chemical disinfection (allowing for reaction time) 
because some chemicals can react with nutrients such as ammonia. Heat pasteurization, chlorine dioxide, 
peroxide, quaternary ammonia dosing, and UV treatment are the most common disinfection processes 
employed in greenhouse production. 
 
Reverse Osmosis 
The purpose of Reverse Osmosis (RO) is primarily to remove dissolved salts (salinity), but it also can serve 
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 that requires disposal. If canal water or Fraser River water requires salinity 
removal for greenhouse use, RO treatment will be highly unlikely to be an economically viable option if 
potable water remains available, and the disposal of the brine will remain a challenge. 

https://www.flowerscanadagrowers.com/uploads/2018/04/guidance%20document.pdf
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Appendix C – Greenhouse Producer Questionnaire  
 
Introduction  
 
The BC Greenhouse Growers Association has contracted Upland Agricultural Consulting Ltd. to research, 
understand and drive a process to increase the water security for Greenhouse producers in Delta.  In 
2015, Metro entered into stage 3 water restrictions and did considered cutting off the potable water 
supply to greenhouse producers. Without an integrated backup or redundant system, this would have 
resulted in substantial economic losses.  To mitigate future risks, and with the uncertainty of climate 
change, this project is exploring options for improving individual greenhouse water resiliency and 
alternative back up water supplies.  
 
We will be interviewing a series of Delta greenhouse producers to seek real seasonal water quantity and 
quality usage data in order to make recommendations for potential integration of alternative greenhouse 
water supply sources, including the use of seasonal, non-potable “agriculture water” from the current 
Fraser River supply.  Concurrently, we will be making recommendations for risk mitigation in the event of 
an emergency (earthquake or flood) to the current, business as usual, supply of potable city water.  For 
both components of this inquiry, it is important for us to understand the current water quality/quantity 
usage and individual producer current storage capacity. 
 
Questionnaire 
 

1. How many hectares (or acres) of tomatoes, cucumbers, peppers and/or cannabis and 

strawberries to you grow ? 

2. Do you exclusively use Delta City water ? 

3. What is your by week (1 through 52) average water usage in L/m2 from 2015 to 2020? 

4. Do you use a flow meter for your water consumption or are your values from calculations? 

5. What day/week do you typically start collecting and using recirc. water? 

6. What is your recirc water storage capacity? 

7. Do you currently have rain-water catchment and reuse set up and operating? 

8. What is your total catchment area (glass and pack house offices) that is diverted to rainwater 

storage ? 

9. What type of storage do you use (tanks, pond or both)? 

10. What is your total rainwater storage capacity ? 

11. Do you use algae covers, recirculation/agitation for aeration? 

12. What type of filtration/disinfection do you use for rainwater reuse? 
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Appendix D - Potential Funding Sources 
 
The following grants are available to individuals who have completed the Canada- British Colombia Environmental 
Farm Plan (EFP) Program. The grants are provided through the Canadian Agricultural Partnership Beneficial 
Management Practices (BMP) Program.  
 

Action/ BMP Cost sharing 
/ Funding 
cap  

Eligible BMPs and Costs  Necessary actions  

Construction of 
new dugouts for 
farm water use.  

50% cost 
shared 
$10K cap  

New dugout construction for farm use for collection of 
water not deemed to be vested under the Water 
Sustainability Act (Section 5)  
• Machinery cost  
• Liner material  
• Pump, intake and associated fittings and controls  
  

Completion of 
EFP  
 
Water 
Management 
Plan (2902)  
 

Installation of 
roof rainwater 
harvesting 
systems for farm 
water use  
 

30% cost 
shared  
5K cap  

New roof capture system for the collection of 
rainwater or snowmelt water not deemed to be 
vested under the Water Sustainability Act (Section 5)  
• Machinery cost  
• Above ground and below ground storage tanks  
• Construction materials including foundation pad, 
tanks, pump, collection pipes, filters, valves and 
plumbing to the point of final distribution  
 

Completion of 
EFP 

Recycling of 
wastewater 
streams  
 

30% cost 
shared  
20K cap 

This could include wastewater streams from milk 
houses, fruit and vegetable washing facilities, and 
greenhouses to recover nutrients or reduce water use  

Completion of 
EFP  

 
* Grant applications for the 2021-2022 season are closed. 
 
 


	DL14_Project-Report_Title.pdf
	Acknowledgements
	Table of Contents
	Table of Figures
	Table of Tables
	Acronyms
	1.0 Project Background, Objectives and Methodology
	1.1 Project Background and Objectives
	1.2 Methodology
	1.2.1 Stakeholder Outreach
	1.2.2 Literature Review

	1.3 Regional Potable Water System
	1.3.1 Potable Water Management and Policy

	1.4 Potential Impacts of Climate Change on the Water System
	1.4.1 Potential Impacts of Climate Change on Water Supply
	1.4.2 Potential Impacts of Climate Change on Water Demand

	1.5 Other Potential Impacts on the Water System
	1.5.1 Other Potential Impacts on Water Supply
	1.5.2 Other Potential Impacts on Water Demand


	2.0 Delta Greenhouse Sector Water Supply and Demand
	2.1 Greenhouse Production in Delta
	2.2 Water Demand Modelling Highlights
	2.3 Greenhouse Water Use Per Crop Type
	2.3.1 Snapshot of Annual Greenhouse Water Use Per Crop
	2.3.2 Greenhouse Water Use for Tomato Production
	2.3.3 Greenhouse Water Use for Pepper Production
	2.3.4 Greenhouse Water Use for Cannabis Production

	2.4 Estimating the Volume of Potable Water Used for Greenhouse Irrigation
	2.5 Estimating the Cost of Potable Water Used for Greenhouse Irrigation
	2.6 Economic Impacts of Reduced Water Supply to Greenhouse Crops
	2.6.1 Tomato Crops
	2.6.2 Pepper Crops
	2.6.3 Cucumber Crops
	2.6.4 Strawberry Crops
	2.6.5 Cannabis Crops


	3.0 Potential Water Supply Solutions
	3.1 Surface Water (Canals) Description
	3.1.1 Surface Water (Canals) Quality and Treatment
	3.1.2 Surface Water (Canals) Infrastructure Requirements
	3.1.3 Surface Water (Canals) Regulatory Considerations
	3.1.4 Feasibility of Surface Water (Canals)

	3.2 Rainwater Catchment and Storage Description
	3.2.1 Rainwater Quality and Treatment
	3.2.2 Rainwater Catchment and Storage Infrastructure Requirements
	3.2.3 Rainwater Storage Regulatory Considerations
	3.2.4 Rainwater Storage Overall Feasibility Assessment

	3.3 Fraser River Piped Water Description
	3.3.1 Fraser River Piped Water Quality and Treatment
	3.3.2 Fraser River Piped Water Infrastructure Requirements
	3.3.3 Fraser River Piped Water Regulatory Considerations
	3.3.4 Fraser River Piped Water Overall Feasibility Assessment

	3.4 Groundwater and Aquifers Description
	3.4.1 Groundwater/Aquifer Water Quality and Treatment and Water Quantity/Yield
	3.4.1.1 Dynamics of Salinity, Iron, and Manganese in Coastal Aquifers
	3.4.1.2 Quality of Groundwater in Delta’s Aquifer #42

	3.4.2 Groundwater/Aquifer Water Treatment and Infrastructure Requirements
	3.4.3 Groundwater/Aquifer Water Regulatory Considerations
	3.4.4 Groundwater/Aquifer Water Overall Feasibility

	3.5 Overview of the Four Alternative Water Supply Options

	4.0 Summary
	Appendix A - Precipitation Data for Delta-Tsawwassen
	Appendix B - Greenhouse Water Quality Requirements and Treatment Options
	Appendix C – Greenhouse Producer Questionnaire
	Appendix D - Potential Funding Sources




