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EXECUTIVE SUMMARY

Study Rationale and Activities

The effects of climate change on the future availability of irrigation water from the Fraser River were identified as

an area of concern in the Delta Adaptation Strategies plan. Completed in 2013, this plan was the result of a process

that brought together Delta's agricultural producers and local and provincial government partners to evaluate

potential climate change impacts on local agricultural production, and to develop strategies and actions to address

the associated challenges. A collaborative process to implement priority actions has been underway since autumn

of 2013. The work described in this report addresses action items in the Delta Adaptation Strategies related to

evaluating the function of irrigation intakes and improving understanding of the potential impacts of climate change

on irrigation water supply.

The specific tasks associated with this project are to generate a number of data products based on a numerical

three-dimensional model of the Lower Fraser River. These data products are:

 Profile the salt wedge in the Fraser River under various hydrologic regimes and under changing ocean
conditions due to climate change.

 Benchmark salinity profiles prior to removal of the George Massey Tunnel.

 Determine likely future salinity profiles to help identify suitable locations for salinity monitoring stations.

 Assist in determining potential future intake locations that could supply irrigation water to all of Delta and
Richmond, including areas that are currently not irrigated.

 Develop an understanding of how future dredging could affect existing and future irrigation intakes.

 Outline a salinity monitoring strategy for the lower Fraser River.

Methodology

The effects of changes in environmental (sea level rise and river flow changes as a result of climate change) and

anthropogenic (channel deepening) conditions on the behaviour of the salt wedge and salinity distribution in the

Fraser River have been investigated through this project. Climate change scenarios were based on the Fraser River

flow rate predicted by the MIROC Global Circulation Model, selected for its demonstrated ability to closely hindcast

the historical flow in the river, especially for the irrigation period between August and October.

The projected flow rates from the MIROC model were used for the long-term salinity impact assessment, and the

months of August, September and October were simulated as these are the months when irrigation water is required

and when predicted future river flow rates could drop considerably below current flow rates, allowing higher salinity

water to present itself at the current intake location. The near-term impact was assessed by considering two

different, but constant, low flow values (1,000 m3 /s and 2,000 m3 /s) over a one month fall period.

Both long-term and near-term sea level rise scenarios were evaluated in this study. The long-term sea level rise in

the study is 1 m for a time frame between 2050-2100 and 2 m for a time frame between 2100-2200, and sea level

rise of 0.3 m was applied for the near-term impact (a time frame of 10-25 years). The long-term dredge depth utilized

in the study is such that the channel can accommodate vessels drafting 16.5 m and 20.0 m; while the near term

dredge depth is such that the channel can accommodate vessels drafting 13.5 m. Currently, the channel can

accommodate vessels up to 11.5 m draft.
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This study includes analysis of three locations where salinity (strictly speaking, conductivity) measurements have

been acquired since 2009:

- Site 1 (located at km 28 just downstream of Alex Fraser Bridge);

- Site 2 (located 4 km downstream from Site 1 at km 24 near 8081 River Road, Delta, and the current location

of the irrigation water intake), and

- Site 3 (located 2 km downstream from Site 2 at km 22 near Tilbury Bend),t

- The test site location in Sea Reach;

Location of Site 1, Site 2 and Site 3 are shown in the figure below:
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The test site location in Sea Reach is shown in the figure below:

The long-term and near-term impact on salinity in the Fraser River was quantified in terms of the number of hours

per day that water was of sufficiently low salinity that it could be used for irrigation. Specifically, the window of water

availability is defined as those times when the conductivity at the intake is less than 400 S/cm, equivalent to 0.34

parts per thousand salinity. Currently, with water withdrawal at Site 2, the daily modelled water availability ranges

between 24 hours for normal and wet years to 4 hours for a dry year.

Study Findings

Near-Term (a timeframe of 10-25 years):

 Site 1 has consistently shown a significantly wider window for water availability (in all cases and for all criteria)
compared to Site 2, the present intake location. Site 2 has shown a consistently wider window than Site 3.

 In the lower flow case (1,000 m3/s), the effect of channel deepening on daily water availability (< 400 S/cm),
as indicated by the model results at both Site 1 and Site 2, is larger than the effect of sea-level rise.

 During the higher flow case (2,000 m3/s), the window of daily water availability (< 400 S/cm) remains
significant for both Site 1 and Site 2 and never drops below 18 hours for Site 1 and 14 hours for Site 2. In the
lower flow case, the water availability window is largely reduced, with Site 1 never exceeding 6 hours and Site
2 never exceeding 2 hours.

 The effect of dredging on the withdrawal window is very significant, especially in the lower flow case in which
the window is nearly or completely shut (< 1 hour) after deepening the channel from 11.5 m draft to 13.5 m
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draft. In the higher flow case, the effects of dredging is not as significant as the window remains largely open
(> 14 hours).

 During most times and conditions, water in the Sea Reach test site will not meet the salinity criterion, although
the water tends to be fresher towards the southeast portion

The results of the modelling of near-term effects for Site 1 and Site 2, regarding availability duration for irrigation
withdrawal based on the 400 S/cm criterion, are summarized in the tables immediately below:

Near-term effects of sea level rise and flow Rate at Site 1:

Sea Level Rise of 0 m Sea Level Rise of 0.3 m

Flow Rate

(m3/s)

Neap Tide

Duration

(hrs/day)

Spring Tide

Duration
(hrs/day)

Neap Tide

Duration
(hrs/day)

Spring Tide

Duration
(hrs/day)

1,000 4.0 6.0 2.8 3.2

2,000 24.0 22.0 22.8 18.8

Near-term effects of sea level rise and flow Rate at Site 2:

Sea Level Rise of 0 m Sea Level Rise of 0.3 m

Flow Rate

(m3/s)

Neap Tide

Duration

(hrs/day)

Spring Tide

Duration
(hrs/day)

Neap Tide

Duration
(hrs/day)

Spring Tide

Duration
(hrs/day)

1,000 0.4 1.2 0.0 0.4

2,000 23.8 19.2 18.2 15.4

Near-term effects of sea level rise and dredge depth at Site 1:

Dredge to accommodate draft of 11.5 m Dredge to accommodate draft of 13.5 m

Flow Rate

(m3/s)

Neap Tide

Duration

(hrs/day)

Spring Tide

Duration
(hrs/day)

Neap Tide

Duration
(hrs/day)

Spring Tide

Duration

(hrs/day)

1,000 4.0 6.0 0.0 1.0

2,000 24.0 22.0 23.6 18.8
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Near-term effects of sea level rise and dredge depth at Site 2:

Dredge to accommodate draft of 11.5 m Dredge to accommodate draft of 13.5 m

Flow Rate

(m3/s)

Neap Tide

Duration

(hrs/day)

Spring Tide

Duration
(hrs/day)

Neap Tide

Duration
(hrs/day)

Spring Tide

Duration

(hrs/day)

1,000 0.4 1.2 0.0 0.0

2,000 23.8 19.2 21.0 14.4

Long-term (a timeframe of 50-100 years):

 The long-term projection of the withdrawal window is that, even in a wet flow year, the sea level rise of 1 m
and 2 m will lead to a large reduction (minimum 85% reduction) in the time window for water availability. This
would only enable withdrawal of water suitable for irrigation during a very small portion of the day (ranging from
0 to 3.6 hours).

 Dredging the channel to accommodate vessels with draft between 16.5 m and 20 m would severely affect the
salinity at the intake and will most definitely shorten the withdrawal window; this is particularly the case in the
lower flow period in October.

The results of the modelling of long-term effects for Site 1 and Site 2, regarding availability duration for irrigation
withdrawal based on the 400 S/cm criterion, are summarized in the tables immediately below:

Long-term effects of sea level rise and river flow at Site 1 and Site 2:

Sea Level Rise Timeframe

Site 1 Site 2

Dry

(hrs/day)

Normal

(hrs/day)

Wet

(hrs/day)

Dry

(hrs/day)

Normal

(hrs/day)

Wet

(hrs/day)

0-m Sea Level Rise Now 7.9 24 24 3.6 23.9 24.0

1-m Sea Level Rise 50-year 0.0 3.8 23.6 0.0 0.8 21.2

2-m Sea Level Rise 100-year 0.0 0.1 8.3 0.0 0.0 3.9

Long-term effects of channel deepening at Site 1 and Site 2 with 0-m sea level rise and normal flow year:

Month
Site 1 – no sea level rise Site 2 – no sea level rise

11.5 m Draft (hrs/day) 20.0 m Draft (hrs/day) 11.5 m Draft (hrs/day) 20.0 m Draft (hrs/day)

August 24.0 19.8 23.9 15.0

September 22.0 6.1 19.6 1.1

October 15.0 2.3 9.9 0.5
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Salinity Monitoring Strategy

This study also examined potential options for implementing a salinity monitoring program. The type of salinity

monitoring program depends on the level of detail being sought regarding the salt wedge dynamics, and could be

categorized into two types: 1) the basic study and 2) the enhanced study. The basic study involves data collection

near the water surface at a number of locations, mimicking potential water intakes; whereas the enhanced study

involves collecting data at a range of depths, preferably covering the entire water column. The cost associated with

these studies are vastly different, due mainly to the complications associated with a system capable of collecting

profile data versus relatively simple single depth data.

Candidate locations for salinity monitoring stations are proposed in the study. Considerations have been given to

several factors when identifying suitable locations including:

 hydrodynamic significance, including the relevance for irrigation water intakes;

 the type of monitoring platform;

 level of potential interference with and from existing marine traffic;

 presence of existing in-river structures for deployment, and

 degree of access for servicing and maintenance.

Selection of instruments and monitoring platforms appropriate to the monitoring work involves taking into account

up front capital costs, as well as installation and maintenance costs. In addition, the selected instrument has to be

appropriate for the typical salinity range encountered in the Fraser River. Consideration should also be given to

mooring and anchoring requirements for the station, and visibility requirements for marine traffic and safety.

There are several organizations and companies that are capable of installing and establishing the station as well

as providing desk-top analysis of the data.
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LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of the Delta Farmer’s Institute and their agents. Tetra Tech EBA Inc.

(Tetra Tech EBA) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations

contained or referenced in the report when the report is used or relied upon by any Party other than Delta Farmer’s Institute, or

for any Project other than the proposed development at the subject site. Any such unauthorized use of this report is at the sole

risk of the user. Use of this report is subject to the terms and conditions stated in Tetra Tech EBA’s Services Agreement. Tetra

Tech EBA’s General Conditions are provided in Appendix A of this report.
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1.0 INTRODUCTION

The effects of climate change on the future availability of irrigation water from the Fraser River were identified as

an area of concern in the Delta Adaptation Strategies plan. Completed in 2013, this plan was the result of a process

that brought together Delta's agricultural producers and local and provincial government partners to evaluate

potential climate change impacts on local agricultural production, and to develop strategies and actions to address

the associated challenges. A collaborative process to implement priority actions has been underway since autumn

of 2013. The work described in this report addresses action items in the Delta Adaptation Strategies related to

evaluating the function of irrigation intakes and improving understanding of the potential impacts of climate change

on irrigation water supply.

Tetra Tech EBA Inc. (Tetra Tech EBA) was engaged by the Delta Farmers Institute to conduct numerical modelling

studies of the effects of climate change on the availability of water of suitable quality for irrigation. The irrigation

requirement is that the conductivity of water pumped from the river must be less than 400 S/cm or equivalently

that the salinity be 0.34 parts per thousand (ppt) or less. The value of 400 S/cm is often stated as an irrigation

criterion, without reference to the water temperature. In this report, since results will be coming from a numerical

model that considers salinity and temperature, the salinity threshold of 0.34 ppt will form the criterion for assessing

the availability of irrigation water.

The specific tasks associated with this project are to generate a number of data products based on a numerical

three-dimensional model of the Lower Fraser River. These data products are:

 Profile the salt wedge in the Fraser River under various hydrologic regimes and under changing ocean
conditions due to climate change.

 Benchmark salinity profiles prior to removal of the George Massey Tunnel.

 Determine likely future salinity profiles to help identify suitable locations for salinity monitoring stations.

 Assist in determining potential future intake locations that could supply irrigation water to all of Delta and
Richmond, including areas that are currently not irrigated.

 Develop an understanding of how future dredging could affect existing and future irrigation intakes.

 Outline a salinity monitoring strategy for the lower Fraser River.

The modelling was done on the basis of current conditions and forecast conditions in 2050 and 2098. In July 2016,

additional scenarios were added to this modelling study to take into consideration near-term changes, both natural

and anthropogenic, in the river.

2.0 STUDY COMPONENTS

2.1 Profiles of the Salt Wedge Under Climate Change Scenarios

The numerical simulation of the salt wedge, under a range of climate change scenarios, is the core component of

this study. Tetra Tech EBA’s numerical model of the Fraser River has been developed and calibrated for current

conditions, but the fundamental processes: bottom friction, vertical mixing, salt wedge migration under tidal

influence, are all intrinsic processes, i.e., their formulation depends only on the specific flow and water level

conditions imposed by external influences: the model is totally objective with respect to evaluating climate change.

Thus, the model does not require modification for this work. However, it is important to select and properly quantify
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climate change scenario inputs for modelling. The following sections describe this selection and quantification

process.

2.1.1 Selecting Climate Change Scenarios

A technical memo, titled ‘Research Findings of Climate Change, Sea Level Rise and Salinity’ and dated February

24, 2016, outlined the selection of climate change scenarios, and is referred to as the Data Scan memo. The key

findings are summarized below.

It was agreed with the Delta Farmers Institute that the key modelling period would be August 1 to October 31, during

which time water is needed for irrigation and during which time the Fraser flow has declined from freshet conditions.

The predicted average flow rate in the irrigation period, under a range of climate change scenarios in 2050 (ranging

between 1,142 m3/s and 2,352 m3/s) and 2098 (ranging between 730 m3/s and 1,540 m3/s), is less than the existing

rate (ranging between 1,204 m3/s and 3,025 m3/s), raising some causes for concern. An ensemble average was

calculated based on the daily flow results from eight different climate change models, each appropriately downsized

to produce Fraser River flows at Hope, and averaged to produce daily flows over the indicated time periods.

Each climate change model has an associated emission scenario. Three emission scenarios were considered.

Denoted A1B, B1 and A2, these scenarios relate to how different types of societal behaviour lead to different levels

of greenhouse gas emissions and consequent climate change. Table 2.1 summarizes these scenarios. Figure 2.1

below shows the ensemble average results for the Fraser River flow at Hope.

Table 2.1 Emission Scenarios and the Associated Social, Economic and Human Theme

Class /

Sub-class
Description Characteristics

A1 These scenarios are of a more
integrated world

 Rapid economic growth.

 A global population that reaches 9 billion in 2050 and then
gradually declines.

 The quick spread of new and efficient technologies.

 A convergent world - income and way of life converge between
regions. Extensive social and cultural interactions worldwide.

A1Fl  Heavy reliance on fossil fuels

A1B  Good balance on all different types of energy sources

A1T  Minimal reliance on fossil fuels

A2 These scenarios are of a more
divided world

 A world of independently operating, self-reliant nations.

 Continuously increasing population.

 Regionally oriented economic development.

B1 These scenarios are of a world
more integrated, and more
ecologically friendly.

 Rapid economic growth as in A1, but with rapid changes towards
a service and information economy.

 Population rising to 9 billion in 2050 and then declining as in A1.

 Reductions in material intensity and the introduction of clean and
resource efficient technologies.

 An emphasis on global solutions to economic, social and
environmental stability.
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Class /

Sub-class
Description Characteristics

B2 These scenarios are of a world
more divided, but more ecologically
friendly

 Continuously increasing population, but at a slower rate than in
A2.

 Emphasis on local rather than global solutions to economic,
social and environmental stability.

 Intermediate levels of economic development.

 Less rapid and more fragmented technological change than in
A1 and B1.

Figure 2.1: Ensemble Historic and Modelled Daily Fraser River Flow Rate

With regard to selecting between various Global Circulation Models (GCM’s), Figure 2.2 below shows the

comparison between observed and modelled Fraser River hydrographs at Hope, for calendar years 1998 to 2003.

The level of agreement and disagreement varies both between models, and from month to month.

The climate scenario, A1B, was eventually chosen for the projected Fraser River flow in this modelling study, not

only because it represents one of the most realistic scenarios which reflect the likely evolution of human society in

the next century, but also it projects the most conservative or lowest river flow during the irrigation period.
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Figure 2.2 Comparison of Historic Observed and Modelled Fraser River Flow Rate

This figure indicates for instance that the MIROC model produced the most realist 2003 simulation during the fall

irrigation period. This observation is further borne out by comparing the skill of the various models (GFDP, MIROC

and CSIRO were the best performers), and the annual average flows in the August to October period in various

recent decades, as described in the Data Scan memo.

As described in the Data Scan memo issued in February 2016 by TT EBA, the MIROC model was selected for

provision of the Fraser River hydrographs for the years 2050 and 2098.

2.1.2 Selecting Sea Level Scenarios

The change in sea level is not uniform in all parts of the ocean. Documents and reports published by the

Intergovernmental Panel on Climate Change (IPCC) address mostly sea level rise on a global scale without giving

significant consideration to local effects. The relationship between global and regional mean sea level rise is not

simple, owing to the complex relationship between differences in air temperature change and the resulting

differential thermal expansion, feedback mechanisms involving local meteorology and wind patterns and changes

in tidal hydrodynamics in coastal areas as a result of changes in water depth and circulation.

Global Mean Sea Level

Determining how much mean global sea level rise will occur in the future is not an exact science and is subject to

uncertainty; and the longer the time frame the greater the degree of uncertainty. Therefore, both upper and lower

bounds bookending a likely range of predicted mean sea level rise are usually presented in scientific literature.

Changes in mean sea level are a direct result of the combined effects of changes in amount of water in the ocean,

mainly through glacier melt, and thermal expansion of the ocean water as water temperature rises. The effects of

local climate and meteorology such as air pressure and winds are not included in the calculation of global mean

sea level rise. One particular factor that was not considered in the IPCC’s 4th Assessment Report (AR4) in 2007 is
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the additional amount of water from melting glaciers due to accelerated ice-sheet outflow, resulting from collapse

of glaciers. According to the report, Sea Level Rise Adaptation Primer – A Toolkit to Build Adaptive capacity on

Canada’s South Coast (CLRAP), prepared for BC Ministry of Environment (BCMoE) in 2013 by the Arlington Group

Planning + Architecture Inc. et al., recent scientific research and studies which have taken into account the

acceleration in glacial outflow, project a global sea level rise of between 0.47 m and 1.9 m by the year 2100.

Table 2.2 presents the projected global rise in mean sea level by AR4 as well as by the CLRAP study.

Table 2.2 Projected Global Sea Level Rise at the end of the 21st Century

Emission Scenario Projected Mean Sea Level Rise by AR4 (m)

Projected Mean Sea Level Rise by

Recent Researches as stated in CLRAP

(m)

A2 0.23 – 0.51
0.47 – 1.9

A1B 0.21 – 0.48

B1 0.18 – 0.38

Regional Mean Sea Level Rise

The mean observed average sea level in British Columbia in the 20th Century is similar to the estimates of global

sea level rise (Thomson et al, 2008). AR4 also indicated that the regional sea rise related to thermal expansion may

be close to the global value, at least in Atlantic Canada. It is probably safe to say that the sea level change in

southern coastal British Columbia is similar in magnitude to the global change. According to the Sea Level Rise -

BC Sea Dike Guidelines (Ausenco 2011), the rate of sea level rise of 1 cm/year is recommended for coastal or sea

defense related policies as well as design and construction, between the high and low values in the CLRAP report.

Relative Sea Level Rise

The relative sea level rise with respect to the surrounding land is the combined result of the change in sea level and

local vertical land movement. While most coastal areas in BC are experiencing upward land movement of 1-3 mm

per year, the Fraser River delta experiences subsidence of 1-2 mm per year (BC Sea Dike Guidelines). Over a

period of 100 years, this subsidence will increase the sea level rise relative to the shore by 0.1 – 0.2 m.

This combined sea level effect, taking into account both sea level rise as well as vertical land movement, is referred

to as the effective sea level rise.

In the document, Sea Level Rise in BC: Mobilizing Science into Action (Sustainable Solution Group and MC3, 2013),

the effective sea level rise in BC by the end of 21st century, with respect to the level in year 2000, is tabulated based

on the estimates of the global sea level rise. The tabulated results in the document are shown in Table 2.3 below.
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Table 2.3 Projected Effective Sea Level Rise at Various Locations in Coastal BC by the end of

the 21st Century

Locations

Sea Level Rise based on

extreme low estimate of

global sea level rise (m)

Sea Level Rise based on

mean estimate of global sea

level rise (m)

Sea Level Rise based on

extreme high estimate of

global sea level rise (m)

Prince Rupert 0.10 - 0.31 0.25 - 0.46 0.95 – 1.16

Nanaimo -0.04 0.11 0.80

Victoria 0.02 - 0.04 0.17 - 0.19 0.89 – 0.94

Vancouver 0.04 - 0.18 0.20 - 0.33 0.89 -1.03

Fraser River Delta 0.35 0.50 1.20

The effective sea level rise of 0.5 – 1.0 m between 2050 and 2010 and 2.0 m between 2100 and 2200, as suggested

in the proposal for this project and corroborated by the BC’s Sea Dike Guideline (2011), will cover the range of sea

level rise as predicted in most of the publications and documents. In fact the upper bound of 2.0 m sea level rise is

higher than what most studies have predicted. Given the uncertainty in the predictions and the future evolution of

the climate, the upper bound value is a prudent choice for the worst case scenario for sea level rise. Thus, this

study uses a sea level rise of 2.0 m for the year 2100 and 1.0 m for 2050, and a sea level rise of 0.3 m is applied

for the near-term impact (a time frame of 10-25 years).

2.1.3 Simulations

2.1.3.1 Long-term Time Horizon

The Fraser River flow that drives the upstream boundary of the river model has been derived by determining the

ensemble envelope for the Fraser at Hope hydrographs generated by downscaling from the GCM data. The number

of annual hydrographs chosen for formation of the ensemble for each of three time frames (current, 2050 and 2100)

is limited to the 10 closest years to the time frame of interest, except for the ‘current condition’ time frame for which

the ten most recent, observed flow rates were used. Table 2.4 describes the hydrographs chosen for the analysis.

Table 2.4 Fraser River Hydrographs Chosen for the Ensemble Analysis

Time Frame Year of Chosen Hydrographs for Ensemble Analysis Nature of Data

Current Conditions 2005 - 2014 Observed

2050 2016 – 2055 Modelled by MIROC_A1B*

2100 2089 -2098 Modelled by MIROC_A1B*

*Note that the model results covers period up to the year of 2098

The simulations include flow scenarios in a ‘normal’ flow year, a ‘dry’ flow year and a ‘wet’ flow year. Figure 2.3

summarizes these hydrograph properties. The darker gray areas represent daily flow values between the 90th and

10th percentile, and the lighter gray bands indicate the minimum and maximum flows. The red, green and blue lines

represent respectively the dry, normal and wet years selected for simulation. Note that daily flow in a dry year may

exceed the corresponding flow in a wet year, for a few days, which reflects better the reality of the system: not every

day in a dry year is ‘dry’. This characteristic illustrates the considerable variability at all time-scales in the Fraser

River flow.
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Figure 2.3: Statistical Comparison of Selected Hydrographs with Extreme

The long-term sea level rise in the study is 1 m for a time frame between 2050-2100 and 2 m for a time frame

between 2100-2200. The long-term dredge depth utilized in the study is such that the channel can accommodate

vessels drafting 16.5 m and 20.0 m

The simulations cover the irrigation period from August 1 to October 31. Table 2.5 below summarizes the

simulations that were chosen to address the long-term evolution of the salt wedge dynamics in the Fraser River.
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Table 2.5 Modelling Scenarios for Long-term Salt Wedge Evolution

Time Frame River Flow Vessel Draft Requirement Case ID

Current Conditions
(0-m SLR)

Dry

Current: 11.5 m draft with tidal assist 1

16.0 m draft with tidal assist 2

20.0 m draft with tidal assist 3

Normal

Current: 11.5 m draft with tidal assist 4

16.0 m draft with tidal assist 5

20.0 m draft with tidal assist 6

Wet

Current: 11.5 m draft with tidal assist 7

16.0 m draft with tidal assist 8

20.0 m draft with tidal assist 9

2050
(1-m SLR)

Dry

Current: 11.5 m draft with tidal assist 10

16.0 m draft with tidal assist 11

20.0 m draft with tidal assist 12

Normal

Current: 11.5 m draft with tidal assist 13

16.0 m draft with tidal assist 14

20.0 m draft with tidal assist 15

Wet

Current: 11.5 m draft with tidal assist 16

16.0 m draft with tidal assist 17

20.0 m draft with tidal assist 18

2100
(2-m SLR)

Dry

Current: 11.5 m draft with tidal assist 19

16.0 m draft with tidal assist 20

20.0 m draft with tidal assist 21

Normal

Current: 11.5 m draft with tidal assist 22

16.0 m draft with tidal assist 23

20.0 m draft with tidal assist 24

Wet

Current: 11.5 m draft with tidal assist 25

16.0 m draft with tidal assist 26

20.0 m draft with tidal assist 27

Runs 1-9 form the baseline results for the existing conditions in the river, and Runs 10 – 27 provide a long-term

prediction of what is going to occur in 50-year and 100-year timeframes.
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2.1.3.2 Near-term Time Horizon

Given the present channel width and alignment in the Fraser River as well as the utility crossings that are already

in place, dredge depths of 16 m and 20 m as shown in Table 2.5 do not appear to be realistic or applicable since

removal and relocation of these crossings would be necessary. Also, accounting only for the long-term sea-level

rise in 50 years and 100 years does not address the immediate needs and information required for devising a

practical mitigation strategy to ensure near-term viability of the existing agricultural practice by DFI.

As a result, additional modelling scenarios were formulated and added to the study to investigate the impact of

near-term changes in sea-level and realistic alterations of the river depth. River flow rates chosen for these

additional modelling scenarios were also selected to address the current and near-term requirements. Table 2.6

details these additional scenarios for the modelling study.

Table 2.6 Modelling Scenarios for Near-term Salt Wedge Evolution in the Fraser River

Dredge Practice Sea Level Rise (m) River Flow

(m3/s)

Case ID

Dredge to allow vessels drafting 11.5 m

0.0
1,000 28

2,000 29

0.3
1,000 30

2,000 31

Dredge to allow vessels drafting 13.5 m

0.0
1,000 32

2,000 33

0.3
1,000 34

2,000 35

The current dredge practice, nominally 11.5 m, allows vessels as large as the third-generation Panamax vessels to

navigate the river channel; the hypothetical new dredge practice of 13.5-m draft would upgrade to fully allow the

fourth-generation (Post-Panamax, drafting 11-13 m) vessels and allow some of the fifth-generation (Post-Panamax-

Plus, drafting 13-14 m) vessels to travel in the river safely. The sea level rise of 0.3 m accounts for sea level rise in

a relatively near-term time frame of 10-25 years based on the rate of sea level rise of 2 m per 100 years (Section

2.1.2). The river flow rate of 2,000 m3/s represents closely the average river flow rate at Hope in October between

year 2000 and 2014, while the flow rate of 1,000 m3/s represents the lower bound flow rate in a drought year in the

near future (MIROC predicts an average flow rate of 1,047 m3/s in 2018 between August and October).

For each of the near-term modelling cases, a constant flow as specified in Table 2.6 was applied for a period of one

month in order to take into account the different tidal variations within the period.
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The irrigation period starts in early August and ends at the end of October. In order to cover the worst case scenario

for which the salt wedge would have the largest fluctuation in position and the most upstream advancement in the

river, the month that has the largest tidal range and highest high waters would be the most suitable for the model

runs. Figure 2.4 below illustrates a composite graph of observed water level with respect to local chart datum at

New Westminster between 1998 and 2015.

Figure 2.4: Composite Observed Water Level at New Westminster between 1998 and 2015

The range of water level fluctuations is indicated by the upper and lower bounds of the composite envelope in

Figure 2.4 above. The month of October was chosen for the model runs not only because it has the greatest water

level fluctuation as indicated by the largest difference between low and high waters, but also the absolute water

level at high tide (as indicated by the upper bound values) is generally the highest in October within the irrigation

period. It was known from the earlier part of this modelling study that the higher the water level, the more upstream

the salt wedge would advance and the saltier the surface water would likely become. Selecting October for this part

of the study ensures that the realistic worst case scenarios are being considered.

The analysis of near-term impact on water availability was conducted by selecting two separate time periods during

which either neap tide or spring tide occurs. Neap tide occurs when the difference between high water and low

water is the least, whereas spring tide occurs when the difference is the largest. For this analysis, a 5-day period

from October 7-11 has been selected for neap tide, a separate 5-day period from October 27-31 has been selected

for spring tide. Figure 2.5 shows the observed water fluctuation in the month of October in 2011, the chosen model

period for this part of the study.
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Figure 2.5 Observed Water Level in October 2011

The water availability is based on the salinity threshold of 0.34 ppt or approximately 400 S/cm in conductivity,

meaning water is suitable for irrigation withdrawal when salinity is below the criterion, otherwise, water is not

available for withdrawal. The conversion between salinity and conductivity presented in this report is based on a

water temperature of 8°C. The duration for withdrawal availability at various selected locations, which will be

presented in Section 4, is calculated based on the water being fresher than the salinity threshold.

3.0 HYDRODYNAMIC MODELLING

3.1 Hydrodynamic Circulation Model

A detailed technical description of H3D is attached in Appendix A. The following is a brief summary.

H3D is a three-dimensional time-stepping numerical model which computes the three components of velocity (u,v,w)

on a regular grid in three dimensions (x,y,z), as well as scalar fields such as salinity, temperature and contaminant

concentrations. The model uses the Arakawa C-grid (Arakawa and Lamb, 1977) in space, and uses a two level

semi-implicit scheme in the time domain.
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H3D is an implementation of the numerical model developed by Backhaus (1983; 1985) which has had numerous

applications to the European continental shelf, (Duwe et al., 1983; Backhaus and Meir Reimer, 1983), Arctic waters

(Kampf and Backhaus, 1999; Backhaus and Kampf, 1999) and deep estuarine waters, (Stronach et al., 1993).

Locally, H3D has been used to model the temperature structure of Okanagan Lake (Stronach et al., 2002), the

transport of scalar contaminants in Okanagan Lake, (Wang and Stronach, 2005), sediment movement and scour /

deposition in the Fraser River, circulation and wave propagation in Seymour and Capilano dams, and salinity

movement in the lower Fraser River. H3D forms the basis of the model developed by Saucier and co-workers for

the Gulf of St. Lawrence (Saucier et al., 2003), and has been applied to the Gulf of Mexico (Rego et al., 2010).

3.2 Model Implementation

Study of the details of the hydrodynamics requires model nesting to better resolve small scale processes at and

near the location of interest. The model used for this study operates in a double-nested configuration, shown in

Figure 3.1.

Figure 3.1: Model Nesting of Strait of Georgia and Fraser River Grids

The investigation of the behaviour of the salt wedge is done with a nominally 50-m resolution curvilinear model that

spans the lower 41 km of the Fraser River, from Sand Heads to the Port Mann Bridge. The model uses 50 m

resolution in the along-channel direction, and 20 m in the cross-channel direction. This 50-m resolution model is in

turn embedded within a nominally 1-km resolution model of the entire Strait of Georgia (SOG).

Both models simulate tidal, wind-driven and density-driven currents. Water level, velocity components and any

scalar quantities output from the coarse grid model are passed on along the boundaries of the fine grid model and

used to drive the finer-scale implementation of H3D. The fine-grid implementation provides the details of the effect

of small-scale spatial variability in shorelines, depths and structures such as the tunnel cover.
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The 1-km SOG model, driven by wind and density as well as tidal conditions along its open boundaries bordering

the northern entrance to the Strait of Georgia and the western entrances to Juan de Fuca Strait includes a coarse

representation of the Fraser River, extending upstream to km 41, with separate channels for the North Arm, the

South Arm and Canoe Pass. At km 41, upstream of all salt wedge penetration, the model is dynamically coupled to

a one-dimensional model of the Fraser River, extending to Hope. Tidal conditions are specified along the open

boundaries of the 1-km SOG model.

The 50-m lower Fraser River model is driven at its upstream end by a flow boundary condition provided by the same

dynamically-coupled one-dimensional model of the Fraser River that was also used for the 1-km model. At the

downstream end, water levels and density profiles are obtained from the 1-km grid model, spatially interpolated

from those cells of the 1-km grid model that correspond to the boundaries of the lower Fraser model.

The year 2011 was chosen for the model validation as this is the year when bathymetry data collected from a bank-

to-bank survey, from which the 50-m Fraser River model gird was constructed, is available; thus, the Fraser River

flow rate in 2011 was used to drive the upstream boundary of the river model. The flow rate at the upstream

boundary of the model is the combination of the flow rate at Hope and the estimated runoffs that report to the river

downstream of Hope and upstream of the Port Mann Bridge. Figure 3.2 shows the river flow rate at Hope in the

year 2011. The model was run through the fall season, from August to January, when most of the harvesting occurs

and the ability to withdraw freshwater from the river is critical.

Figure 3.2: Fraser River Flow Rate at Hope in 2011
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3.3 Overview of the Salt Wedge in the Fraser River

The salt wedge in the Fraser River is a quasi-static, semi-diurnal intrusion of saltwater underlying the fresh river

water on top, a feature typical of coastal estuaries. The upstream extent of the wedge varies depending on the

stage of the tide and the river flow rate. The leading edge of the salt wedge could range from Sand Heads at the

river’s mouth to past the trifurcation near Pattullo Bridge, 35 km upstream from the mouth. The salt wedge advances

and retreats in synchronization with the rise and fall of the water level due to tide. In addition, the daily mean position

of the salt wedge varies as a result of changes in river flow; the higher the river flow, the more upstream the salt

wedge advances. Figure 3.3 and 3.4 illustrate a snapshot of the plan view and profile view, respectively, of the

modelled salinity contour for the salt wedge at high tide on November 13, 2011 at 10 am. The longitudinal section

shows the salinity distribution over the reach from Sand Heads to Tilbury. The observed water level and its

fluctuation at New Westminster is shown in the inset graph in Figure 3.3. Figures 3.5 and 3.6 respectively illustrate

the surface and longitudinal salinity distribution at the preceeding lower low water, 6 hours earlier at 2 am on

November 13. These figures demonstrates the highly dynamic nature of the river on a daily time scale.

Figure 3.3: Surface Salinity Contours at High Tide in the Fraser River (Nov 13, 2011 @ 10 am)
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Figure 3.4: Longitudinal Salinity Contours at High Tide along the Fraser River (Nov 13, 2011 @ 10 am)

Figure 3.5: Surface Salinity Contours at Low Tide in the Fraser River (Nov 13, 2011 @ 3 am)
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Figure 3.6: Longitudinal Salinity Contours at Low Tide along the Fraser River (Nov 13, 2011 @ 2 am)

3.4 Model Validation

The model is validated against water level recorded at New Westminster, and against salinity data collected by a

sensor mounted at 2 m depth from a floating platform installed at the intake near 8081 River Road, Delta and

maintained by the Corporation of Delta. Figure 3.7 shows a comparison of salinity between observed and modelled

values from November 3rd to 23rd 2011, at a depth of 2 m. Also included in the figure are observed and modelled

water levels for the same time period. Black lines show modelled values and red lines show observed values. Since

the conductivity sensor cuts off at 5,500 S/cm, the model results were similarly cut-off to facilitate comparison.

Figure 3.7: Comparison of Observed and Modelled Water Level and Salinity in the Fraser River
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The model generally performs well predicting the trend of salinity and its variability on a daily time scale. However,

the water intake is situated in a shallow area where complex processes controlling the differential movement of

salty and fresh water might have contributed to the observed high variability and, sometimes, unpredictability in

salinity at the intake. For example, the model almost always predicts an elevation of salinity during high tides when

river flow is comparatively slower and water level in the river higher (for example, on November 7th); however, the

sensor at the intake did not always detect such a salinity signal.

This behaviour can be partly understood by considering Figure 3.8, showing the map of salinity at the 2-m depth,

on Nov 11 at 7 am, where the modelled result appears to deviate the most from the observed value. It can be seen

that there is a high degree of spatial variability in the salinity field (at 2 m depth) in the vicinity of the intake. Salinity

can vary from 3.5 ppt (4,500 S/cm) to more than 5.0 ppt (6,500 S/cm) near the intake in a matter of metres.

Further analysis of model output demonstrates that there are two mechanisms for saline water to intrude onto the

relatively shallow shelf on which the intake is located: either a selective withdrawal process, whereby saltier water

is drawn up onto the bench from the adjacent deeper water (on both ebb and flood), or a process whereby the toe

of the salt wedge rises to the surface upstream of the bench and then falls back partially onto the bench on the ebb

tide.

Figure 3.8: Snapshot of Salinity Contour at Intake Depth of 2m on November 11 at 7 am

Beside direct comparison of observed and modelled salinity, this model validation can be considered from the

perspective of water availability, which describes the onset and offset of salinity intrusion at the water intake and

the time window within which river water can be safely withdrawn under the criterion salinity value of 0.35 ppt or

conductivity of 400 S/cm. Figure 3.9 below compares the observed and modelled number of available hours per

running 24 hours. The red line represents the observation and the black line represents the model results.

The model, even though more conservative in general, was able to predict the overall trend in availability. Only a

short period of record is presented to facilitate visual comparison.
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Figure 3.9: Comparison of Modelled and Observed Available Water Withdrawal Hours in November

The model, even though more conservative in general, was able to predict the overall trend in availability.

The numerical model predicts that water suitable for irrigation in November is available for 10 hours per day whereas

observations indicate that suitable water is available, on average, 14 hours per day.

4.0 MODELLING RESULTS

The modelled effects of sea level rise and climate change on Fraser River flow led to dramatic reductions in the

availability of fresh water, compared to current conditions. The principal issue of concern is the extent of upstream

salt wedge movement and the corresponding effects on near-surface salinities. The Corporation of Delta maintains

three salinity monitoring stations in the area upstream of Massey Tunnel (Figure 4.1): Site 1 (9925 River Road,

located at km 28 just downstream of Alex Fraser Bridge), Site 2 (located 4 km downstream from Site 1 at

km 24 near 8081 River Road, Delta, and the current location of the irrigation water intake) where there is an existing

intake, Site 3 (located 2 km downstream from Site 2 at km 22 near Tilbury Bend).
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Figure 4.1: Location of Salinity Monitoring Stations in the Fraser River in Delta

Another irrigation water intake was recently proposed for installation in Sea Reach, west of Westham Island.

A monitoring station has been installed at the test location (W3) as illustrated in Figure 4.2. To assess the

longitudinal variability in salinity in Sea Reach and to possibly assist in selecting an optimal intake location from the

perspective of salinity threshold, model results of salinity at other locations W1, W2 and W4 in various parts of Sea

Reach have also been selected for evaluation.

Figure 4.2: The Westham Island Intake Test Location and Other Locations Selected for Evaluation in Sea
Reach
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4.1 Difference in Salinity at Different Locations Along the River

Figure 4.3 shows time-series of salinity at intake depth at the three sites (Site 1, Site 2 and Site 3) in a normal year

with no sea level rise (Case 4 in Table 2.5) over a brief period in September. The green line represents Site 1, the

red line represents Site 2 and the blue line represents Site 3. The upper panel of the figure shows a period in which

the salinity progressively increases in the downstream direction from Site 1 to Site 2 and then to Site 3; whereas

the lower panel illustrates the salinity at the three sites for one of the time periods during which the surface water

at Site 1 (green line) is saltier than Site 2 (red line). Water level in the lower reach of the Fraser River fluctuates

diurnally and semi-diurnally as a result of tide; however the tidal signal diminishes gradually in the upstream

direction: the tidal range (the elevation difference between higher high water level and lower low water level) at Site

1, Site 2 and Site 3 is approximately 4.7 m, versus 4.9 m at Sand Heads and 5.1 m at Point Atkinson.

Figure 4.3: Modelled Surface Salinity at Site 1, Site 2 and Site 3

One intriguing aspect of these model results is that salinity is occasionally lower at Site 2 than at Site 1 as indicated

in the lower panel of Figure 4.3, even though Site 1 is approximately 4 km upstream of Site 2. This might be caused

by the complex processes that govern the hydrodynamics in the shallow area at Site 2, which was demonstrated

by the surface salinity contour plot in Figure 3.4. The figure shows the presence of high salinity waters in the midst

of fresher waters, probably due to a combination of local processes of selective withdrawal and upwelling in the

river.
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Salinity monitoring data collected at Site 1 and Site 2 supports the occurrence of this phenomenon in that surface

water at Site 1 is occasionally saltier than Site 2. This complexity renders the salinity in the area difficult to predict,

thereby possibly hindering the planning process.

4.2 Effects of Sea Level Rise and River Flow

The Fraser River is connected at its downstream boundary to the Strait of Georgia (SOG), which in turn is connected

to the open Pacific Ocean through the connections at Juan de Fuca Strait to the south and Johnstone Strait to the

north. Therefore water level in the SOG as well as in the Fraser River is subject to tidal fluctuations. Salinity in the

Fraser River varies, both in the diurnal and inter-daily time scales. The diurnal variation in salinity is due to the tidal

fluctuation while the inter-daily variation on is due to both the day-to-day changes in the river flow rate as well as

changes in the tide range.

Figure 4.4 shows the trend in surface salinity at Site 2 during the irrigation period from August to October in a normal

flow year with 0-m Sea Level Rise (SLR). The mean monthly flow rate during the period decreases from 3,200 m3/s

on August 1st to 2,150 m3/s on September 1st, to 1,950 m3/s on October 1st and finally to 1,600 m3/s on October 31st

(Figure 2.3). The irrigation threshold is shown as a black line, the modelled salinity as a green line.

Figure 4.4: Surface Salinity at Site 2 between August and October in Normal Flow Year and with 0-m SLR

As the river flow decreases over time, the surface salinity at Site 2 increases, resulting in a reduction of water

availability for irrigation. In August, the impact of decreasing flow rate on surface salinity and, hence, water

availability is minimal as salinity remains below the criterion value. However, in September, as the river flow

continues to trend downward, the salinity signal begins to rise, indicating the upstream advance and near-by

presence of the salt wedge; the water availability for irrigation remains near 100% at the beginning of the month,

but the withdrawal window gradually shrinks with increasing surface salinity in the latter parts of the month. In
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October, the surface salinity continues to rise and the availability window for water withdrawal expectedly becomes

even narrower and very limited entering into the drier part of the Fraser River hydrograph.

It is important to note that the river flow did not decrease at a constant, fixed rate over the time period. A short-term

increase in flow rate often occurs due to passage of weather systems or occurrence of rain-on-snow events,

especially in the fall season. For example, a likely rain-on-snow event, a typical occurrence in the fall season, might

have caused a temporary increase in the river flow rate in early-to-mid October (Figure 2.3). This spike in the flow

rate directly led to a decrease in salinity in the river as shown in the lower panel in Figure 4.4.

4.2.1 Long-term Impact

Figures 4.5,.4.6 and 4.7 respectively illustrate the time series of salinity at Site 1, Site 2 and Site 3, for the 15-day

period between Aug 20th and September 3rd, during which the river flow in the wet year is higher, as shown in Figure

2.3, than the normal year, which in turn is higher than the dry year, for all three time horizons (green line for the

current case with 0-m SLR; black line for the year 2050 case with 1-m SLR, and red line for the year 2100 case with

2-m SLR). These correspond to Cases 1, 4, 7, 10, 13, 16, 19, 22 and 25 as listed in Table 2.5.

Figure 4.5: Surface Salinity at Site 1 in August for Dry, Normal and Wet Years with Various SLRs
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Figure 4.6: Surface Salinity at Site 2 in August for Dry, Normal and Wet Years with Various SLRs

Figure 4.7: Surface Salinity at Site 3 in August for Dry, Normal and Wet Years with Various SLRs



MODELLING EFFECTS OF CLIMATE CHANGE AND DREDGING

ON AVAILABILITY OF IRRIGATION WATER FOR DELTA FARMERS

FILE: 704-WTR.WTRM03018 | OCTOBER 12, 2016 | ISSUED FOR USE

24

Final_Report_Draft_Additional_V6.docx

These figures clearly show an increase in surface salinity at all three sites as a result of sea level rise. For the

normal year and wet year cases, especially, an otherwise 100% withdrawal window for the 0-m SLR case could be

reduced significantly and, on some days, that window could dwindle to 0% (Site 2 on August 31 – normal flow year,

for example) with 1-m SLR and 2-m SLR. This is illustrated by the surface salinity with 1-m SLR remaining

continuously above the salinity threshold whereas the surface salinity for the 0-m SLR case remaining below the

threshold. Tables 4.1 below summarizes the long-term effects of sea level rise (0-m SLR, 1-m SLR and 2-m SLR)

and river flow (dry, normal and wet flow years) on water availability for the existing case, the year 2050 case and

the year 2100 case, respectively, for the same time period as presented in Figures 4.5, 4.6 and 4.7. Note the hours

of availability presented in the table are the average time duration per day for water withdrawal during the 15-day

period plotted in the above figures.

Table 4.1 Time Duration below Salinity Criterion (400 S/cm) with 11.5-m Draft in August

Site 1 Site 2 Site 3

Dry Normal Wet Dry Normal Wet Dry Normal Wet

0-m SLR 7.9 24 24 3.6 23.9 24.0 3.1 23.0 24.0

1-m SLR 0.0 3.8 23.6 0.0 0.8 21.2 0.0 0.4 18.1

2-m SLR 0.0 0.1 8.3 0.0 0.0 3.9 0.0 0.0 1.7

As expected, the model results show that Site 1 will provide a wider withdrawal window than Site 2, which in turn

has a wider widow than Site 3. At all three sites, the window becomes narrower with increase in sea level and

decrease in river flow. For current sea levels, Normal and Wet years have similar daily withdrawal windows, but Dry

years have considerably reduced withdrawal windows. For a 1 m SLR, withdrawal windows shrink, and the loss of

withdrawal hours is greatest at Site 3. The increase in water level appears to have a larger impact than the

difference between Dry, Normal and Wet years as an otherwise almost completely open withdrawal window would

become mostly closed at Sites 2 and 3 when the SLR increases from 0 m to just 1 m. Drought will further attenuate

the withdrawal window as the river flow rate decreases.

However, it is difficult to draw direct conclusions regarding which factor (sea level rise or river flow) dominates the

salt wedge dynamics from this set of model results because, as presented in Section 2 and in Figure 2.3, each of

the sea level rise cases incorporates different flow rates associated with the projected normal year, dry year and

wet year as predicted by the GCMs for its own time horizon (present, year 2050 and year 2100); simply speaking,

these model runs have two varying factors, the flow rate and sea level, and it is not immediately obvious which

factor is more important in governing the salinity in the river. A more direct conclusion may be drawn in Section

4.2.2 below, where constant flow rates will be considered for different sea level rises.

4.2.2 Near-term Impact

The near-term salinity impact of climate change from the perspective of sea level rise and flow rate at various

locations (Site 1, Site 2 and Site 3 in the river is illustrated in Figure 4.8. The blue lines represent the 2,000 m3/s

flow cases (Cases 29 and 31), red lines represent the 1,000 m3/s flow case (Cases 28 and 30); the solid lines

represent 0-m SLR (Cases 28 and 29), and the dashed lines represent 0.3-m SLR (Cases 30 and 31).
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Figure 4.8: Near-term Impact of Climate Change on Salinity in the Fraser River

The figure above shows clearly that the salinity at all locations is significantly greater when the flow is lowered from

2,000 m3/s to 1,000 m3/s (red lines are mostly above the blue lines). The impact of a decrease in flow rate on water

availability for withdrawal is especially significant at Site 1, Site 2 and Site 3; whereas the impact on water availability

at Sea Reach, Section 4.4, is not as striking because Sea Reach is in a more saline condition: lower freshwater

flow, and closer to the source of saline water.

The model results indicate that the sea level rise of 0.3 m would lead to a slight change in salinity at Site 1, Site 2

and Site3 (the dotted lines are slightly above the solid lines of same colour), but would manifest a larger salinity

increase at Sea Reach.

Table 4.2 and Table 4.3 below summarize, in terms of duration, the withdrawal availability at Site 1 and Site 2. Site

1 and Site 2 are the focus and Site 3 is omitted in the summary tables as Site 3 is located downstream of Site 2

and the salinity at the location, for most of the time as shown in the above figures, will not be lower and the water

will not be any more suitable than that at Site 1 and Site 2.
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Table 4.2 Time Duration vs Salinity Criterion at Sites 1 & 2 with 0-m SLR with 11.5-m Draft

Lower Flow Case - 1,000 m3/s Higher Flow Case - 2,000 m3/s

Conductivity
(S/cm)

Salinity (ppt)

Neap Tide

Duration (hrs/day)

Site 1 Site 2

Spring Tide

Duration
(hrs/day)

Site 1 Site 2

Neap Tide

Duration (hrs/day)

Site 1 Site 2

Spring Tide

Duration (hrs/day)

Site 1 Site 2

<2,000 < 1.54 14.4 8.4 18.4 12.0 24.0 24.0 24.0 24.0

<1,000 < 0.75 9.2 2.4 12.2 4.6 24.0 24.0 24.0 21.6

< 800 < 0.59 7.8 1.0 10.2 3.2 24.0 24.0 24.0 20.6

< 600 < 0.43 6.4 0.8 7.8 1.8 24.0 23.8 23.2 19.8

< 400 < 0.34 4 0.4 6.0 1.2 24.0 23.8 22.0 19.2

< 200 < 0.14 0.8 0.0 2.8 0.2 24.0 22.4 20.4 15.6

Table 4.3 Time Duration vs Salinity Criterion at Sites 1 & 2 with 0.3-m SLR with 11.5-m Draft

Lower Flow Case - 1,000 m3/s Higher Flow Case - 2,000 m3/s

Conductivity
(S/cm)

Salinity (ppt)

Neap Tide

Duration (hrs/day)

Site 1 Site 2

Spring Tide

Duration
(hrs/day)

Site 1 Site 2

Neap Tide

Duration (hrs/day)

Site 1 Site 2

Spring Tide

Duration (hrs/day)

Site 1 Site 2

<2,000 < 1.54 12.2 6.0 12.8 5.0 24.0 23.8 23.6 21.6

<1,000 < 0.75 6.8 1.6 6.4 1.8 23.4 22.4 20.8 19.4

< 800 < 0.59 5.4 1.0 5.2 1.0 23.2 21.8 20.2 18.6

< 600 < 0.43 4.0 0.2 3.8 0.8 23.0 20.8 19.4 17.6

< 400 < 0.34 2.8 0.0 3.2 0.4 22.8 18.2 18.8 15.4

< 200 < 0.14 1.0 0.0 1.4 0.0 22.0 7.0 17.2 9.2

4.3 Effects of Channel Deepening

Vancouver serves as a gateway to Asia and the rest of North America for sea-going vessels. If the volume of

shipping increases, then there may be some interest in deepening the navigation channel; however, the degree of

deepening will likely be limited by the present channel alignment and the presence of utility crossings (Section 2).

Channel deepening may also be constrained by other considerations: capital and maintenance costs will be high,

possibly exceeding the economic benefits. As well, there is potential for considerable ecological change in the

Lower Fraser Estuary as a consequence of increased salinity exposure. One additional consequence of having a

deeper channel is the increase in advancement of the salt wedge and associated increase in salinity of the river

water, thereby affecting the withdrawal availability for irrigation. This consequence is investigated below.

4.3.1 Long-term Impact

Figure 4.9 shows the time series of salinity at Site 2 with 0 m SLR and with dredging depths that accommodate

vessels with 11.5-m draft (green line) and 20-m draft (blue line) for the month of August, September and October

(Cases 4 and 6).
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Figure 4.9: Time Series Salinity at Site 2 with Channel Depth Capable of Accommodating Vessels Drafting
11.5 m and 20 m with 0-m SLR during Irrigation Period

Not surprisingly, salinity increases as the channel is deepened, leading to much more frequent exceedances of the

salinity threshold and a shorter time window for water withdrawal. The increase in water depth would likely result in

a combination of reduced bottom friction acting on the salt wedge and increase in hydrostatic pressure force that

drives the salt wedge upstream, thereby allowing the salt wedge to migrate further upstream.

Table 4.4 below summarizes the duration, with regard to withdrawal availability, at Site 1 and Site 2.

Table 4.4 Time Duration below Salinity Criterion (400 S/cm) at Site 1 and Site 2 with 0-m SLR

with Channel Accommodating Vessels with 11.5-m and 20.0-m Drafts

Month
Site 1 Site 2

11.5 m Draft (hrs/day) 20.0 m Draft (hrs/day) 11.5 m Draft (hrs/day) 20.0 m Draft (hrs/day)

August 24.0 19.8 23.9 15.0

September 22.0 6.1 19.6 1.1

October 15.0 2.3 9.9 0.5

Site 1 and Site 2 both display a drastic reduction in the withdrawal window as a result of channel deepening from

11.5 m to 20.0 m, especially in the latter parts of the irrigation period in October when the flow is lower compared

to the earlier parts in August.
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The model was also ran for cases with 1-m and 2-m SLR, combined with dredge depths that can accommodate

vessels drafting 16.5 m and 20.0 m (Cases 11, 12, 14, 15, 17, 18, 20, 21, 23, 24, 26 and 27); model results for

these cases indicated the upstream advancement of the salt wedge would increase significantly compared to the

other cases with 0-m SLR and would reach, at different stages of the modelling period, the upstream boundary of

the Fraser River model, which is located just upstream of the Port Mann Bridge. Our current Fraser River model

does not extend sufficiently far upstream to accommodate such strong upstream advancement of the salt wedge,

but undoubtedly the availability of water suitable for irrigation would be drastically reduced. Although analyzable

results were not able to be produced for these cases, the limited results clearly indicate that combinations of long-

term change in sea level rise and channel deepening would give rise to significantly increases in salinity in the river

and lead to major, likely catastrophic, decreases in water availability for irrigation.

4.3.2 Near-term Impact

The effect of dredging on salinity with a more realistic, near-term adjustment of the channel depth, to 13.5 m, was

also investigated. Figures 4.10 and 4.11 illustrate the effects of potential near-term dredging adjustment on salinity

in the river, particularly at Site 1, Site 2 and Site3 with 0-m SLR and 0.3-m SLR, respectively. In Figure 4.10, the

solid lines represent the 11.5-m draft case (Cases 28 and 29), while the dashed lines represent the 13.5-m draft

case (Cases 32 and 33); the blue lines represent the higher flow cases of 2,000 m3/s (Cases 29 and 33), while the

red lines represent the lower flow cases of 1,000 m3/s (Cases 28 and 32). Similarly, in Figure 4.11, the solid lines

represent the 11.5-m draft case (Cases 30 and 31), while the dashed lines represent the 13.5-m draft case (Cases

34 and 35); the blue lines represent the higher flow cases of 2,000 m3/s (Cases 31 and 35), while the red lines

represent the lower flow cases of 1,000 m3/s (Cases 30 and 34).

Figure 4.10 Effects of Dredging on Salinity in the Fraser River with 0-m SLR
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Figure 4.11 Effects of Dredging on Salinity in the Fraser River with 0.3-m SLR

In general, the deeper the channel, the higher the salinity in the river (illustrated by the dashed lines mostly being

above the solid lined). Exceptions to this trend can be found at Site 1, Site 2 and Site 3 in mid-October when salinity

for the 13.5-m draft case is lower than the 11.5-m draft, illustrated by the dashed lines being below the solid lines.

The exact reason that led to this phenomenon is not immediately known, and could be linked to the complex nature

of physics that governs the circulation pattern in the shallow areas.

Tables 4.5 and 4.6 summarizes the impact of dredging on withdrawal availability at Site1 and Site 2 with 0-m SLR.

Site 1 and Site 2 are the focus and Site 3 is omitted in the summary tables Site 3 is located downstream of Site 2

and the salinity at the location, for most of the time as shown in the above figures, will not be lower and the water

will not be any more suitable than that at Site 1 and Site 2.
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Table 4.5 Time Duration vs Salinity Criterion at Site 1 with 0-m SLR with 11.5-m and 13.5-m

Draft

Lower Flow Case - 1,000 m3/s Higher Flow Case - 2,000 m3/s

Conductivity
(S/cm)

Salinity
(ppt)

Neap Tide

Duration (hrs/day)

11.5 m 13.5 m

Spring Tide

Duration
(hrs/day)

11.5 m 13.5 m

Neap Tide

Duration (hrs/day)

11.5 m 13.5 m

Spring Tide

Duration (hrs/day)

11.5 m 13.5 m

<2,000 < 1.54 14.4 10.2 18.4 6.4 24.0 24.0 24.0 24.0

<1,000 < 0.75 9.2 3.4 12.2 2.8 24.0 24.0 24.0 22.6

< 800 < 0.59 7.8 1.8 10.2 2.2 24.0 24.0 24.0 20.8

< 600 < 0.43 6.4 0.6 7.8 1.4 24.0 24.0 23.2 20.0

< 400 < 0.34 4 0.0 6.0 1.0 24.0 23.6 22.0 18.8

< 200 < 0.14 0.8 0.0 2.8 0.0 24.0 22.0 20.4 16.2

Table 4.6 Time Duration vs Salinity Criterion at Site 2 with 0-m SLR with 11.5-m and 13.5-m

Draft

Lower Flow Case - 1,000 m3/s Higher Flow Case - 2,000 m3/s

Conductivity
(S/cm)

Salinity
(ppt)

Neap Tide

Duration (hrs/day)

11.5 m 13.5 m

Spring Tide

Duration
(hrs/day)

11.5 m 13.5 m

Neap Tide

Duration (hrs/day)

11.5 m 13.5 m

Spring Tide

Duration (hrs/day)

11.5 m 13.5 m

<2,000 < 1.54 8.4 3.0 12.0 1.6 24.0 24.0 24.0 22.2

<1,000 < 0.75 2.4 0.2 4.6 0.4 24.0 24.0 21.6 19.8

< 800 < 0.59 1.0 0.0 3.2 0.4 24.0 23.6 20.6 18.2

< 600 < 0.43 0.8 0.0 1.8 0.0 23.8 22.6 19.8 17.0

< 400 < 0.32 0.4 0.0 1.2 0.0 23.8 21.0 19.2 14.4

< 200 < 0.14 0.0 0.0 0.2 0.0 22.4 14.0 15.6 8.4

The above tables indicate that channel deepening would narrow the withdrawal window, especially for the lower

flow cases in which the water availability could be completely closed, although the window remains relatively large,

though greatly reduced, for the higher flow case after the channel has deepened from 11.5 m to 13.5 m.

4.4 Sea Reach

Longitudinal variability of salinity in Sea Reach was investigated by comparing the model result extracted at W1,

W2, W3 (Westham Island test location) and W4, Figure 4.2. Figure 4.12 shows the surface salinity at these four

locations with 0-m SLR and 0.3-m SLR with both the lower flow case of 1, 000 m3/s and higher flow case of 2,000

m3/s.
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Figure 4.12 Longitudinal Variability of Surface Salinity in Sea Reach

For all cases and at almost all times, salinity progressively decreases in the southeast direction as surface salinity

is comparatively the highest at W1, and the lowest at W4. The opportunity window for withdrawal is very limited in

all cases and at all locations, but it becomes wider at locations in the southeast portion of Sea Reach than those in

the northwest portion. The model thereby suggests that, at least during the drier part of the Fraser River hydrograph,

it is more desirable to place the intake toward the southeast part of Sea Reach.

4.5 Summary

The results and trends shown in the above tables can be summarized as follows:

Near-Term (a timeframe of 10-25 years):

 Site 1 has consistently shown a significantly wider window for water availability (in all cases and for all criteria)
compared to Site 2, the present intake location. Site 2 has shown a consistently wider window than Site 3.

 In the lower flow case (1,000 m3/s), the effect of channel deepening on daily water availability (< 400 S/cm),
as indicated by the model results at both Site 1 and Site 2, is larger than the effect of sea-level rise.

 During the higher flow case (2,000 m3/s), the window of daily water availability (< 400 S/cm) remains
significant for both Site 1 and Site 2 and never drops below 18 hours for Site 1 and 14 hours for Site 2. In the
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lower flow case, the water availability window is largely reduced, with Site 1 never exceeding 6 hours and Site
2 never exceeding 2 hours.

 The effect of dredging on the withdrawal window is very significant, especially in the lower flow case in which
the window is nearly or completely shut (< 1 hour) after deepening the channel from 11.5 m draft to 13.5 m
draft. In the higher flow case, the effects of dredging is not as significant as the window remains largely open
(> 14 hours).

 During most times and conditions, water in the Sea Reach test site will not meet the salinity criterion, although
the water tends to be fresher towards the southeast portion

Long-term (a timeframe of 50-100 years):

 The long-term projection of the withdrawal window is that, even in a wet flow year, the sea level rise of 1 m
and 2 m will lead to a large reduction (minimum 85% reduction) in the time window for water availability. This
would only enable withdrawal of water suitable for irrigation during a very small portion of the day (ranging from
0 to 3.6 hours).

Dredging the channel to accommodate vessels with draft between 16.5 m and 20 m would severely affect the
salinity at the intake and will most definitely shorten the withdrawal window; this is particularly the case in the
lower flow period in October.

5.0 SALINITY MONITORING PROGRAM AND STRATEGY
RECOMMENDATIONS

The purpose of installing salinity monitoring sensors at different locations along the lower reach of the Fraser River

is to:

1) provide meaningful and significant amounts of observational data to assist future efforts in salinity

modelling, especially in model validation;

2) to keep long-term records which can be used to demonstrate the relationship between climate change and

variation in salinity in the river; and

3) to provide a better understanding of the behaviour of the salt wedge in different parts of the river.

This observational data would be downloaded and processed at regular time intervals, and any future expansion of

the water withdrawal network could then be developed in an informed manner.

The fundamental quantity of relevance for irrigation purposes is the near-surface salinity. Other requested studies,

encompassing the full water column, add additional information and would be useful for calibrating a numerical

model to do improved forecasts of conditions in the river. Thus the proposed monitoring program is divided into two

parts: the basic program, which addresses the spatial and temporal distribution of near-surface salinity within the

Main Arm of the Fraser River and the North Arm; and the enhanced study, which addresses overall salinity and

current behaviour in the Main Arm and the North Arm, and thereby provides a better understanding of the behaviour

of the salt wedge.

It should be noted that proper permits from government agencies will have to be obtained as the placement of

monitoring equipment will take place in a navigable waterway.
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5.1 The Basic Study: Near Surface Salinity

Candidate locations for salinity monitoring stations are proposed in the study. Considerations have been given to

several factors when identifying suitable locations including:

 hydrodynamic significance, including the relevance for irrigation water intakes;

 the type of monitoring platform;

 level of potential interference with and from existing marine traffic;

 presence of existing in-river structures for deployment, and

 degree of access for servicing and maintenance.

5.1.1 Hydrodynamic Significance

As discussed previously, the Fraser River salt wedge changes position as a result of varying flow rate and the

changing phase of the tide in the river. During freshet period, the salt wedge extends only slightly into the river;

whereas during low flow, the salt wedge could reach as far upstream as the Pattullo Bridge and beyond. Figure 5.1

shows the salt wedge at its most downstream position in the fall higher flow case (2,000 m3/s) with 0-m SLR and

11.5-m draft and Figure 5.2 shows its most upstream position in the lower flow case (1,000 m3/s) with 0.3-m SLR

and 13.5-m draft. These two cases represent the two bookends of conditions in the near-term.

Figure 5.1 Surface Salinity Distribution in the Fall High Flow Case (2,000 m3/s) with 0-m SLR and 11.5-m
Draft
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Figure 5.2 Surface Salinity Distribution in the Fall Low Flow Case (1,000 m3/s) with 0.3-m SLR and 13.5-m
Draft

It is recommended that the monitoring stations be located within the downstream and upstream extents of the

salinity front, as indicated by surface salinity in Figures 5.1 and 5.2. Stations upstream of the furthest upstream

salinity extent should be added in order to capture changes in freshwater availability as climate change effects

become more significant. These upstream stations would provide both an historical picture of the climate change

effects on the salt wedge, and allow the development, to a limited extent, of a predictive statistical model of the salt

wedge upstream limit

The monitoring sensors will be near-surface; candidate monitoring stations will have to be located outside of the

navigational channel with ample distance from the designated deep-sea vessel channel boundary. As well, the

sensors should be located in areas where it would be practical to eventually install a water intake.

The sampling locations should complement the existing monitoring stations at Sites 1, 2, and 3, unless Delta intends

to shut down their stations, in which case DFI should install stations at the same locations, so as to extend the

relatively long time series already collected at these sites.

A recommended list of sites, along with the degree of priority, is below. The degree of priority (high, medium and

low) has been assigned to each of the recommended sites: High priority - is assigned if immediate need to gain

knowledge of the salinity behaviour in order to assist in near-term planning and development of new withdrawal

strategies is necessary; medium priority – is assigned if understanding of the overall trends in the river as a result

of both near-term and long-term climate and anthropogenic changes is required but information collected at these

locations is not required for near-term planning; low priority – is assigned if knowledge in long-term trends of salinity

and behaviour of the salt wedge in the river is required. Sites along the North Arm are included in order to assess
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irrigation options for farmers in Richmond. Sites in the Main Arm are generally on the south side of the river, to

assess irrigation options for farmers in Delta. Some sites are located on the north side of the Main Arm, to assess

irrigation options for farmers in Richmond.

1. north of the channel at km 15 near the South Arm farming areas in west Richmond- high priority

2. south of the channel near Tilbury Terminal at km 22 - low priority

3. south of the channel at km 25 - high priority

4. south of the channel near the existing mooring at km 26 - high priority

5. north of the channel upstream of Purfleet Point at km 26 - low priority

6. south of the channel near 9925 River Road 9 (Site 1 existing monitoring station) at km 28 – high priority

7. south of the channel upstream of Alex Fraser Bridge at km 30 - medium priority

8. north of the channel near Shoal Point at km 33 - medium priority

9. at the in-river pier on Pattullo Bridge at km 36 - medium priority

10. Sapperton Bar (km 37)- low priority

11. Port Mann Bridge (km 42) - low priority

12. North Arm (Location 11) - medium priority

13. North Arm (Location 12) – high priority

14. North Arm (Location 13) – high priority

15. North Arm (Location 14) – low priority

Figures 5.3-5.5 shows the candidate salinity monitoring locations.
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Figure 5.3 Candidate Locations for Salinity Monitoring in the Main Arm (km 15 – km 27)

Figure 5.4 Candidate Locations for Salinity Monitoring in the Main Arm (km 28 – km 42)
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Figure 5.5 Candidate Locations for Salinity Monitoring in the North Arm

Note that Location 2 (km 25) and Location 3 (at km 26) are chosen for their proximity to the existing intake at Site

2 (Figure 5.2); and both of these locations are the shallow flats where the complex hydrodynamics appear to occur.

As previous modelling results showed, most ebb tides are characterized by episodic up-slope migration of the salt

wedge to the shallow shelf where the existing intake at Site 2 is located. The data collected at the proposed location

will be informative in understanding the complex physics that govern the salinity variation in the area. Thus, even if

Delta maintains the station at Site 2, additional sites, to help understand the behaviour of the salt wedge on this

extensive shoal area, especially when retreating, would be very useful.

The candidate locations near Sapperton Bar (Location 9) and Port Mann Bridge (Location 10) are chosen in order

to provide essential observation data to delineate the progressive upstream advancement of the salt wedge as the

river flow and sea level change in response to climate change. The four locations in North Arm (Locations 11-14)

are chosen for their proximity to the farmland in Richmond.

It is proposed that the depth of the sensor be specified as 2 m below the water surface for the basic study, to mimic

the water intake depth.

5.1.2 Sensor Type

Table 5.1 below presents the specification of a candidate sensor, the CT2X by INW. The sensor includes an

integrated data logger and is powered by two AA batteries.The salinity criterion for irrigation is 0.34 ppt or

approximately 400 S/cm in conductivity, which is on the low end of the salinity spectrum. For example, the salinity

in the river might go up to as much as 30 ppt or approximately 46,000 S/cm in conductivity, depending on the

location and time of the year. A sensor that has a sufficiently wide measurement range is required.

12

13

14

15
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Table 5.1 Comparison of Sensor Models for Temperature and Conductivity Measurement

Sensor CT2X Smart Sensor

Conductivity Range 0 – 300,000 S/cm

Conductivity Resolution 0.1 S/cm

Conductivity Accuracy Static: +/- 0.5% of reading

Temperature Range -5 to 40 deg Celsius

Temperature Resolution 0.1 deg Celsius

Temperature Accuracy +/- 0.25 de Celsius

Cost $2,600 per unit

5.1.3 Type of Platform

A key consideration for the platform is that for the basic study, conductivity at a fixed depth below the water surface

is required. Thus, a floating platform is appropriate. The platform requires a buoyancy component, a mooring system

to keep the platform on station, and a method to hold the sensor at a fixed depth below the surface. The Environment

Canada buoy is of this type, but must be sufficiently rugged to stay on station and withstand likely damages from

barges and log booms passing by. Sites 1, 2, and 3, maintained by the Corporation of Delta and moored in the

shallow water along the south side of the river, using a small platform, we believe. For the basic study, it is likely

that a simple buoy would be sufficient, with appropriate navigational markings, and with on-board data logging

capability. Telemetry would offer greater ability to monitor salinity and the performance of the sensor, but would add

to the cost of the buoy and is not essential. This platform would have to be deployed on the margins of the river,

outside the navigation channel, and in areas where it would not be susceptible to boat traffic. Locating the sensor

near the river edge is reasonable, since surface water withdrawal structures would likely draw water from the river’s

edge as well.

Alternatively, and perhaps more robust, a pile could be used to keep the platform in place. A pile hoop with bumpers

and buoyancy that would ride up and down the pile with the tide, or an open stilling well would be suitable choices

for a platform.

Cost, durability and the ease of sensor servicing will be one of the key factors in deciding which option is more

appropriate than the other. The cost to drive a pile into the river will be approximately $10,000; whereas the cost to

install a simple ball buoy with a cable string and mooring anchor at the bottom will be significantly lower and will be

approximately $3,000. However, a pile with an attached perforated stilling well in which the sensor move up and

down is definitely much more robust, offering greater protection to the sensor. The sensor would be suspended

from a float, and have a weight attached at the bottom, in order to maintain itself at a depth of 2 m as the tide rises

and falls.

The above are suggestions, we anticipate that contractors bidding on installing the sensors would provide specifics

on how to implement their recommended method.

Table 5.2 details the locations with existing structures for mounting of the sensors. The presence of existing in-river

structures is judged based mostly on the latest Google Earth images taken in 2015.
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Table 5.2 Presence of Existing In-river Structures at the Candidate Monitoring Locations

Candidate Monitoring Location Existing Structure (Yes or No) Type of Existing Structure (If yes)

1 Yes Floating Barge

2 No n/a

3 Yes Existing Mooring Buoy

4 No n/a

5 No n/a

6 No n/a

7 No n/a

8 Yes Bridge Pier

9 Yes Existing mooring piles for log boom

10 Yes Bridge Pier

11 Yes Existing mooring piles for log boom

12 Yes Existing mooring piles for log boom

13 Yes Existing mooring piles for log boom

14 Yes Existing mooring piles for log boom

When finalizing location for the monitoring station, an abundance of caution must be exercised: only because there

is an existing structure doesn’t mean that it is automatically feasible to use the existing structure as part of the

monitoring station. Some of these structures could be located on privately-owned property, and approval from

owners might be required prior to installation (Locations 1 and 3); some might not be suitable due to their proximity

to moving objects (log booms) that could pose a risk of inflicting damage to the station. In-river bridge piers are also

known to attract surface debris, which could interfere with the measurement and could lead to physical damage to

the station.

Wherever establishing an existing in-river structure as part of the monitoring station is not possible, a pile could be

driven to the river bottom or a floating buoy could be deployed.

5.1.4 Interference with and from Marine Traffic

The salinity sensors and the associated mooring buoys or piles must not be located within the primary navigational

channel for deep sea vessels. The navigation channel begins at Sand Heads (km 0) and ends at the trifurcation

immediately upstream of Fraser Surrey Docks (km 34); it is dredged annually to a specific depth in order to allow

ships with maximum draft 11.5 m to traverse the river, sometimes relying on tidal assist. The alignment of the

channel is clearly laid out in Chart 3490, published by the Canadian Hydrographic Service (CHS). Outside of the

main alignment, there are boundaries demarcated by Port of Vancouver for a safety margin and clearance for vessel

traffic in the primary navigation channel. Furthermore, there are secondary navigation channels and well-used boat

routes to get into and out of docking areas and harbours. The supporting platforms should not be installed in these

area either. Consultation with Port of Vancouver and Transport Canada is recommended concerning allowable

areas for station deployment.
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5.2 The Enhanced Study

The enhanced study considers more extensive measurements of salinity and possibly velocity throughout the lower

Fraser River, to gain an understanding of salt wedge dynamics. Since the salt wedge primarily travels in the

navigation channel, measurements will likely have to extend into the channel, or its margins.

Salinity over the full depth range in the river has not been extensive measured in recent decades. Salinity was

previously measured in the 1970s’ and 1980s’ by both University of British Columbia (UBC) and Institute of Ocean

Sciences (IOS). There were then several research projects by UBC to investigate the hydrodynamics of the Fraser

River and its plume in the Strait of Georgia, in which salinity profiles were measured at different times of the year.

However, none of the measurements were continuous in time. The data that would be collected in the deep part of

the river would be valuable not only from the planning perspective, but also for future research and investigation

purposes.

5.2.1 Hydrodynamic Significance

Currently, the Navigation Channel is dredged annually to ensure that the navigation corridor between Sand Heads

(km 0) and Fraser Surrey Docks (km 35) is sufficiently deep to allow vessels with maximum draft of 11.5 m to travel

safely in the river, considering tidal assist. The salt wedge advances and retreats, primarily along the deepened

portion of the channel.

Figure 5.6 illustrates the modelled salinity (0-m SLR and normal flow year) at some of the candidate locations and

their corresponding mid-channel locations for conditions in September 2013. The scatter points represent the

modelled surface salinity at these candidate locations and the solid lines represent the modelled surface salinity at

the corresponding mid-channel locations.
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Figure 5.6 Comparison of Modelled Surface Salinity at Candidate Monitoring Locations and the
Corresponding Mid-channel Locations
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In general, the surface salinity at the near-shore locations appears to closely resemble the surface salinity at the

corresponding mid-channel locations, with only a few exceptions. Where the mid-channel and side-channel

salinities differ, the side-channel values are generally higher, indicating some cross-channel variability in the salt-

wedge behaviour. This behaviour could be visualized as the interface between fresh and salt water in the salt wedge

near the shore rising a bit compared to the centre of the river channel. Such behaviour would have implications for

water withdrawal: taking water from as far offshore as possible is likely a good idea, other factors being equal.

5.2.2 Sensor Type

Similar to the basic study, the fundamental sensors required are for conductivity and temperature, from which

salinity can be calculated. Table 5.3 illustrates two candidate sensors. It should be noted that the YSI 6600 will be

replaced in 2018 by the EXO sensor system, which has similar pricing as the YSI 6600; technical support will

continue for 3-5 years after discontinuation of the YSI system.

Table 5.3 Comparison of Sensor Models for Temperature and Conductivity Measurement

Sensor Aanderaa 4319B YSI 6600 V2-2 Sonde

Conductivity Range 0 – 75,000 S/cm 0 – 100,000 S/cm

Conductivity Resolution 2 mS/cm 1 S/cm

Conductivity Accuracy +/- 18 mS/cm +/- 0.5% of reading + 1 S/cm

Temperature Range -5 – 40 deg Celsius -5 – 50 deg Celsius

Temperature Resolution 0.01 deg Celsius 0.01 deg Celsius

Temperature Accuracy +/- 0.05 deg Celsius +/- 0.15 deg Celsius

The Aanderaa sensor is a sensor for measuring conductivity and temperature. It needs to be connected to a data

logging system. The YSI instrument is a sonde, that is, it is a data logging system, and has capabilities for a number

of sensors, and is typically used as a CTD: Conductivity – Temperature – Depth instrument, deployed over the side

of a boat, and lowered through the water column to record the vertical distribution of conductivity and temperature

and hence the vertical distribution of salinity. The problem with a sonde, for this application, is that is labour

intensive: someone has to lower and raise the instrument many times over the course of the day, and someone has

to drive the boat up and down the river.

A more appropriate system would be a conductivity chain: several sensors, such as the Aanderaa 4319B, are

attached at 1-2 m intervals along a cable, and the signals passed up to a deck unit, where conductivity and

temperature signals from all the sensors are logged. Because the tide range is such a large fraction of the water

column, two strings would likely be required: one configured at fixed depths from the bottom, up to a depth

somewhat below low tide, and one attached to a float in the stilling well, to measure the top 5 m of the water column.

This system would capture salinity values at all depths, with some overlap.

The cost for the YSI sonde is approximately $12,000 per unit in addition to $4,000 per unit for temperature and

conductivity sensors. The Aanderaa system will cost up to about $110,000, when all components are considered.
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5.2.3 Platforms

The monitoring stations in the river should be able to provide real-time, continuous data with as few maintenance

requirements as possible, and be installed on a platform that has the capability 1) to house multiple temperature,

conductivity and depth sensors, 2) to provide real-time communication for data assessment and download and 3)

to provide a power management system to enable continuous monitoring and download capability year-round.

As such, the existing water quality buoy in the Fraser River buoy, assembled and designed by Axys Technologies

(Axys), successfully deployed since 2007 and managed through a joint venture between Environment Canada (EC)

and BCMoE, is a good candidate However, this type of buoy is rather costly and could cost upward of $20,000 per

unit for the floatation element alone, Mooring hardware and labour and buoy hardware would likely require an

additional $20,000. Sensor costs would be in addition to these two cost items.

As previously mentioned, DFI would like to, through this study, gain a more complete understanding of the river

dynamics and the behaviour of the salt wedge in response to climate change. Installation of sensors at multiple

depths at multiple locations is recommended to establish the vertical structure of the salt wedge and its evolution

with time in different parts of the river.

Sensors will have to be safely secured such that they will stay in the river during high flow. There are several

candidate options to secure the sensors for salinity monitoring: 1) placing sensors in a protective but porous housing

tube made of hard plastic or aluminum that is attached to a pile driven to river bottom, or 2) attaching sensors to a

cable ended with a buoy on top and moored by chains and anchor at the bottom. Option 1 is a more economical

option, especially if a suitable pile can be found at the monitoring location. Option 2 is more expensive and will

involve a wider range of design considerations for a successful deployment. Option 1 is likely more robust for long-

term data collection.

5.3 Cost

The cost of a monitoring station depends on the type of monitoring platform and type of sensors chosen, as well as

the number of sensors to be deployed and, the data storage and communication method selected. Additional costs

include the material and installation cost for other equipment that are essential in meeting the safety requirements

(to be discussed in Section 5.4).

Beside capital cost, the cost of maintenance will have to be included in the budget planning for the monitoring

program. The labour cost, as well as the replacement cost for parts and sensors will have to be taken into account.

As well, the cost for data analysis and presentation will also have to be included in the estimate of the total cost.

5.4 Visibility Requirements

If sensors are to be mounted on a pile, the portion of the pile above water should be painted in a specific color for

visual identification purposes. Whereas if a buoy is deployed:

 it has to be visible and complied to the International Association of Marine Aids and Lighthouse Authorities
(IALA);

 it should be outfitted with 3-mile visible LED navigation light displaying the Amber Gp Fl flash sequence and a
Firdell Blipper radar reflector. Gp and Fl are two particular flashing sequences of a navigational light;
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 it should be, if physically feasible, incorporated with an Automatic Identification System (AIS) transmitter, which
will transmit a unique platform IID with GPS location, thereby facilitating awareness of this station to marine
operators.

5.5 Servicing and Maintenance Requirements

Maintenance is essential for long-term deployment of sensors in a measurement program; the maintenance

schedule must be strictly followed in order to ensure the sensors are at the expected level of performance with

minimal errors and bias. Bio-fouling as well as limitation in data storage are usually the main factors in determining

the servicing frequency. Bio-fouling is essentially a build-up of bio-mass on the exposed surface of the sensor and

would cause the sensor to function improperly, while limitation in data storage determines how often data has to be

downloaded to another device at the site, thereby facilitating a regular servicing schedule. Telemetric

communication for data download would be an option to eliminate issues with data storage; this has a distinct

advantage of viewing the data in real-time.

5.6 Other Equipment and Resources

Other add-on equipment and resources that might be required for safety and robust utilization of data collected in

a timely manner are:

- a field camera;

- a customized website that will guide users to view and download the data in real-time if the system is so

designed for real-time measurement.;

- if a buoy is used, to ensure compliance with the regulations of the International Association of Marine Aids

to Navigation and Lighthouse Authorities (IALA), a GPS equipped with a universal AIS transponder to allow

transmission of messages, regarding buoy position and identification, from the buoy to the marine operators

equipped with an AIS receiver.

5.7 Potential Consultants for Installation and Data Analysis

Potential consultants and organizations that have the capability to perform installation, maintenance, data

processing and analysis range from education institutes to private engineering consulting companies. Below is a

list of capable organizations:

- Tetra Tech EBA (Contact: Mr. Albert Leung)

- Ausenco Sandwell (Contact: Dr. Sundar Prasad)

- University of British Columbia – Department of Civil Engineering – Hydrotechnical Group (Contact: Dr. Greg

Lawrence, Dr. Roger Pieters, Dr. Noboru Yonemitsu and Dr. Bernard Laval)

- ASL Environmental Sciences
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6.0 CONCLUSION

Study Rationale and Activities

The effects of climate change on the future availability of irrigation water from the Fraser River were identified as

an area of concern in the Delta Adaptation Strategies plan. Completed in 2013, this plan was the result of a process

that brought together Delta's agricultural producers and local and provincial government partners to evaluate

potential climate change impacts on local agricultural production, and to develop strategies and actions to address

the associated challenges. A collaborative process to implement priority actions has been underway since autumn

of 2013. The work described in this report addresses action items in the Delta Adaptation Strategies related to

evaluating the function of irrigation intakes and improving understanding of the potential impacts of climate change

on irrigation water supply.

The specific tasks associated with this project are to generate a number of data products based on a numerical

three-dimensional model of the Lower Fraser River. These data products are:

 Profile the salt wedge in the Fraser River under various hydrologic regimes and under changing ocean
conditions due to climate change.

 Benchmark salinity profiles prior to removal of the George Massey Tunnel.

 Determine likely future salinity profiles to help identify suitable locations for salinity monitoring stations.

 Assist in determining potential future intake locations that could supply irrigation water to all of Delta and
Richmond, including areas that are currently not irrigated.

 Develop an understanding of how future dredging could affect existing and future irrigation intakes.

 Outline a salinity monitoring strategy for the lower Fraser River.

Methodology

The effects of changes in environmental (sea level rise and river flow changes as a result of climate change) and

anthropogenic (channel deepening) conditions on the behaviour of the salt wedge and salinity distribution in the

Fraser River have been investigated through this project. Climate change scenarios were based on the Fraser River

flow rate predicted by the MIROC Global Circulation Model, selected for its demonstrated ability to closely hindcast

the historical flow in the river, especially for the irrigation period between August and October.

The projected flow rates from the MIROC model were used for the long-term salinity impact assessment, and the

months of August, September and October were simulated as these are the months when irrigation water is required

and when predicted future river flow rates could drop considerably below current flow rates, allowing higher salinity

water to present itself at the current intake location. The near-term impact was assessed by considering two

different, but constant, low flow values (1,000 m3 /s and 2,000 m3 /s) over a one month fall period.

Both long-term and near-term sea level rise scenarios were evaluated in this study. The long-term sea level rise in

the study is 1 m for a time frame between 2050-2100 and 2 m for a time frame between 2100-2200, and sea level

rise of 0.3 m was applied for the near-term impact (a time frame of 10-25 years). The long-term dredge depth utilized

in the study is such that the channel can accommodate vessels drafting 16.5 m and 20.0 m; while the near term

dredge depth is such that the channel can accommodate vessels drafting 13.5 m. Currently, the channel can

accommodate vessels up to 11.5 m draft.
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This study includes analysis of three locations where salinity (strictly speaking, conductivity) measurements have

been acquired since 2009:

- Site 1 (located at km 28 just downstream of Alex Fraser Bridge);

- Site 2 (located 4 km downstream from Site 1 at km 24 near 8081 River Road, Delta, and the current location

of the irrigation water intake), and

- Site 3 (located 2 km downstream from Site 2 at km 22 near Tilbury Bend),t

- The test site location in Sea Reach;

The long-term and near-term impact on salinity in the Fraser River was quantified in terms of the number of hours

per day that water was of sufficiently low salinity that it could be used for irrigation. Specifically, the window of water

availability is defined as those times when the conductivity at the intake is less than 400 S/cm, equivalent to 0.34

parts per thousand salinity. Currently, with water withdrawal at Site 2, the daily modelled water availability ranges

between 24 hours for normal and wet years to 4 hours for a dry year.

Study Findings

Near-Term (a timeframe of 10-25 years):

 Site 1 has consistently shown a significantly wider window for water availability (in all cases and for all criteria)
compared to Site 2, the present intake location. Site 2 has shown a consistently wider window than Site 3.

 In the lower flow case (1,000 m3/s), the effect of channel deepening on daily water availability (< 400 S/cm),
as indicated by the model results at both Site 1 and Site 2, is larger than the effect of sea-level rise.

 During the higher flow case (2,000 m3/s), the window of daily water availability (< 400 S/cm) remains
significant for both Site 1 and Site 2 and never drops below 18 hours for Site 1 and 14 hours for Site 2. In the
lower flow case, the water availability window is largely reduced, with Site 1 never exceeding 6 hours and Site
2 never exceeding 2 hours.

 The effect of dredging on the withdrawal window is very significant, especially in the lower flow case in which
the window is nearly or completely shut (< 1 hour) after deepening the channel from 11.5 m draft to 13.5 m
draft. In the higher flow case, the effects of dredging is not as significant as the window remains largely open
(> 14 hours).

 During most times and conditions, water in the Sea Reach test site will not meet the salinity criterion, although
the water tends to be fresher towards the southeast portion

The results of the modelling of near-term effects for Site 1 and Site 2, regarding availability duration for irrigation
withdrawal based on the 400 S/cm criterion, are summarized in the tables immediately below:

Long-term (a timeframe of 50-100 years):

 The long-term projection of the withdrawal window is that, even in a wet flow year, the sea level rise of 1 m
and 2 m will lead to a large reduction (minimum 85% reduction) in the time window for water availability. This
would only enable withdrawal of water suitable for irrigation during a very small portion of the day (ranging from
0 to 3.6 hours).
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 Dredging the channel to accommodate vessels with draft between 16.5 m and 20 m would severely affect the
salinity at the intake and will most definitely shorten the withdrawal window; this is particularly the case in the
lower flow period in October.

The results of the modelling of long-term effects for Site 1 and Site 2, regarding availability duration for irrigation
withdrawal based on the 400 S/cm criterion, are summarized in the tables immediately below:

Salinity Monitoring Strategy

This study also examined potential options for implementing a salinity monitoring program. The type of salinity

monitoring program depends on the level of detail being sought regarding the salt wedge dynamics, and could be

categorized into two types: 1) the basic study and 2) the enhanced study. The basic study involves data collection

near the water surface at a number of locations, mimicking potential water intakes; whereas the enhanced study

involves collecting data at a range of depths, preferably covering the entire water column. The cost associated with

these studies are vastly different, due mainly to the complications associated with a system capable of collecting

profile data versus relatively simple single depth data.

Candidate locations for salinity monitoring stations are proposed in the study. Considerations have been given to

several factors when identifying suitable locations including:

 hydrodynamic significance, including the relevance for irrigation water intakes;

 the type of monitoring platform;

 level of potential interference with and from existing marine traffic;

 presence of existing in-river structures for deployment, and

 degree of access for servicing and maintenance.

Selection of instruments and monitoring platforms appropriate to the monitoring work involves taking into account

up front capital costs, as well as installation and maintenance costs. In addition, the selected instrument has to be

appropriate for the typical salinity range encountered in the Fraser River. Consideration should also be given to

mooring and anchoring requirements for the station, and visibility requirements for marine traffic and safety.

There are several organizations and companies that are capable of installing and establishing the station as well

as providing desk-top analysis of the data.
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APPENDIX A: H3D TECHNICAL DESCRIPTION

1.0 INTRODUCTION

H3D is an implementation of the numerical model developed by Backhaus (1983; 1985) which has had

numerous applications to the European continental shelf, (Duwe et al., 1983; Backhaus and Meir Reimer, 1983),

Arctic waters (Kampf and Backhaus, 1999; Backhaus and Kampf, 1999) and deep estuarine waters,

(Stronach et al., 1993). Locally, H3D has been used to model the temperature structure of Okanagan Lake

(Stronach et al., 2002), the transport of scalar contaminants in Okanagan Lake, (Wang and Stronach, 2005),

sediment movement and scour / deposition in the Fraser River, circulation and wave propagation in

Seymour and Capilano dams, and salinity movement in the lower Fraser River. H3D forms the basis of

the model developed by Saucier and co-workers for the Gulf of St. Lawrence (Saucier et al., 2003), and has

been applied to the Gulf of Mexico (Rego et al., 2010). H3D and its hydrocarbon transport and weathering

module have been used in three recent environmental assessment applications currently before the

appropriate regulatory agencies. H3D was used to simulate an existing and proposed reservoir for BC

Hydro's Site C Clean Energy Project. Temperature, ice cover, and sedimentation characteristics of the

proposed reservoir were predicted, supported by model validations in existing Dinosaur Reservoir. Two

reports are available at the provincial Environmental Assessment Office. H3D was used to do oil spill

modelling for the environmental and engineering assessments for the proposed Gateway project involving

oil shipment out of Kitimat. The modelling work forms part of the information package submitted to the

National Energy Board which is currently under review. Similarly, H3D was used to assess the fate of

accidental fuel spills arising from a proposed jet fuel terminal in the Fraser River. This modelling work is

part of the information package submitted to the provincial Environmental Assessment Office.

2.0 THEORETICAL BASIS

H3D is a three-dimensional time-stepping numerical model which computes the three components of

velocity (u,v,w) on a regular grid in three dimensions (x,y,z), as well as scalar fields such as temperature

and contaminant concentrations. The model uses the Arakawa C-grid (Arakawa and Lamb, 1977) in space,

and uses a two level semi-implicit scheme in the time domain. H3D bears many similarities to the

well-known Princeton Ocean Model (POM) (Blumberg and Mellor, 1987) in terms of the equations it solves,

but differs in how the time-domain aspects are implemented. H3D uses a semi-implicit scheme, allowing

relatively large time steps, and does not separately solve the internal and external models as POM does.

It also uses a considerably simpler turbulence scheme in the vertical. These considerations combined allow

H3D to execute complex problems relatively quickly.
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The equations to be solved are:

Mass Conservation:
(A1)

ݑ߲

ݔ߲
+
ݒ߲

ݕ߲
+
ݓ߲

ݖ߲
= 0

At the end of each timestep equation, (A1) is used to diagnostically determine the vertical component of

velocity (w) once the two horizontal components of velocity (u and v) have been calculated by the model.
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Y-directed momentum:
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(A3)

Water surface elevation determined from the vertically-integrated continuity equation:
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The effect of wind forcing introduced by means of the surface wind-stress boundary condition:
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The effect of bottom friction introduced by the bottom boundary condition:
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The bottom friction coefficient is usually understood to apply to currents at an elevation of one metre

above the bottom. The bottom-most vector in H3D will, in general, be at a different elevation, i.e., at the

midpoint of the lowest computational cell. H3D uses the ‘law of the wall’ to estimate the flow velocity at

one metre above the bottom from the modelled near-bottom velocity.

The evolution of scalars, such as salinity, temperature, or suspended sediment, is given by the scalar

transport/diffusion equation:
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In the above equations:

u(x,y,z,t): component of velocity in the x direction;

v(x,y,z,t): component of velocity in the y direction;

w(x,y,z,t): component of velocity in the z direction;

S(x,y,z,t): scalar concentration;

Q(x,y,z,t): source term for each scalar species

f: Coriolis parameter, determined by the earth’s rotation and the local latitude;

AH  yvxvyuxu  /,/,/,/ : horizontal eddy viscosity;

AV  zzvzu water  /,/,/  : vertical eddy viscosity;

NH: horizontal eddy diffusivity;

NV  zzvzu water  /,/,/  : vertical eddy diffusivity;

CD,air: drag coefficient at the air-water interface;

CD,bottom: drag coefficient at the water/sea bottom interface;

a: density of air;

w(x,y,z,t) : density of water;

o : reference density of water;

(x,y,t): water surface elevation;

H(x,y) : local depth of water.

The above equations are formally integrated over the small volumes defined by the computational grid, and

a set of algebraic equations results, for which an appropriate time-stepping methodology must be found.

Backhaus (1983, 1985) presents such a procedure, referred to as a semi-implicit method. The spatially-

discretized version of the continuity equation is written as:

)()1()( )0()0()1()1()0()1( VU
l

t
VU

l

t
yxyx  









 (A8)

where superscript (0) and (1) refer to the present and the advanced time, δx and δy are spatial differencing

operators, and U and V are vertically integrated velocities.  The factor α represents an implicit weighting, 

which must be greater than 0.5 for numerical stability. U(0) and V(0) are known at the start of each

computational cycle. U(1), and similarly V(1), can be expressed as:

)0()0()1()0()1( )1( tXtgtgUU xx   (A9)

where X(0) symbolically represents all other terms in the equation of motion for the u- or v-component,

which are evaluated at time level (0): Coriolis force, internal pressure gradients, non-linear terms, and top

and bottom stresses,). When these expressions are substituted into the continuity equation (A4), after

some further manipulations, there results an elliptic equation for δi,k, the change in water level over one

timestep at grid cell i,k (respectively the y and x directions):
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kikikikikiki Zcscncwce ,,1,11,1,, )(    (A10)

where ce, cw, cn, and cs are coefficients depending on local depths and the weighting factor (α), and Zi,k

represents the sum of the divergence formed from velocities at time level (0) plus a weighted sum of

adjacent water levels at time level (0).

Once equation (A10) is solved for ki , , the water level can be updated:

,ߟ
(ଵ)

= ,ߟ
()

+ ,ߜ (A11)

and equation (A9) can be completed.

At the end of each timestep, volume conservation is used to diagnostically compute the vertical velocity

w(j,i,k) from the two horizontal components u and v.

2.1 Vertical Grid Geometry

In the vertical, the levels near the surface are typically closely spaced to assist with resolving near-surface

dynamics. In addition, the model is capable of dealing with relatively large excursions in overall water level

as the water level rises and falls in response to varying inflows and outflows, by allowing the number of

near-surface layers to change as the water level varies. That is, as water levels rise in a particular cell,

successive layers above the original layer are turned on and become part of the computational mesh.

Similarly, as water levels fall, layers are turned off. This procedure has proven to be quite robust, and

allows for any reasonable vertical resolution in near-surface waters. When modelling thin river plumes in

areas of large tidal range, the variable number of layers approach allows for much better control over

vertical resolution than does the σ-coordinate method. 

In addition to tides, the model is able to capture the important response, in terms of enhanced currents and

vertical mixing, to wind-driven events. This is achieved by applying wind stress to each surface grid point

on each time step. Vertical mixing in the model then re-distributes this horizontal momentum throughout

the water column. Similarly, heat flux through the water surface is re-distributed by turbulence and

currents in temperature simulations.

2.2 Turbulence Closure

Turbulence modelling is important in determining the correct distribution of velocity and scalars in the

model. The diffusion coefficients for momentum (AH and AV) and scalars (NH and NV) at each computational

cell are dependent on the level of turbulence at that point. H3D uses a shear-dependent turbulence

formulation in the horizontal, (Smagorinsky, 1963). The basic form is:
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(A12)

The parameter AH0 is a dimensionless tuning variable, and experience has shown it to lie in the range of

0.25 to 0.45 for most water bodies such as rivers, lakes and estuaries.
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A shear and stratification dependent formulation, the Level 2 model of Mellor and Yamada (1982), is used

for the vertical eddy diffusivity. The basic theory for the vertical viscosity formulation is taken from an

early paper, Mellor and Durbin (1975). The evaluation of length scale is based on a methodology presented

in Mellor and Yamada (1982).

For scalars, both horizontal and vertical eddy diffusivity are taken to be similar to their eddy viscosity

counterparts, but scaled by a fixed ratio from the eddy viscosity values. Different ratios are used for the

horizontal and vertical diffusivities. If data is available for calibration, these ratios can be adjusted based

on comparisons between modelled and observed data. Otherwise, standard values based on experience

with similar previously modelled water bodies are used. In a recent reservoir simulation, the ratio of

vertical eddy diffusivity to vertical eddy viscosity was 0.75 and the ratio between horizontal eddy

diffusivity and horizontal eddy viscosity was 1.0.

2.3 Scalar Transport

The scalar transport equation implements a form of the flux-corrected algorithm (Zalesak, 1979), in which

all fluxes through the sides of each computational cell are first calculated using a second-order method.

Although generally more accurate than a first order method, second order flux calculations can sometimes

lead to unwanted high frequency oscillations in the numerical solution. To determine if such a situation is

developing, the model examines each cell to see if the computed second order flux would cause a local

minimum or maximum to develop. If so, then all fluxes into or out of that cell are replaced by first order

fluxes, and the calculation is completed. As noted, the method is not a strict implementation of the Zalesak

method, but is much faster and achieves very good performance with respect to propagation of a Gaussian

distribution through a computational mesh. It does not propagate box-car distributions as well as the full

Zalesak method, but achieves realistic simulations of the advection of scalars in lakes, rivers and estuaries,

which is the goal of the model. This scheme as implemented is thus a good tradeoff between precision and

execution time, important since in many situations, where more than one scalar is involved, the transport-

diffusion algorithm can take up more than half the execution time.

2.4 Heat Flux at the Air-Water Interface

The contribution of heat flux to the evolution of the water temperature field can be schematized as:

݀ܶ

ݐ݀
=

∆ܳ

∗ߩ ܿ ∗ ℎ

where ∆ܳ is the net heat flux per unit area retained in a particular layer, ρ is the density of water, cp is the

heat capacity of water and h is the layer thickness.

Heat flux at the air-water interface incorporates the following terms:

Qin: incident short wave radiation. Generally, this is not known from direct observations. Generally, it is

estimated from the cloud cover and opacity observations at nearby stations, a theoretical calculation of

radiation at the top of the atmosphere based on the geometry of the earth/sun system, and an empirical

adjustment based on radiation measurements at Vancouver Airport and UBC respectively for the period 1974-

1977. This procedure has worked well for many water bodies, notably Okanagan Lake and the waters of
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the north coast of British Columbia, in terms of allowing H3D to reproduce the observed temperature

distributions in space and time. Values for albedo as a function of solar height are taken from Kondratyev

(1972).

Qback: net long wave radiation, calculated according to Gill (1982), involving the usual fourth power

dependence on temperature, a factor of 0.985 to allow for the non-black body behaviour of the ocean,

a factor depending on vapor pressure to allow for losses due to back radiation from moisture in the air,

and a factor representing backscatter from clouds.

QL and QH: latent and sensible heat flux. Latent heat flux (QL) is the heat carried away by the process of

evaporation of water. Sensible heat flux (QS) is driven by the air-water temperature difference and is

similar to conduction, but assisted by turbulence in the air. Latent and sensible heat flux is described by:

ܳ = 1.32݁ିଷ ∗ ∗ܮ ݊݅ݓ ݁݁ݏ݀ ݀ ∗ −௦ݍ) (௦௧ݍ ∗ ݈ܽ ݁ݐ ݂ܽ_ݐ݊ ݎܿݐ

ܳௌ = 1.46݁ିଷ ∗ ߩ ∗ �ܿ ∗ ݊݅ݓ ݁݁ݏ݀ ݀ ∗ ( ܶ− ௪ܶ ௧) ∗ ݁ݏ ݅ݏ݊ ܾ݈ _݂݁ܽ ݎܿݐ

Where qobs and qsat are the observed and saturated specific humidities, Tair and Twater are the air and water

temperatures, L is the latent heat of evaporation of water, and cp is the heat capacity of water. 'latent_factor’

and ‘sensible_factor’ are scaling factors introduced to account for local factors, and can be adjusted, when

needed, to achieve better calibration of the model. Typically, the only adjustment is that Sensible_factor is

doubled when the air temperature is less than the water or ice surface temperature to account for

increased turbulence in an unstable air column.

Light absorption in the water column. As light passes through the water column it is absorbed and the

absorbed energy is a component of the energy balance that drives water temperature. H3D assumes that

light attenuation follows an exponential decay law:

(ݖ)ܧ = (ݖ)ܧ ∗ ݁ି∗(௭ି ௭బ)

The model computes the energy at the top and bottom of each layer and the difference is applied to the

general heat equation in that layer. The extinction coefficient (k) is related to the Secci depth (Ds) by

݇=
2.1

௦ܦ

Temperature is treated like any other scalar as far as advection and diffusion are concerned. Heat flux at

the water-sediment interface is not currently included in H3D.

2.5 Ice

The ice model is generally based on processes described in Patterson and Hamblin (1988). The ice cover

is characterized by a thickness, a fraction of the cell covered, and an ice surface temperature.

The temperature of the bottom of the ice is assumed to be the temperature of melting, usually 0º C.

The strategy is to compute the differences in heat flux at the top and bottom of the ice layer and use this

difference to determine the growth or decay rate and the change in temperature of the ice. The heat flux at
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the bottom of the ice layer is dependent on lake temperature and water velocity. The heat flux at the top is

dependent on meteorological processes and the surface temperature of the ice. The surface heat flux to the

top of the ice sheet is calculated in a similar way as for open water, except that latent heat flux term (QL)

also includes the heat of fusion. Albedo is also altered to account for ice/snow cover.

In order to start ice formation, once the surface water temperature drops below 3º C in a particular cell,

a test ice layer of thickness 1 cm is initialized. If the test thickness melts in one time step, then the system

cannot support ice cover in that cell at that time. If it survives, then the amount of ice in that cell is

converted to a 1 cm thick region with coverage calculated from the mass of ice formed. In this way,

a relatively robust start is made to ice formation.

The frictional interaction between the bottom of the ice and the immediately adjacent water is

parameterized according to Nezhikhovskiy (1964).

2.6 Validation

Three validations of H3D's water level and temperature prediction skill are discussed below.

2.6.1 Strait of Georgia/Point Atkinson Tide: Wave Propagation

A fundamental concern with a circulation model such as H3D is how well it propagates waves, the carriers

of information through the system. Figure A-1 presents results of a simulation of tides in the Strait of

Georgia and Juan de Fuca Strait, with tidal elevations prescribed at the entrance to Juan de Fuca Strait and

at a section north of Texada Island in the Strait of Georgia. The complex dynamics of the northern passes,

such as Discovery Passage and Seymour Narrows, are thus avoided, allowing a test of H3D’s wave

propagation capabilities. The figure plots the modelled water level at Point Atkinson in red, and the

observed water level in black. There is nearly perfect agreement, with the slight difference resulting

from small storm surge events. This validation demonstrates that the selection of grid schematization

(Arakawa C-grid) and the semi-implicit time-stepping approach have produced a system than can

accurately propagate information through a water body.

2.6.2 Okanagan Lake Temperature Profiles

Obtaining good reproduction of the seasonally–evolving temperate structure of a lake indicates that the

heat flux across the air-water interface is accurately parameterized and that the transport-diffusive

processes operating in the water column are also accurately reproduced by the model. Figure A-2 presents

a comparison of observed and computed temperature profiles at the northern end of Okanagan Lake

near Vernon, in April, August, October and December of 1997. The agreement is very good as the model

reproduced the transition from a well-mixed condition in the spring to the development of a strong

thermocline in the summer, the deepening of the upper layer during the fall cooling period, and a return

to isothermal conditions in winter. There is little doubt that H3D can compute accurate temperature

distributions in water bodies, as long as adequate meteorological data is available. For this simulation,

the meteorological data was obtained from Penticton Airport: winds, rotated to follow the thalweg of

the valley; cloud cover, air temperature and relative humidity.
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2.6.3 Thermistor Response: Okanagan Lake

Okanagan Lake is subject to significant fluctuations in the vertical thermal structure during the

summer stratified period. Figure A-3 shows a temperature time-series at a site on the north side of the

William R. Bennett Bridge which exhibits significant temperature excursions at periods of about 60 hours,

or 2.5 days. Figure A-4 shows the modelled time series of temperature at three selected depths, 51 m, 21 m

and 9 m. The occurrence and magnitude of the temperature fluctuations is generally predicted by the model,

but the reproduction is not perfect: the occurrence and timing of the temperature events is quite good,

but the modelled peaks appear to be generally somewhat broader in time. It was found that there were

considerable differences in the simulated behaviour depending on whether winds at Kelowna Airport,

which is situated in a side-valley, were included in the model or not. It is also clear that H3D can generally

reproduce internal seiches in a lake, as long as adequate spatial resolution is used. This is particularly

apparent when the coherent internal waves that propagate up and down the lake are examined in a

longitudinal section, illustrated in two snapshots from a model simulation of such an event in Figure A-5.
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HYDROTECHNICAL 
This report incorporates and is subject to these “General Conditions”. 

 

1.0 USE OF REPORTS AND OWNERSHIP 

This report pertains to a specific site, a specific development, and 
a specific scope of work. The report may include plans, drawings, 
profiles and other supporting documents that collectively constitute 
the report (the “Report”). 

The Report is intended for the sole use of Tetra Tech EBA’s Client 
(the “Client”) as specifically identified in the Tetra Tech EBA 
Services Agreement or other Contract entered into with the Client 
(either of which is termed the “Services Agreement” herein). Tetra 
Tech EBA does not accept any responsibility for the accuracy of 
any of the data, analyses, recommendations or other contents of 
the Report when it is used or relied upon by any party other than 
the Client, unless authorized in writing by Tetra Tech EBA.  

Any unauthorized use of the Report is at the sole risk of the user. 
Tetra Tech EBA accepts no responsibility whatsoever for any loss 
or damage where such loss or damage is alleged to be or, is in fact, 
caused by the unauthorized use of the Report. 

Where Tetra Tech EBA has expressly authorized the use of the 
Report by a third party (an “Authorized Party”), consideration for 
such authorization is the Authorized Party’s acceptance of these 
General Conditions as well as any limitations on liability contained 
in the Services Agreement with the Client (all of which is collectively 
termed the “Limitations on Liability”). The Authorized Party should 
carefully review both these General Conditions and the Services 
Agreement prior to making any use of the Report. Any use made 
of the Report by an Authorized Party constitutes the Authorized 
Party’s express acceptance of, and agreement to, the Limitations 
on Liability. 

The Report and any other form or type of data or documents 
generated by Tetra Tech EBA during the performance of the work 
are Tetra Tech EBA’s professional work product and shall remain 
the copyright property of Tetra Tech EBA. 

The Report is subject to copyright and shall not be reproduced 
either wholly or in part without the prior, written permission of Tetra 
Tech EBA. Additional copies of the Report, if required, may be 
obtained upon request. 

2.0 ALTERNATIVE REPORT FORMAT 

Where Tetra Tech EBA submits both electronic file and hard copy 
versions of the Report or any drawings or other project-related 
documents and deliverables (collectively termed Tetra Tech EBA’s 
“Instruments of Professional Service”), only the signed and/or 
sealed versions shall be considered final. The original signed 
and/or sealed version archived by Tetra Tech EBA shall be 
deemed to be the original. Tetra Tech EBA will archive the original 
signed and/or sealed version for a maximum period of 10 years. 

Both electronic file and hard copy versions of Tetra Tech EBA’s 
Instruments of Professional Service shall not, under any 
circumstances, be altered by any party except Tetra Tech EBA. 
Tetra Tech EBA’s Instruments of Professional Service will be used 
only and exactly as submitted by Tetra Tech EBA. 

Electronic files submitted by Tetra Tech EBA have been prepared 
and submitted using specific software and hardware systems. 
Tetra Tech EBA makes no representation about the compatibility 
of these files with the Client’s current or future software and 
hardware systems. 

3.0 STANDARD OF CARE 

Services performed by Tetra Tech EBA for the Report have been 
conducted in accordance with the Services Agreement, in a 
manner consistent with the level of skill ordinarily exercised by 
members of the profession currently practicing under similar 
conditions in the jurisdiction in which the services are provided. 
Professional judgment has been applied in developing the 
conclusions and/or recommendations provided in this Report. No 
warranty or guarantee, express or implied, is made concerning the 
test results, comments, recommendations, or any other portion of 
the Report. 

If any error or omission is detected by the Client or an Authorized 
Party, the error or omission must be immediately brought to the 
attention of Tetra Tech EBA. 

4.0 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless expressly agreed to in the Services Agreement, Tetra Tech 
EBA was not retained to investigate, address or consider, and has 
not investigated, addressed or considered any environmental or 
regulatory issues associated with the project. 

5.0 DISCLOSURE OF INFORMATION BY CLIENT 

The Client acknowledges that it has fully cooperated with Tetra 
Tech EBA with respect to the provision of all available information 
on the past, present, and proposed conditions on the site, including 
historical information respecting the use of the site. The Client 
further acknowledges that in order for Tetra Tech EBA to properly 
provide the services contracted for in the Services Agreement, 
Tetra Tech EBA has relied upon the Client with respect to both the 
full disclosure and accuracy of any such information. 

6.0 INFORMATION PROVIDED TO TETRA TECH EBA BY 
OTHERS 

During the performance of the work and the preparation of this 
Report, Tetra Tech EBA may have relied on information provided 
by persons other than the Client. 

While Tetra Tech EBA endeavours to verify the accuracy of such 
information, Tetra Tech EBA accepts no responsibility for the 
accuracy or the reliability of such information even where 
inaccurate or unreliable information impacts any 
recommendations, design or other deliverables and causes the 
Client or an Authorized Party loss or damage. 
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7.0 GENERAL LIMITATIONS OF REPORT 

This Report is based solely on the conditions present and the data 
available to Tetra Tech EBA at the time the Report was prepared. 

The Client, and any Authorized Party, acknowledges that the 
Report is based on limited data and that the conclusions, opinions, 
and recommendations contained in the Report are the result of the 
application of professional judgment to such limited data.  

The Report is not applicable to any other sites, nor should it be 
relied upon for types of development other than those to which it 
refers. Any variation from the site conditions present at or the 
development proposed as of the date of the Report requires a 
supplementary investigation and assessment. 

It is incumbent upon the Client and any Authorized Party, to be 
knowledgeable of the level of risk that has been incorporated into 
the project design, in consideration of the level of the 
hydrotechnical information that was reasonably acquired to 
facilitate completion of the design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Client acknowledges that Tetra Tech EBA is neither qualified 
to, nor is it making, any recommendations with respect to the 
purchase, sale, investment or development of the property, the 
decisions on which are the sole responsibility of the Client. 

8.0 JOB SITE SAFETY 

Tetra Tech EBA is only responsible for the activities of its 
employees on the job site and was not and will not be responsible 
for the supervision of any other persons whatsoever. The presence 
of Tetra Tech EBA personnel on site shall not be construed in any 
way to relieve the Client or any other persons on site from their 
responsibility for job site safety. 
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