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1 Introduction 
wŜƭƛŀōƭŜ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ /ŀƴŀŘŀΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ resources due to ocean 

waves, tidal currents and river currents is of critical importance to many stakeholders, including 

regulators, planners, policy makers, and developers seeking to identify sites to prototype new 

technologies, develop business plans, and assess the feasibility of proposed locations for resource 

development. 

A pan-Canadian inventory and mapping of marine renewable energy resources, including those 

due to tidal currents, was completed in Cornett (2006). This study identified 191 potential sites 

across Canada where tidal currents are fast enough to justify further consideration and 

investigation, including 89 sites along /ŀƴŀŘŀΩǎ tŀŎƛŦƛŎ ŎƻŀǎǘΣ мс ǎƛǘŜǎ ƛƴ Quebec and 35 sites in 

Atlantic Canada. However, since only minimal information on tidal flows was available in many 

areas, and a very simple method was used to estimate the energy resource at each site, the 

resulting estimates were often highly uncertain. 

Considerable effort has been directed towards gaining a much better understanding of the tidal 

energy resources in Nova Scotia (particularly in the Bay of Fundy), and of the wave energy 

resources along the western shore of Vancouver Island. However, the tidal, river and wave energy 

resources in other Canadian regions have received much less attention and hence our 

understanding of these important renewable energy resources remains at a very basic level. This 

project aims to gain a much better understanding of the substantial tidal resources in the Province 

of British Columbia, where significant resources are known to exist and where stakeholders such 

as B.C. Hydro, Water Wall Turbines, Mavi Innovations and others have expressed a keen desire 

for access to better information. 

1.1 Methodology 

A number of methods have been employed to conduct tidal resource assessments with varying 

degrees of complexity. Some studies have leveraged numerical modelling methods such as 

Hagerman, G., & Polagye(2006) and Black and Veatch Consulting  (2004), whereas other studies 

have employed analytical models such as Bryden, I. G., Grinsted et al. (2004) Garrett, C., & 

Cummins (2007). Direct measurements have also been used in some studies such as Vennell  

(2011), Fairley, I., Evans, P., Wooldridge, C., Willis, M., & Masters et al. (2013), and hΩwƻǳǊƪŜΣ CΦΣ 

Boyle, F., & Reynolds, A.  et al. (2014). Increasing demand for marine renewable energy has 

motivated researches to develop international standards such as International Electro-Technical 

Commission-Technical Committee 114 (IEC-TC114). The standard prescribes methods and 

procedures for determining, objectively and reliably, the scale and character of tidal energy 

resources in a region. The Technical Specification (TS) provides a standardized methodology that 

ensures consistency and accuracy in the estimation, measurement, characterization and analysis 

of the theoretical tidal current resource at sites that could be suitable for the installation of an 

array of Tidal Energy Converters (TECs), together with defining a standardized methodology with 

which this resource can be described and reported. The latest version of the Technical 

Specification (62600-201:2015) ς Tidal Energy Resource Assessment and Characterization was 
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applied in this study. For completeness, a summary of the Technical Specification is provided in 

the following section. 

1.1.1 Methodology for Tidal Energy Resource Assessment and Characterization 

The overall goal of the methodology in the IEC 62600-201 is to enable calculation of the Annual 

Energy Production (AEP) for the proposed array of TECs at each TEC location in conjunction with 

IEC 62600-201:2015. The TS specifies that theoretical tidal energy resource (undisturbed or 

disturbed by power extraction) is defined as the velocity probability distribution. The velocity 

distribution can be calculated using hydrodynamic models and/or measured data depending on 

the size of project.  

The TS can be applied at various stages of the resource assessment process to provide velocity 

distributions for computing Annual Energy Production (AEP) with increasing accuracy or lower 

levels of uncertainty. The TS defines two distinct types of studies, feasibility and layout design. 

The feasibility study focuses on the whole estuary or channel with a medium level of uncertainty. 

The layout design study focuses on the particular sites chosen through the feasibility studies. The 

TS can also be divided in three main components as illustrated in Figure 1: Physical data 

requirements, model development, data analysis and results 

Physical data is required mainly for model development and model validation. The amount of data 

and its accuracy depends on the stage of the design. Bathymetry, tidal height information and 

tidal currents are the most important datasets. Other datasets such as meteorological data, wave 

data, stratification data and other data can enhance the model validation if it affects the tidal 

current energy resource. 

Model development needs to meet minimum specifications for each stage. These specifications 

are mainly mesh resolution, number of constituents, and type of model (2D or 3D). The model 

needs to be verified by measurements using hindcasting. Hindcasting is used to test or validate a 

numerical model, by running it for a past time period and comparing results with observations. 

Once validated, the model output is used in harmonic analysis to generate long-term model 

current predictions for a period of a year or more. Results from tidal analysis are used in histogram 

analysis for the tidal current speed and direction.  

In the last step, the mean Annual Energy Production is estimated by combining the probability 

distribution of velocity at the deployment site and the appropriate power curve as indicated 

below: 

 )()(
1 iii

N

i ih UfUPTECANTECAEP
B

ÖÖÖ= ä=
  (1) 

where, hN  is the number of hours in the simulated year, TECA addresses the expected TEC 

availability, bN  denotes the total number of velocity bins in the device power curve, Pi(Ui) is the 

power in kW generated by the ith velocity bin of the TEC power curve and fi(Ui) describes the 

proportion of time for which the mean current velocity has a value with the ith velocity bin of the 

TEC power curve. In order to calculate the AEP, depth averaged velocities from 2D models should 
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be converted to the velocity at the TECsΩ deployment depth. It is recommended that the 

assessment be performed for both hub height velocity and area-weighted velocity. The area-

weighted velocity is the predicted velocity at each vertical bin weighted by the fraction of the 

rotor-swept area in each bin. The availability (TECA) should be derived from operational 

experience, or in the absence of such, by assumption of the REC manufacturer guaranteed 

availability prescription if available. 

More detail on methodology of the tidal resource assessment can found in Technical Specification 

(62600-201:2015) ς Tidal Energy Resource Assessment and Characterization. 

 

Figure 1: Flowchart of the IEC-TC-114 methodology 

1.2 Project Scope and Objectives 

The main objective of the study is to develop a detailed hydrodynamic numerical model to assess 

tidal energy resources throughout the west coast of Canada.  

The aim of tidal resource assessment studies is to provide reliable information on tidal energy 

resources that will help stakeholders in a number of aspects such as selecting the best location 

for the project, detailed design of the equipment and infrastructure, predicting power output and 

variability, evaluating alternative development options, and predicting return on investment. The 

study is based on Stage 1 from the methodology defined in IEC (IEC 62600-201:2015). 
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Table 1: Tidal current energy resource assessment staging ( IEC 62600-201:2015) 

  Stage1 Stage2 
S

ta
g

e
 

C
h
a
ra

ct
e

ri
s
tic

s 
Aim Feasibility Layout Design 

Area 
Whole estuary, 

channel 

Development 

site 

Level of uncertainty Medium Low 

P
h
y
si

ca
l 
d

a
ta

 R
e

q
u
ir

e
m

e
n
ts 

Bathymetry 
Match grid 

resolution 

Match grid 

resolution 

Tidal Height 

Match number 

of harmonic 

constituents 

Match number 

of harmonic 

constituents 

Wave Characteristics/ 

Meteorological Data 

Required if 

activated 

Required if 

activated 

Flow Structure / Eddies /  

Turbulence Data / Stratification 

Required if 

activated 

Required if 

activated 

Tidal Currents 
Required at site 

of interest 

Required at site 

of interest 

M
o
d
e
lli

n
g 

Minimum number of harmonic 

constituents for modelling driving 

boundary 

4-8 8-12 

Grid resolution at the area(s) of 

interest 

<500m 

<50m > 10 grid cells 

across a channel 

section 

Period of run > 35 days > 35 days 

Type 2D or 3D 3D 

Wind/Waves/ Salinity 

Atmospheric Pressure/ 

Turbulence/Sediment 

Activate if 

necessary 

Activate if 

necessary 
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2 Data Collection 

2.1 Project Domain 

The project domain covers the West Coast of Canada, including some of the coast in Alaska and 

Washington states mainly to be sufficiently distant from any proposed TEC site in Canada. In 

addition, the model domain extends beyond the continental shelf break as this is considered best 

modelling practice (e.g. Kawase, M. and Gedney, Met al. 2013). Accurate boundary-condition 

specification of tidal constituents can be derived from satellite altimeter sea-surface elevations 

(globally available) in deep waters. The major advantage of using a boundary located beyond the 

continental shelf break is that shallow water effects that accumulate as tidal waves propagate 

onshore will naturally develop within a well-constructed numerical model. These shallow-water 

effects are spatially variable and difficult to prescribe accurately if arbitrarily imposing a boundary 

location within the shelf region. Figure 2 shows the project domain of the study area. 

 

Figure 2: Project Domain. 
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2.2 Aerial and Satellite Images 

Aerial and satellite images were obtained from GIS map services such as Google Maps, Bing Maps 

and ArcGIS Imagery. These images were used as basemaps for figures, plots and videos. Images 

were digitized and georeferenced to the correct coordinate system, if required. 

2.3 Shoreline Data 

Shoreline data were obtained from OpenStreeMap (http://openstreetmapdata.com). The data 

were derived from water polygons features tagged natural=coastline and does not contain lakes, 

reservoirs, river and other water features. Resolution of the water polygons tends to be around 

50 m. 

2.4 Bathymetry Data 

Bathymetry data were obtained from a number of sources to generate a digital terrain model 

(DTM). A DTM is a topographic and bathymetric model of the bare earth and ocean bed that can 

be manipulated by computer programs. Topographic and bathymetric data sources were 

obtained from: 

¶ Canadian Hydrography Services (CHS) (charts.gc.ca); and, 

¶  National Oceanic and Atmospheric Administration (NOAA) nautical charts 

(charts.noaa.gov).  

Both datasets were converted to NAD83 (CSRS) / UTM zone 9N (EPSG: 3156) and to Canadian 

Geodetic Vertical Datum (CGVD28). There is no accepted world standard definition of tidal datum 

or chart datum used for navigation charts and tidal height graphs. In this study, bathymetric 

depths were reference to a fixed geodetically determined datum of 0 m (CGVD28) and referenced 

as mean sea level (MSL). Data was converted using the VDatum software from NOAA 

(vdatum.noaa.gov).  

Shoreline data points (elevation 0 m) were merged with the two datasets into a single dataset 

using a combination of GIS software (e.g. ArcGIS, Blender, BlueKenue). More than  one million 

points were used with the Inverse Distance Weighting (IDW) interpolator to generate the DTM. 

Figure 3 shows the bathymetry points throughout the domain. 

2.5 Tidal Heights and Tidal Currents data 

Tidal height and tidal currents are required for:  

¶ model calibration and validation analyses,  

¶ hindcasting and future prediction of tidal heights,  

¶ production of tide tables and assistance in inferring tidal constituents where appropriate; 

and,  

¶ defining the model ocean boundary condition. 

Tidal harmonic constituents were obtained from:  

http://openstreetmapdata.com/
http://www.charts.gc.ca/index-eng.asp
http://www.noaa.gov/
http://www.charts.noaa.gov/
http://vdatum.noaa.gov/
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¶ the Department of Fisheries and Oceans Canada (DFO) near the Canadian border 

(tides.gc.ca); 

¶ NOAA near the US border (tidesandcurrents.noaa.gov); and, 

¶ the TPXO model - a global model of ocean tides (volkov.oce.orst.edu/tides/global.html). 

Tidal harmonic constituents were retrieved at 25 tidal stations within the project domain for 

calibration and validation analyses, as shown in Figure 4. Tidal harmonic constituents (or its 

predicted tidal height) were compared to numerical model results. 

Real-time tidal height and current measurements were not used in the study during calibration 

and validation since meteorological variables such as wind and atmospheric pressure were not 

simulated. 

 

Figure 3: Bathymetry data on the West Coast of Canada 

 

http://www.tides.gc.ca/
http://www.tidesandcurrents.noaa.gov/
http://volkov.oce.orst.edu/tides/global.html
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Figure 4: Selected Tidal Height Stations 

2.6 Surficial Bed Material Data 

Surficial bed material data were obtained from two sources: 

¶ Natural Resources Canada (NRCan) (geoscan.nrcan.gc.ca); and, 

¶ NOAA near the US border (ngdc.noaa.gov). 

The data were reclassified in three categories based on the size and characteristics of the 

observed material: Smooth, Medium and Rough. These classifications were used to prescribe 

different roughness zones throughout the model and their values were determined during the 

calibration/validation process.  

 

http://www.geoscan.nrcan.gc.ca/
http://www.ngdc.noaa.gov/
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3 Numerical Model Development and Simulation 

3.1 Solver 

The Telemac2D solver from the Telemac System (v7.0) was selected to solve the shallow water 

equations. The Telemac System was originally created by the [ŀōƻǊŀǘƻƛǊŜ ƴŀǘƛƻƴŀƭ ŘΩƘȅŘǊŀǳƭƛǉǳŜ 

Ŝǘ ŜƴǾƛǊƻƴƳŜƴǘ ŘΩ;ƭŜŎǘǊƛŎƛǘŞ ŘŜ CǊŀƴŎŜ ό95Cύ but is now managed by a consortium of core 

organizations under the OpenTelemac-MASCARET umbrella (www.openTelemac.org). 

3.2 Grid/Mesh Generation 

The Telemac2D solver requires a mesh to discretize the physical system into a set of numerical 

triangular elements, often referred to as an unstructured grid. The unstructured grid allows the 

size of the elements to vary in space; where a fine mesh allows proper representation in the model 

of certain fine details such as flows around bridge piers or jetties, while a coarse mesh is less 

accurate in the representation of these details, but results in a smaller number of elements 

requiring less computing time. 

Four different meshes were generated with different resolution to assess the validity of the 

model. The meshes were created using python scripts and the finite element mesh generator 

GMSH (Remacle, 2009). Shorelines were simplified based on the level of resolution. Edge length 

at the shoreline were computed based fetch distances and grew with a ratio of 1.2 until it reached 

a maximum edge size 25 km. Table 2 shows mesh infƻǊƳŀǘƛƻƴ ŦƻǊ ŜŀŎƘ ǊŜǎƻƭǳǘƛƻƴΤ άaŜǎƘмуллέ 

being the coarseǎǘ ŀƴŘ άaŜǎƘнллέ ōŜƛƴƎ ǘƘŜ ŦƛƴŜǎǘΦ  Figure 5 shows a few close-up figures on the 

hydrodynamic mesh throughout the model domain and the distribution of element size in the 

hydrodynamic model. 

The model does not allow any flooding; solver was not solving semi-wet and dry elements but 

only wet elements. This is a reasonable assumption since most of the west coast is steep and has 

very few tidal flats. The model assumes that elements are constantly wet throughout the model 

and that elements at the boundary are represented by vertical solid walls. 

Table 2: Mesh information 

 άMesh1800έ άMesh900έ άMesh400έ άMesh200έ 

Smallest Grid Resolution 600 m 300 m 133 m 67 m 
# of Nodes 125865 337097 928738 2338158 

# of Elements 217706 588495 1645442 4206490 

 

http://www.opentelemac.org/
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Figure 5: Hydrodynamic Model Mesh. 

3.3 Boundary Conditions 

The model has two boundary conditions: 

¶ offshore model boundary; and, 

¶ land boundary or solid walls. 

The offshore boundary is an open boundary where water level and ocean currents are specified 

at each time step at each node along the boundary. This was derived from the TPXO model - a 

global model of ocean tides. Detailed information on this model is described in Egbert et al, 

2002, and Egbert, G. D., A. F. Bennett 1994. Thirteen harmonic constituents were used to force 

Mesh1800 Mesh900 

Mesh400 Mesh200 
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water level in the domain; eight primary (M2, S2, N2, K2, K1, O1, P1, Q1), two long period (Mf, 

Mm) and 3 non-linear (M4, MS4, MN4). 

Land boundaries are considered to be solid boundaries representing the shoreline at an elevation 

of 0 m (CGVD28). Energy flux is null at these boundaries and fresh water inflows were not 

accounted for in this study. Fresh water inflows can be added in future studies if it is believed that 

it could have an impact on the tidal resource assessment. 

3.4 Turbulence Model 

The Telemac2D solver offers a variety of turbulence models of different complexity. The first 

involves using a constant viscosity coefficient. In this case, the coefficient represents the 

molecular viscosity, turbulent viscosity and dispersion. The second option involves an Elder 

model. The third option involves using a k-Epsilon model. This solves the transport equations for 

k (turbulent energy) and Epsilon (turbulent dissipation). The model equations are solved by a 

fractional step method, with convection of turbulent variables being processed at the same time 

as the hydrodynamic variables, and the other terms relating to the diffusion and 

production/dissipation of turbulent values being processed in a single step. Use of the k-Epsilon 

model also often requires a finer mesh than the constant viscosity model and in this way increases 

computation time. The fourth option involves a Smagorinski model, generally used for maritime 

domains with large-scale eddy phenomena. 

The Smagorinski model was selected with a velocity diffusivity constant of 1.0E-5. A sensitivity 

analysis between the turbulence model and coefficients would be required to determine the 

sensitivity of the model to the velocity diffusivity coefficient. 

3.5 Bottom Friction, Coriolis Forces and other Factors 

The bottom shear stress waǎ ŎƻƳǇǳǘŜŘ ǳǎƛƴƎ aŀƴƴƛƴƎΩǎ Ŝǉǳŀǘƛƻƴ ŀƴŘ ŦǊƛŎǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘΦ Coriolis 

forces can have some influence on large coastal domains and were therefore activated for this 

project. A sensitivity analysis would be required to determine the impact of spatially varied 

Coriolis forces on the tidal resource assessment. 

The water density and gravity acceleration were set to 1,020 kg/m3 and 9.81 m/s2, respectively. 

The influences of wind, atmospheric pressure, waves, flow stratification and sediments were not 

included in this feasibility stage study. Further research would be required to determine their 

impact on the tidal resource assessment. 
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Figure 6: Roughness Zones 

3.6 Bathymetry 

Bathymetry and topographic data were obtained from a number of sources to generate a DTM as 

explained in Section 2.4. The DTM was mapped onto the numerical mesh. 

3.7 Model Calibration and Validation 

The hydrodynamic model was calibrated by adjusting bottom friction parameters such that 

modelled tidal heights resembled measured tidal heights. Grid refinement was not part of the 

calibration/validation phase but could be included in future resource assessment stages. The 

selected tidal height stations, as shown in Figure 4, were used for calibration and provided good 

spatial coverage of the model domain. 

 It should be noted that model calibration to tidal height ensures that the numerical model is able 

to accurately simulate flow continuity in the numerical domain. However, this procedure does not 

determine whether the model is capable of simulating momentum/advection processes 

important to accurately model currents. It is recommended by the TS that simulated model 

currents are compared in detail to measured current data to ŜǾŀƭǳŀǘŜ ǘƘŜ ƳƻŘŜƭΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ 
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this regard, and it is further recommended that the grid discretization (refinement) is adequate 

to replicate observed current conditions. Since the study is not focusing on any specific region on 

the West Coast of Canada, the hydrodynamic model was not calibrated/validated with current 

measurements. 

3.7.1 Simulation Period and Initial Condition 

Free surface elevation was initialized at an elevation of 0 m (CGVD28) throughout the model. The 

ramp-up period was selected based on the following analysis: 

¶ Simulate 14 days  between July 1 and July 15; 

¶ Simulate 7 days between July 7 and July 12;  

¶ Compare the error in tidal height between both simulations; and, 

¶ Select and justify an appropriate ramp-up period. 

Figure 7 shows the propagation of tidal waves for both simulations at the Queen Charlotte tidal 

station. Figure 8 and Table 3 show the difference or error between both simulations. A ramp-up 

period of 7 days was selected based on this analysis which shows that the error is less than 1 cm. 

The hydrodynamic model was run for 42 days of simulated time between July 1 2014 and August 

12 2014 including the ramp-up period of 7 days. A minimum simulation time of 35 days is 

suggested in TS excluding the ramp-up or initialization period. 

Time-series of tidal height, current speed and direction were extracted at 30 minute intervals as 
specified in the TS. 
 

 

Figure 7: Tidal heights during the initialization simulations 
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Figure 8: Tidal height error between both initialization simulations 

Table 3: Error between both initialization simulations 

 Min 
(m) 

Max 
(m) 

Std.Dev 
(m) 

Day 4 -0.092 0.108 0.054 
Day 5 -0.047 0.042 0.023 
Day 6 -0.025 0.017 0.010 
Day 7 -0.011 0.009 0.005 

3.7.2 Roughness Zones 

Channel roughness was spatially divided as per the surficial bed material as explained in 

Section 2.6. The friction coefficient associated with each material (Smooth, Medium and Rough) 

was adjusted during the calibration/validation process.  

3.7.3 Harmonic Analysis 

All tidal height predictions were computed using the IOS Tidal Package (Foreman, M.G.G., 1977 ) 

from Fisheries and Oceans Canada. The package was also used to extract tidal harmonic 

constituents from the tidal heights and currents time series from the numerical model. 

3.7.4 Calibration and Validation Results 

Figure 9 shows the tidal height time series for the last 7 days of simulation for both measured and 

modelled results. It should be noted that measured results were obtained from tidal harmonic 

constituent analysis as explained in Section 2.5. Measured results do not include any 

meteorological effects that can have an impact on tidal height and currents. The figure shows the 

correlation between measured and modelled results including the R2 and slope; for a perfect 

relationship, both variables are equal to 1. A 1:1 line is included in the figure to show the perfect 

relationship to help identify discrepancy in the results. 

Tidal harmonic constituents (amplitude and phase) were extracted from modelled time series and 

correlated to measured data as shown in Figure 9. Other plots are shown in Appendix C. This 
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analysis was done at each station for the six largest harmonic constituents (M2, K1, S2, M4, O1 

and P1). Tabular comparisons between model and measurements are shown in Table 4. The Table 

shows the quality of the hydrodynamic model spatially throughout the model domain. The quality 

was computed using the lowest value between the correlated amplitude and phase for both R2 

and slope. The green color indicates that the correlation is above 90% accurate, yellow between 

80 to 90% and red below 80%. 
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Figure 9: Model results for five stations (time series, and time series, amplitude, phase 

correlation. 
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4 Tidal Resource Assessment in British Columbia, Canada 
The British Columbia Marine Energy Resource Atlas (hereafter referred to as the Atlas) was 

developed to support preliminary site selection and feasibility investigations for marine 

renewable energy (MRE) development in British Columbia, Canada. Support is offered for tidal, 

wave, and river hydrokinetic energy resources. The Atlas is a flexible and interactive decision 

support system (DSS), providing users with functionality to visualize and assess a variety of 

geospatial data pertaining to MRE development. The Atlas is available online, and may be 

accessed through a web browser at: www.bc-atlas.ca. 

4.1  Motivation 

Considerable effort has been directed towards gaining a better understanding of tidal, wave, and 

river hydrokinetic energy resources in the province of British Columbia and across Canada. 

Although large-scale assessments are available in literature, this information is not yet available 

to Canadians and industry stakeholders in a manner that permits meaningful interpretation and 

assessment of the practical energy resource with consideration of socio-economic and 

environmental criteria. Furthermore, resource assessment findings have primarily been 

disseminated through literature (i.e. static documents with limited interactivity) which limits the 

extent to which the resource datasets may be queried and interrogated. These gaps hinder well-

informed MRE site selection and ultimately represent barriers to further development and 

deployment of large-scale MRE technologies in Canadian waters. 

The British Columbia Marine Energy Resource Atlas (the Atlas) was developed to address the 

aforementioned gaps. The Atlas is a web-based geospatial decision support system (DSS) that was 

designed to support preliminary site selection and feasibility investigations for tidal, wave, and 

river hydrokinetic energy development in British Columbia, Canada. Tidal data from Chapter 3 was 

used in the Atlas. Datasets for wave and river hydrokinetic came from Beya (2018) and Jenkinson 

and Bomhof (2014), respectively. The Atlas is highly flexible and interactive, providing users with 

functionality to visualize and assess a variety of geospatial data pertaining to MRE development. 

The Atlas supports holistic investigation of site-suitability, beyond simply identifying and 

quantifying available energy resources. Users are able to apply multi-criteria decision analysis 

(MCDA) techniques to characterize site-suitability as a function of energy resource considerations 

and various socio-economic and environmental criteria. 

4.2 Scope and Objectives 

Given predefined criteria, the Atlas was employed to identify the most suitable sites (hotspots) 

for tidal, wave, and river hydrokinetic energy development. Criteria were provided by Natural 

Resources Canada. This chapter summarizes the site selection criteria applied and the 

corresponding sites identified using the Atlas. 

4.3 Limitations of the Atlas 

Although the Atlas permits meaningful and holistic investigation of site-suitability, the MCDA 

capabilities of the Atlas provide only a generalized description of site-suitability based on high-

level interpretation of specified criteria. The Atlas can facilitate preliminary site-selection efforts 

http://www.bc-atlas.ca/
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by identifying potential locations that warrant further investigation, but does not provide the 

resolution and accuracy required for detailed site-characterization and economic assessment. 

4.4 Methodology 

The Atlas MCDA capabilities were applied to identify the most suitable sites for tidal energy 

development. Two different site-selection exercises were conducted, each reflecting different 

potential development objectives. In the first exercise, hypothetical criteria were specified to 

reflect the interests of a developer seeking to deploy a tidal energy device (or devices) that can 

be integrated with current transmission infrastructure, in a location that can be easily accessed 

from a port to facilitate construction and maintenance. In the second exercise, hypothetical 

criteria were specified to reflect the interests a developer seeking to deploy a tidal energy device 

(or devices) to serve remote communities that rely on fossil fuel power generation or have an 

unknown power source. 

4.5 Potential Locations Close to the Transmission Grid and Existing Ports  

4.5.1 Criteria 

The following criteria were applied to identify the most suitable locations for tidal energy 

development assuming that transmission grid integration and site accessibility are important 

considerations: 

¶ Average depth must be between 10 m and 60 m (weight = 10%); 

¶ Sites with greater tidal current speed are more desirable. Median tidal current speed must 

be greater than 1.5 m/s (weight = 60%); 

¶ Proximity to the shoreline is desirable. Sites must be less than 5 km from the shoreline 

(weight = 10%); 

¶ Proximity to the transmission grid is desirable. Sites must be less than 10 km from the 

transmission grid (weight = 10%); 

¶ Proximity to a port is desirable. Sites must be less than 30 km from a port (weight = 10%). 

4.5.2 Identified Sites 

Considering the specified criteria, four sites were identified. One site is located at the narrow 

constriction between Quadra Island and Vancouver Island in the vicinity of Campbell River. 

Another site is located at the narrow constriction east of Quatsino, in the vicinity of Marble River 

Provincial Park. The other two sites are located at the southern end of Vancouver Island in the 

vicinity of Discovery Island, east of Victoria, and in in the vicinity of Race Rocks Ecological Reserve. 

Figure 10 displays the mapped results of the Atlas MCDA computations. 
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Figure 10. The most suitable sites for tidal energy development, within close proximity to 

ports and the transmission grid. Pin icons indicate port locations and yellow lines indicate 

the transmission grid. 

4.5.3 Discussion of Findings 

According to the MCDA results, the sites identified near Quadra Island and Quatsino are the most 

suitable sites for tidal energy development. The sites identified near Discovery Island and Race 

Rocks Ecological Reserve are less suitable. 

The site identified near Quadra island is composed of a cluster of several, disconnected sites well-

suited for tidal energy development. One site, located immediately east of Campbell River, spans 

an area of approximately 3 km2, has an average depth of approximately 75 m, and has an average 

tidal current speed of approximately 3.5 m/s. Another grouping of suitable sites, located 

approximately 14 km north of Campbell River spans an area of approximately 6 km2, has average 

depths ranging from approximately 30 m to 60 m, and has average tidal current speeds ranging 

from 3.5 m/s to 5.0 m/s. There are several ports located in the vicinity of Campbell River, and the 

city is connected to the transmission grid. 

The site identified near Quatsino is located within a narrow constriction bordered by Marble River 

Provincial Park. The site spans an area of approximately 2.0 km2, has an average depth of 

approximately 20 m, and has an average tidal current speed of approximately 3.5 m/s. The results 

also show that a smaller site, located immediately north of Quattische Island with similar hydraulic 
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conditions, is also well-suited for tidal energy development. The closest port is located east of the 

town of Port Alice (not shown in Figure 10), and the town itself is connected to the transmission 

grid. 

The site identified south-east of Discovery Island spans an area of approximately 5 km2, has an 

average depth of approximately 60 m, and has an average tidal current speed slightly greater than 

1.5 m/s. There are several ports located in the vicinity of Victoria, and the city is connected to the 

transmission grid. 

A small site located north of Race Rock Ecological Reserve was identified from the MCDA 

computations. The site spans an area of approximately 2 km2, has an average depth of 

approximately 100 m, and has an average tidal current speed slightly greater than 1.5 m/s. Similar 

to the site near Discovery Island, the site is located within close proximity to port and transmission 

infrastructure located in Victoria. However, the site is also located within close proximity of port 

and transmission infrastructure located in Sooke (not shown in Figure 10). 

Tidal energy resources are particularly abundant throughout the network of narrow inlets and 

constrictions between Vancouver Island and the mainland and at the northern end of Vancouver 

Island (Figure 11). However, only four sites were identified given the first set of specified criteria 

emphasizing proximity to ports and the transmission grid. Despite the presence of these tidal 

energy resources, most locations were deemed unsuitable because of their remoteness from 

ports and the transmission grid. 

 

Figure 11. Tidal Energy Resources in the vicinity of Vancouver Island. Pin icons indicate 

port locations and yellow lines indicate the transmission grid. 

4.6 Potential Locations to Serve Remote Communities 

4.6.1 Criteria 

The following criteria were applied to identify the most suitable locations for tidal energy 

development assuming that the developer is interested in serving remote communities that 

currently rely on fossil fuel power generation or unknown power sources: 

¶ Average depth must be between 10 m and 60 m (weight = 10%); 
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¶ Sites with greater tidal current speed are more desirable. Median tidal current speed must 

be greater than 1.5 m/s (weight = 70%); 

¶ Proximity to the shoreline is desirable. Sites must be less than 5 km from the shoreline 

(weight = 10%); 

¶ Proximity to communities using fossil fuel power generation (e.g. diesel power 

generation) or communities that have an unknown power source is desirable. Sites must 

be within 30 km of a community that uses fossil fuel power generation or a community 

for which the power source is unknown (weight = 10%). 

4.6.2 Identified Sites 

Considering the specified criteria, the four most suitable sites were identified. Figure 12 displays 

the mapped results of the MCDA computations. 

 

Figure 12. The most suitable sites for tidal energy development, within close proximity to 

communities that use fossil fuel power generation or unknown fuel sources. 

4.6.3 Discussion of Findings 

According to the MCDA results, the site identified near Egmont is the most suitable site for tidal 

energy development intended to serve remote communities. The site is located within close 

proximity of the Narrows Inlet Logging Division (not shown in Figure 12) which relies on diesel 
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power generation. The site spans an area of approximately 0.05 km2, has an average depth of 

approximately 10 m, and has an average tidal current speed of approximately 3.0 m/s.  

The second most suitable site is composed of a cluster of several, disconnected sites well-suited 

for tidal energy development close to Stuart Island. The site is located within close proximity of 

Quatam River and Phillips Arm (not shown in Figure 12), which both rely on diesel power 

generation. Altogether, the sites span an area of approximately 1 km2, have an average depth of 

50 m, and have an average tidal current speed of 4.0 m/s. Although the site was identified by the 

Atlas because of its proximity to Quatam River and Phillips Arm, there are some inhabitants and 

resort properties located on Stuart Island (in the immediate vicinity of the identified sites) that 

are not illustrated by the results of the Atlas. 

The third most suitable site is located near Quatsino within a narrow constriction bordered by 

Marble River Provincial Park. The site is located within close proximity of Cleagh Creek (not shown 

in Figure 12) which relies on diesel power generation. This site was also identified in the previous 

tidal energy resource exercise discussed in Section 4.5.3 and happens to satisfy all of the tidal 

resource criteria discussed in this report; the site is close to a port, the transmission grid, and a 

remote community, and satisfies tidal resource availability criteria. 

The fourth most suitable site is located southeast of Coquitlam Island. The site is located within 

close proximity of Kitkatla (not shown in Figure 12), which relies on diesel power generation. The 

site spans an area of approximately 0.05 km2, has an average depth of approximately 10 m, and 

has an average tidal current speed of approximately 2.5 m/s. 

In addition to the four most-suitable sites discussed above, there are a number of other suitable 

sites identified by the Atlas that could potentially be developed to serve remote communities and, 

ultimately, alleviate reliance on fossil fuel power sources. Similar to the Stuart Island site, the 

majority of these sites are located throughout the network of narrow inlets and constrictions 

between Vancouver Island and the mainland where a number of remote communities exist in 

proximity to tidal energy resources. The results of MCDA also show suitable sites north of 

Vancouver Island, near Hope Island. A number of suitable sites were also identified near Goshen 

Island, Dolphin Island, and Spicer Island, southeast of the Coquitlam Island site discussed above.  
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5 Conclusion 
Using predefined criteria, a number of sites that are potentially well-suited for MRE development 

were identified using the British Columbia Marine Energy Resource Atlas. Altogether, eight sites 

were identified for tidal energy development. Four sites are located in close proximity to the 

transmission grid and port locations, offering advantages with regard to operability, maintenance, 

and grid integration. The other four sites identified for tidal energy development indicate 

potential opportunities to serve remote communities that currently rely on fossil fuel power 

generation, or communities for which power sources are unknown. 
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Appendix A 

 

Figure 13: Mesh near Vancouver and Victoria 
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Appendix B 
 

Table 4: Model results from calibration 

Station Name 
Station 

ID 
TS R-

Squared 
TS-

Slope 
Amp R-
squared 

Amp-
Slope 

Phase 
R-

squared 
Phase-
Slope 

VICTORIA (81-11-03) 7120 0.41 0.37 0.92 0.56 0.68 1.11 

PATRICIA BAY 7277 0.94 0.93 1.00 0.97 1.00 1.02 
VANCOUVER (81-11-

03) 7735 0.93 0.95 1.00 0.99 1.00 1.03 

POINT ATKINSON 7795 0.93 0.84 1.00 0.87 1.00 1.02 

CAMPBELL RIVER 8074 0.84 0.68 0.97 0.74 0.99 1.00 

PORT HARDY 8408 0.97 1.23 0.99 1.23 1.00 1.01 

BAMFIELD 8545 0.97 0.91 1.00 0.93 1.00 0.97 

TOFINO (81-11-03) 8615 0.90 0.59 1.00 0.64 1.00 0.94 

WINTER HARBOUR 8735 0.97 0.75 0.99 0.76 1.00 0.97 

BELLA BELLA 8976 0.98 0.99 1.00 1.00 1.00 0.99 
PR RUPERT (81-11-

03) 9354 0.96 0.97 1.00 0.99 1.00 1.01 

QUEEN CHARLOTTE 9850 0.97 1.00 1.00 1.02 1.00 1.00 

Elfin Cove  AK 9452634 0.99 1.09 0.97 0.96 1.00 1.00 

Juneau  AK 9452210 0.90 1.56 0.89 1.00 0.99 1.08 

Ketchikan  AK 9450460 0.98 1.23 0.86 0.80 0.99 1.05 

Sitka  AK 9451600 0.96 0.61 0.89 0.62 0.99 0.98 

Cherry Point  WA 9449424 0.66 0.74 0.85 0.65 0.67 0.77 

Friday Harbor  WA 9449880 0.77 0.96 0.73 0.70 0.51 0.57 

La Push  WA 9442396 0.19 -0.28 0.96 0.46 0.76 0.96 

Neah Bay  WA 9443090 0.94 0.84 0.89 0.94 0.99 1.03 

Port Angeles  WA 9444090 0.23 0.32 0.85 0.46 0.55 1.31 

Port Townsend  WA 9444900 0.94 1.05 0.73 0.73 0.99 1.06 

Seattle  WA 9447130 0.79 0.96 0.99 0.97 0.78 0.77 

Tacoma  WA 9446484 0.76 0.98 0.99 0.97 0.78 0.78 
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