Mactaquac Aquatic Ecosystem Study
Report Series 2020-071

Methods for Development of a
Computational Fluid Dynamics (CFD)
Model of the Mactaquac Generating
Station

Mouhamed Ndong, Katy
Haralampides, and Gordon
Yamazaki
13 August 2020

MAES Report Series 2020-071
TABLE OF CONTENTS

TABLE OF CONTENTS ..................................................................................................ii
1.

INTRODUCTION...................................................... Error! Bookmark not defined.

2.

MODEL SETUP .......................................................................................................... 1

3.

2.1

Bathymetry and Topography ............................................................................... 1

2.2

Mactaquac Generating Station Infrastructure Plans ............................................ 2

2.3

Model meshing .................................................................................................... 3

2.4

Calibration Data Collection ................................................................................. 4

PRELIMINARY MODEL TESTING.......................................................................... 6
3.1

Spillway and sluiceway test................................................................................. 6

3.2

Turbine flow test.................................................................................................. 7

3.3

Integrated spillway/turbine test ........................................................................... 8

4.

CONCLUSION ............................................................................................................ 9

5.

REFERENCES ........................................................................................................... 10

Disclaimer
Intended use and technical limitations of the report, “Methods for Development of a
Computational Fluid Dynamics (CFD) Model of the Mactaquac Generating Station ” –
this report describes the methods applied to develop a working CFD model of the MGS
tailrace. The CFD model is intended for supporting fish passage science and in support
of fish passage design at MGS. The Canadian Rivers Institute does not assume liability
for any use of the included data or analyses outside the stated scope.
Correct citation for this publication:
Ndong, M., Haralampides, K, and G. Yamazaki. 2020. Methods for Development of a
Computational Fluid Dynamics (CFD) Model of the Mactaquac Generating Station.
Mactaquac Aquatic Ecosystem Study Report Series 2020-071. Canadian Rivers Institute,
University of New Brunswick, 9 p.

1. Introduction
The complexity of the flows in the immediate vicinity of the Mactaquac Generating
Station (MGS) negates the use of a conventional hydrodynamic river model to provide
sufficient detail to inform decisions for fish passage and future flow management. To
further the understanding of the hydrodynamics in the immediate vicinity and through the
MGS in order to study attraction flow properties and flow intakes/outlets for upstream
and downstream passage, a Computational Fluid Dynamics (CFD) model is necessary.
CFD modelling is a numerical tool in which the hydrodynamic governing equations that
describe the flow of fluids are solved at millions of distinct points within a defined system.
FLOW-3D (Version 11.2; 2018; Flow Science, Inc.) is the industry standard choice for
modelling large hydraulic structures in river systems, being one of the few programs that
can incorporate the engineering drawings of the MGS and approximate the flow through
individual turbines efficiently and accurately by solving the Navier-Stokes and continuity
equations. It has been used by researchers at the University of Ottawa, the University of
British Columbia, the University of Sherbrooke, and others, and was therefore selected for
application at MGS.
This report presents the steps followed by the Canadian Rivers Institute (CRI) to set up the
model in the MGS tailrace, including reference to the utilized datasets, as well as some
output examples. It is noted that the model is in its initial stages of development, and that
work will continue in the next phase to ensure that the results are accurate, and that the
model will be capable of simulating all desired scenarios.

2. Model Setup
2.1 Bathymetry and Topography
Bathymetric data in the MGS tailrace and forebay were collected in 2015 by CRI using
single-beam sonar (Bremner et al., 2016), while topographic data were obtained from the
Province of New Brunswick (www.snb.ca/geonb) (Figure 2.1). Additional downstream
bathymetry, also obtained by CRI (Bremner et al., 2016), was used extending beyond the
tailrace. The region immediately downstream of the MGS, including the tailrace to the old
McKinley Ferry site was entered into the FLOW-3D model successfully.
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Figure 2. 1: Bathymetry and Topography from MGS to McKinley

2.2 Mactaquac Generating Station Infrastructure Plans
The MGS as-built plans (supplied by NB Power) have been successfully inputted into FLOW3D CFD model (Figure 2.2), which was critical in order to accurately represent the hydraulic
infrastructure in detail, including the spillway, sluiceway and the six turbine flow paths.
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Figure 2.2: MGS plans for CFD model

2.3 Model Meshing
As a general initial approach to numerical modelling, the area of interest is subdivided into
a large number of cells to create a mesh, within which the mathematical equations are
applied to obtain values of fluid parameters such as velocity, temperature, pressure, and
depth. Meshing is done by considering the level of detail needed for each component to
accurately represent the dynamic hydraulic conditions, while optimizing the total number
of active cells. The smaller the mesh cell size, the higher the resolution of the model, but
there is a consequential increase in computational power (and time) needed for the model
to run with an increase in the number of cells. FLOW-3D allows for a variety of meshes to
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be developed, with simpler/larger cells utilized farther away from the structure, and nested
complex cells concentrated in high resolution in specific areas of interest.
For the preliminary setup of the FLOW-3D CFD model, eight major meshes were defined,
plus a local mesh also defined at each turbine intake (Figure 2.3). Approximately 50 million
cells comprise the mesh for the model, the smallest in the vicinity of the turbines being
0.45m (on each side of a cube) up to approximately 15m close to McKinley.

Six turbines Mesh plan

Figure 2.3: Regions of varying mesh size for the model

2.4 Calibration Data Collection
A SonTek M9 RiverSurveyor acoustic Doppler current profiler (ADCP) was used to measure
3-dimensional water currents, depth, and bathymetry. The ADCP was mounted on a HR
Wallingford remote-controlled boat specifically designed for the M9 (Figure 2.4). More
details of this ADCP set-up can be found in Ndong et al. 2019-048 (2019).
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Figure 2.4: The Sontek ADCP deployed in the tailrace
Data were collected along transects downstream of the MGS on 1 June 2018. Example
results are included in Figures 2.5 and 2.6, with complete results found in Ndong et al.
2019-048 (2019).

Figure 2.5: ADCP data collected in the tailrace
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Figure 2.6: ADCP data collection results downstream of the tailrace

3. PRELIMINARY MODEL TESTING
As input, FLOW-3D used the output generated from the large-scale Delft3D
hydrodynamic model developed in Phase 1. Downstream results were compared with the
ADCP data, and the model parameters (e.g., coefficients of surface friction) tweaked as
necessary to fit the model to the measured flow environment.

3.1 Spillway and sluiceway test
The model has been successfully tested and can simulate flow through the gate spillway and
sluiceway (see Figure 3.1). The water level can be specified above the structure, or flow
rates can be given for all of the turbines, or specified for individual turbines separately.
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Figure 3.2: Water flowing from gates sluiceway or sluiceway (preliminary results)

3.2 Turbine flow test
The model was successfully tested for an (intentionally higher than typically found at MGS)
inflow of 15,000 cfs through a turbine (Figure 3.2). It can also be run for all possible turbine
and gate scenarios.
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Figure 3.2: Water flowing through a turbine (preliminary results)

3.3 Integrated spillway/turbine test
The model has also been successfully tested with one spillway gate open and one turbine
flow path open (Figure 3.3).
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Figure 3.3: Front view of FLOW-3D with one spillway/turbine gate open

4. CONCLUSION
The FLOW-3D CFD model is now operational for the MGS tailrace. In the next phase, the
model will be expanded to include the MGS forebay (intake) and the fish collection facility.
Further development of the model will be very useful for furthering our understanding of
the complex hydrodynamics in the immediate vicinity of the hydraulic structure under
current and future conditions and will form the foundation of the fish passage science and
support the fish passage design work at MGS.
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