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Executive Summary 
The collection of data presented in this report with appendices is intended to facilitate development of resource 

assessment and design standards for marine renewable energy systems. With limited data of real turbine 

systems in operation available, the results presented will assist in better understanding loading conditions, load 

response, and appropriate levels of safety. 

Two run of river turbine platforms were deployed for field trials at the Canadian Hydrokinetic Turbine Test 

Center (CHTTC) site in Manitoba, Canada in the summer of 2015. The two platforms were independently 

developed by MAVI Innovations Inc (MAVI) and New Energy Corporation, Inc (NECI). During the deployments, 

ADCPs and load cells were used to measure the relative fluid velocity and mooring loads. In addition, the ADCPs 

were used to measure flow properties around the test site. The information produced from the tests at CHTTC 

collected in reports from CHTTC for the resource assessment and ADCP investigation as well as turbine mooring 

loads are appended to this report. A steady-state numerical mooring model was completed to provide additional 

information such as the realized safety factor and load effects on the platform. 

Deployment reports were submitted by MAVI and NECI separately to DSA for validation with numerical mooring 

simulation models. The reports outlined the current speed at the turbine as well as the primary mooring loads. 

The floating turbine systems were modelled in the dynamic analysis software package ProteusDS and validated 

against data measured at the CHTTC test runs. The focus of this report is on the numerical validation, with 

deployment data and resource assessment data provided in appended reports.  

The simulation results of the MAVI turbine yielded a maximum 25.4% error when compared to the measured 

mooring loads. One possibility for the discrepancy is that only steady current was simulated using the mean flow 

in ProteusDS, while in reality some time fluctuation in current speed and profile was noted. Another reason for 

the difference is due to the actual current profile at the turbine. The ADCP measured a local reduced fluid 

velocity at the turbine caused by the shielding effect from mooring floats and equipment upstream. The 

simulation was executed using the reduced current magnitude and therefore could behave differently than 

during the field test. The greatest error occurred when simulating the maximum rotor speed. MAVI produced 

calculations predicting the mooring loads assuming steady state conditions and the turbine thrust based on the 

reduced current value measured at the site, against which the simulated results yielded an error of 5.6%. Safety 

factors were calculated using the greatest simulated mooring tension in the mooring component with the 

smallest breaking strength. In this case the ½”Amsteel Blue segment in the main mooring line resulted in safety 

factors of 14.3, 12.4, and 10.7 for the measured, predicted, and simulated mooring loads, respectively. 

The simulation results of the NECI turbine yielded a maximum mooring load error of 27% to measured results 

with the rotor out of the water. This could be a product of a large fluctuation in current speed measured by the 

ADCP. Since the drag increases with the square of the relative fluid velocity, slight changes in current speed will 

have significant impact on the drag. When the rotor was lowered into the water, an error of 17% resulted. It was 

observed that the thrust of the turbine dominated the mooring loads when compared to the loads with rotor 

out of the water. The minimum safety factors seen on the mooring based on simulation results were 3.9 and 4.8 

for the measured and simulated results, respectively.  
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1 Introduction 

1.1 Overview 

Reliable and accurate development of river energy converter systems requires a solid understanding of the 

resource in terms of flow rates, floating platform parameters, loading conditions, and mechanical response of 

the turbine system. This report is one component of a comprehensive research program to assess these 

parameters. Data presented in appended reports summarize research and testing completed on resource 

assessment, flow characterization, and load testing of two different floating turbine technologies at a river test 

site. A unique aspect of the resource assessment is the use of a horizontal ADCP to understand near surface fluid 

velocities. Data presented in this report consists of a preliminary validation of numerical mooring simulations 

against the load testing data. The intent of this research program is to provide data to facilitate development 

specifically for resource assessment as well as design International Electrotechnical Commission (IEC) marine 

renewable energy standards. 

The focus of this report is on mooring simulation comparison and validation against physical mooring load 

measurements of the different floating turbine platforms. The two floating turbine platforms were deployed at 

the Canadian Hydrokinetic Turbine Test Center (CHTTC) site downstream of the Seven Sisters Generating Station 

in Manitoba, Canada. The turbines were independently developed by MAVI Innovations Inc. (MAVI) and New 

Energy Corporation, Inc (NECI). Dynamic Systems Analysis (DSA) was tasked with simulating the two platforms in 

a steady state configuration and compare the thrust and drag loads with that of the loads measured during the 

platform deployments as a first approach at validation. 

1.2 Objectives 

The objectives of the research program are listed below. Note that results on the first two objectives were 

completed separately by CHTTC, NECI, and MAVI, and separate reports have been generated and appended [1-

4]. This report focuses on the objective of numerical mooring models and comparison against site data. 

• Complete flow measurement tests with several ADCP units at a river test site using IEC guidelines and 

provide feedback on hardware performance and limitations 

• Complete load tests and measure flow and mooring loads with two different turbine systems at the river 

test site 

• Generate a numerical mooring model of each turbine platform at the test site and validate the results 

with data provided 

 

1.3 Project Type 

Project classification is indicated in Table 1. 

 Project Type Description 

☐ Feasibility Assessing concepts where feasibility and core engineering challenges 

have not been identified. None of the primary risks are known. 
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Concepts are to be tested to validate proceeding to concept study or 

FEED stages. 

☐ Concept study / Pre-

FEED 

Analysis and simulation of concepts to identify feasibility, produce 

ideas, and assess pros and cons of implementing those ideas. Typically 

the purpose of the project will be to assess wide array of concepts, 

assess risks, identify costs, and loosely dimension system components 

for budgetary purposes. 

☐ FEED Support of the development of an initial design which includes ensuring 

that components meet safety factor requirements and that the 

concepts developed meet safety or classification requirements. 

☐ Detailed design 

support and finalized 

analysis  

Supporting the detailed design though analyses which have been 

finalized to the degree that the results may be used for construction. 

All model inputs are to be documented.  

☐ EPC support Supporting engineering, procurement and construction contractors in 

the implementation of detailed design plans. Tasks may include 

installation analysis, operability assessment or risk mitigation. 

☒ Owner / operator life 

cycle support 

Tasks may include operational support, operability assessment, risk 

mitigation, decommissioning studies. 
Table 1 Project classification 

2 Inputs and setup 

2.1 Overview 

This section reviews input parameters fundamental to the project including environmental conditions, platform 

properties, and material inputs for the line models.  

2.2 Environmental conditions 

A constant current was applied for both platforms based on recorded ADCP sensor data acquired at the time of 

the platform deployment. During the MAVI platform deployment, a decrease in water velocity was observed 

approximately at the depth of the turbine [1]. For simplicity, a uniform current profile was used with a 

magnitude of the current velocity at the depth of the turbine from the ADCP data. As the mooring loads are 

dominated by turbine thrust, this was done to ensure the simulated turbine position lined up with the expected 

flow speed. Several current speeds were simulated to match the deployments done by MAVI. The currents 

simulated and their respective turbine rotor speeds can be seen in Table 2. 

Turbine Rotation Speed (RPM) Current speed (m/s) 

50 1.84 

60 1.79 

70 1.82 

75 1.86 
Table 2 MAVI platform turbine rotation and current speeds 

Similarly for the NECI platform, a constant current profile was generated to match the measured current speeds 

at the time of the test [2]. Since the goal was to match steady state drag and thrust of the platform, only two of 
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the five runs were simulated. The configurations with the rotor completely out of the water and with the rotor 

completely submerged and running. The current speeds used and their respective run number are shown in 

Table 3. 

Run # Current speed (m/s) 

1 2.26 

3 1.96 
Table 3 NECI run numbers and current speeds 

2.3 Platform properties 

Each platform was simulated using a rigid body model. The primary hull components were modeled using simple 

geometric shapes such as cuboids and cylinders and their respective drag coefficients are listed in Table 4 and 

Table 5. The drag coefficients were estimated from the supplied dimensions of the platforms. 

Platform piece Quantity Forward drag coefficient 

Pontoon 2 1 

Side frame 2 2 

Duct edge 2 1 
Table 4 MAVI approximated drag coefficients 

 

Platform piece Quantity Forward drag coefficient 

Pontoon 2 1.5 
Table 5 NECI approximated drag coefficients 

2.4 Turbine properties 

The thrust and torque effects from the turbine mounted on the platform were modelled using a turbine feature 

applied to the rigid body platform model. The dynamic effects of the rotor were neglected and only the resulting 

forces and moments from the thrust and torque coefficients were resolved. The properties of each turbine were 

supplied by MAVI [3] and NECI. Given the supplied thrust and torque curves, turbine features were developed to 

match the turbine behavior. The turbine features were set to match the load test operating constant RPM or tip 

speed ratio (TSR).  

Water velocity (m/s) Tip speed ratio Thrust (kN) Thrust coeff. 

2.5 2 10.26 0.84 

2.5 2.25 12.39 1.02 

2.5 2.5 14.36 1.18 

2.5 2.75 15.97 1.31 

2.5 3 17.32 1.42 

2.5 3.25 18.35 1.51 
Table 6 MAVI turbine properties 
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Water velocity (m/s) Thrust (kN) Thrust coeff. 

1 2.2 0.877 

1.3 3.7 0.877 

1.7 15.0 0.877 

2 20.7 0.877 

2.2 25.1 0.877 

2.4 29.8 0.877 

2.6 35.0 0.877 
Table 7 NECI turbine properties 

2.5 Material properties 

Each platform used a unique mooring arrangement for holding its position in the channel [1-2]. The mooring 

materials for each platform are listed in Table 8 and Table 9. The weight and stiffness of the lines are the 

dominating effect on the system due to the relatively short mooring lines in the channel and the dominating 

effect of the thrust from the turbines. 

Mooring material Axial rigidity (N) Mass (kg/m) Breaking strength (kN) 

22mm Chain 4.0e7 9.78 401 

3/4” Wire rope 2.0e7 1.55 262 

1” Amsteel Blue 1.5e7 0.324 485 

½” Amsteel Blue 4.7e6 0.088 151 

1 ¼” Nylon 1.4e6 0.582 230 

7/8” Plasma 1.4e7 0.292 412 
Table 8 MAVI mooring material properties 

Mooring material Axial rigidity (N) Mass (kg/m) Breaking strength (kN) 

10mm Chain 8.8e6 2.19 126 

13mm Chain 1.4e7 3.69 214 

3/4” Wire rope 2.0e7 1.55 262 

½” Amsteel Blue 4.7e6 0.09 151 
Table 9 NECI mooring material properties 

3 Results and discussion 

3.1 Overview 

The mooring tensions in the simulations were used to compare against the supplied drag and thrust loads from 

the MAVI and NECI platform deployments. 

3.2 MAVI platform 

The MAVI platform was set up as shown in Figure 1. While physical mooring loads were measured at each bridle 

line, MAVI calculated the combined load accounting for a 12 degree bridle angle to produce the main line 

tension [2]. The simulation comparison was completed using the main line tension value. The MAVI measured 

and predicted values are compared to DSA’s simulated values in Table 10. The MAVI predicted loads are 

simplified calculation assuming steady state and using the reduced velocity at the turbine to compute steady 
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state thrust with nominal flow values and drag coefficients on remaining hull components. The maximum error 

is in 75 RPM where the simulation loads are 25.4% higher than measured loads, though this is minimum at 50 

RPM with an error of 11.4%. The thrust of the rotor is sensitive to the rotor speed. Furthermore, in the real 

system, water current fluctuations were present and not modelled in simulation, resulting in a greater potential 

error at higher rotor speeds. The reduced velocity logged by the ADCP at the turbine height was most likely 

caused by the wake of the mooring floats upstream of the turbine. In the real system, the flow fluctuations and 

wake effect induce time and spatially varying loads that were not accounted for in the simulation, and the 

nature of these effects are a further source of error. 

In contrast, the maximum error at 70 RPM where the simulation results were 5.6% higher than the calculated 

mooring load. The source of smaller error is likely slight differences in drag area and drag coefficient. 

Throughout the field trials and simulations, safety factors were calculated using the maximum steady state 

mooring tension on the mooring material with the lowest breaking strength. These safety factors can be seen in 

Table 11. As expected, since the simulated system showed the greatest mooring loads, it yielded the smallest 

safety factor. As the simulated loads are greater than those measured during the physical tests, they are 

conservative. 

 

Figure 1 MAVI platform 

Turbine 

rotation 

speed 

(RPM) 

Current 

speed 

(m/s) 

TSR MAVI 

measured 

loads (kg) 

MAVI 

predicted 

loads (kg) 

DSA 

simulated 

loads (kg) 

Difference 

in 

measured 

loads 

Difference 

in 

predicted 

loads 

50 1.84 1.85 927 1071 1046 11.4% 2.4% 

60 1.79 2.28 990 1175 1163 14.9% 1.0% 

70 1.82 2.62 1042 1262 1337 22.1% 5.6% 

75 1.86 2.75 1077 - 1443 25.4% - 
Table 10 MAVI platform results 
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Mooring material Measured safety factor Predicted safety factor (@70 RPM) Simulated safety factor 

½” Amsteel Blue 14.3 12.2 10.7 
Table 11 MAVI field study safety factor 

3.3 NECI platform 

Similar to the MAVI platform, the NECI platform was tested at CHTTC with physically measured mooring loads 

provided. Two platform configurations were simulated and compared with the test data. The first test was with 

the turbine completely out of the water and the second was with the turbine fully submerged and operating. 

The measured and simulated drag on the mooring line are reported in Table 12. 

The simulation mooring loads were 27% higher than the measured mooring loads in the load case with the 

turbine out of the water. One source of error is that the mass and trim of the platform was affected the 

presence of personnel onboard when the turbine was out of the water. Because this was not accounted for in 

simulation, this could cause differences in the wetted and drag area compared to the field test results. 

When the rotor was fully submerged and operating, the simulation mooring loads were 17% lower than the 

measured mooring loads. As with the MAVI turbine tests, the measurements of the current flow during field 

tests indicated high frequency fluctuations [2]. Since the drag is proportional to the square of the relative fluid 

velocity, small discrepancies in velocity can cause substantial differences in drag loads and may affect the mean 

load based on spatial variation of current loading on the structure and turbine. These time varying loads also 

cause the platform to move slightly and change wetted area, which causes an effect not realized in the steady 

state numerical simulation results. 

As with the MAVI configuration, the safety factor for the mooring segment with the smallest breaking strength is 

reported. The safety factor for the 10mm chain used near the anchor point for the measured and simulated 

cases are shown in Table 13. 

 

Figure 2 NECI platform 
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Run # Current speed (m/s) NE measured drag 

(lbf) 

DSA simulated 

drag (lbf) 

Difference in loads 

1 2.26 1577 1996 27% 

3 1.96 7188 5943 17% 
Table 12 NECI platform results 

Mooring material Measured safety factor Simulated safety factor 

10mm chain 3.9 4.8 
Table 13 NECI field study safety factor 

4 Conclusions 
Once the MAVI and NECI turbine platforms were deployed at the CHTTC and the sensor data was recorded, the 

numerical simulations were conducted to compare the results with that of the field tests.  

The steady state responses of the turbine and mooring systems were the primary focus of comparison for the 

two platforms. While steady state analysis is a starting point for validation, it does not take into account the 

spatial and temporal fluctuations in current observed in field trials. This is a key source of error in comparing the 

mean loads measured in the field trials with the steady state simulation analysis.   

Field tests measured the bridle line loads in the MAVI turbine, though expected main line tensions were 

computed from this [3]. The main line loads were compared directly with simulation mooring loads. Over several 

fixed rotor speeds, the maximum error was at maximum rotor speed with simulated mooring tensions 25.4% 

greater than measured values. When comparing the simulation mooring loads results to the analytical calculated 

loads using the reduced current speed measured at the site for the turbine thrust load, the maximum error was 

5.6%. This highlighted that the wake effect from the upstream floats inducing the reduction in current 

magnitude at the depth of the turbine impacted the loading on the platform. Since the simulation used a 

simplified uniform current profile, it did not capture the spatially detailed loading. Safety factors were calculated 

based on the mooring component with the smallest breaking strength and in this case it was the 0.5” Amsteel 

Blue. The safety factors were 14.3, 12.4, and 10.7 for the measured, predicted, and simulated mooring loads, 

respectively. 

The NECI platform was deployed with a load cell in the main mooring line on a shore anchor. Two rotor 

configurations were compared with the turbine out and with the turbine deployed and operating. The maximum 

error was in the configuration with turbine out of the water with simulation mooring loads 27% greater than the 

field study. With the rotor in the water, the simulation showed tensions 17% less than what was measured in 

field trials. The report submitted by NECI outlining the field test showed current fluctuations in the ADCP data 

which could cause discrepancies in the current magnitude. The mooring component with the smallest breaking 

strength used was the 10mm chain segments close to the anchor. It yielded a minimum safety factor of 3.9 and 

4.7 for the measured and simulated results, respectively.  

Even with errors as high as 27%, the simulation showed relatively consistent results when considering the many 

sources of error. In order to more accurately predict the behavior of the platforms, in addition to the tensions 
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and ADCP data acquired, the motions of the barge would be valuable. Consideration of current fluctuations 

should also help increase accuracy of the validation.  
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Abstract 

In this report we present the results obtained from a Horizontal ADCP (H-ADCP) to 

characterize the near surface flow velocity distribution at the CHTTC site. The CHTTC site has 

been located on the tailrace of the Seven Sisters Generating Station dam, on Winnipeg River. 

In this investigation the H-ADCP is first deployed at different depths, to quantify any possible 

interference between the H-ADCP beams and the water surface. After we confirmed that the 

instrument depth has minimum effect on the quality of the data, we started extracting velocity 

profiles at 8 transects. Later, we used those 8 velocity profiles to construct the near surface 

velocity distribution in the CHTTC channel. Additionally, some longer-term measurements, 

between 30 min to 1 hour, were conducted to monitor the hourly changes in the flow 

characteristics. The last part of the H-ADCP measurement focuses on the velocity distribution 

in vicinity of the Mavi hydrokinetic turbine. Results presented in this report will help to provide 

a better understanding of the velocity pattern in the CHTTC channel and around a floating 

hydrokinetic turbine. 
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1 Introduction	
An accurate velocity distribution profile is an undeniable necessity for each hydrokinetic 

turbine test site. The velocity distribution in the CHTTC channel had been measured using 

down-looking ADCP (Son Tek M9). Due to the large bin sizes (low resolution) and high level 

of measurement uncertainty, we decided to map the velocity distribution once again, but using 

an H-ADCP this time. Results obtained from an H-ADCP represent the near surface velocity 

distribution which is valuable for floating hydrokinetic turbine applications. One of the main 

advantages of H-ADCPs compared to down-looking ADCPs is its ability to capture the whole 

transect velocity in one shot. Therefore, it is more appropriate device to study horizontal shear 

layers, outer layer of the wake zone. Using an H-ADCP upstream of the turbine enables us to 

estimate the available power entering the turbine.   

 

2 Instrumentation		
In this measurement a Teledyne RD Instruments H-ADCP CM600 model is used to measure 

the velocity distribution in channel transects (Figure 1). The technical specifications of the H-

ADCP are shown in Figure 2. The H-ADCP is mounted to a custom built arm attached to the 

blue pontoon boat. The arm is capable of deploying the H-ADCP up to 175 cm below the water 

surface (Figure 3). It should be noted that the H-ADCP uses acoustic beams to calculate 

velocity. These beams spread mostly in the longitudinal direction, but also in the vertical 

direction. The horizontal spread angle is 20° for each of the two beams, spreading in opposite 

directions, and a vertical spread angle of 1.5°. The horizontal spread angle is not likely to cause 

problems, because the channel is very long in the streamwise direction. Unfortunately, since 

there are limitations on how deep the H-ADCP can be deployed, the vertical spread angle could 

cause the beams from the H-ADCP to hit the surface. It is possible then, to calculate the distance 

from the H-ADCP at which the beam interferes with the surface. Additionally, if the device is 

rolled at all, one beam may be closer to the surface, further reducing the distance at which the 

beam interferes with the water surface. The effect of beam interference with the water surface 

is tested and discussed in this paper. Before profiling the velocity distribution in the channel, 

the bathymetry of the channel had to be recorded.    
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Figure 1. RD Instruments H‐ADCP CM600 model 

 

 

 

Figure 2. H‐ADCP technical specifications 
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Figure 3. H‐ADCP arm attachment 

3 Bathymetry	
An accurate hydrodynamic flow simulation in any river requires bathymetry data to display the 

shape of the river. A survey system shown in Figure 4 is used to collect bathymetric data. The 

survey system, Humminbird model 898c 3D Combo Color Fish Finder and GPS Chartplotter, 

is mounted on a boat. The bathymetry measurements are conducted while the boat is moving in 

the channel and the GPS system determines the projection coordinate at each point. Digital 

depth data are directly logged to a SD card in the Humminbird device. Data are collected and 

stored at a rate of 1 sample / sec. This Humminbird device is used for precise navigation 

applications for real time measurement.  

 

Figure 4. Humminbird used for bathymetry 
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Figure 5 displays all of the surveyed bathymetry points. All survey data is recorded in the 

LOG/LAT NAD83 coordinate system (Zone 13). Arc GIS software is used for conversion of 

LOG/LAT to UTM coordinate, shown in Figure 6 and Figure 7. The coordinates and depth 

associated with each data point defining the bed topography in the SI system of units are shown 

in Figure 8.  

 

Figure 5. Surveyed bathymetry tracks and data points 
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Figure 6. Arc GIS software 

 

 

 

Figure 7. Arc GIS software 
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Figure 8. Coordinates in SI 

 

4 Bathymetry	Interpolation	
The two banks along the shores of study reach are created based on the extents of the river 

survey data. Figure 9 shows the horizontal coordinates of the survey and the banks are plotted. 

Once a boundary is created and the channel dimensions are identified an algebraic mesh is 

generated to discretize the area. Measured depths are interpolated using the generated mesh to 

create the river geometry (Figure 10). All of the data presented in this section use the 1983 

North American Datum (NAD 83) and Universal Transverse Mercator (UTM N14) projection. 

Figure 11 shows the bathymetry contour of the CHTTC site. As one can see the depth is 
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consistent along the channel and it is between 10 m to 11 m. The depth varies at the beginning 

of the tailrace close to the exit of the dam where it reaches nearly 16 m and at the end of the 

channel where the depth gradually decreases.  

 

 

Figure 9. Shore banks for the CHTTC channel 
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Figure 10. Generated mesh for bathymetry interpolation 

 

Figure 11. Depth contour of the CHTTC site 
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5 Velocity	Measurement		
A side-looking acoustic-Doppler profiler (H-ADCP) manufactured by Teledyne RD 

Instruments is used to measure near-surface velocity in several transects. Measurements are 

conducted between July 14 and July 16, 2015. The appendix provides the average water level, 

averaged daily discharge rate, and hourly discharge rate for these three days in the Seven Sisters 

tailrace.  

The H-ADCP measurements were conducted over three days. On the first day the main focus 

was on the calibration and accuracy of the data. On the second day the velocity distribution 

profile of the CHTTC site was extracted. On the final day, the H-ADCP was used to monitor 

the velocity distribution around the Mavi turbine. Details of the measurements are summarized 

in Table 1 and Figure 12 shows the locations of measurement runs of 1 to 19 on the CHTTC 

site map.  

The H-ADCP collects the average velocity every 5.6s and a GPS is used to record the longitude 

and latitude coordinate of the measurement point. The minimum measurement period is 2 

minutes while the longest measurement period is 1 hour. Results presented in this report are the 

averaged values over the measurement period.  
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Table 1. Measurement Points 

Date Run # 
Run Time 

(min) 
ADCP Depth 

(cm) 
Bin Size 

(m) 
# of Bins Latitude Longitude 

Jul. 14 1 5 175 2 50 50'07.3077 96'01.3206 

Jul. 14 2 5 175 2 50 50'07.3046 96'01.3262 

Jul. 14 3 5 175 2 100 50'07.3049 96'01.3341 

Jul. 14 4 1 175 0.5 50 50'07.5820 96'01.6657 

Jul. 14 5 5 175 0.75 125 50'07.5820 96'01.6657 

Jul. 14 6 5 175 0.6 125 50'07.5800 96'01.6760 

Jul. 14 7 5 175 0.5 115 50'07.5749 96'01.6941 

Jul. 14 8 5 175 0.5 115 50'07.5629 96'01.7072 

Jul. 14 9 2 175 0.5 75 50'07.5676 96'01.7107 

Jul. 14 10 2 101 0.75 125 50'07.5796 96'01.6667 

Jul. 15 11 2 137 0.5 110 50'07.3035 96'01.3029 

Jul. 15 12 2 137 0.7 128 50'07.3312 96'01.3792 

Jul. 15 13 2 137 0.7 128 50'07.3627 96'01.4174 

Jul. 15 14 2.5 137 0.7 128 50'07.4022 96'01.4601 

Jul. 15 15 2 137 0.5 128 50'07.4441 96'01.5159 

Jul. 15 16 2 137 0.5 128 50'07.4894 96'01.5741 

Jul. 15 17 ~35 137 0.7 128 50'07.5326 96'01.6116 

Jul. 15 18 60 137 0.7 128 50'07.5326 96'01.6116 

Jul. 16 19 30 137 0.7 128 50'07.5326 96'01.6116 

Jul. 16 20 24 137 0.7 128 50'07.5327 96'01.6117 
Jul. 16 21 5 137 0.5 128 50'07.5553 96'01.6593 
Jul. 16 22 10 137 0.5 128 50'07.5592 96'01.6712 

Jul. 16 23 3 137 0.5 128 50'07.5626 96'01.6803 

Jul. 16 24 3 137 0.5 128 50'07.5729 96'01.6706 
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Figure 12. H‐ADCP measurement locations 
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6 Velocity	Measurement	Analysis	
In run # 1, 2 and 3 we try to capture the velocity profile for the full channel width, 2/3 channel 

width and half channel width using H-ADCP at 175 cm below the surface. This test helps to 

understand if water surface interaction with H-ADCP beams has any influence on the ADCP 

data collection. Due to the 1.5° divergence angle of the H-ADCP beams in the vertical direction, 

if there is any water surface interference it should get diminished in the result as the ADCP is 

moved towards the starboard shore and the total range is decreased. At 175 cm depth, it is 

expected that the beams will hit the surface at roughly 67 m.  Run # 11 is conducted almost at 

the same location as the run #1 is conducted. For run # 11 the H-ADCP is pulled up by 38 cm 

and it is placed 137 cm below the surface, which corresponds to a roughly 52 m range before 

the beam hits the surface. Figure 13 shows the results for run # 1, 2, 3, and 11. As it can be seen 

in the results the velocity profiles obtained in these four measurements are closely in agreement. 

Results for run #1 and 11 match closely. Results indicate minimal water surface influence on 

the H-ADCP readings. However, it is noted that if the correlation is low for these readings, 

caution should be exercised in their use. 

 

Figure 13. Results for run # 1, 2, 3 and 11 
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The same procedure is repeated downstream of the channel at runs # 4, 5, 6, 7, 8, 9 and 10. 

Again results closely match (see Figure 14). Therefore, it can be concluded that the impact of 

the water surface interference is minimum even when the H-ADCP is only 101 cm, which 

corresponds to a roughly 38.5 m range, below the surface and the full width of channel is 

measured, run#10. The fact that we can see a similar wake profile between runs 5 and 10 (1.75 

and 1.01m deep respectively) shows that the data is not heavily affected on deployment depth 

of the ADCP. 

Using the intensity plot on WinADCP (Figure 16), we can see that the beam is hitting the water 

surface, as well as the turbine in run 10. The intensity plots and correlation plots are shown for 

runs 5 and 10 in Figure 15 and Figure 16.  

 

Figure 14. Results for run # 5, 6, 7, 9 and 10 
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Figure 15. H‐ADCP intensity plot for run 5 

 

 

Figure 16. H‐ADCP intensity plot run 10 
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However, it seems that the velocity data is accurate enough before the beam hits the surface, 

because it compares well with the other, deeper runs. 

Using the intensity plot, we can see three instances of the beam contacting a surface of some 

kind. Beam 2 hits the surface of the water first, because of the roll of the ADCP. Because of 

this, we can see that the beam hits the turbine at around 38 m distance from the ADCP. 

Secondly, we see that  beam 1 (not in danger of hitting the surface, because it is angled 

downwards) hits a solid object around 90 m. We identified this to be the opposite shore. Finally, 

beam 2 hits something else around 70 m, which we have identified as the water surface based 

on these facts: beam 1 and 2 should hit the opposite shore at the same distance; therefore, it is 

unlikely this third contact is the opposite shore. Secondly, it is at roughly the edge of the range, 

as calculated by the 1.5 vertical spread angle. From this, we conclude that it is hitting the water 

surface at around 70 m. Beyond this point, we cannot trust the data as much from beam 1. Since 

the returned velocity is an average of both, this means that it adds uncertainty to the whole 

velocity reading. Consequently, it can be said that rotation of the HADCP device during 

measurement can cause uncertainty in the results and data with a rolled device requires a closer 

look. To prevent this, it is suggested to design a mount for the HADCP that will not roll during 

measurement, or to attach the HADCP to a stationary point on the shore so as to have it be 

completely stationary. 

To construct the velocity distribution in the CHTTC site, results for 9 transects are used, run # 

11, 1, 12, 13, 14, 15, 16, 18, 19 and 10. A simple and accurate interpolation procedure for 

obtaining the two-dimensional distribution of velocity data, from side-looking ADCP 

observation data, is proposed. Interpolation of the mean velocity of the time series velocity 

across several sections of the channel provides a basic picture of the flow along the entire of 

the study reach. The UTM coordinate for each bin was calculated by dividing the transect length 

to the numbers of bins of H-ADCP measurements. Using the 9 transects the whole channel is 

meshed, Figure 17, and the velocity profile of the CHTTC is obtained by interpolating between 

those transects and boundaries, Figure 18.  
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Figure 17. Transects and mesh used for to obtain the velocity contour of the site 
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Figure 18. Velocity contour of the CHTTC site 

 

7 Long	Term	Measurements	
The blue pontoon was tied to the shore in front of the CHTTC compound and four long-term 

measurements are conducted, run # 17, 18, 19 and 20. Each run was more than 20 minutes. 

Results for these runs are shown in Figure 19. Results for runs # 18, 19 and 20 match perfectly 

and the maximum velocity for these runs is about of 2.62 m/s happening at about 40 m from 

the right shore, looking downstream. However, the maximum velocity in run #17 is much 

slower and it is 2.3 m/s. By looking at the discharge rate data at the tail race for those runs, it 

would be seen that the discharge rate during run #17 was 1081 cms, while the discharge rate 

for run # 18, 19 and 20 was 1137 cms 1131 cms and 1137 cms respectively. The lower velocity 

measured at run#17 can be associated with the lower discharge rate at that moment.  



Protected   CHTTC/TR-005-0915 
 

19 
 

In all three measurements there is a local low velocity area at about 30 m from the right shore, 

looking downstream. The low velocity area represents the area around one of the large buoys 

connected to an anchor block, Figure 20.   

 

 

Figure 19. Long‐term runs 
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Figure 20. Low velocity area location with respect to the H‐ADCP 

 

8 Measurements	in	Vicinity	of	the	MAVI	Turbine		
Four measurements were conducted in vicinity of the Mavi turbine, two upstream and two 

downstream of the turbine. In all measurements the H-ADCP was placed at 137 cm below the 

water surface. Table 2 summarizes test locations with respect to the Mavi turbine. During these 

tests, turbine is in the water but it was stopped. Figure 21 shows velocity profiles in vicinity of 

the Mavi turbine. Run 21, which is conducted 18 m upstream of the turbine, shows a smooth 

velocity profile. At this transect velocity measurement the Mavi turbine has a minimum effect 

on the velocity results. Run 22 and run 23 are conducted while the blue pontoon is located just 

beside the Mavi pontoon. Run 22 represents the velocity profile just 4 m upstream of the 

turbine, Figure 22. Flow velocity has the most drops near the both ends of the turbine but at the 

central area of the turbine the velocity picks up. This could be due to the mooring system 

upstream of the turbine or because of an upstream pressure drop caused by the presence of the 

turbine. The stopped turbine reduces the freestream velocity, 4 m upstream, from average 

2.4 m/s to 2.1 m/s which indicates 12.5% reduction in the velocity. Due to the velocity drop 

caused by the turbine or mooring, just outside the turbine the velocity jumps up to 2.5 m/s.   

Measurement right behind the turbine, run 22, shows 33% velocity reduction at the center of 

the wake, 1.6 m/s. Unlike run 22, in run 23 the minimum velocity occurs on the center line of 

the turbine. As the wake gets distance from the turbine it expands and the velocity inside the 

H‐ADCP 

Low Velocity 

Area 
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wake zone recovers. At 20 m downstream of the turbine, the width of the wake is 14 m and the 

minimum velocity is 1.9 m/s, 21% lower than free stream.  

 

 

Table 2.  Test Details. 

Run Number Longitude  Latitude 

Run 21 18 m upstream 9 m on the port side of the 
turbine 

Run 22 4 m upstream 3 m on the port side of the 
turbine 

Run 23 4 m downstream 3 m on the port side of the 
turbine 

Run 24 20 m downstream 9 m on the port side of the 
turbine 

 

 

Figure 21. Velocity profile in vicinity of the turbine 
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Figure 22. Velocity profile 4 m upstream of the turbine 

 

9 Conclusion	
Measurements show that the H-ADCP results are not sensitive to the depth that the device is 

installed, even if one of the ADCP beams hit the water surface.  It is shown that even after the 

beam hits the surface, the data still matches other runs where the beam did not hit the surface. 

This leads to the conclusion that having the beam hit the surface is not as detrimental as 

expected. Caution is to be exercised, however, when using this data, and the correlation should 

be carefully monitored in these areas. Additionally, if the device rolls during measurement, this 

can cause the beams to hit the surface pre-maturely and cause uncertainty in the data. It is 

suggested to build a more rugged mount which will not roll mid-measurement or to mount the 

device on land so that it is completely stationary.  

Based on the wealth of data collected by using the HADCP, it is a useful tool for characterizing 

hydrokinetic resource. For near surface turbines, the HADCP is able to gather data across a 

channel at the depth that the turbine will likely be operating. This is useful for predicting power 

output and for assessing the performance of the turbine. Additionally, it has been shown that 

the HADCP can resolve macro flow features, such as wakes. These flow features are excellent 

for the analysis of turbine farms and observing how far downstream the flow is affected by the 

upstream presence of a surface turbine. For vertical axis or cross flow turbines, the H-ADCP is 

an excellent device to use for this visualization. There are challenges to using this device, 
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however. One such challenge is the mounting of the device. Since the readings of the results 

can be affected by rolling or pitching of the device, efforts must be made to keep the device as 

stable as possible. Using 9 transect velocity profiles the near surface velocity contour of the 

CHTTC site is constructed. Flow measurement in vicinity of the turbine shows 12% reduction 

in inflow velocity just 4 m upstream of the stopped turbine, X/D = 2. This could be due to the 

mooring system in front of the turbine, or perhaps a pressure drop caused by the downstream 

presence of the turbine. The H-ADCP is able to capture the wake behind the turbine as well. 

Measurements show 33% reduction in the flow velocity 4 m behind the stopped turbine, 

X/D = 2.  
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10 Appendix	
 

Table A1. Averaged flow rate and water level during measurement 

Date 
Averaged water level 

(m)
Averaged discharge rate 

(cms) 
July 14 256.1465 950.1542 

July 15 256.1989 1037.6083 

July 16 256.2878 1135.2522 

 

Table A2. Hourly flow rate and water level 

Date Hour Discharge rate (cms) Water Level (m) 

6/14/2015 0:00:00 908 256.045 

6/14/2015 1:00:00 907.1 256.038 

6/14/2015 2:00:00 910.4 256.03 

6/14/2015 3:00:00 909 256.045 

6/14/2015 4:00:00 908.9 256.038 

6/14/2015 5:00:00 908.6 256.03 

6/14/2015 6:00:00 910.5 256.038 

6/14/2015 7:00:00 904.9 256.038 

6/14/2015 8:00:00 908.9 256.045 

6/14/2015 9:00:00 907.1 256.045 

6/14/2015 10:00:00 908.2 256.038 

6/14/2015 11:00:00 906.6 256.03 

6/14/2015 12:00:00 911.6 256.03 

6/14/2015 13:00:00 914 256.045 

6/14/2015 14:00:00 907.8 256.03 

6/14/2015 15:00:00 907.2 256.045 

6/14/2015 16:00:00 911.1 256.03 

6/14/2015 17:00:00 908.7 256.03 

6/14/2015 18:00:00 908.1 256.023 

6/14/2015 19:00:00 904.9 256.068 

6/14/2015 20:00:00 908.2 256.084 

6/14/2015 21:00:00 907.7 256.076 

6/14/2015 22:00:00 906.8 256.084 

6/14/2015 23:00:00 909.5 256.091 

6/15/2015 0:00:00 908.7 256.084 

6/15/2015 1:00:00 906.7 256.091 

6/15/2015 2:00:00 914.9 256.076 

6/15/2015 3:00:00 911.2 256.084 

6/15/2015 4:00:00 912.3 256.091 

6/15/2015 5:00:00 912.7 256.099 

6/15/2015 6:00:00 909.9 256.091 

6/15/2015 7:00:00 910.4 256.091 
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Date Hour Discharge rate (cms) Water Level (m) 

6/15/2015 8:00:00 910.4 256.099 

6/15/2015 9:00:00 911.4 256.076 

6/15/2015 10:00:00 913.6 256.061 

6/15/2015 11:00:00 913.3 256.068 

6/15/2015 12:00:00 910.4 256.053 

6/15/2015 13:00:00 914.5 256.061 

6/15/2015 14:00:00 915.9 256.061 

6/15/2015 15:00:00 909.7 256.053 

6/15/2015 16:00:00 914.3 256.061 

6/15/2015 17:00:00 906.8 256.053 

6/15/2015 18:00:00 914.4 256.053 

6/15/2015 19:00:00 903.7 256.053 

6/15/2015 20:00:00 909.9 256.045 

6/15/2015 21:00:00 904.7 256.038 

6/15/2015 22:00:00 910 256.045 

6/15/2015 23:00:00 909.7 256.053 

6/16/2015 0:00:00 908.9 256.045 

6/16/2015 1:00:00 906.1 256.038 

6/16/2015 2:00:00 911.4 256.038 

6/16/2015 3:00:00 915.6 256.038 

6/16/2015 4:00:00 911.5 256.045 

6/16/2015 5:00:00 912.4 256.053 

6/16/2015 6:00:00 911.6 256.045 

6/16/2015 7:00:00 911.7 256.068 

6/16/2015 8:00:00 912.3 256.076 

6/16/2015 9:00:00 916.6 256.061 

6/16/2015 10:00:00 910.3 256.076 

6/16/2015 11:00:00 912.3 256.099 

6/16/2015 12:00:00 912.2 256.107 

6/16/2015 13:00:00 910 256.099 

6/16/2015 14:00:00 915.2 256.099 

6/16/2015 15:00:00 906.6 256.084 

6/16/2015 16:00:00 901 256.084 

6/16/2015 17:00:00 909.9 256.091 

6/16/2015 18:00:00 907.4 256.084 

6/16/2015 19:00:00 902.9 256.084 

6/16/2015 20:00:00 909.9 256.084 

6/16/2015 21:00:00 901.7 256.091 

6/16/2015 22:00:00 904.1 256.091 

6/16/2015 23:00:00 912.4 256.099 

 



Appendix B: Summary report: MAVI turbine mooring system loads 

measurement 



 
 

Summary	Report:		Mavi	Turbine	Mooring	System	Loads	Measurement	
	
Date	 March 31, 2016 
Revision	 0 
Prepared	 BR 
Reviewed	  
Description	 Summary of bridle line loading on the Mavi Mi1 turbine during CHTTC field 

trials.  
 

1. OVERVIEW	
This document summarizes the mooring system loads measured on the Mavi Mi1 turbine during field 
trials at the Canadian Hydrokinetic Turbine Test Centre (CHTTC) in September 2015.  

2. EXPERIMENTAL	SETUP	

2.1. 	Mooring	System	
Figure 1 shows the mooring system used to deploy the Mi1 turbine at the CHTTC, and Table 1 
summarizes the line lengths of the mooring system components.  The bridle line lengths increased by an 
additional 1.4m when the load cells were installed as described in Section 2.3. 

 
(a) 

(b) 
Figure 1:  Mooring system plan (a) and profile (b) views. 

 



 
 

Table 1:  Mooring System Component Details 

Line Section  Length [m] 

Chain – 22mm (one per anchor)  3 

Wire Rope – 0.75” diameter (one per anchor)  15 

Fibre Rope 1 – 1.0” diameter Amsteel Blue (one per anchor)  27 

Fibre Rope 2 – 0.5” diameter Amsteel Blue (one per anchor)  15 

Fibre Rope 3 – 1.25” diameter nylon double braid rope  30 

Harness Bridle – 7/8” Plasma rope w/ thimble eye  6 

Extended length on each bridle due to load cell  1.4 

 

2.2. Mooring	Load	Cells	
An off‐the‐shelf instrumented shackle and a custom‐designed load cell measured the loads in the 
mooring system.  The custom load cell recorded data on‐board to eliminate the need to run a cable up 
the mooring system and to a data acquisition computer.  Such cables are prone to damage when 
measuring mooring system loads.  Each load cell was installed in‐line with a turbine bridle line. 

2.2.1. Instrumented	Shackle	
A Deltic 5395 underwater load cell shackle (6 tonne capacity) measured the loads on the port‐side bridle 
line.  Figure 2 illustrates the instrumented shackle installed between the mooring plate on the turbine 
and the end of the bridle.  A chain was used to add additional length between the instrumented shackle 
and the end of the bridle line to match the length of the custom load cell installed on the opposite 
bridle.  

 

Figure 2:  Instrumented shackle. 

2.2.2. Mavi	Custom	Load	Cell	
The custom load cell consists of an aluminum tube housing a rapid‐prototyped tray that holds a data 
logger, battery, and strain gauge conditioner.  Strain gauges installed on the outer surface of the tube 
output a linear voltage signal according to the applied load.  Ball rod ends are threaded into the 
aluminum tube to accommodate shackles, and a small access port (sealed with a NPT plug) provides 
access to charge the battery and download the data.  Figure 3 provides a schematic of the load cell, and 



 
 

Figure 4 shows the rapid‐prototyped tray and internal components.  The load cell is capable of 
measuring up to 4 tonnes, and was designed to last up to 5 days submerged. The load cell was installed 
on the starboard bridle line and in‐series with a swivel to prevent any significant torsional loading on the 
ball rod ends (see Figure 5). 

 

Figure 3:  Custom load cell schematic. 

 

Figure 4:  Custom load cell rapid prototyped tray. 

 

 

Figure 5:  Installed custom load cell. 

 



 
 

2.2.3. Load	Cell	Calibration	
The load cells were calibrated in series by lifting a known mass of granite with the help of Coldspring 
granite in Lac du Bonnet, MB.  The load cells were calibrated to a maximum load of 2.6 tonnes.  Figure 6 
illustrates the calibration process. 

 

Figure 6:  Load cell calibration. 

2.3. Velocity	Measurement	
Water current velocity was measured using CHTTC’s Sontek Riversurveyor M9 Acoustic Doppler Current 
Profiler (ADCP).  The ADCP was deployed from a boom extending upstream of the Mi1 turbine (shown 
Figure 7).  The ADCP was located 7.0m upstream of the turbine shaft during field trials.  This location 
ensured that the cone of the ADCP beams was no closer than two equivalent diameters to the bottom of 
the turbine module, per the measurement procedures recommended in the IEC TC114 technical 
specification 62600‐200 (Electricity producing tidal energy converters – Power performance assessment 
Ed. 1.0 2013). The water current speed was calculated by weighting the velocity measured in each ADCP 
bin (0.5m level) according to the amount of bin area that overlapped the projected frontal area of the 
turbine module.   

 

Figure 7:  ADCP boom extending from Mavi turbine. 



 
 

3. EXPERIMENTAL	RESULTS	
The Mavi Mi1 turbine was deployed to its full deployment depth for the field trials; the top surface of 
the top duct was approximately 1.3m below the water surface. 

Table 2 provides the bridle line loads for the turbine at varying rotation speeds and the corresponding 
tip‐speed ratio (TSR) values.   Figure 8 shows the load fluctuations and measured velocity during each 
measurement. 

Table 2:  Recorded mooring loads for fully submerged turbine (Sep. 24, Run 6). 

Turbine 
Rotation Speed 

[RPM] 

Area‐Weighted 
Water Velocity 

[m/s] 

TSR Port Bridle 
Line Load  

[kg] 

Stbd Bridle 
Line Load 

[kg] 

Combined Drag Load 
(accounts for 12° bridle angle)  

[kg] 

50  1.84  1.8  431  516  927 

60  1.79  2.2  467  545  990 

70  1.82  2.5  497  567  1042 

75  1.86  2.7  514  586  1077 

 

 

Figure 8:  Raw data plots of mooring bridle line loads. 

The custom load cell on the starboard bridle line typically measured loads 10%‐20% larger than the 
instrumented shackle on the port bridle line.  This is likely due to increased loading on the starboard side 
of the vessel caused by the ½” diameter safety cable that was run from the starboard hull to the shore.  

The fluctuating loads and offset timing of the loads observed in the bridle lines are most likely due to 
natural flow variations (i.e. turbulence), as well as the tendency of the turbine system to drift slightly 
from side to side in the channel over the course of a measurement. 



 
 

A water speed profile for the channel is shown in Figure 9. The velocity in the ADCP bin at the depth of 
the centre of the turbine (~2.3m deep) is slower than the velocities measured at the surrounding levels.  
This is assumed to be due to the bridle affecting the local flow velocity upstream of the turbine rotor.  At 
the CHTTC, the vertex of the bridle ended up being located directly upstream of the rotor since the 
mooring lines are held near the surface with large buoys to allow for easy deployment and retrieval of 
the test turbines.  In hindsight, we should have reconfigured the mooring system at the CHTTC to 
minimize the impact of bridle interference.  At typical project locations without the buoys, the vertex of 
the mooring bridle will be pulled below the level of the rotor to minimize its impact on the incoming 
flow. 

The area‐weighted average velocity shown in Table 2 is approximately 1.8 m/s; however, the local 
velocity reduction due to the bridle affects rotor operation.  This will also impact the mooring system 
loads because the rotor contributes to approximately 65% of the total drag. 

 

Figure 9:  Water current speed profile. 

Table 3 compares the measured drag loads to the predicted drag loads on the turbine.  The predicted 
drag loads were calculated using drag coefficients from our numerical models, and are provided for two 
cases:  

1. The area‐weighted velocity is assumed to act on all turbine components (e.g. hulls, frames, 
ducts, rotor); 

2. The area‐weighed velocity is assumed to act on all turbine components except for the rotor, 
which experienced the reduced velocity caused by bridle interference. 

Table 3:  Measured and Predicted Drag Load Values. 

 



 
 

The results in Table 3 show reasonable agreement between the measured drag loads and the predicted 
drag loads after accounting for the reduced velocity acting on the rotor.  The observed differences are 
attributed to the following reasons: 

1. The safety cable running from the starboard hull to the shore will increase the drag loading on 
the turbine. 

2. The true velocity encountered by the individual turbine components will vary from the averages 
used for these calculations. 

3. Changes in the platform draft are not accounted for in the simple numerical predictions.  The 
hull was simply assumed to be 50% submerged.  For reference, hull drag is expected to be about 
6% of the total system drag, so the net effect of this assumption would typically be small. 

4. CONCLUSIONS	
This report summarizes the procedure used to measure mooring loads on the Mavi Mi1 hydrokinetic 
turbine at the Canadian Hydrokinetic Turbine Test Centre (CHTTC).  The measured loads will be 
compared to predictions from a mooring simulation to inform the development of technical 
specifications related to turbine and mooring system design. 

A novel load cell was designed and tested to record mooring line loads without the need for a cable to 
the surface, which is prone to damage during testing.  Both the custom load cell and an instrumented 
shackle were used to measure the loads on the individual bridle lines.  The load on the starboard bridle 
line was observed to be 10‐20% larger than the load on the port bridle line.  This is most likely caused by 
the ½” diameter safety cable running from the starboard hull to shore. 

The current velocity observed upstream of the rotor was reduced compared to the velocities at the 
other depths in the water column.  This is assumed to be due to the bridle vertex interfering with the 
flow entering the turbine.  The drag load predictions were within 5% to 17% of the measured loads after 
accounting for this velocity reduction.  The difference between the predicted and measured loads is 
most likely due to the following reasons: 

1. The presence of the safety cable; 

2. Different water current velocities acting on different parts of the turbine system. 

At the CHTTC, the mooring lines are held near the surface with large buoys to facilitate deployment and 
retrieval of the test turbines.  At typical project locations, the impact of the bridle on the flow will be 
reduced since the bridle vertex will sit below the level of the rotor. 

Future work is recommended to investigate the impact of the mooring system bridle on the incident 
velocity in more detail.  Longer term measurements should also be made to gain more statistical data on 
the flow fluctuations and resulting loads. 

 

 



Appendix C: EnCurrent 25kW LF drag report 



Revision --  1 
 
 

 

 
 
 

EnCurrent 25kw LF Drag Report 
 

Revision: Rev - 

Document #: 15N07-001 

Release Date: Nov. 27, 2015 

 

 

 

Prepared: Derek Neufeld 

Date: Nov. 26, 2015 

 

 

Reviewed: Clayton Bear 

Date: Nov. 27, 2015 

  



Revision --  2 
 
 

Executive Summary 
New Energy collected drag and water velocity data for the 25kw LF (low flow) EnCurrent turbine system 

with the assistance of the University of Manitoba on August 8, 2015 at the CHTTC’s site A.  It was 

observed at this site, along with any other open water way, that there was a frequent occurrence of 

large passing vortices in water and turbulent swells surfacing from below the surface of the water.  

Consequently both the water velocity and drag data exhibit a relatively large deviation from their mean 

values.  Additionally, there was considerable noise present in the water velocity data which is presumed 

to be a consequence air bubble ingestion resulting from the ADV being installed too close to the surface 

of the river.  Filtering was performed on this data and the resulting drag coefficient for the operating 

rotor and overall system (floating support structure and operating rotor) were found to be 1.17 ± 0.40 

and 1.42 ± 0.41 respectively.   

A large drag load impulse was observed as the turbine rotor started rotating during start up.  The 

magnitude of this load is roughly 75% greater than the mean system operating drag load.  This drag load 

impulse is a consequence of the spreader bar’s weight that is used in the mooring line of the EnCurrent 

system and is characteristic of slack left in the mooring line upon start-up.  When considering the drag 

load on hydrokinetic turbines, this start-up impulse is to be understood as characteristic of the 

EnCurrent turbine system or more generally mooring systems that are subject to loading while slack 

remains in the line and not hydrokinetic turbines in general. 
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Instrumentation 
There were 3 instruments involved in the gathering of the data for this report; a load cell, load cell data 

taker, and ADV transducer.  The load cell was connected through the load cell data taker to one 

computer and the ADV transducer was connected to a second computer.  Synchronization of data was 

done through radio coordinated logging initiation, so synchronization is accurate within roughly 1 

second. 

The transducer used to collect drag load data through the main mooring line was Omega’s LCCD-15k 

series S-beam type load cell.  This load cell is rated for 15,000 lbf.  Figure 1 shows an image of the type 

of load cell used.  The calibration sheet for this instrument is shown in Appendix A. 

 

Figure 1 Omega load cell 

The data taker used to read the load cell output was a Labjack-U6 USB data taker with a sample rate of 

30Hz and a resolution of 10 lbf (20uV). 

The ADV used to measure water velocity is a Nortek Fixed Stem Vector Velocimeter which has a sample 

rate of 64 Hz.  The datasheet for the instrument is attached in Appendix B. 
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Configuration 
The EnCurrent 25kw low flow turbine system was installed at CHTTC’s site A using a single mooring line 

to one side of the channel.  The total length of the mooring line was roughly 365 ft.  The general layout 

is shown in Figure 2; specific locations numbers 1-5 are described below. 

Location 1 
The system was anchored to shore using a 1.25” anchor bolt roughly 10” long epoxied into the rock.  A 

custom anchor plate was fabricated out of 1" steel plate to allow connection of a shackle to the anchor 

bolt.  The 15,000lbf load cell was installed in line with the chain using 7/8” bolt type anchor shackles and 

a chain hook as shown in Figure 3 and Figure 4.  This connection point was located roughly 10ft above 

the water level. 

Location 2 
Following the load cell was 50ft of 3/8” grade 80 chain.  At each end of the grade 80 chain was attached 

a 3/8” hammer lock connector to enable connection of a 7/8” bolt type anchor shackle as shown in 

Figure 5. 

Location 3 and 4 
Connected downstream of the chain was 15ft of 3/4" wire rope followed by 300ft of 1/2” Amsteel blue 

(dyneema) rope.  The connection between these two components was made using a 7/8” bolt type 

anchor shackle.  These components can be seen in Figure 6. 

Location 5 
The turbine’s mooring bridle was connected to the end of the Amsteel blue.  The mooring bridle for the 

EnCurrent 25kw low flow system can be seen in Figure 7.  This connection point is located roughly 1.5m 

below the surface of the water. 
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Figure 2 mooring arrangement
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Figure 3 location 1 

 
Figure 4 location 1 second perspective 

 
Figure 5 location 2 

 
Figure 6 location 3 and 4 

 
Figure 7 location 5 
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Results 
The water velocity data that was gathered was found to be quite noisy with some velocity readings at 

times being as high as 10m/s.  Consequently, filtering was done on the data in order to remove 

erroneous values.  The presented data is that which was produced after filtering. 

The following is a list of descriptions of the 5 different test runs that were conducted. 

1. Drag vs velocity measurement with the turbine out of the water 

2. Drag vs velocity measurement while rotating the turbine into the water and started 

3. Drag vs velocity measurement of the turbine running with a load 

4. Drag vs velocity measurement during loaded operation with the brake applied 

5. Drag vs velocity measurement during start-up without an electrical load on the turbine 

The following table, Table 1, shows average water velocity and drag values for each test run that was 

performed.  The complete set of timescale data can be found in Appendix C.  It should be noted that 

these values represent the total system drag; that is, all wetted components including mooring cables, 

spreader bar, boat, and rotor.  Note that each test run did not yield data for every rotor position and 

configuration so there appear to be some gaps in the table below; this is intentional. 

 

Table 1 water velocity and drag results by test run 

 
Water Velocity 

(m/s) Drag (lbf) 

Run 
# 

Test Run - 
Average Dev. 

Rotor 
Out Dev. 

Rotor In – 
Brake On Dev. 

Rotor In - 
Running Dev. 

Max Impulse 
During Startup 

1 2.26 0.16 1577 82      

2 2.07 0.20 1386 40 2543 139 7859 449 13421 

3 1.96 0.18     7188 523  

4 2.04 0.21   2762 69 7091 682  

5 1.94 0.20   2327 66 7234 759 13498 

 

 

In order to determine the drag coefficient, the frontal cross section of the turbine rotor will be used as 

the representative area.  The dimensions of the 25kw EnCurrent Low Flow turbine are 2.4m tall x 4.8m 

wide; this results in a cross section of 11.52m^2.  The drag coefficient is represented by the following 

formula: 

 

𝐶𝐷 =
𝐷

0.5 ∗ 𝜌 ∗ 𝑉2 ∗ 𝐴
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CD=Drag coefficient 

D=Drag (N) 

ρ=Density (water, kg/m^3) 

V=Velocity (water, m/s) 

A=Turbine cross-sectional area (m^2) 

 

Table 2 shows a summary of the drag coefficients found during each run for the following 

configurations: the drag coefficient of the boat alone, the drag coefficient of the rotor alone while it is 

not rotating (measured boat drag subtracted from the measured rotor not rotating drag), the drag 

coefficient of the rotor alone while it is rotating (measured boat drag subtracted from the measured 

rotor rotating drag), and the drag coefficient of the complete system (measured rotor rotating drag).  

Since the boat drag was not measured in isolation for every test run, the average boat drag coefficient 

will be used to calculate the boat drag for those runs where measured data is unavailable, and then that 

value subtracted from the system drag for each of the remaining runs to isolate the rotor drag. 

For the purposes of this report, the portion of the recorded drag that results from the spreader bar is 

not isolated from any of the reported configurations.  This is considered acceptable because the 

EnCurrent rotor cannot be deployed without the spreader bar. 

 

Table 2 drag coefficients by run number 

Run # Boat Rotor, not 
rotating 

Rotor, rotating System 

1 0.24  ± 0.05    

2 0.25 ± 0.06 0.21 ± 0.07 1.17 ± 0.32 1.42 ± 0.36 

3   1.21 ± 0.39 1.45 ± 0.39 

4  0.27 ± 0.12 1.07 ± 0.41 1.31 ± 0.41 

5  0.23 ± 0.11 1.24 ± 0.47 1.48 ± 0.47 

AVG 0.24 ± 0.05 0.24 ± 0.10 1.17 ± 0.40 1.42 ± 0.41 

 

 

When the brake is released and the turbine starts rotating, there is a very large drag load spike that is 

observed and it takes roughly 3-4 seconds for the drag load to drop to a steady state level.  The peak of 

this spike is roughly 75% higher than the average operating system drag. 
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Discussion 
The noise in the water velocity readings appeared to increase significantly when the rotor was rotated 

into the water.  Since the center of mass of the turbine is located between the rotor and the center of 

rotation, as the turbine is rotated into the water the center of mass moves towards the back of the boat.  

This has the effect of causing the bow of the boat to raise out of the water and the stern of the boat to 

sink slightly further into the water.  Furthermore, there were 4 personnel onboard the floating platform 

and all of them were located on the bow half of the floating platform during installation of the ADV.  

Since the ADV was installed on the walkway at the bow of the floating platform, it is assumed that the 

movement of the personnel onboard the floating platform from the bow to the stern as well as the 

rotation of the turbine into the water resulted in the probe end of the ADV being lifted too close to the 

surface causing an increased susceptibility to air bubble ingestion.  Air bubbles passing through the 

ADV’s measured volume of water causes very large issues due to the different speed of sound in each 

medium. 

The flow of water through the waterway at the CHTTC was observed to be far from consistent across the 

cross-section.  The presence of many passing vortices and surfacing swells was observed frequently 

during this testing trip and many other trips to the CHTTC.  This inconsistency in both water velocity 

magnitude and direction is apparent in both the water velocity data as well as the drag load data 

collected.  That noted, these characteristics have also been observed to be consistent with pretty well 

any natural water way and so must be considered when designing any machine for deployment in an 

open waterway. 

Previous drag testing resulted in slightly lower operating drag coefficients; roughly 1.0 for the rotor 

alone and 1.2 for the complete system.  It is assumed that the measured water velocity during operation 

is slightly slower than the true free stream water velocity due to the placement of the ADV in such close 

proximity to the rotating turbine; there is partial stagnation of the water directly in front of the turbine.  

That considered, the previously recorded data is not outside the error window of the data recorded 

during these tests and so they are considered to be in agreement. 

The spike in drag that occurs during start up is a result of slack in the mooring line, which occurs due to 

the weight of the spreader bar.  The spreader bar on the 25kw EnCurrent turbine weighs roughly 350 lbs 

and so when the turbine is not operating, the drag force on the mooring line is insufficient to lift the 

spreader bar to its operational resting point which is in-line with the rope.  Upon releasing the brake or 

starting rotation of the turbine, the tension in the mooring line increases by a factor of roughly 4 which 

causes the spreader bar to be lifted through the water and come to rest in-line with the mooring cable.  

As the spreader bar is lifted, the distance between the turbine and the anchor point increases by a few 

feet and so the turbine effectively acquires kinetic energy.  Once the spreader bar is in-line with the 

mooring line, the mooring line stops the turbine system almost immediately (due to there being very 

little stretch in the rope) and the drag spike that is observed is a result of the mass of the turbine system 

undergoing a relatively quick deceleration upon tensioning the mooring line. 

  



Revision --  11 
 
 

Conclusion 
For the purposes of the EnCurrent mooring system design, the drag coefficient that is of importance is 

the system drag coefficient because it is used to calculate the required minimum tensile strength of the 

mooring cable.  The system drag coefficient that has been calculated from this set of tests is 1.42 ± 0.41.   

For the purposes of designing the turbine rotor and rotor support structure, the rotating rotor drag 

coefficient is useful because it provides the drag load that the rotor is subject to during operation.  This 

set of test data shows the rotating rotor drag coefficient to be 1.17 ± 0.40. 

The EnCurrent system experiences a maximum drag load during system start up and is measured to be 

of a magnitude roughly 75% greater than the steady state system drag load.  Since this load is a 

consequence of the components used in the EnCurrent system’s mooring line, as discussed previously, it 

needn’t be considered characteristic of all turbine systems.   
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