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The objective of Task 5.9 was to carry out the testing of the Deployment Design tools in order to verify 

that it meets all the previously defined requirements (detailed in WP5). This report documents the 

ÏÕÔÃÏÍÅ ÏÆ 4ΫȢί Ȱ6ÅÒÉÆÉÃÁÔÉÏÎ ÏÆ ÔÈÅ $ÅÐÌÏÙÍÅÎÔ $ÅÓÉÇÎ ÔÏÏÌÓȢȱ 

The goal of the verification task was to ensure that the tools: 

} respond correctly to a varied set of inputs, 

} perform their functions in an acceptable time and reasonable use of the computational resource, 

} are adequate in terms of usability, and 

} are verified against control data. 

 

The following actions were completed for all tools as part of the verification and are described in detail 

in this report: 

} Definition of the Verification Cases and evaluation criteria 

} Organisation of training sessions (for technical and industrial partners) 

} Collection of data for each Verification Case 

} Running the Verification Cases (by technical and industrial partners) 

} Analysis of the results based on quantitative and qualitative assessments 

} Creation of a task list of changes that could improve the tool to improve performance 

 

A stable beta version of the available tools is fully documented with a technical manual and a user 

manual. The tools will be further validated and demonstrated using real data from the first pilot 

experiences in WP7. 

 

Overall, according to the quantitative results, the end-users involved in evaluating the Deployment 

Design tools are satisfied with usability, user-friendliness, performance, and value, with generally 

high scores for all the modules (in the range of 3-5). There are some exceptions to this, for some 

categories and some modules highlighted in this report as an improvement area for the next version. 

The qualitative assessment ensured written feedback was gathered, analysed and turned into 

guidance for improving the next release of the tools. This guidance identified high priority 

improvements for the tools: 10 for Site Characterisation (SC); 11 for Machine Characterisation (MC); 

7 for Energy Capture (EC); 11 for Energy Transformation (ET); 12 for Energy Delivery (ED); 19 for 

Station Keeping (SK); and 20 for Logistics and Marine Operations (LMO). These will be implemented 

in the final release of the DTOceanPlus suite of tools. 
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$%&).)4)/. /& 4%2-3 

Module/Tool Software that can be run in standalone mode: alpha versions. 

Features The functionality provided by the software to the user and relates to the 

identified requirements from the user consultation exercise captured in WP2.  

Software route Each of the possible trajectories to cover all the toolȭs business logic (e.g., 

new concept/ÉÍÐÒÏÖÅÍÅÎÔ ÃÙÃÌÅȟ ȣɊ. 

Verification 

Scenarios 

A set of independent input/output data to be provided to the end-user 

for verification. It comprises of the Design Objective, Verification Cases 

and User Stories. 

User stories Short, simple descriptions of a feature. A partial design objective (e.g., As a 
<type of user>, I want <some goal> so that <some reason>). 

 
Verification Cases Design variants covering one trajectory and ending up in one or multiple 

Features/ User Stories. 
 

Design Objectives Short descriptions of a relevant design case for ocean energy, non-
confidential, which has been addressed by other tools/ methods, and 
applicable to part or all the Verification Cases. 
 

Evaluation Areas The areas in which the user measures the success of ocean energy technology 
to demonstrate progress and performance. 
 

Metrics The parameters used to evaluate how well a technology performs in the 
Evaluation Areas. These are outputs of the Deployment and Assessment tools 
and are summarised in the Metrics section below. 
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1. ).42/$5#4)/. 

1.1 SCOPE AND OUTLINE 

This report documents the methodology and results of the Deployment Design (DD) tools beta 

version verification. The verification tasks described in this report were designed to assess whether 

the tools: 

} respond correctly to a varied set of inputs, 

} perform their functions in an acceptable time and with a reasonable use of computational 

resource, 

} are adequate in terms of usability and 

} can be verified against control data. 

Verification is a critical step in software development ɀ it determines whether the software satisfies 

the functional requirements and is essential to ensure the development phase is carried out 

accurately. 

Verification Scenarios (VSs) are a set of independent input/output data to be provided to the end-user 

for the verification. 

To perform the verification of the DD tools, two Verification Scenarios (VSs) were created by using 

Reference Models (RM) 1 and 3 from Sandia [1]. For some modules (SC, MC, EC and SK) these 

scenarios were strictly followed. For ET module it was considered a single tidal device (following RM1, 

for Verification Case 1 (VC1) and a ÔÉÄÁÌ ÁÒÒÁÙ ÏÆ ΧΦ ÄÅÖÉÃÅÓ ÕÓÉÎÇ 3ÁÎÄÉÁȭÓ 2-Χ ɉfor VC2), plus a single 

wave device (following RM3, for VC3Ɋ ÁÎÄ Á ×ÁÖÅ ÁÒÒÁÙ ÏÆ ΧΦ ÄÅÖÉÃÅÓ ÕÓÉÎÇ 3ÁÎÄÉÁȭÓ 2-Ω ɉfor VC4). In 

the case of ED module, data collected for RM1 and RM3 have been used where possible and also LMO 

module utilised both data coming from SandiaȭÓ reports and synthetic ones to set up the verification 

scenarios. 

After receiving demonstrations and interactive training on how to use the tool, the technical verifiers 

as well as the industrial verifiers were given access to an online version of the beta version of DD tools. 

They were then asked to run through each of the VS and complete a Software Evaluation Form 

designed to perform the verification. Table 1.1 shows the full list of developers, technical and 

industrial verifiers for all the DD modules. This report describes: 

} the Verification Cases (VCs) and Software Evaluation Forms collecting feedback, 

} the demonstration and training sessions that were provided to the verifiers of the tool, 

} the results of the verification, including quantitative and qualitative assessments of each VS, and 

} any recommended changes or additional functionality that would add value to the tools. 
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TABLE 1.1: DEPLOYMENT DESIGN TOOLS DEVELOPERS, TECHNICAL AND INDUSTRIAL VERIFIERS 

Module Developer Technical verifier Industrial verifiers 

SC FEM AAU 
BV, EDP, EGP, IDOM, 

NOVA, SABELLA 

MC AAU FEM 
BV, EDP, EGP, NOVA, 

SABELLA 

EC AAU WavEC 
BV, EDP, EGP, IDOM, 

NOVA, SABELLA 

ET Tecnalia UEDIN 
BV, EDP, EGP, IDOM, 

SABELLA 

ED UEDIN WavEC 
EDP, EGP, IDOM, 

SABELLA 

SK FEM Tecnalia 
BV, EDP, EGP, IDOM, 

NOVA, SABELLA 

LMO WavEC AAU 
BV, EGP, IDOM, 

SABELLA, WES 

 

The remainder of this section provides short summaries of the DTOceanPlus project and of the DD 

tools. For further information and background on the project, the reader is directed towards previous 

deliverables, e.g. [2, 3, 4]. 

Section 2 outlines the methodology adopted for the verification activities, to later review the 

Verification Cases (VCs). Then, attention has been paid to the data used to run the VCs. The training 

sessions organised both for the technical and the industrial partners are also illustrated in this section. 

Finally, the Evaluation Criteria used to evaluate the toolsȭ functionalities are presented. 

In Section 3 the user flow and experience and the approach of the User Stories adopted to go through 

the features of the DD tools are explained, and the complete set of VCs is illustrated. 

Section 4 illustrates the assessments resulting from the verification process, divided between 

quantitative and qualitative. A list of actions to improve the DD tools functionalities, according to the 

evaluations received, is also present at the end of this section. 

In Section 5 the conclusions of the verification process are listed. 

Annex I. provides an overview of the user manual that is being developed alongside the tools. 

Annex II. contains the software evaluation forms used for the verification tasks. 
 
Annex III. summarises the scores and anonymous comments from the verification tasks. 
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1.2 SUMMARY OF DTOCEANPLUS 

The Deployment Design tools belong to the suite of tools that the DTOceanPlus project is developing 

for ocean energy technologies. The tools will support the entire technology innovation and 

advancement process from concept, through development, to deployment and will be applicable at 

a range of levels: sub-system, device, and array. 

At a high level, these include: 

} Structured Innovation (SI) tool for concept creation, selection, and design. 

} Stage Gate (SG) tool, using metrics to measure, assess and guide technology development. 

} Deployment Design (DD) tools, supporting optimal device and array deployment: 

Á Site Characterisation (SC): to characterise the site, including metocean, geotechnical and 

environmental conditions. 

Á Machine Characterisation (MC): to characterise the prime mover. 

Á Energy Capture (EC): to characterise the device at an array level. 

Á Energy Transformation (ET): to design PTO and control solutions. 

Á Energy Delivery (ED): to design electrical and grid connection solutions. 

Á Station Keeping (SK): to design moorings and foundations solutions. 

Á Logistics and Marine Operations (LMO): to design logistical solutions and operations plans 

related to the installation, operation, maintenance, and decommissioning operations. 

} Assessment Design (AD) tools, used by the other tools to quantify key parameters: 

Á System Performance and Energy Yield (SPEY): to evaluate projects in terms of energy 

performance. 

Á System Lifetime Costs (SLC): to evaluate projects from the economic perspective. 

Á System Reliability, Availability, Maintainability, Survivability (RAMS): to evaluate the reliability 

aspects of a marine renewable energy project. 

Á Environmental and Social Acceptance (ESA): to evaluate the environmental and social impacts 

of a given wave and tidal energy projects. 

The main linkages between DTOceanPlus modules are outlined in Figure 1.1. 

 
FIGURE 1.1: DTOCEANPLUS MODULES, MAIN LINKAGES AND OUTPUTS 
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1.3 DEPLOYMENT DESIGN TOOLS 

The Deployment Design tools will provide optimised solutions and layouts for the deployment of 

ocean energy technologies and define all the technical design specifications to run the Deployment 

Design tools for the evaluation of metrics. [5] 

This objective is pursued by delivering key calculations and objective information on optimal array 

development. 

The main functionalities of the tools are combined in seven modules: 

} Site Characterisation (SC) gathers metocean, geotechnical and environmental conditions. This 

module processes all the site information and elaborates the environmental constraints.  

} Machine Characterisation (MC) post-processes the technical data inherent to the prime mover in 

order to be directly usable by the different tools. 

} Energy Capture (EC) at an array level, assesses and defines optimal solutions for wave and tidal 

energy converters. The captured power estimated by the Energy Capture module is used as input 

for the Energy Transformation and Energy Delivery modules. 

} Energy Transformation (ET) focuses on different PTO systems for tidal and wave energy 

converters, considering their performance and costs and their impact on reliability, logistics, and 

environmental issues. 

} Energy Delivery (ED) deals with electrical and grid issues. In particular, the module objective is to 

maximise the quality of the electrical power delivered to the onshore distribution network. 

} Station Keeping (SK) supports the design of the mooring and foundation subsystems, defining a 

local optimal design solution based on the cost of all components. 

} Logistics and Marine Operation (LMO) deals with installation, operation, maintenance, and 

decommissioning, with the aim of minimising the logistic cost in all lifecycle stages, considering 

different combinations of ports, vessels and support equipment for a given project. 

Each of these modules is able to carry out design and assessment at three different levels of 

complexity (1: low, 2: medium and 3: high). 
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2. -%4(/$/,/'9  

2.1 OVERVIEW  

The principal aim of the verification task was for the technical and industrial verifiers to evaluate 

the functionalities of the DD tools. In order to achieve this, the following actions were 

completed: 

} Definition of the VCs and VSs: this has been achieved by analysing the key features of the 

DD tools and the associated User Stories accounting for levels of complexity, standalone 

mode, wave and tidal scenario, array layout and network topologies (see Section 3). 

} Collection of data: a collection of input/output control data and project data (from 

catalogues and default data) have been defined and collected (see Section 3). 

} Organisation of training sessions: training sessions on using tools have been provided to 

both the technical verifiers and the industrial partners (see Section 2). 

} Definition of Evaluation Criteria: a common Software Evaluation Form was developed and 

used in the verification of every DTOceanPlus module. The Software Evaluation Form is 

divided into sections assessing the Usability, User-friendliness, Performance and Accuracy 

and perceived Value of the tool (see Section 2). 

After the delivery of the training sessions, the technical and industrial verifiers were provided 

with the VSs, reference data and Software Evaluation Form. They then assessed each of the 

VCs in turn, testing the features of the software and completing the Software Evaluation Form. 

The quantitative and qualitative results from the Software Evaluation Form completed by each 

verifying partner were collected, collated and analysed. The results of this analysis are 

presented in Section 4.  

2.2 DATA DEFINITION 

Verification Cases scenarios have been adapted in accordance with available data produced by 

the Reference Model Project (RMP) sponsored by the US Department of Energy (DoE) Wind 

and Water Power Technologies Program. This project aims to produce on-proprietary 

Reference Models (RM) of technology designs as study objects for open-source research and 

development programs [6]. 

The 2-Ó ÕÓÅÄ ÁÓ ÐÁÒÔ ÏÆ $4/ÃÅÁÎ0ÌÕÓȭ ÖÅÒÉÆÉÃÁÔÉÏÎ ÁÃÔÉÖÉÔÉÅÓ ÁÒÅ 2-Χ ÁÎÄ 2-Ω; both power 

performance and velocity measurements were collected to assess their interaction with the 

surrounding environment. The outputs of the tests have been used as inputs for the modules 

developed under DTOceanPlus, as showed in Figure 2.1. 
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FIGURE 2.1: FLOW OF REFERENCE CASES/DATE BETWEEN THE TOOLS 

2.2.1 RM1 Tidal turbine 

The RM1 device is a dual variable-speed variable-pitch axial-flow tidal turbine device. The rated 

power for the dual rotor unit is 1.1 MW. The main dimensions of the RM1 device are illustrated 

in Figure 2.2. 

 

FIGURE 2.2: RM1 DEVICE PROFILE AND PLAN VIEWS DIMENSIONS 

 

The main source of data for this validation scenario is the publication [7]. The study case in the 

paper has been conducted with the aid of the DTOcean software, v2.01. The resulting cable and 

turbine layout are represented in Figure 2.3. 

 
1 Available from: https://github.com/DTOcean/dtocean.github.io/releases/tag/v2.0.0  

https://github.com/DTOcean/dtocean.github.io/releases/tag/v2.0.0
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FIGURE 2.3: CABLE AND TURBINE LAYOUT FOR THE VALIDATION SCENARIO 1 

 

The tidal energy resource for RM1 was developed from site information on the Tacoma Narrows 

tidal site in Puget Sound. For this study, a tidal location in Europe with similar site 

characteristics was considered. The black line in Figure 2.4 denotes the reference current speed 

frequency histogram selected for the reference model (mean of all sites), with Umax=3 m/s. 

 

FIGURE 2.4: NON-DIMENSIONAL MID-DEPTH CURRENT SPEED FREQUENCY HISTOGRAMS FOR 

PUGET SOUND [1] 
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2.2.2 RM3 Wave energy converter 

7ÁÖÅ %ÎÅÒÇÙ #ÏÎÖÅÒÔÅÒÓ ɉ7%#ÓɊ ÁÒÅ ÂÁÓÅÄ ÏÎ 3ÁÎÄÉÁȭÓ 2ÅÆÅÒÅÎÃÅ -ÏÄÅÌ Ω ɉ2-ΩɊȢ 4ÈÅ 2-Ω 

device is a heaving point absorber, also referred to as a wave power buoy. RM3 uses a Hydraulic 

PTO whose components are located inside the vertical column. The rated capacity of this unit 

is 260 kW, with a conversion efficiency of 80% from mechanical to electrical energy. The overall 

design and dimensions of the RM3 device are illustrated in Figure 2.5 [1]. 

 

 

FIGURE 2.5: RM3 DEVICE DESIGN AND DIMENSIONS  

 

The main source of data for this validation scenario is based on the example that can be 

downloaded from DTOcean software, v2.02. The resulting cable and turbine layout are 

represented in Figure 2.6. 

 
2 Available from https://github.com/DTOcean/dtocean.github.io/releases/tag/v2.0.0  

https://github.com/DTOcean/dtocean.github.io/releases/tag/v2.0.0
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FIGURE 2.6: CABLE AND TURBINES LAYOUT FOR THE VALIDATION SCENARIO 2 

 

The reference wave energy resource for RM3 was developed from site information collected 

near Eureka in Humboldt County, California [1]. Again, for convenience and this studyȭs 

purposes, a wave location in Europe with similar site characteristics is considered. The mean 

reference site wave energy density is 33.5 kW/m. 

 

FIGURE 2.7: WAVE SCATTER DIAGRAM FOR EUREKA, HUMBOLDT COUNTY, CALIFORNIA  
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2.3 DEMONSTRATION AND TRAINING SESSIONS 

2.3.1 Training Sessions for the Technical Partners 

Before running the first round of VCs, the technical verifiers received detailed training materials 

and tutorials. The main form of the training was provided through a set of video conference 

calls where a walkthrough of each moduleȭs features was given. The conference calls facilitated 

technical discussions between the developers and the technical verifiers. 

A set of dedicated deliverables [8] [9] [10] [11] [12] [13] describing all the potential uses of all 

Deployment Design tools is also available for consultation. These documents present: use cases 

and functionalities for each module, their implementation, the business logic of the code and a 

set of extensive examples to provide the reader with an overall view of the capabilities of each 

module. 

2.3.2 Training Sessions for the Industrial Partners 

A similar walkthrough of the tools was provided to the industrial partners on a separate video 

conference call. The industrial partners were also provided with links to the previous 

Deployment Design tools documentation and a list with the VCs. 

2.4 EVALUATION CRITERIA 

Potential users and other stakeholders (different from the technical and industrial partners) 

were consulted to identify and clarify their need, requirements and expectations of the 

Deployment Design tools [2]. 

The outcome of this user group analysis has been used to inform the functional requirements 

for the development of the DTOceanPlus tools and subsequently set out the Evaluation 

Criteria. Most of the respondents reported that comparing devices, locations, and combined 

arrays of different devices and technologies are all important features. 

The inputs coming from the user-groups consultation and the technical requirements set out 

for the Deployment Design tools [5] delineated the Evaluation Criteria used throughout the 

Verification activities. These criteria include a numeric (see Table 2.1) and qualitative 

ÁÓÓÅÓÓÍÅÎÔ ÆÏÒ ÅÁÃÈ ÔÏÏÌȭÓ ÆÕÎÃÔÉÏÎÁÌÉÔÉÅÓȢ Regarding the numeric assessment, a scale ranging 

from 1 to 5 has been used, where 1 represents the most negative assessment and 5 the most 

positive one. 

TABLE 2.1: SCORING SCALE USED IN THE NUMERIC ASSESSMENT 

Score 1 2 3 4 5 

Description 
Strongly 
disagree 

Disagree Undecided Agree 
Strongly 
agree 
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A common Software Evaluation Form was developed and used in the verification of every 

DTOceanPlus module. The Software Evaluation Form was divided into four sections assessing 

the : 

} usability, 

} user-friendliness, 

} performance and accuracy and  

} perceived value of the tool. 

The individual Evaluation Criteria included in the Software Evaluation Form are shown in the 

evaluation results in Section 4, categorised under these four headings. When each technical or 

industrial verifier completed the Software Evaluation Form, they were required to assign a 

score of 1 ɀ 5 (see Table 2.1) to each of the individual evaluation criteria. 

The Evaluation Criteria for the Performance and accuracy section are applied for each feature of 

the software. 

The Software Evaluation Forms and respective anonymous feedback are included as Annex II 

and III of this report.  
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3. 6%2)&)#!4)/. #!3%3 

3.1 SITE CHARACTERISATION (SC) 

3.1.1 User flow and experience 

The main purpose of the Site Characterisation module is to extract the physical characteristics 

of a designated site. This module will then provide information to most of the other modules 

about: 

1. The bathymetry; 

2. The type of sediment and its associate physical characteristics; 

3. The probability of the presence of endangered species; 

4. Timeseries and statistics of waves, tidal currents, wind speed and water level fluctuations. 

The extracted data is based on input databases provided by default or imported by the user. 

In standalone mode, the user first sets up a study, providing a name. They then have to specify 

input data which are simply energy levels at complexity level 1 and 2, and databases files at 

complexity level 3. 

In integrated mode, using the module does not change as it is upstream from all the other 

modules. 

The main outputs are databases, extraction features and computed statistics based on these 

extractions. 

3.1.2 User Stories 

There are two main user stories for the SC module, corresponding to the simple and full 

functionalities, which can be expressed as follows:  

1. Simple mode: 

a. As a project or device developer, I would like to get a quick estimation of the 

meteocean conditions of the site by only knowing basic information. 

2. Full design mode: 

a. As a project developer, I would like to estimate metocean conditions on my study 

site using my own databases. 

3.1.3 Definition of the Verification Cases  

Four functionalities can be identified in order to assess the performance and accuracy of this 

module: 

} Extraction of 1D metocean parameters from DTOcean+ database (Complexity level 

1),  
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} Extraction of 2D metocean parameters from DTOcean+ database (Complexity level 

2),  

} Extraction of 1D or 2D metocean parameters from user inputs (Complexity level 3), 

} Statistics computation  on the extracted parameters. 

Eight Verification Cases (VC) have been defined in order to check these four functionalities, for 

Wave and Tidal (see Table 3.1). The eight VCs can be grouped into two independent 

Verification Scenarios: 

} ! 4ÉÄÁÌ ÄÅÖÉÃÅ ÕÓÉÎÇ 3ÁÎÄÉÁȭÓ 2ÅÆÅÒÅÎÃÅ -ÏÄÅÌ Χ ɉ2-ΧɊȟ  

} ! 7ÁÖÅ ÄÅÖÉÃÅ ÕÓÉÎÇ 3ÁÎÄÉÁȭÓ 2ÅÆÅÒÅÎÃÅ -ÏÄÅÌ Ω ɉ2-ΩɊȢ 

 

TABLE 3.1: FEATURES AND TOTAL NUMBER OF VERIFICATION CASES FOR SC 

Feature 
Levels of 

complexity 

Dimensions 
of 

timeseries 
(1D/2D) 

Other 
option 1 

Other 
option 2 

Total 
cases 

Business 
logic 

Extract DTOcean+ 
1D-data and 
compute statistics  

1 1 X X 1 99% 

Extract DTOcean+ 
2D-data and 
compute statistics  

2 1 X X 1 90% 

Extract user data 
(1D or 2D) and 
compute statistics  

3 2 X X 2 75% 

 

3.1.3.1. Case RM1-SC1 

The verification test case RM1-SC-1 is based on the Scenario RM1, with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ in Scenario RM1. The only information the user 

has is that the device RM1 is to be deployed in a site with a water depth of around 50m and a high 

level of tidal current energy. He would like to know the main characteristics of a potential site in 

ÔÅÒÍÓ ÏÆ ÔÉÄÁÌ ÃÕÒÒÅÎÔÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 1D metocean parameters from DTOcean+ database (Complexity level 1) 

} Statistics computation on the extracted parameters. 

3.1.3.2. Case RM1-SC2 

The verification test case RM1-SC-2 is based on the Scenario RM1, with the following user story: 
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Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ in Scenario RM1.The only information the user 

has is that the device RM1 is to be deployed in a site with a water depth of around 50m and a high 

level of tidal current energy. They would like to know the main characteristics of a potential site in 

terms of tidal currents and wants 2D results for future farm of devices optimisationȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 2D metocean parameters from DTOcean+ database (Complexity level 2) 

} Statistics computation on the extracted parameters 

3.1.3.3. Case RM1-SC3 

The verification test case RM1-SC-3 is based on the Scenario RM1, with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ ÂÙ 3ÃÅÎÁÒÉÏ 2-ΧȢ 4ÈÅ ÕÓÅÒ ËÎÏ×Ó ÔÈÁÔ ÔÈÅ ÄÅÖÉÃÅ 

RM1 is to be deployed in a site with a water depth of around 50m and has metocean timeseries of 

this site. They would like to know the main characteristics of a potential site in terms of tidal 

ÃÕÒÒÅÎÔÓ ÓÔÁÔÉÓÔÉÃÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 1D metocean parameters from user inputs (Complexity level 3) 

} Statistics computation on the extracted parameters 

3.1.3.4. RM1-SC4 

The verification test case RM1-SC-4 is based on Scenario E2RM1 (Equivalent European scenario 

to RM1, within 2D metocean data), with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎg within the project described by Scenario E2RM1. The user knows that the 

device RM1 is to be deployed in a site with a water depth of around 50m and has a 2D metocean 

timeseries of this site. They would like to know the main characteristics of a potential site in terms 

ÏÆ ÔÉÄÁÌ ÃÕÒÒÅÎÔÓ ÓÔÁÔÉÓÔÉÃÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 2D metocean parameters from user inputs (Complexity level 3) 

} Statistics computation on the extracted parameters 

3.1.3.5. RM3-SC1 

The verification test case RM3-SC-1 is based on the Scenario RM3, with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ ÂÙ 3ÃÅÎÁÒÉÏ 2-ΩȢ 4ÈÅ ÕÓÅÒ ÄÏÅÓÎȭÔ ËÎÏ× ÁÎÙÔÈÉÎÇ 

except that the device RM3 is to be deployed in a site with a water depth of around 90m and a high 

level of wave energy. They would like to know the main characteristics of a potential site in terms 

ÏÆ ×ÁÖÅÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 
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} Extraction of 1D metocean parameters from DTOcean+ database (Complexity level 1) 

} Statistics computation on the extracted parameters 

3.1.3.6. RM3-SC2 

The verification test case RM3-SC-2 is based on the Scenario RM3, with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ ÂÙ 3ÃÅÎÁÒÉÏ 2-ΩȢ 4ÈÅ ÕÓÅÒ ÄÏÅÓÎȭÔ ËÎÏ× ÁÎÙÔÈÉÎÇ 

except that the device RM3 is to be deployed in a site with a water depth of around 90m and a high 

level of wave energy. They would like to know the main characteristics of a potential site in terms 

of waves, and he wants 2D results for future farm of devices optimisationȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 2D metocean parameters from DTOcean+ database (Complexity level 2) 

} Statistics computation on the extracted parameters 

3.1.3.7. RM3-SC3 

The verification test case RM3-SC-3 is based on the Scenario RM3, with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ ÂÙ 3ÃÅÎÁÒÉÏ 2-ΩȢ 4ÈÅ Õser knows that the device 

RM3 is to be deployed in a site with a water depth of around 90m and has metocean timeseries of 

this site. They would like to know the main characteristics of a potential site in terms of waves 

ÓÔÁÔÉÓÔÉÃÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 1D metocean parameters from user inputs (Complexity level 3) 

} Statistics computation on the extracted parameters 

3.1.3.8. RM3-SC4 

The verification test case RM3-SC-4 is based on the Scenario E2RM3 (Equivalent European 

scenario to RM3, within 2D metocean data), with the following user story: 

Ȱ4ÈÅ ÕÓÅÒ ÉÓ ×ÏÒËÉÎÇ ×ÉÔÈÉÎ ÔÈÅ ÐÒÏÊÅÃÔ ÄÅÓÃÒÉÂÅÄ ÂÙ 3ÃÅÎÁÒÉÏ %Ψ2-ΩȢ 4ÈÅ ÕÓÅÒ ËÎÏ×Ó ÔÈÁÔ ÔÈÅ 

device RM3 is to be deployed in a site with a water depth of around 90m, and he has a 2D metocean 

timeseries of this site. They would like to know the main characteristics of a potential site in terms 

ÏÆ ×ÁÖÅÓ ÓÔÁÔÉÓÔÉÃÓȢȱ 

This verification test case focuses on the following functionalities of the SC module: 

} Extraction of 2D metocean parameters from user inputs (Complexity level 3) 

} Statistics computation on the extracted parameters 
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3.1.4 Collection of data required 

3.1.4.1. Case RM1-SC1/2 and RM3-SC1/2 

The data necessary to run the verification cases are the following:  

TABLE 3.2: ENVIRONMENTAL DATA   

Inputs description Value Units 

Wave level of energy Low / Medium / High None 

Current level of energy Low / Medium / High None 

Water Depth 
RM1: 50 

 RM3: 90 
m 

  

3.1.4.2. Case RM1-SC3/4 and RM3-SC3/4 

TABLE 3.3: DATABASES*  

Inputs description Format 

Lease Area Shapefile 

Corridor Shapefile 

Seabed Type Netcdf file 

Roughness Length Netcdf file 

Species Netcdf file 

Timeseries Netcdf file / Excel File 

Bathymetry Constant value / Netcdf file 

  

*Note that all required databases are already available in the SC module and do not need to be 

downloaded or created. The user only needs to select the correct one among the proposed list. 
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3.2 MACHINE CHARACTERISATION (MC) 

3.2.1 User flow and experience 

The Machine Characterisation module and the SC module are particular instances of the design 

modules, since they can be considered dynamic catalogues. The main roles of the MC module 

are: 

} To prepare the machine data to be used in the rest of the design flow modules. On top of 

the general data collection role, the MC module can also estimate the hydrodynamic 

coefficient for a single wave energy converter. 

} To prepare the machine data to be used in the rest of the design flow. 

} To estimate the hydrodynamic coefficients for a single wave energy converter 

The machine data collected in the MC module is pertinent to multiple modules, and it is further 

divided into three categories: 

¶ 'ÅÎÅÒÁÌȡ ÉÎÃÌÕÄÅÓ ÍÁÓÓȟ ÍÁÔÅÒÉÁÌÓȟ ÒÁÔÅÄ ÐÏ×ÅÒȟ ÅÔÃȣ 

¶ Dimensions: includes overall machine shape, areas and volumes. 

¶ Model: includes machine power performance coefficients. 

In standalone mode, the user first sets up a study before entering inputs for the general 

dimensions and model fields.  

Only in wave energy converter cases at complexity 3, the user must perform the evaluation of 

the hydrodynamic coefficients to finalise the project. Set aside this case, the main outputs of 

the module are the input themselves. 

3.2.2 User Stories 

There are six user stories for the Machine Characterisation module due to the possible 

combination of machine types and project complexity levels. Overall, the user stories can be 

simplified to a single one, which can be expressed as follows: 

1. As a project or device developer, I would like to collect the information about the 

machine that can be used in the design process in the DTOceanPlus toolset. 

3.2.3 Definition of the Verification Cases 

The verification of the MC module features is carried out using six different cases. The definition 

of the case is summarised in Table 3.4. 

TABLE 3.4: MC VERIFICATION CASES 

Feature VC1 VC2 VC3 VC4 VC5 VC6 
Technology Tidal Tidal Tidal Wave Wave Wave 

Complexity level 1 2 3 1 2 3 
Machine Name RM1 RM1 RM1 RM3 RM3 RM3 
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3.2.4 Collection of data required 

3.2.4.1 Tidal Case 

The Machine Characterisation module has three levels of complexity; each complexity level's 

data requirements are given in the following tables. 

 
TABLE 3.5: RM1 GENERAL INPUTS  

Inputs description Variable Name 
Comple

xity  
Value 

Unit

s 

Connector Type connector_type all Ȱ×ÅÔȱ - 

Floating Machine floating all false bool 

Rated Capacity rated_capacity all 1100 kW 

Constant Power Factor constant_power_factor all 0.0 - 

Machine Unit Cost machine_cost all 1.960.000 EUR 

Material Name materials.material_name all ȰÕÎÄÅÆÉÎÅÄȱ - 

Material Quantity materials.material_quantity all 219370 kg 

Max Installation Depth max_installation_water_depth all -45 m 

Min Installation Depth min_installation_water_depth all -67.5 m 

Min Interdistance X 

direction (rotation axis) 
min_interdistance_x all 50.0 m 

Min Interdistance Y 

direction 

(perperndicular to 

rotation axis) 

min_interdistance_y all 50.0 m 

Target Fundation Type preferred_fundation_type all ȰÐÉÌÅȱ - 

Rated Voltage rated_voltage all 11.000 V 

 

TABLE 3.6: RM1 DIMENSION INPUTS 

Inputs description Variable Name 
Complexit

y 
Value 

Unit

s 

Beam Wet Area beam_wet_area 3 330.0 m2 

Rotor Diameter characteristic_dimension all 20.0 m 

Draft "draft": 0.0, all 0.0 m 

Dry frontal area  dry_frontal_area 3 0 m2 

Dry profile  dry_profile all - - 

Footprint Radius footprint_radius all 20 m 

Total Height height all 30 m 

Hub heigth  hub_heigth 3 30.0 m 

Total Length  length all 3.5 m 

Total Mass  mass all 219370.0 kg 

Submerged volume  submerged_volume all 433.0 m3 

Wet Area wet_area all - m2 

Wet Frontal Area wet_frontal_area 3 165.0 m2 

Wet Profile  wet_profile all - - 

Total Width width all 3.5 m 
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TABLE 3.7: RM1 MODEL COMPLEXITY 1 

Inputs description Variable Name Value Units 

Power Coefficient cp 0.37 - 

Number of Rotor number_rotor 2 - 

 
TABLE 3.8: RM1 MODEL COMPLEXITY 2 

Inputs description Variable Name Value Units 

Power Coefficient cp 0.37 - 

Trust Coefficient ct 0.43 - 

Cut-in Velocity cut_in_velocity 0.5 m/s 

Cut-out Velocity cut_out_velocity 3 m/s 

Number of Rotor number_rotor 2 - 

Rotor Horizontal Interdistance 

(direction perpendicular to the 

rotation axis) 

rotor_interdistance 10 m 

 

TABLE 3.9: RM1 MODEL COMPLEXITY 3 

Inputs description Variable Name Value Units 

Power Coefficient cp 
See Table 

3.10 
- 

Trust Coefficient ct 
See Table 

3.10 
- 

0Ï×ÅÒ ÁÎÄ 4ÒÕÓÔ #ÕÒÖÅÓȭ 

Velocity 
cp_ct_velocity 

See Table 

3.10 
m 

Cut-in Velocity cut_in_velocity 0.5 m/s 

Cut-out Velocity cut_out_velocity 3 m/s 

Number of Rotor number_rotor 2 - 

Rotor Horizontal Interdistance 

(direction perpendicular to the 

rotation axis) 

rotor_interdistance 10 m 

 

TABLE 3.10: RM1 CP/CT CURVES* 

Velocity cp ct  

0.5 0.025 0.024 

1 0.621 0.502 

1.5 0.558 0.464 

2 0.489 0.419 

2.5 0.233 0.219 

3 0.131 0.127 

 

*  only a subset of the data is presented; the full dataset can be found in the verification data 

and Figure 3.1 



D5.8  
Testing and verification results of the Deployment Design tools ɀ beta 
version 

 

 

 DTOceanPlus Deliverable, Grant Agreement No 785921 Page 38 | 331   

 
FIGURE 3.1: CP/CT CURVES 

 

3.2.4.2 Wave Case 

The Machine Characterisation module has three levels of complexity; each complexity level's 

data requirements are given in the following tables.  

TABLE 3.11: RM3 GENERAL INPUTS 

Inputs description Variable Name 
Complexit

y 
Value 

Unit

s 

Connector Type connector_type all Ȱ×ÅÔȱ - 

Floating Machine floating all true bool 

Rated Capacity rated_capacity all 286.0 kW 

Constant Power 

Factor 
constant_power_factor all 1.0 - 

Machine Unit Cost machine_cost all 2.000.000 EUR 

Material Name materials.material_name all ȰÕÎÄÅÆÉÎÅÄȱ - 

Material Quantity materials.material_quantity all 1000000 kg 

Max Installation 

Depth 
max_installation_water_depth all -40 m 

Min Installation 

Depth 
min_installation_water_depth all -100 m 

Min Interdistance X 
direction (rotation 

axis) 

min_interdistance_x all 600 m 

Min Interdistance Y 
direction 

(perperndicular to 

rotation axis) 

min_interdistance_y all 600 m 

Target Fundation 

Type 
preferred_fundation_type all 

ȰÄÒÁÇ;ÅÍÂÅÄÄÅ

Äȱ 
- 

Rated Voltage rated_voltage all 11.000 V 
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TABLE 3.12: RM3 DIMENSION INPUTS 

Inputs description Variable Name 
Complexit

y 
Value 

Unit
s 

Beam Wet Area beam_wet_area 3 - m2 

Characterisitc 

Dimension 
characteristic_dimension all 6.0 m 

Draft "draft": 0.0, all 0.0 m 

Dry frontal area  dry_frontal_area 3 0 m2 

Dry profile  dry_profile all - - 

Footprint Radius footprint_radius all 20 m 

Total Height height all 42 m 

Hub heigth  hub_heigth none - m 

Total Length  length all 6.0 m 

Total Mass  mass all 1000000.0 kg 

Submerged volume  submerged_volume all 1000.0 m3 

Wet Area wet_area all - m2 

Wet Frontal Area wet_frontal_area 3 - m2 

Wet Profile  wet_profile all - - 

Total Width width all 6.0 m 

 

TABLE 3.13: RM3 MODEL COMPLEXITY 1 

Inputs description Variable Name Value Units 

Capture Width Ratio (CWR) capture_width_ratio 0.31 - 

Machine Archetype machine_archetype ȰÐÏÉÎÔ;ÁÂÓÏÒÂÅÒȱ - 

 
TABLE 3.14: RM3 MODEL COMPLEXITY 2 

Inputs description Variable Name Value Units 

Capture Width Ratio (CWR) capture_width_ratio see Table 3.19 - 

Hs (CWR) hs_capture_width see Table 3.19 m 

Tp (CWR) tp_capture_width see Table 3.19 s 

Wave Direction (CWR) 
wave_angle_capture_

width 
0 deg 

Machine Archetype machine_archetype 
ȰÐÏÉÎÔ;ÁÂÓÏÒÂÅÒ

ȱ 
- 

Power-Take-Off Average 

Damping 
pto_damping 1000000 N/(m/s) 

 
TABLE 3.15 RM3 MODEL COMPLEXITY 3 

Inputs description Variable Name Value Units 

Wave Frequencies wave_frequency 
[ 0.5,1, 1.5, 2,2.5, 3, 

3.5, 4,4.5, 5] 
rad/s 

Wave Direction wave_direction [0] deg 

Heading Angle Span heading_angle_span Deg 0 

Generate Array Interaction 

Matrix 
get_array_mat True bool 

Degree of Freedom (DOF) dofs 

["Surge","Heave","Pit

ch"] 

 

- 

Shared DOF shared_dof [1,0,1,0,1,0] - 
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Total Number of Generalised 

DOF 
ndof 4 - 

Angular Discretisation of 

Inscribing Cylinder 
cyl_theta 10 - 

Vertical Discretisation of 

Inscribing Cylinder 
cyl_zeta 11 - 

Mechanical Joints Definition for 

Multibody Systems 
joints Joint 1 see - 

Bodies Description bodies 
Body 0 see Table 3.16 
Body 1 see Table 3.17 

- 

Water Depth water_depth 100 m 

PTO Damping pto_damping 1.2e6 

N/(m/s) or 

Nm/(rad/s

) 

Mooring Stiffness mooring_stiffness 10000.0 
N/m or 

Nm/rad 

Additional Damping additional_stiffness 0 

N/(m/s) or 

Nm/(rad/s

) 

Additional Stiffness additional_damping 0 
N/m or 

Nm/rad 

Capture Width Ratio (CWR) capture_width_ratio see Table 3.19 - 

Hs (CWR) hs_capture_width see Table 3.19 M 

Tp (CWR) tp_capture_width see Table 3.19 s 

Wave Direction (CWR) wave_angle_capture_width 0 deg 

Wave Spectra: Directional 

Spreading 

wave_spectral:angular_spr

eading_factor 
0 - 

Wave Spectra: Peak 

Enhancement Factor 

wave_spectral:peak_enhan

cement_factor 
3.3 - 

Wave Spectra: Spectrum Shape 
wave_spectral:spectrum_ty

pe 
Ȱ*/.37!0ȱ - 

 
TABLE 3.16: RM3 BODY 0 DEFINITION: SPAR 

Inputs description Variable Name Value Units 

ID ID 0 - 

Moment of Inertia Tensor MoI 

[[94419615,0,0], 

[0,94497091,0], 
[0,0,28542225]] 

kg m2 

Body Mass mass 878300 kg 

Center of Gravity cog [0,0,-21.79] m 

Body Coordinate System Orientation 
in Euler Angles 

axis_angles [0,0,0] deg 

Mesh Name mesh Ȱ3ÐÁÒȢÄÁÔȱ - 

Mesh Format mesh_format Ȱ.ÅÍÏÈȱ - 

Mesh Vertexes and Panels mesh_raw [] m 
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TABLE 3.17: RM3 BODY 1 DEFINITION: FLOATER 

Inputs description Variable Name Value Units 

ID ID 1 - 

Moment of Inertia Tensor MoI 

[20907301,0,0], 

[0,21306090,0], 

[0,0,37085481]] 

kg m2 

Body Mass mass 727010 kg 

Center of Gravity cog [0,0,-0.72] m 

Body Coordinate System Orientation 

in Euler Angles 
axis_angles [0,0,0] deg 

Mesh Name mesh Ȱ&ÌÏÁÔÅÒȢÄÁÔȱ - 

Mesh Format mesh_format Ȱ.ÅÍÏÈȱ - 

Mesh Vertexes and Panels mesh_raw [] m 

 
TABLE 3.18: RM3 JOINTS DEFINITION 

Inputs description Variable Name Value Units 

ID ID 0 - 

Parent ID  parent 0 - 

Child ID child 1 - 

Point of Application point_of_application [0,0,0] m 

Direction  joint_direction [0,0,1] m 

Joint Type type ȰÐÒÉÓÍÁÔÉÃȱ - 

 
TABLE 3.19: MACHINE CWR AT COMPLEXITY 2 

 Te              

Hs 4.5 5.5 6.5 7.5 8.5 9.5 11 12 13 14 15 16 17 18 

0.25 0 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 

0.75 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0 0 0 

1.25 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0 0 0 

1.75 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0 0 0 

2.25 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0 0 0 

2.75 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0 0 0 

3.25 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0 0 0 

3.75 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0 0 0 0 

4.25 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0 0 0 0 

4.75 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 

5.25 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 

5.75 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 

6.25 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 0 

6.75 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 

7.25 0.1 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 

7.75 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 

8.25 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0 
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3.3 ENERGY CAPTURE (EC) 

3.3.1 User flow and experience 

The main purpose of the Energy Capture module is to estimate the raw power production for 

an array of tidal or wave energy converters. The user has two main options:  

} Verification ɀ given an array layout, the user would like to estimate the potential power 

production 

} Optimisation ɀ given the installation area, the user wants to know the layout that maximises 

power production. 

In order to design the array layout, the user must have information about the site conditions 

and the machine properties.  

The EC modules' main outputs are the array layout, the Annual Energy Production( AEP) of the 

array and the devices, the power performance of each device in each site condition and the 

hydrodynamic efficiency (q-factor) of the array and the single devices (q-factor). 

3.3.2 User Stories 

There are two main user stories for the Energy Capture module, and this can be further specified 

for the type of machine and the project complexity. The user stories can be expressed as 

follows: 

1. As a project or device developer, I would like to verify the power performances of a 

specific array layout of either tidal or wave energy converters. 

 

2. As a project or device developer, I would like to identify the maximum power 

performances of an array of either tidal or wave energy converters without a specific 

layout, given the installation area ÁÎÄ ÓÏÍÅ ÃÏÎÓÔÒÁÉÎÔÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÔÈÅ ÄÅÖÉÃÅÓȭ 

placement. 

3.3.3 Definition of the Verification Cases 

The verification cases for the EC module only cover one of the user stories, leaving out the array 

layout optimisation case, since there was no comparison data available for the optimisation. 

The six verification cases are summarised in Table 3.20. 

 
TABLE 3.20: FEATURES AND TOTAL NUMBER OF VERIFICATION CASES FOR EC 

Feature VC1 VC2 VC3 VC4 VC5 VC6 

Technology Tidal Tidal Tidal Wave Wave Wave 
Complexity level 1 2 3 1 2 3 
Machine Name RM1 RM1 RM1 RM3 RM3 RM3 

 



D5.8  
Testing and verification results of the Deployment Design tools ɀ beta 
version 

 

 

 DTOceanPlus Deliverable, Grant Agreement No 785921 Page 43 | 331   

3.3.4 Collection of data required 

3.3.4.1 Tidal Case 

The Energy capture module has three levels of complexity; the data requirements for both 

machine and site for each complexity level is given in the following tables. 

TABLE 3.21: RM1 MACHINE DATA  

Inputs description Variable Name 
Complexit

y 
Value 

Unit

s 

Rotor Diameter main_dim_device 1 20.0 m 

Rotor Diameter rotor_diameter 2-3 20.0 m 

Rated Power rated_pow_device all 1100000 W 

Power Coefficients cp 1-2 0.554 - 

Power Coefficients cp 3 
Given in Table 

3.22 
- 

Trust Coefficients ct 3 
Given in Table 

3.22 
- 

Hub Height hub_height 2-3 30.0 m 

Floating floating 2-3 false bool 

Cut in/out velocities [cut_in_velocity, cut_out_velocity] 2-3 [0.5,3.0] m/s 

Number of Rotors number_rotor 2-3 2 - 

Rotor Interdistance rotor_interdistance 2-3 10 m 

 

TABLE 3.22: RM1 CP/CT CURVES* 

U cp ct  

0.5 0.025 0.024 

1 0.621 0.502 

1.5 0.558 0.464 

2 0.489 0.419 

2.5 0.233 0.219 

3 0.131 0.127 

 

*  only a subset of the data is presented; the full dataset can be found in the verification data 

and Figure 3.2. 
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FIGURE 3.2: CP/CT CURVES 

 

TABLE 3.23: RM1 SITE DATA 

Inputs description Variable Name 
Complexit

y 
Value 

Unit

s 

Lease Area Vertex 

(Easting, Northing) 
loc_position all 

[[533883.1842, 
5234048.363], 

[533022.3238, 

5234555.751], 

[533422.5557, 

5235254.904], 
[534284.8078, 

5234743.342]] 

 

UTM 

Average Velocity 

Magnitude 
loc_resource 1 1.537 m/s 

Average Velocity 
Vector (Easting, 

Northing) 

velocity_field 2 [1.287,0.551] m/s 

Bathymetry bathymetry 2-3 50.0 m 

Turbulence 

Intensity 
TI 3 0.3 - 

Vertical Velocity 

Profile Power Law 

Exponent 

power_law_exponent 3 0.143 - 

Manning Number soil_characteristic 3 0.005 m 

Easting Velocity 

Component 
U 3 See Table 3.7 m/s 

Northing Velocity 
Component 

V 3 See Table 3.7 m/s 

Probability of 

Occurrence 
p  See Table 3.7 % 

 














































































































































































































































































































































































































































































































































































