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!BSTRACT��!� METHODOLOGY� FOR�ASSESSING� THE� TIDAL� FLOW�RESOURCE�

AT� TWO� SITES� ALONG� THE� &RENCH� COAST� IS� PRESENTED�� 4HE� FIRST� SITE��

LOCATED� IN� THE� )ROISE� SEA� �7�� "RITTANY	�� IS� SELECTED� FOR�

DEMONSTRATION�OF�TIDAL�CURRENT�CONVERSION�TECHNOLOGY�BY�3ABELLA�

COMPANY��4HE�SECOND�SITE��3TRAIT�OF�$OVER�IN�THE�EASTERN�%NGLISH�

#HANNEL�� HAS� BEEN� CONSIDERED� TILL� NOW� AS� PROMISING�� 4HE�

RESOURCE� ASSESSMENT� IS� PERFORMED� USING� SURFACE� VELOCITY� TIME�

SERIES� RECORDED� BY� (IGH� &REQUENCY� RADARS� �(&2	� AND� !$#0�

VELOCITY�MEASUREMENTS�IN�THE�RADAR�COVERAGE�ZONE��#OMBINATION�

OF� TWO� SOURCES� OF� DATA� ALLOWED� TO� CHARACTERIZE� THE� CURRENT�

VELOCITY�VARIATION� IN� THREE�SPATIAL�DIMENSIONS�AND� IN� TIME�WHICH�

INCREASED� CONFIDENCE� IN� HYDROKINETIC� RESOURCE� ASSESSMENT� FROM�

THE�RADAR�DATA��)N�THE�3TRAIT�OF�$OVER��THE�MOST�ENERGETIC�AREA�IS�

FOUND�WEST�OF�#APE�'RIS�.EZ��WITH�FLOW�VELOCITIES�EXCEEDING���M�S�

OBSERVED�MORE�THAN�����OF�TIME�THERE��4HE�MEAN�POWER�DENSITY�

ATTAINS� ���� K7�M�� IN� THE� SURFACE� LAYER�� )N� THE� BOTTOM� LAYER� THE�

POWER� DECREASES� BY� THE� FACTOR� OF� THREE�� (IGHER� RESOURCE� IS�

IDENTIFIED�AT�TWO�SITES�IN�THE�)ROISE�3EA��&ROMVEUR�3TRAIT�AND�.7�

OF�THE�5SHANT�)SLAND	�WITH�THE�MEAN�POWER�DENSITY�IN�THE�SURFACE�

LAYER�RANGING�FROM�����TO���K7�M����

�

+EYWORDS��4IDAL�STREAM�RESOURCE��(&�RADAR��VELOCITY�

MEASUREMENTS��)ROISE�3EA��3TRAIT�OF�$OVER�

)�� ).42/$5#4)/.�

$UE� TO� THE� CONTINUOUS� GROWTH� OF� INTEREST� FOR� TIDAL� ENERGY�

CONVERSION�BY�INSTREAM�DEVICES��TIDAL�POWER�INDUSTRY�IS�IN�THE�

STAGE� OF� INTENSIVE� DEVELOPMENT�� 3ITES� WITH� THE� BIGGEST� TIDAL�

STREAM� POTENTIAL� ARE� LOCATED� ON� THE� NORTHWESTERN� %UROPEAN�

SHELF�;�=�AND�SOME�OF�THEM��I�G��&ROMVEUR�3TRAIT� IN�THE�)ROISE�

3EA��!LDERNEY�2ACE� OR�$OVER� 3TRAIT� IN� THE�%NGLISH�#HANNEL	�

ARE� CONSIDERED� AS� VERY� PROMISING� FOR� TIDAL� ENERGY� PROJECTS�

;�=�;�=��

$IFFERENT� TECHNOLOGIES�ARE�OPERATING� TODAY�AT� THE� TEST�SITES��

)N� ORDER� TO� OPTIMIZE� THE� ENERGY� CONVERSION�� IT� IS� REQUIRED� TO�

PROPERLY�CHARACTERIZE�THE�ENVIRONMENTAL�CONDITIONS�AT�SITES�AND�

THUS� FACILITATE� THE� PROCESS� OF� SELECTING� TIDAL� POWER� DEVICES�

APPROPRIATE� FOR� INDUSTRIAL� USE�� 4HE� %UROPEAN�-ARINE� %NERGY�

#ENTRE� �%-%#	� HAS� PROPOSED� A� NUMBER� OF� METRICS�� WHICH�

HELPS� TO� EVALUATE� THE� POTENTIAL� OF� TIDAL� FLOW� IN� THE� MOST�

EFFICIENT� WAY�� 4HE� %-%#� GUIDELINES� INCLUDE� HARMONIC�

ANALYSIS�OF�VELOCITY�TIME�SERIES��TURBULENCE�AND�VELOCITY�SHEAR�

ESTIMATION�AND�A�COMPARISON�BETWEEN�MODELING�RESULTS�AND�IN�

SITU�MEASUREMENTS�;�=���

4WO� APPROACHES� CAN� BE� FOLLOWED� TO� QUANTIFY� THE� TIDAL�

STREAM� POTENTIAL� IN� A� MOST� EFFICIENT� WAY� AND� TO� EVALUATE� THE�

MAJOR� METRICS�� EXTENSIVE� FIELD� MEASUREMENTS� AND� NUMERICAL�

MODELING���

4HE�USE�OF�A�TWODIMENSIONAL���$	�MODEL�TO�SIMULATE�TIDAL�

CURRENTS� IS� THE�MORE� CONVENIENT� AND� LESS� EXPENSIVE� APPROACH�

FOR� ASSESSING� THE� HYDROKINETIC� POWER� VARIABILITY� AT� DIFFERENT�

SPACETIME� SCALES�� "LUNDEN� AND� "AHAJ� ;�=� USED� THE�

4%,%-!#�$� MODELING� SYSTEM� TO� ESTIMATE� THE� AVAILABLE�

RESOURCE�AT�0ORTLAND�"ILL��5+��4HE�MODEL�RESULTS�WERE�USED�TO�

GENERATE� THE� TIDAL� FLOW� VELOCITY� TIME� SERIES� OVER� A� LARGE� AREA�

AND�THEN�TO�OPTIMIZE�THE�LOCATION�OF�TURBINE�ARRAYS�AT�THE�SITE��

8IA� ET� AL�� ;�=� USED� A� �$� HYDRODYNAMIC� MODEL� TO� ASSESS� THE�

TIDAL� CURRENT� ENERGY� RESOURCE� IN� THE� 3EVERN� %STUARY�� 5+��

.OWADAYS�� THREEDIMENSIONAL� ��$	� MODELS� ARE� ROUTINELY�

APPLIED� FOR� TIDAL� ENERGY� SITE� ASSESSMENT�� RESOURCE�

QUANTIFICATION�AND�STUDIES�OF�THE�IMPACT�OF�ENERGY�DEVICES�ON�

LOCAL� CIRCULATION� AND� ENVIRONMENT��.UMERICAL� SIMULATIONS� BY�

2EGIONAL� /CEAN� -ODELING� 3YSTEM� �2/-3	� WERE� USED� TO�

EXAMINE� THE� TIDAL� ASYMMETRY� IN� A� PROMISING� SITE� OF� /RKNEY�

)SLANDS�;�=��2/-3�WAS�ALSO�EMPLOYED�FOR�ESTIMATING�THE�TIDAL�

STREAM� RESOURCE� VARIABILITY� IN� THE� NORTHWEST� %UROPEAN� SHELF�

SEAS�;�=��

2EMOTELY� SENSED� VELOCITY� OBSERVATIONS� OR� IN� SITU� VELOCITY�

MEASUREMENTS� AT� TIDAL� ENERGY� SITES� REPRESENT� A� VALUABLE�

ALTERNATIVE� TO� MODELING�� 4HE� TECHNIQUE� OF� FIELD� DATA�

ACQUISITION�IS�WELL�ESTABLISHED�AND�CURRENTLY�USED�FOR�RESOURCE�

CHARACTERIZATION� IN� MANY� COASTAL� OCEAN� REGIONS� ;�=�;�=��

!COUSTIC� $OPPLER� CURRENT� PROFILER� �!$#0	� IS� OFTEN� THE�

INSTRUMENT�OF�CHOICE�FOR� FIXED�POINT�OR� TOWED�SURVEYS�� )N� THE�

EARLY�STUDIES��E�G��;��=�;��=	��WHILE�THE�VESSEL�STEAMED�AROUND�

A� CIRCUIT�� VELOCITY� PROFILES� WERE� RECORDED� WITH� SUFFICIENT�

FREQUENCY�ALLOWING�TO�RESOLVE�THE�VERTICAL�STRUCTURE�OF�THE�TIDAL�

CURRENT� AND� ITS� SPATIAL� IRREGULARITIES��-ORE� RECENTLY��'ODDIJN

-URPHY� ET� AL�� ;�=� USED� UNDERWAY� !$#0� DATA� TO� RECONSTRUCT�

THE�TIDAL�FLOW�PATTERNS�IN�THE�)NNER�3OUND��0ENTLAND�&IRTH�5+	��

3ENTCHEV� AND� 9AREMCHUK� ;��=� EMPLOYED� THE� OPTIMAL�

INTERPOLATION� TECHNIQUE� FOR� RECONSTRUCTING� SPACETIME�

EVOLUTION� OF� THE� VELOCITY� FIELD� DERIVED� FROM� TOWED� !$#0�

SURVEYS�IN�THE�"OULOGNE�HARBOUR��%NGLISH�#HANNEL	���

"UT� THE�MOST� FREQUENT�ARE�CERTAINLY�VELOCITY�MEASUREMENTS�

BY� BOTTOM� MOUNTED� !$#0S� � ROUTINELY� USED� FOR� ASSESSING�
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TEMPORAL� VARIATIONS� OF� THE� TIDAL� STREAM� ;��=� AND� TURBULENT�

PROPERTIES� OF� THE� FLOW� ;��=�� 4URBULENT� KINETIC� ENERGY��

DISSIPATION� RATE�� 2EYNOLDS� STRESS�� AND� SOME� OTHER� TURBULENT�

PARAMETERS�CAN�BE�RETRIEVED�FROM�!$#0�MEASUREMENTS�;��=���

)N� THIS� STUDY�� A� NOVEL� TECHNIQUE� OF� TIDAL� FLOW� RESOURCE�

ASSESSMENT�IS�PRESENTED��)T�IS�BASED�ON�THE�ANALYSIS�OF�SURFACE�

CURRENT� VELOCITY� TIME� SERIES� RECORDED� BY� (IGH� &REQUENCY�

2ADARS� �(&2	� AT� TWO� ENERGETIC� TIDAL� SITES� ALONG� THE� &RENCH�

COAST�� IN� THE� $OVER� 3TRAIT� AND� OFF� THE� 7�� "RITTANY� COAST��

!LTHOUGH� THE� RADAR� TECHNOLOGY� HAS� BEEN� USED� IN� MANY�

OCEANOGRAPHIC� APPLICATIONS� SINCE� MORE� THAN� ��� YEARS� �E�G���

;��=�;��=	�� ITS� EFFICIENCY� FOR� LARGESCALE� TIDAL� ENERGY� RESOURCE�

QUANTIFICATION� WAS� DEMONSTRATED� ONLY� RECENTLY� ;��=�� !T� EACH�

SITE�� THE� RADAR� DERIVED� SURFACE� CURRENT� VELOCITIES� WERE�

SUPPLEMENTED� BY� VELOCITY� PROFILES� ACQUIRED� BY� BOTTOM�

MOUNTED�!$#0S�IN�THE�RADAR�COVERAGE�ZONE��4HE�RADARS�ALLOW�

CONTINUOUS�ACQUISITION�OF�THE�SURFACE�CURRENT�VELOCITIES�OVER�A�

LARGE� AREA� AT� HIGH� SPATIAL� AND� TIME� RESOLUTION�� !$#0� DATA�

PROVIDE�INFORMATION�ABOUT�VELOCITY�VARIATION�WITH�DEPTH�WHICH�

IS� FUNDAMENTAL� FOR� DETAILED� TIDAL� STREAM� RESOURCE� ASSESSMENT��

4HE� KNOWLEDGE� OF� THE� THREE� DIMENSIONAL� STRUCTURE� OF� A� TIDAL�

FLOW�IN�COMBINATION�WITH� THE� TEMPORAL�VARIABILITY�OF�CURRENTS�

ALLOWS� TO� ASSESS� THE� RESOURCE� VARIABILITY� AT� LARGE� SCALE� FROM�

DIRECT�VELOCITY�MEASUREMENTS�WITH�A�HIGH�DEGREE�OF�CONFIDENCE���

)N� THIS�WAY�� A� DETAILED� CHARACTERIZATION�OF� THE� TIDAL� STREAM�

POTENTIAL�WAS� PERFORMED� IN� A� CHALLENGING� AREA� � THE� 3TRAIT� OF�

$OVER�� CONSIDERED� AS� PROMISING� FOR� TIDAL� ENERGY� CONVERSION��

4HE� TIDAL�STREAM�RESOURCE�WAS�ALSO�ESTIMATED� IN�A� LARGER�AREA�

OFF� THE�7��"RITTANY�COAST� IN�THE�)ROISE�3EA��/NE�OF�THE�HIGHLY�

ENERGETIC� SITES� IN� THIS� AREA� IS� THE� &ROMVEUR� 3TRAIT� WHICH� IS�

BEING� USED� SINCE� ONE� YEAR� AS� DEMONSTRATOR� FOR� 3ABELLA� $���

TIDAL� TURBINE�� 4HE� RESULTS� OF� OUR� STUDY� CAN� BE� USEFUL� FOR�

DECISION� MAKERS� AND� STAKEHOLDERS� FOR� FUTURE� DEVELOPMENT� OF�

RENEWABLE�ENERGY�NETWORK�AT�A�REGIONAL�SCALE���

))�� $!4!�!.$�-%4(/$3�

!�� 3TUDY�3ITES�AND�(&�2ADAR�$ATA��

)N� -AY*UNE� ������ TWO� 6ERY� (IGH� &REQUENCY� RADARS�

�6(&2	� WERE� DEPLOYED� TO� MONITOR� SURFACE� CURRENTS� OFF� THE�

&RENCH� /PAL� COAST� FOR� A� ��DAY� PERIOD�� /NE� RADAR� SITE� WAS�

LOCATED� ON� THE� #APE� 'RIS� .EZ� �HEREAFTER� #APE� '.	�� ��� M�

ABOVE� THE� SEA� LEVEL�� 4HE� OTHER� RADAR� WAS� INSTALLED� ��� KM�

FARTHER�SOUTHWARD��IN�7IMEREUX��&IG���	��4HE�RADARS��OPERATING�

AT�FREQUENCIES����-(Z�AND������-(Z��MEASURE�RADIAL�CURRENT�

VELOCITIES� �PROJECTION� OF� CURRENT� VECTOR� ONTO� RADAR� BEAMS	� IN�

THE� SURFACE� LAYER� ������M� THICK	�OVER�A�DISTANCE�UP� TO����KM�

OFFSHORE�AT�HIGH�SPATIAL�RESOLUTION������M�ALONG�BEAM�AND��� �

AZIMUTHAL� SPACING�� WITH� TIME� RESOLUTION� OF� ��� MINUTES�� 4HE�

RADIAL�VELOCITIES�MEASURED�BY�THE�TWO�RADARS�WERE�INTERPOLATED�

ON� A� REGULAR� GRID� WITH� �� KM� SPACING� BY� VARIATIONAL� METHOD�

WITH� GAP� FILLING� CAPABILITY�� !S� A� RESULT�� ONE� MONTH� LONG�

VELOCITY�VECTOR�TIME�SERIES�WERE�GENERATED�FROM�-AY���TO�*UNE�

��� ������ !� DETAILED� DESCRIPTION� OF� THE� EXPERIMENTAL� SETTINGS�

AND�METHODS�OF� DATA� PROCESSING�OF� THE� RADAR� NETWORK�OFF� THE�

NORTHERN�/PAL�COAST�CAN�BE�FOUND�IN�;��=��

2ESOURCE�ASSESSMENT� IN� THE�3TRAIT�OF�$OVER�WAS�MOTIVATED�

BY�A�GROWING�INTEREST�FROM�BOTH��&RENCH�AND�5+�SIDES��TO�TIDAL�

ENERGY� CONVERSION� BY� FREESTREAM� TIDAL� TURBINES� IN� THIS� AREA��

4HE�SITE�IS�SHALLOW�WATER�WITH�DEPTH�LESS�THAN����M�THROUGHOUT�

THE� DOMAIN�� )N� THE�MIDDLE� OF� THE� 3TRAIT�� THERE� ARE� SANDBANKS�

ORIENTED� IN� THE� ALONGSHORE�DIRECTION� �&IG�� �	��3EA� LEVEL� HAS� A�

WIDE� RANGE� OF� VARIATIONS� ��� TO� �� M� IN� THE� &RENCH� SECTOR	��

WHEREAS�TIDAL�CURRENT�VELOCITIES�HAVE�A�TYPICAL�MAGNITUDE�OF��

����M�S� ;��=��#URRENTS�ARE�PREDOMINANTLY� SEMIDIURNAL�WITH�A�

PRONOUNCED� FORTNIGHTLY�MODULATION�DUE� TO� THE� INTERFERENCE�OF�

THE�-���3��AND�.��TIDAL�CONSTITUENTS���

�

�

&IG�� �� � 3TUDY� AREA� OFF� THE� /PAL� COAST� IN� THE� EASTERN� %NGLISH� #HANNEL� �RED�

SQUARE�ON�THE�RIGHT�PANEL	��2ADAR�SITES�ARE�SHOWN�BY�BLACK�DOTS�AND�THE�BLUE�

AND�RED�TRIANGLES�DENOTES�THE�LOCATIONS�OF�!$#0S�IN�*UNE������AND�*ULY������

RESPECTIVELY�� "LACK� CROSSES� SHOW� LOCATIONS� !� AND� "� SELECTED� FOR� A� DETAILED�

ANALYSIS�� 4HE� NAVIGATION� WAY� OF� VESSELS� TRAVELLING� NORTHWARD� IS� SHOWN� BY�

BROWN�SHADING��"LUE�SHADING�MATCHES�THE�MAIN�FISHING�AREA��#ONTOUR�INTERVAL�

OF� THE�BATHYMETRY�IS����M��GREY�SOLID� LINES	��"LACK�DASHED�LINE� INDICATES�THE�

RADAR�COVERAGE�ZONE��'EOGRAPHIC�NAMES�USED�IN�THE�TEXT�ARE�ALSO�SHOWN��

3ITE�ASSESSMENT�SHOULD�TAKE�INTO�ACCOUNT�THE�ENVIRONMENTAL�

CONSTRAINTS� RELATIVE� TO� LOCAL� ECONOMIC� ACTIVITIES�� 4HE� $OVER�

3TRAIT� IS� ONE� OF� THE� BUSIEST� SEAWAYS� IN� THE�WORLD��-ORE� THAN�

���� COMMERCIAL� VESSELS� CROSS� THE� STRAIT� DAILY�� 4HE� TRAFFIC�

SAFETY�IS�A�CRITICAL�ISSUE�BECAUSE�OF�HIGH�RISK�OF�COLLISION�IN�THE�

STRAIT�� 4HE� NAVIGATION�WAY� OF� VESSELS� TRAVELLING� NORTHWARD� IS�

SHOWN� BY� BROWN� SHADING� IN� &IG�� ��� 4HE� PORT� OF�"OULOGNE� IS�

THE� BIGGEST� FISHING� PORT� IN� &RANCE�� &ISHING� IS� AN� IMPORTANT�

LOCAL� ECONOMIC� ACTIVITY� AND� A� LARGE� AREA� IS� EXTENSIVELY�

EXPLOITED� IN� THE� VICINITY� OF� THE� ",(� �&IG�� ��� BLUE� SHADING	��

4HESE� CONSTRAINTS� CONSIDERABLY� LIMIT� THE� AREA� SUITABLE� FOR�

MARINE�RENEWABLE�ENERGY�CONVERSION��

4WO� PARTICULAR� LOCATIONS� NOT� AFFECTED� BY� CONSTRAINTS�

MENTIONED� ABOVE�� ARE� CHOSEN� FOR� FURTHER� DETAILED� ANALYSIS� OF�

THE�TECHNICALLY�EXPLOITABLE�POTENTIAL�IN�THE�STUDY�AREA��NORTHERN�

AND�SOUTHERN�SECTORS�OF�THE�RADAR�COVERAGE�ZONE��&IG���	��4HE�

WATER�DEPTH�RANGES�FROM����TO����M�THERE��WHICH�IS�FAVORABLE�

FOR�TIDAL�TURBINE�INSTALLATION�;��=�

4HE�STUDY�SITE�OFF�THE�WESTERN�"RITTANY�COAST�OF�&RANCE�HAS�

LARGER�EXTENSION��&IG���	��4HE�WATER�DEPTH�GRADUALLY�DECREASES�

WESTWARD� FROM���� TO�����M��!�GROUP�OF� SMALL� ISLANDS�� ISLETS�

AND� ROCKS� FORM� -OLÒNE� ARCHIPELAGO�� 4HERE� IS� ALSO� A� BIGGER�

ISLAND� ��� §� �� KM	� � 5SHANT� )SLAND�� SEPARATED� FROM� -OLÒNE�

)SLANDS� BY� THE� �� KM� WIDE� AND� ��� M� DEEP� &ROMVEUR� 3TRAIT��

0ROMISING�SITES�FOR�TIDAL�ENERGY�PRODUCTION�ARE�LOCATED�AROUND�

THE� 5SHANT� )SLAND�� REPRESENTING� THE� SECOND� TIDAL� STREAM�

POTENTIAL�IN�&RANCE�AFTER�THE�REGION�OF�!LDERNEY�2ACE���
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�

�

&IG�����3TUDY�AREA�IN�THE�)ROISE�3EA�WITH�RADAR�COVERAGE�ZONE��GREY�SHADING	��

RADAR� SITES� �GREY� CIRCLES	�� 4HE� RED�� BLUE� AND� GREEN� TRIANGLES� DENOTE� THE�

LOCATIONS�OF�!$#0S�IN�THE�&ROMVEUR�3TRAIT��7EST�OF�5SHANT�)SLAND�AND�IN�THE�

SOUTHERN�PERIPHERY�OF� THE�STUDY�DOMAIN�RESPECTIVELY��#ONTOUR� INTERVAL�OF� THE�

BATHYMETRY�IS����M��BLACK�SOLID�LINES	��'EOGRAPHIC�NAMES�USED�IN�THE�TEXT�ARE�

ALSO�SHOWN��

4WO� HIGHFREQUENCY�7ELLEN�2ADARS� �7%2!	� OPERATING� AT�

�����-(Z� ARE� DEPLOYED� ON� THE�7��"RITTANY� COAST� SINCE� *ULY�

������)NDIVIDUAL�RADAR�SITES�ARE�LOCATED�AT�#APE�'ARCHINE��SITE�

'	�� A� SEASHORE� FLATGROUND�AREA�� AND�#APE�"REZELLEC� �SITE�"	��

��� KM� SOUTHWARD� �&IG�� �	�� )N� THE� PRESENT� STUDY�� THE� RADAR�

NETWORK�WAS�CONFIGURED�TO�PROVIDE�VELOCITY�ESTIMATES�AT�HIGH�

SPATIAL� RESOLUTION�� ���� KM� ALONG� BEAM� AND� � � AZIMUTHAL�

SPACING��AND�TEMPORAL�RESOLUTION�OF����MINUTES��4HE�(&�RADARS�

MEASURE�SURFACE�CURRENT�VELOCITY�IN�A�LAYER�OF�APPROXIMATELY���

M� THICK�� 2ADIAL� VELOCITIES� MEASURED� BY� TWO� RADARS� WERE�

INTERPOLATED�ON�REGULAR�GRID�OF���KM�SPACING�AND�COMBINED�TO�

FORM� CURRENT� VECTORS� USING� �$� VARIATIONAL� INTERPOLATION�

TECHNIQUE��D6AR��4HE�ACCURACY�OF�THE�RADARDERIVED�VELOCITIES�

HAS�BEEN�ESTIMATED�BY�3(/-��/CEANOGRAPHIC�$IVISION�OF�THE�

&RENCH�.AVY	�THROUGH�A�COMPARISON�WITH�SURFACE�DRIFTERS�AND�

!$#0�CURRENT�MEASUREMENTS�FOR�A�PERIOD�OF���MONTHS��)N�THE�

MAJORITY� OF� SITUATIONS�� THE� DISCREPANCY� IN� VELOCITY� MEASURED�

BY�DIFFERENT� INSTRUMENTS�DID�NOT�EXCEED������M�S�;��=��)N�THIS�

STUDY��WE� USED� VELOCITY� TIME� SERIES� FOR� THE� PERIOD� �������� �

���������!� DETAILED� DESCRIPTION� OF� THE� EXPERIMENTAL� SETTINGS��

THE�METHODS�OF�RADAR�DATA�PROCESSING�IN�THE�)ROISE�3EA�CAN�BE�

FOUND�IN�;��=��

"�� !$#0�$ATA�

!$#0� MEASUREMENTS� FROM� TWO� ���� -HZ� UPWARDLOOKING�

FOURBEAM� BROADBAND�2$)�!$#0S�WERE� USED� TO� SUPPLEMENT�

SURFACE�VELOCITIES�PROVIDED�BY�THE�RADARS�IN�THE�3TRAIT�OF�$OVER��

"OTH� INSTRUMENTS�WERE� INSTALLED� APPROXIMATELY���KM�WEST� OF�

THE�",(� AT� ���M�MEAN� DEPTH� �&IG�� �	�� 4HE� FIRST�!$#0�WAS�

DEPLOYED� FROM� �� TO� �� *ULY� ������ DURING� SPRING� TIDE�� AND� THE�

SECOND� ONE� FROM� �� TO� ��� *UNE� ������ COVERING� THE� PERIOD� OF�

TIDE�EVOLUTION�FROM�SPRING�TO�NEAP��6ELOCITIES�WERE�RECORDED�AT�

�� (Z� IN� BEAM� COORDINATES� WITH� ���� M� VERTICAL� RESOLUTION��

STARTING�FROM���M�ABOVE�THE�BOTTOM��4HE�DATA�FROM�THE�SURFACE�

�� M� THICK� LAYER� WERE� NOT� CONSIDERED� IN� ANALYSIS� BECAUSE� OF�

SIGNAL�CONTAMINATION�BY�SURFACE�WAVES��

)N� THE� )ROISE� 3EA�� !$#0�MEASUREMENTS� WERE� AVAILABLE� IN�

THREE�POINTS�WITHIN� THE�RADAR�COVERAGE�ZONE�� IN� THE�&ROMVEUR�

3TRAIT��WEST�OF�THE�5SHANT�)SLAND�AND�IN�THE�SOUTHERN�PERIPHERY�

OF� THE� STUDY� SITE� �&IG�� �	�� )N� THESE� LOCATIONS�� THE� VELOCITY�

PROFILES� WERE� RECORDED� BY� BOTTOMMOUNTED� BROADBAND� ����

K(Z�2$)�!$#0���

)N�THE�&ROMVEUR�3TRAIT��!$#0�WAS�DEPLOYED�DURING����DAYS��

FROM�-ARCH���� TO�!PRIL����������6ELOCITIES�WERE�RECORDED�AT�

����(Z�EVERY���M�� FROM���M� TO����M�ABOVE� THE�BOTTOM��4HE�

DEPLOYMENT� DEPTH� WAS� ��� M�� 'IVEN� THE� STRENGTH� OF� TIDAL�

CURRENTS�IN�THE�&ROMVEUR�3TRAIT��IN�SITU�DATA�ACQUISITION�IS�VERY�

DIFFICULT� AND� HAZARDOUS�� )N� THIS� SENSE�� THE� !$#0�

MEASUREMENTS� IN� ����� REPRESENT� THE� UNIQUE� DATA�� 4HUS�� THEY�

WERE� USED� FOR� COMPARISON� WITH� RADAR� VELOCITY� RECORDS�� !�

PERIOD� FROM�3EPTEMBER���������� TO�3EPTEMBER����������WAS�

SELECTED� FOR� THE� COMPARISON� AND� JOINT� ANALYSIS� OF�!$#0� AND�

RADAR� DATA�� )T� IS� CHARACTERIZED� BY� SIMILAR� HYDRODYNAMIC�

CONDITIONS��SECONDARY�SPRING�TIDE�AND�LOW�WIND���

4HE�!$#0�LOCATED�WEST�OF�THE�5SHANT�)SLAND�WAS�DEPLOYED�

AT�����M�DEPTH�FROM�*UNE����TO�*ULY�����������6ELOCITIES�WERE�

RECORDED�EVERY���M�STARTING�FROM���M�ABOVE�THE�BOTTOM��4HE�

!$#0�VELOCITY�PROFILES� FOR���DAY�PERIOD�����*UNE�����*ULY�

����	�WERE�TIME�AVERAGED�WITHIN����MINUTES���

4HE�!$#0� LOCATED� IN� THE� SOUTHERN� PART� OF� THE� STUDY� AREA�

WAS�DEPLOYED� AT� ����M�DEPTH� FROM� *UNE��� TO�3EPTEMBER�����

������6ELOCITIES�WERE� RECORDED� EVERY���M� STARTING� FROM���M�

ABOVE� THE� BOTTOM�� 4HE� VELOCITY� VALUES� IN� THE� SURFACE� ��� M�

THICK�LAYER�WERE�REMOVED�BECAUSE�OF�SIGNAL�CONTAMINATION�BY�

SURFACE�WAVES��4HE�!$#0�VELOCITY�PROFILES�FOR���DAY�PERIOD�

���� *ULY� � ��� !UG�� ����	� WERE� TIME� AVERAGED� WITHIN� ���

MINUTES� AND� SYNCHRONIZED� WITH� THE� RADAR� ACQUISITION� PERIOD��

4HIS�PERIOD�WAS�CHARACTERIZED�BY�LOW�TO�MODERATE�WIND�

#�� $ATA�!NALYSIS��

&OLLOWING�THE�GUIDELINES�PROPOSED�BY�%-%#�;�=��THE�MAJOR�

PARAMETERS�OF� TIDAL� FLOW�CONVENTIONALLY�USED� FOR� TIDAL� ENERGY�

SITE� SCREENING� WERE� ESTIMATED� FROM� THE� (&2� VELOCITY�

MEASUREMENTS��#URRENT�VELOCITY�SPECTRUM�WAS�ALSO�ESTIMATED��

IT� CAN� HELP� TO� EXPLAIN� AN� INTERACTION� BETWEEN� PRINCIPAL� TIDAL�

CONSTITUENTS� RESULTING� IN� A� STRONG� DISTORTION� OF� THE� TIDAL�

VELOCITY�CURVE���

�	��#URRENT�3TRENGTH��$IRECTION�AND�!SYMMETRY��

#URRENT�STRENGTH�CHARACTERIZATION�INVOLVES�AN�ASSESSMENT�OF�

THE�MAXIMUM��TIME�AVERAGED�VELOCITY��AND�ALSO�ASYMMETRY�OF�

THE� TIDAL� FLOW�� 4HE� MEAN� VELOCITY� IS� THE� AVERAGE� OF� CURRENT�

VELOCITY� MAGNITUDES� OVER� A� LONG� PERIOD� INCLUDING� VALUES�

AROUND� SLACK�WATER� OR� OVER� SPECIFIC� STAGES� OF� THE� TIDAL� CYCLE�

SUCH�AS�SPRING�AND�NEAP�TIDE��

4HE�MAXIMUM�SUSTAINED�VELOCITY� REPRESENTS� THE�MAXIMUM�

CURRENT� OBSERVED��4HIS� PARAMETER� ESTABLISHES�DESIGN� LOADS� ON�

DEVICE�SUPPORT�STRUCTURES�AND�FOUNDATIONS��

4IDAL� FLOW� ASYMMETRY� CONCERNS�� FIRST�� THE� ASYMMETRY� OF�

VELOCITY� MAGNITUDE�� !N� IMBALANCE� BETWEEN� THE� STRENGTH� OF�

FLOOD� AND� EBB� CURRENT� SPEEDS� CAN� EXIST�� GENERATING� A�

CONSIDERABLY�MORE�POWER�PRODUCTION�DURING�ONE� STAGE�OF� THE�

TIDE��4O�DETERMINE�THE�ASYMMETRY�A��THE�FOLLOWING�EXPRESSION�

WAS�USED��A����6�FLOOD����6�EBB��WHERE�BRACKETS�DENOTE� TIME�

AVERAGING� OF� VELOCITY� VALUES� ON� FLOOD� AND� EBB� FLOW�

RESPECTIVELY��INCLUDING�SLACK�WATER�PERIODS��
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� #URRENT� DIRECTION� IS� A� PRINCIPAL� �DOMINANT	� DIRECTION�

OF� THE� FLOW��4HIS� IS� A� RELEVANT�METRIC� FOR� TIDAL� STREAM�ENERGY�

CONVERSION� AS� THE� PREDOMINANT� DESIGN� CONCEPT� FOR� A� TIDAL�

ENERGY�CONVERTER�IS�THAT�OF�A�FIXED�HORIZONTAL�AXIS�TURBINE��4HE�

PRINCIPAL� COMPONENT� ANALYSIS� �0#!	� ;��=� TECHNIQUE� WAS�

APPLIED� TO� (&2� VELOCITY� DATA� SET� IN� ORDER� TO� DETERMINE� THE�

PRINCIPAL�DIRECTION�OF� THE�FLOW�DURING� THE�EBB�AND�FLOOD� TIDAL�

PHASE��4HE�DIRECTION�ASYMMETRY����WAS�ESTIMATED�SHOWING�A�

DEVIATION�OF�THE�FLOW�FROM�A�STRAIGHT�LINE��DOMINANT�DIRECTION	��

4HAT�METRIC�IS�DEFINED�AS�������\���FLOOD����EBB�n���� �\�;�=��4HE�

STANDARD�DEVIATION�OF�CURRENT�DIRECTION�FOR�BOTH�EBB�AND�FLOOD�

FLOW�WAS�ALSO�ESTABLISHED��

�	��(YDROKINETIC�2ESOURCES�

!� SIMPLE� WAY� TO� CHARACTERIZE� THE� RESOURCE� AT� A� SITE� IS� TO�

ESTIMATE� THE� POWER� DENSITY� AVAILABLE� OF� THE� FLOW� �PER�M�� OF�

TURBINE�SWEPT�AREA	�FOR�DIFFERENT�STAGES�OF�TIDE�AND�TO�DESCRIBE�

ITS� SPATIAL� DISTRIBUTION�� !S� THE� (&2� MEASUREMENTS� ARE�

PARTICULARLY� EFFICIENT� FOR� CURRENT� MONITORING�� IT� IS� POSSIBLE� TO�

EVALUATE� THE� AVAILABLE� THEORETICAL� POWER� 0�T	� FROM� KINETIC�

ENERGY�EXTRACTION�AT�DIFFERENT� TIME�AND�SPACE�SCALES�USING�THE�

CONVENTIONAL�FORMULA��0�T	�����ρ6�T	
�
��WHERE�ρ�IS�THE�SEAWATER�

DENSITY��AND�6�T	� IS�VELOCITY�MAGNITUDE��4O� TAKE� INTO�ACCOUNT�

THE�VELOCITY�DECREASE�WITH�DEPTH��A�POWER�LAW�RELATION�DERIVED�

FROM�THE�BEST�FIT�OF�!$#0�DATA�WAS�USED���

&OR� TIDAL� POWER� PROJECTS� IT� IS� CUSTOMARY� TO� DETERMINE� THE�

PERCENTAGE� TIME� THAT� A� SPECIFIED� CURRENT� SPEED� IS� EXCEEDED�

DURING� A� GIVEN� PERIOD� OF� TIME�� )N� THE� SAME� WAY�� AVAILABLE�

POWER� CAN� BE� ANALYSED�� 2ESULTING� POWER� AND� VELOCITY�

OCCURRENCE� DISTRIBUTION� IS� ALSO� A� RELEVANT�METRIC� FOR� RESOURCE�

CHARACTERIZATION�AT� A� SITE��4HEY�PROVIDE�AN� INDICATION�OF� TIME�

FAVOURABLE�FOR�POWER�GENERATION��&OR�THE�STATISTICAL�DESCRIPTION�

OF� SURFACE� CURRENT� VELOCITIES� MEASURED� BY� (&2� A� 7EIBULL�

DISTRIBUTION�WAS�USED��4HIS�HELPS�TO�EVALUATE�THE�IMPORTANCE�OF�

VELOCITY�RANGES�FOR�ENERGY�PRODUCTION��AND�ALSO�LIMITATIONS�AND�

STRESSES� ACTING� ON� THE� ENERGY� CONVERSION� DEVICES�� 4HE�

CUMULATIVE� DISTRIBUTION� FUNCTION� OF� CURRENT� VELOCITY� CAN� BE�

APPROXIMATED� BY� A� 7EIBULL� FUNCTION�� &�V	��� � EXP;�V��	
K
=��

WHERE� �� �� �� IS� THE� SCALE� PARAMETER� AND� K� �� �� IS� THE�

DIMENSIONLESS� SHAPE� PARAMETER� ;��=�� !� LINEAR� REGRESSION�

METHOD�WAS�USED�TO�DETERMINE�THESE�PARAMETERS���

�	��6ELOCITY�0ROFILE��

'ENERALLY� THE� MAXIMUM� VELOCITIES� ARE� OBSERVED� NEAR� THE�

SURFACE�AND�MINIMUM�VALUES�NEAR�THE�SEABED��4O�DETERMINE�A�

BENEFICIAL� HUBHEIGHT� AND� OPTIMIZE� THE� TURBINE� DESIGN�� THE�

KNOWLEDGE� OF� VELOCITY� PROFILE� IS� REQUIRED�� 4IDAL� CURRENT�

VELOCITY� PROFILE� THROUGHOUT� THE� WATER� COLUMN� IS� COMMONLY�

APPROXIMATED� BY� THE� POWER� LAW��6�Z	�6�� ��Z�D	
���
� ;��=��(ERE��

6�� IS� THE� SURFACE� VELOCITY�� D� IS� THE� BOTTOM� DEPTH�� Z� IS� THE�

DISTANCE� ABOVE� THE� SEABED�� AND� �� IS� AN� EMPIRICAL� COEFFICIENT�

ESTIMATED�FROM�LINEAR�REGRESSION�FIT�OF�,OG,OG�REPRESENTATION�

OF� VELOCITY�� 4HIS� EXPRESSION� ALLOWS� TO� ACCOUNT� FOR� VELOCITY�

VARIATION� IN� THE�BOUNDARY� LAYER�WITH�REASONABLE�ACCURACY�AND�

IN� A� LARGE� DEPTH� RANGE� AS� THE� TIDAL� BOUNDARY� LAYER� THICKNESS�

EXTENDS� TO� SEVERAL� DOZENS� OF� METERS� ;��=�� 7HEN� THE� WATER�

DEPTH�EXCEEDS�HUNDRED�METERS��6��REPRESENTS�A�VELOCITY�OUTSIDE�

THE� BOUNDARY� LAYER� �I�E�� FREE� STREAM� VELOCITY	� WHICH� OFTEN�

SHOWS�A�LINEAR�VARIATION�WITH�ALTITUDE���

)))��2%35,43�

!�� 4IDAL�3TREAM�2ESOURCE�IN�THE�3TRAIT�OF�$OVER��

�	��#URRENT�6ELOCITY�AND�!SYMMETRY�FROM�2ADAR�$ATA�

4HE�PARAMETERS�OF�SYNTHESIZED�TIDAL�CURRENT�ELLIPSES�USED�TO�

QUANTIFY�SPATIAL�VARIABILITY�OF�TIDAL�CURRENTS�DERIVED�FROM�0#!�

ARE� SHOWN� IN� &IG�� �� FOR� ���-AY� ������ $URING� THIS� DAY�� THE�

STRONGEST� CURRENTS� OF� SPRING� TIDE� WERE� OBSERVED�� %LLIPSE�

ORIENTATION�SHOWS�THAT�THE�CURRENT�IS�STRONGLY�CONTROLLED�BY�THE�

TOPOGRAPHY��PRODUCING�ALIGNMENT�OF�THE�MAJOR�AXES�ALONG�THE�

DEPTH� CONTOURS�� !NISOTROPY� IN� CURRENT� FIELD� WITH� A� RELATIVELY�

HIGH�ELLIPTICITY�IS�OBSERVED�OVER�THE�SANDBANKS�� IN�THE�MIDDLE�

OF�THE�STUDY�DOMAIN��

7HITE�AND�BLACK�ELLIPSES� IN�&IG���� INDICATE� THAT� THE�CURRENT�

ARE� ROTATING� CLOCKWISE� �CW	� AND� COUNTERCLOCKWISE� �CCW	�

RESPECTIVELY��4WO�DISTINCT�ZONES�WITH�OPPOSITE�SIGN�OF�ROTATION�

OF� THE� TIDAL� CURRENT� VECTOR� ARE� CLEARLY� IDENTIFIED�� 4HEY� ARE�

SEPARATED� BY� A� LINE� ROUGHLY� FOLLOWING� THE� ��M� ISOBATH�� )T�

SUGGESTS� THAT�� IN� THIS� LOCATION�� TIDAL� MOTION� PRODUCES�

ALTERNATIVELY� DIVERGENCE� OR� CONVERGENT� OF� SURFACE� CURRENTS�

DURING�CERTAIN�PERIODS�OF�THE�TIDAL�CYCLE���

4HE� TIME�AVERAGED�CURRENT�VELOCITY�DISTRIBUTION�SHOWS� LOW�

SPATIAL�VARIATIONS�WITH�VALUES�RANGING�FROM�����TO���M�S��WITH�

THE� HIGHEST� VELOCITY� VALUE� OBSERVED� OFF� THE� #APE� '.�� 4HE�

MAXIMUM� SURFACE� CURRENT� SPEED� OBSERVED� BY� THE� RADARS� IS�

HIGHER�THAN���M�S�IN�THE�ENTIRE�STUDY�AREA��

�

�

&IG�� �� �-EAN� SURFACE� CURRENT� VELOCITY� DURING� THE�WHOLE� STUDY� PERIOD� �COLOR�

SHADING	� AND� DURING� THE� SPRING� TIDE� PERIOD� IN� -AY� ����� �WHITE� CONTOURS	��

3HOWN�ALSO�TIDAL�CURRENT�ELLIPSES�DERIVED�FROM�0#!�ON�-AY�����������EVERY�

THIRD�ELLIPSE�IS�SHOWN	��"LACK�ELLIPSES�DENOTE�COUNTERCLOCKWISE�ROTATING�TIDAL�

CURRENTS�AND�WHITE�ELLIPSES�DENOTE�CLOCKWISE�ROTATING�CURRENTS��"LACK�CROSSES�

SHOW�LOCATIONS�SELECTED�FOR�DETAILED�ANALYSIS��

4HE�CURRENT�ASYMMETRY�A� IS� FOUND�HIGHER� THAN��� IN�ALMOST�

WHOLE� STUDY� DOMAIN� �&IG�� �	�� INDICATING� THE� FLOOD� FLOW�

DOMINANCE��4HE�ONLY�EXCEPTION�IS�THE�EASTERN�PART�OF�THE�AREA�

WHERE� THE� ASYMMETRY� IS� SLIGHTLY� LESS� THAN� ��� 4HE� MAXIMUM�

CURRENT�ASYMMETRY��A������	�IS�OBSERVED���KM�WESTWARD�OF�THE�

#APE�'.��INDICATING�THE�EFFECT�OF�CAPE�ON�SPATIAL�DISTRIBUTION�

OF�PHASE�AND�AMPLITUDE�OF�THE�PRINCIPAL��-�	�TIDAL�CONSTITUENT�

AND� ITS� HIGHER� ORDER� HARMONICS� �-��� -3�	� ;��=�� !� STRONG�

IMBALANCE� BETWEEN� THE� STRENGTH� OF� FLOOD� AND� EBB� CURRENT�
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SPEEDS�CAN�CAUSE�MUCH�LARGER�ASYMMETRY�IN�POWER�EXTRACTION�

THUS�REDUCING�THE�OVERALL�ENERGY�YIELD���

#URRENT�DIRECTION�IS�ANOTHER�RELEVANT�METRIC�FOR�TIDAL�STREAM�

ENERGY� CONVERSION� AS� THE� PREDOMINANT� DESIGN� CONCEPT� FOR�

ENERGY�CONVERTER� IS� THAT�OF�A� FIXED�HORIZONTAL� AXIS� TURBINE�� )N�

THE� $OVER� 3TRAIT�� THE� ASYMMETRY� ��� BETWEEN� THE� PRINCIPAL�

DIRECTION� OF� EBB� AND� FLOOD� FLOWS� VARIES� FROM� � � TO� �� �� 4HE�

MINIMUM� ASYMMETRY� IS� OBSERVED� IN� THE� SOUTHERN� PART� OF� THE�

DOMAIN�����GRADUALLY�INCREASES�UNTIL��� �IN�THE�NORTHERN�PART��

WHERE�THE�MAXIMUM�CURRENT�OCCURS���

�

�

&IG�����#URRENT�VELOCITY�ASYMMETRY�A�DISTRIBUTION���

�

�

&IG�� �� � #UMULATIVE� OCCURRENCE� OF� VELOCITY�MAGNITUDE� IN� LOCATIONS�!� AND�"�

�SEE�&IG����FOR�LOCATION	��$ASHED�LINES�REPRESENT�THE�MEAN�VELOCITY�VALUES���

)N� TIDAL� ENERGY� PROJECTS�� IT� IS� CUSTOMARY� TO� ESTIMATE� THE�

OCCURRENCE� OF� DIFFERENT� VELOCITY� VALUES� OBSERVED� DURING� A�

GIVEN� PERIOD�� 6ELOCITY� HISTOGRAMS� PROVIDE� A� SIMPLE� WAY� TO�

EVALUATE� THE� AVAILABLE� RESOURCE� AT� ANY� POINT� OF� A� SITE�� 4HEY�

INDICATE� WHAT� PERCENTAGE� OF� TIME� COULD� BE� USED� FOR� POWER�

GENERATION�� &IG�� �� SHOWS� THE� CUMULATED� OCCURRENCE� OF� TIDAL�

CURRENT�VELOCITY�OBSERVED�IN�TWO�LOCATIONS�SELECTED�FOR�DETAILED�

ANALYSIS��POINT�!�LOCATED�WESTWARD�OF�THE�#APE�'.�AND�POINT�

"�LOCATED�WESTWARD�OF�THE�",(��SEE�&IG����FOR�LOCATIONS	��4HE�

STRONGEST�CURRENTS�ARE�OBSERVED�IN�!��WHEREAS�"�IS�LOCATED�NOT�

FAR�FROM�THE�!$#0�DEPLOYMENTS���

4HE�VELOCITY�OF���M�S�IS�EXCEEDED������OF�TIME�IN�LOCATION�

!�AND������OF�TIME�IN�LOCATION�"��4HE�CURRENT�SPEED�OF�����M�S�

IS�EXCEEDED���TIMES�MORE�OFTEN�IN�!�THAN�IN�"��RESPECTIVELY����

��AND�����OF�TIME	��4HE�MEAN�CURRENT�VELOCITY�IS�FOUND�TO�BE�

��M�S�IN�!�AND������M�S�IN�"��4HIS�DIFFERENCE�RESULTS�FROM�THE�

CHANGE�IN�FLOW�REGIME��4HE�STRAIT�NARROWING�AND�THE�PRESENCE�

OF�#APE�'.�CAUSE�FLOW�ACCELERATION�AND�PROVIDES�THE�HIGHEST�

TIDAL�CURRENT�VELOCITY�THERE��

�

�	��6ELOCITY�0ROFILES�

6ELOCITY�PROFILES�FROM�BOTTOM�MOUNTED�!$#0�OFF�THE�",(�

WERE� ANALYZED� FOR� DIFFERENT� STAGES� OF� THE� TIDAL� CYCLE�� PEAK�

VELOCITY�PERIOD��06	��FLOOD�AND�EBB�FLOW�PERIOD�PRECEDING�AND�

FOLLOWING� THE� PEAK� VELOCITY�� 4HE� TIME� INTERVAL� USED� FOR�

ANALYSIS�WAS�SET�TO�ONE�HOUR�FOR�EACH�TIDAL�STAGE��4HE�VELOCITY�

PROFILES� RECORDED� DURING� MULTIPLE� �HOUR� INTERVALS� WERE�

CONSIDERED�FOR�EACH�OF� THE� THREE� TIDAL�STAGES�ENCOUNTERING� THE�

PEAK�VELOCITY��&IG����SHOWS�THE�TIME�AVERAGED�VELOCITY�PROFILES�

OBSERVED�DURING� FLOOD� AND� EBB� TIDAL� FLOW��"ASED�ON� THE�DATA�

ACQUIRED� IN� ����� AND� ������ THE� VERTICAL� PROFILE� WAS� FOUND�

FOLLOWING�THE����
TH
� LAW�ON�FLOOD�TIDE�AND�THE����

TH�
LAW�ON�EBB�

TIDE��4HE�ANALYSIS�ALSO�SHOWS�THAT�LOWER�VALUE�OF���IS�ACHIEVED�

ONE�HOUR�BEFORE�THE�PEAK�VELOCITY��4HEN��IT�GRADUALLY�INCREASES�

UNTIL� THE� MAXIMUM� VALUE�� REACHED� ONE� HOUR� AFTER� THE� PEAK�

VELOCITY��4ABLE��	��-OREOVER����SHOWS�LARGER�VARIATION�ON�EBB�

TIDE�THAN�ON�FLOOD�TIDE�WITH�VALUES�RANGING�FROM���TO�����AND�

���� TO� ���� RESPECTIVELY� �4ABLE� �	�� 4HE� MEAN� ERROR� OF� ��

ESTIMATION��STANDARD�DEVIATION���	�FOR�EACH���HOUR�LONG�PERIOD�

OF�TIDAL�FLOW�WAS�FOUND�CLOSE�TO����

�

�

&IG�����#URRENT�VELOCITY�PROFILES�DURING�FLOOD�AND�EBB�TIDE�FLOW�DERIVED�FROM�

!$#0� MEASUREMENTS� IN� ����� �A	� AND� IN� ����� �B	�� -EAN� VELOCITY� PROFILES�

DURING� THE� PEAK� CURRENT� ARE� SHOWN� IN� RED� �ONE� HOUR� AVERAGING� PERIOD� IS�

CENTERED�ON�PEAK�VELOCITY	��/NE�HOUR�AVERAGED�VELOCITY�PROFILES�OBSERVED�ONE�

HOUR�BEFORE�AND�ONE�HOUR�AFTER�THE�PEAK�VELOCITY�ARE�GIVEN�IN�GREEN�AND�BLUE�

RESPECTIVELY�� 6ELOCITY� PROFILES� PROVIDED� BY� !$#0� ���MIN� AVERAGED	� ARE�

GIVEN�IN�MAUVE��/NLY�PROFILES�WITH�DEPTH�AVERAGED�VELOCITY�����M�S�I�A�B	�AND�

������M�S��C�D	�ARE�SHOWN��#OLOUR�SOLID�AND�DASHED�LINES�MATCH�OBSERVED�AND�

MODELED�VELOCITY�PROFILES��0ROFILE�EXTRAPOLATION�TO�SURFACE�IS�SHOWN�IN�GREY��

&OLLOWING� THE�SAME�METHODOLOGY��VELOCITY�PROFILES� FROM�A�

REGIONAL�� EXTENSIVELY� VALIDATED� NUMERICAL� MODEL� ;��=� WERE�

ANALYZED� AND� COMPARED� WITH� PROFILES� FROM� !$#0�

MEASUREMENTS� IN� *UNE� ������ 4HE� MODEL� SIMULATES� VELOCITY�

DISTRIBUTION� IN� THE�WHOLE�WATER�COLUMN��INCLUDING�THE�SURFACE�

LAYER�� 4HERE�� !$#0� DOES� NOT� PROVIDE� RELIABLE� VELOCITY�

MEASUREMENTS�� /NLY� EXTRAPOLATION� ALLOWS� APPROXIMATING� THE�

VELOCITY�DISTRIBUTION� IN� THE�UPPERMOST� SURFACE� LAYER��&IG�� �CD�

SHOWS� HIGH� DEGREE� OF� CONSISTENCY� BETWEEN� VELOCITY� PROFILES�

OBTAINED�FROM�THE�MODEL�AND�FROM�THE�!$#0�MEASUREMENTS��
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0OWER� LAW� PARAMETER� �� IS� IN� A� VERY� GOOD� AGREEMENT� FOR�

MODELED� AND� OBSERVED� PROFILES� WITH� RELATIVE� ERROR� NOT�

EXCEEDING�����4HE�SHAPE�OF�VELOCITY�PROFILES�GENERATED�BY�THE�

MODEL� FOR� DIFFERENT� STAGE� OF� TIDAL� CYCLE� SHOWS� LOW� VARIATION�

WITH�THE�STANDARD�DEVIATION�∆��������ON�AVERAGE��4ABLE��	��

4!",%�)�

0/7%2�#/%&&)#)%.4�α�/&�4(%�6%,/#)49�02/&),%3�!002/8)-!4%$�"9�!�

0/7%2�,!7�&/2�4(2%%�30%#)&)#�0%2)/$3�/&�4)$!,�&,/7�%6/,54)/.�

!2/5.$�4(%�0%!+�6%,/#)49��06	��&/2�&,//$�!.$�%""�4)$%�

� � 06�H� 06� 06��H� ������ ���

!$#0� ���� ���� ���� �� ����&LOOD�

-/$%,� ���� ���� ���� ���� ����

!$#0� ���� ���� ���� ���� ��%BB�

-/$%,� ���� ���� ���� �� ����

�

(ISTOGRAMS� OF� CUMULATIVE� OCCURRENCE� OF� VELOCITY�

MAGNITUDE�DERIVED�FROM�THE�MODEL�AND�FROM�OBSERVATIONS��NOT�

SHOWN	� REVEALED� THAT� THE� MODEL� VELOCITIES� ARE� SLIGHTLY�

OVERESTIMATED� �BY� ��	� WITH� THE� EXCEPTION� OF� VERY� LOW�

VELOCITIES���������M�S	��&OR�THIS�RANGE��THE�MODELED�VELOCITIES�

ARE�LOWER�THAN�OBSERVED�VELOCITIES���

�

�	��4IDAL�3TREAM�0OTENTIAL��

4HE� KINETIC� POWER� DENSITY� IS� THE� PRIMARY� METRIC� USED� TO�

CHARACTERIZE�THE�THEORETICAL�POTENTIAL�AND�ITS�VARIATION�AT�A�SITE��

4HE�RADAR�OBSERVATIONS�PROVIDE� INFORMATION�ABOUT�SPATIAL�AND�

TEMPORAL�VARIABILITY�OF�SURFACE�CURRENTS��)T�IS�ALSO�ASSUMED�THAT�

THE�!$#0�DERIVED�VELOCITY�PROFILES�ARE�REPRESENTATIVE�FOR�EBB�

AND�FLOOD�FLOW�AT�EACH�GRID�POINT�WITHIN�THE�STUDY�DOMAIN��"Y�

MERGING� THESE� TWO� SOURCES� OF� DATA�� IT� IS� POSSIBLE� TO� ESTIMATE�

THE�AVAILABLE�POWER�DENSITY�AT�DIFFERENT�SPACE�AND�TIME�SCALES�

AND�AT�VERTICAL�LEVELS�DIRECTLY�FROM�VELOCITY�OBSERVATIONS��-OST�

OF� THE� TIDAL� TURBINES� ARE� DESIGNED� FOR� DEPLOYMENT� ON� THE� SEA�

FLOOR� �E�G�� /PEN� (YDRO�� 3ABELLA	� BUT� SOME� OF� THEM� �E�G��

(YDRO'EN�� %VOPOD� BY� /CEANFLOW	� ARE� INSTALLED� IN� THE�

SURFACE� LAYER� TO� TAKE� ADVANTAGE� OF� THE� HIGHEST� CURRENT�

VELOCITIES�� &OR� THIS� REASON�� THE� POWER� DENSITY� SHOULD� BE�

ESTIMATED� FOR� DIFFERENT� ALTITUDES� ACCORDING� TO� DEVICE�S�

DEPLOYMENT�LEVEL��

#OMBINING� !$#0� DERIVED� PROFILES� AND� (&� RADAR� SURFACE�

VELOCITY�MEASUREMENTS�AVAILABLE�DURING�ONE�MONTH�PERIOD��THE�

POWER� DENSITY� TIME� SERIES� IN� THE� SURFACE� AND� BOTTOM� LAYERS�

�UPPER� AND� LOWER� HALF� OF� THE� WATER� COLUMN	� WERE� GENERATED�

AND� THEN� TIME� AVERAGED�� )N� THIS� CALCULATION�� IT� WAS� ASSUMED�

THAT� THE� VERTICAL� VARIATION� OF� THE� CURRENT� VELOCITY� FOLLOWS� THE�

���
TH
� AND� THE� ���

TH�
POWER� LAW� ON� FLOOD� AND� EBB� FLOW�

RESPECTIVELY��

!S�THE�ONLY�VARIABLE�PARAMETER�GOVERNING�THE�POWER�IS� THE�

CURRENT� VELOCITY�� IT� IS� NOT� SURPRISING� TO� FIND� SIMILAR� SPATIAL�

PATTERNS�FOR�BOTH�MEAN�TIDAL�CURRENT�VELOCITY�AND�MEAN�KINETIC�

POWER� DENSITY� DISTRIBUTION� �NOT� SHOWN	�� )N� THE� SURFACE� LAYER��

THE� MEAN� POWER� DENSITY� ATTAINS� ITS� MAXIMUM� VALUE� �����

K7�M£� 	� IN� THE�NORTHEASTERN� SECTOR�n�WEST�OF�#APE�'.��WITH�

PEAK�VALUE�OF���K7�M£��&OR�THE�REST�OF�THE�STUDY�DOMAIN�� THE�

MEAN�AVAILABLE�POWER� IS�MUCH� LOWER�AND�VARIES� IN� THE� RANGE�

���������K7�M£�� )N� THE�BOTTOM�LAYER�� THE�MAXIMUM�VALUE�OF�

THE�MEAN�POWER������K7�M£	�IS�ALSO�FOUND�WEST�OF�#APE�'.��

/N�AVERAGE��THE�KINETIC�POWER�AVAILABLE�IN�THE�BOTTOM�LAYER�IS�

��TIMES� LOWER�THAN�THAT�AVAILABLE�IN�THE�SURFACE�LAYER��$URING�

SPRING�TIDE��THE�POWER�IN�THE�TIDAL�FLOW�INCREASES�CONSIDERABLY�

AND� ATTAINS� ���� K7�M£� AND� ���� K7�M£� IN� THE� SURFACE� AND�

BOTTOM�LAYERS�RESPECTIVELY��IN�THE�NORTHEASTERN�SECTOR���

&IG�� �� REPRESENTS� TIME� SERIES� OF� HOURLY� AND� DAILY� MEAN�

POWER�DENSITY�ESTIMATES�FOR�TWO�GEOGRAPHIC�LOCATIONS�SELECTED�

ABOVE��WEST�OF�#APE�'.��!	�AND�WEST�OF�"OULOGNE� �"	� �SEE�

&IG���� FOR� LOCATION	��!T� TIME�SCALE�OF�A�DAY��&IG���A	��A�SEMI

DIURNAL� VARIABILITY� AND� A� PRONOUNCED� INEQUALITY� OF� KINETIC�

POWER� ARE� OBSERVED� IN� THE� SURFACE� AND� BOTTOM� LAYERS�� 4HE�

LATTER�IS�CAUSED�BY�CURRENT�ASYMMETRY�n�STRONGER�IN�LOCATION�!�

�A������	�THAN�IN�LOCATION�"��A������	��0EAK�POWER�DURING�FLOOD�

TIDE�IN�LOCATION�!�AND�"�� IS�RESPECTIVELY���AND���TIMES�HIGHER�

THAN�THAT�DURING�EBB�TIDE��&OR�A�MONTH�LONG�PERIOD��A�FORTNIGHT�

MODULATION� OF� POWER� IS� OBSERVED� �&IG� ��B	�� /N� AVERAGE�� THE�

MEAN�POWER�AVAILABLE�IN�LOCATION�!�EXCEEDS�THAT�IN�LOCATION�"�

BY�A�FACTOR�OF�TWO���

�

�

&IG�����(OURLY��A	�AND�DAILY��B	�VALUES�OF�POWER�DENSITY�IN�THE�SURFACE�LAYER�IN�

LOCATION�!��GREY	�AND�"��BLACK	���

�

"�� 4IDAL�3TREAM�2ESOURCE�IN�THE�)ROISE�3EA�

5SING� THE� SAME� APPROACH� OF� DATA� ANALYSIS� �YEAR� LONG�

VELOCITY� TIME� SERIES�WERE� ANALYSED	��WE� SUMMARIZE� HEREAFTER�

THE�MAIN�FEATURES�OF�TIDAL� FLOW�AND�RESOURCE�VARIABILITY�IN� THE�

)ROISE�3EA��WITH�EMPHASIS�PUT�ON�THE�REGION�AROUND�THE�5SHANT�

)SLAND���

�	��#URRENT�6ELOCITY�AND�!SYMMETRY��

3PATIAL� AND� TEMPORAL� VARIABILITY� OF� TIDAL� CURRENTS� ARE�

QUANTIFIED� BY� ESTIMATING� THE� PARAMETERS� OF� SYNTHESIZED� TIDAL�

CURRENT�ELLIPSES�DERIVED�FROM�THE�PRINCIPAL�COMPONENT�ANALYSIS�

�0#!	� OF� �DAY� LONG� SPRING� TIDE� VELOCITY� TIME� SERIES�� 4HE�

LENGTH� OF� ELLIPSEgS� SEMIAXIS� PROVIDES� INFORMATION� ABOUT� THE�

TIDAL� CURRENT� STRENGTH� AND� INDICATES� REGIONS� WITH� THE� MOST�

POWERFUL� FLOW� �&IG�� �	�� 4HE� MAXIMUM� AND� TIME� AVERAGED�

CURRENT� VELOCITY� DISTRIBUTION� SHOWS� SIGNIFICANT� SPATIAL�

VARIATIONS� AND� RANGES� FROM� ����� TO� �� M�S� FOR� THE� MAXIMUM�

VELOCITY��&IG����COLOUR�SHADING	�AND�FROM�����TO���M�S�FOR�THE�

MEAN� SPRING� TIDE� VELOCITY� �&IG�� �� BLACK� CONTOURS	�4HE�

STRONGEST� CURRENT� ARE� IDENTIFIED� IN� TWO� AREAS�� WEST� OF� THE�
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5SHANT� )SLAND� AND� IN� THE� &ROMVEUR� 3TRAIT�� "ATHYMETRY�

GRADIENTS�AND�THE�PRESENCE�OF�ISLANDS�CAUSE�FLOW�ACCELERATION��

TEND� TO� TIGHTEN� THE� STREAMLINES� AND� PROVIDE� THE� MAXIMUM�

VELOCITIES� THERE�� )N� THESE� TWO� SECTORS�� THE� MEAN� VELOCITY�

EXCEEDS�����M�S�AND�THE�MAXIMUM�ATTAINS���M�S���

�

�

&IG�����4IDAL�CURRENT�ELLIPSES�DURING�SPRING�TIDE��%VERY�SIXTH�ELLIPSE�IS�SHOWN��

"LACK� ELLIPSES� DENOTE� COUNTERCLOCKWISE� ROTATING� TIDAL� CURRENTS� AND� WHITE�

ELLIPSES� DENOTE� CLOCKWISE� ROTATING� CURRENTS�� 4HE� MAXIMUM� SURFACE� VELOCITY�

DURING� THE� STUDY� PERIOD� �COLOR� SHADING	� AND� SPRING� TIDE� AVERAGE� VELOCITY�

�BLACK� CONTOURS	�� ,ETTERS�!� AND�"�MARK� LOCATION� OF� GRID� POINTS� WHERE� THE�

HIGHEST�VELOCITIES�ARE�OBSERVED�

4HE�ORIENTATION�OF� THE�PRINCIPAL� CURRENT� CLEARLY� SHOWS� THAT�

THE� TIDAL� WAVE� ARRIVES� FROM� THE� 'ULF� OF� "ISCAY� AND� TRAVELS�

NORTHEASTWARD�TOWARD�THE�%NGLISH�#HANNEL��)N�THE�MAJORITY�OF�

THE�DOMAIN��THE�TIDAL�CURRENT�DIRECTION�IS�PARALLEL�TO�BATHYMETRY�

CONTOURS� INDICATING� THAT� THE� BATHYMETRY� GUIDES� THE� FLOW��

(OWEVER�� IN� THE� EASTERN� AND� SOUTHERN� SECTORS� OF� THE� 5SHANT�

)SLAND��A� SIGNIFICANT�MISALIGNMENT� IN�CURRENT�DIRECTION�DURING�

FLOOD� AND� EBB� TIDE� IS� OBSERVED��3UCH� A�DEVIATION�OF� THE� FLOW�

DURING�BOTH� TIDAL�PHASES� IS� KNOWN�AS�DIRECTION�ASYMMETRY�� )T�

CREATES� DIFFICULTIES� FOR� TURBINE� MODELS� DESIGNED� FOR� BI

DIRECTIONAL�TIDES���

$ISTRIBUTION�OF����WITHIN�THE�STUDY�AREA�REVEALS�HIGH�VALUES�

�UP� TO� �� 	�� 4HE� HIGHEST� MISALIGNMENT� OF� TIDAL� CURRENTS� IS�

OBSERVED�ALONG�THE�SOUTHERN�EXTREMITY�OF�THE�ISLAND��3ENTCHEV�

ET� AL�� ;��=� DOCUMENTED� THE� PRESENCE� OF� TRANSIENT� EDDIES� IN�

THESE�AREAS�WHICH�MIGHT�EXPLAIN�SUCH�A�LARGE�DIFFERENCE�IN�THE�

DIRECTION�OF�THE�DOMINANT�CURRENT�BETWEEN�EBB�AND�FLOOD�FLOW��

)N�THE�NORTHWESTERN�SECTOR�OF�THE�DOMAIN����� RANGES�FROM�� �

TO��� ��INDICATING�THAT�EBB�AND�FLOOD�FLOWS�ARE�MOSTLY�ALIGNED���

!LTHOUGH� ELLIPSE� ORIENTATION�� CURRENT� STRENGTH� AND�

POLARIZATION�ARE�SIMILAR�IN�THE�.7�OF�THE�5SHANT�)SLAND�AND�IN�

THE�&ROMVEUR�3TRAIT��A�NOTICEABLE�DIFFERENCE�BETWEEN�THESE�TWO�

AREAS�WAS�DOCUMENTED�FOR�THE�CURRENT�VELOCITY�ASYMMETRY�A���

4HE�ASYMMETRY�VARIES�IN�A�WIDE�RANGE��FROM�����TO������AND�

SHOWS�SPATIAL�PATTERN�WITH�A�����IN�THE�WEST�AND�A�����IN� THE�

3OUTH� �&IG�� �	�� 4HE� STRONGEST� VARIATION� OF� ASYMMETRY� IS�

OBSERVED� IN� THE�&ROMVEUR�3TRAIT��(ERE�� THE�ASYMMETRY�VALUES�

REACH�����IN�THE�ONSHORE��NORTHEASTERN	�SECTOR��INDICATING�THAT�

FLOOD�FLOW�VELOCITIES�ARE�BY�FAR�HIGHER�THAN�EBB�FLOW�VELOCITIES��

4HE� ASYMMETRY� DECREASES� TOWARD� THE� CENTRE� OF� THE� 3TRAIT��

WHERE� THE� TIDAL� FLOW� REACHES� A� BALANCE� �A� �� �	�� (OWEVER��

ANOTHER� DISTORTION� OF� VELOCITY� CURVE� APPEARS� SEAWARD�� ON� THE�

EXIT�OF�THE�3TRAIT��(ERE��AND�WITHIN�AN�EXTENDED�ZONE�SOUTH�OF�

THE�5SHANT�)SLAND��THE�ASYMMETRY�VALUES�DECREASE�TO������&IG��

�	�INDICATING�THAT�THE�FLOW�REGIME�IS�EBB�DOMINATED��

�

&IG�����3PATIAL�DISTRIBUTION�OF�CURRENT�VELOCITY�ASYMMETRY�α���

&IG�� ��� SHOWS� THE� PROBABILITY� DENSITY� AND� CUMULATED�

OCCURRENCE�OF� TIDAL� CURRENT� VELOCITY� IN� TWO�GRID�POINTS�WHERE�

THE�HIGHEST�POTENTIAL�IS�EXPECTED��LOCATIONS�!�AND�"�IN�&IG���	���

�

�

&IG������0ROBABILITY�DENSITY�IN�LOCATION�!��A	�AND�LOCATION�"��B	��AND�

CUMULATED�OCCURRENCE�OF�VELOCITY�VALUES�IN�!��C	��7EIBULL�DISTRIBUTION�FOR�

CUMULATED�OCCURRENCE�OF�VELOCITY�IS�SHOWN�BY�COLOUR�LINES�FOR�!�AND�"��3HAPE�

AND�SCALE�PARAMETERS��K�AND��	�OF�7EIBULL�LAW�ARE�GIVEN�IN�THE�TEXT��$ASHED�

LINE�IN��A	�REPRESENTS�7EIBULL�APPROXIMATION�OF�VELOCITY�PROBABILITY�DENSITY��

)N� POINT� !�� THE� PROBABILITY� DENSITY� ROUGHLY� FOLLOWS� THE�

7EIBULL� DISTRIBUTION� WITH� MAXIMUM� PROBABILITY� ����	�

ACHIEVED� FOR� THE� VELOCITY� OF� ���� M�S�� AND� THEN� GRADUALLY�

DECREASES� IN� THE� RANGE� FROM� �� TO� �� M�S� �&IG�� ��A	�� )N� THE�

&ROMVEUR� 3TRAIT� �POINT� "	�� THE� PROBABILITY� DENSITY� LOOKS�

DIFFERENT��&IG����B	��4HE�MAXIMUM�PROBABILITY�IS�LOWER�����	�

FOR� THE� SAME� VELOCITY� VALUE� ����� M�S	�� !� CLEAR� BIMODAL�

DISTRIBUTION�CANNOT�BE�IDENTIFIED��BUT�THE�DISTRIBUTION�FLATTENING�

WITHIN�THE�VELOCITY�RANGE�BETWEEN�����AND�����M�S��IS�OBSERVED��

#UMULATED� OCCURRENCE� DISTRIBUTION� �&IG�� ��C	� IS� NEARLY� THE�

SAME�IN�BOTH�LOCATIONS��)T�PERFECTLY�REPRODUCED�BY�THE�7EIBULL�

LAW�WITH�THE�SAME�SCALE�PARAMETER���������IN�EACH�LOCATION�AND�

A� SHAPE� PARAMETER� K� �� ���� AND� ���� IN� LOCATIONS� !� AND� "�

RESPECTIVELY��

�

�
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�	��6ELOCITY�0ROFILES�

4HE�!$#0�DATA�COLLECTED� IN� THE�&ROMVEUR�3TRAIT�WERE���

MIN� AVERAGED� AND� THEN� COMBINED� TOGETHER� WITHIN� DIFFERENT�

PERIODS��ONE�HOUR�LONG	�OF�THE�TIDAL�CYCLE��PEAK�VELOCITY�PERIOD�

AND� PERIODS� EITHER� SIDE� OF� PEAK� VELOCITY�� 4HE� RESULTED� TIME

AVERAGE� PROFILES� WERE� CONSIDERED� AND� THEIR� SHAPE� WAS�

APPROXIMATED� BY� A� POWER� LOW� FOR� THE� SPRING�NEAP� AND�

EBB�FLOOD� STAGES� OF� THE� TIDAL� CYCLE� �&IG�� ��	�� 4HE� RESULTS�

PRESENTED� HERE� CONCERN� THE� DATA� ACQUIRED� IN� THE� &ROMVEUR�

3TRAIT�� !$#0�MEASUREMENTS� AVAILABLE� IN� TWO� OTHER� LOCATIONS�

WITHIN�THE�RADAR�COVERAGE�ZONE�WERE�PROCESSED�IN�SIMILAR�WAY�

AND� THE� RESULTS� OCCURRED� NOT� VERY� DIFFERENT�� 4HE� VELOCITY�

PROFILES�WERE�FOUND�FOLLOWING�THE�POWER�LAW�WITH���������ON�

AVERAGE�� 6ERY� LOW� VARIATIONS� OF� THE� POWER� COEFFICIENT� ��

BETWEEN� THE� DIFFERENT� TIDAL� STAGES� ARE� IDENTIFIED�� 4HE� HIGHEST�

VALUE�IS�REACHED�WHEN�THE�PEAK�CURRENT�OCCURS��4ABLE��	���

4IME� SERIES� OF� THE� DEPTH� AVERAGED� VELOCITY� DERIVED� FROM�

!$#0� AND� SURFACE� VELOCITIES� PROVIDED� BY� THE� RADARS� IN� THE�

NEAREST� GRID� POINT� WERE� COMPARED�� 4HE� COMPARISON� SHOWS� A�

GOOD� OVERALL� AGREEMENT� WITH� ZERO� PHASE� LAG�� HIGH� DEGREE� OF�

CORRELATION� �����	�� AND� REVEALED� THAT� THE� RADARS� OVERESTIMATE�

THE�DEPTH�AVERAGE�VELOCITY�BY�APPROXIMATELY�������

�

�

&IG������#URRENT�VELOCITY�PROFILES�FROM�!$#0�MEASUREMENTS�IN�THE�&ROMVEUR�

3TRAIT� DURING� SPRING�NEAP� TIDE� �A�B	� AND� FLOOD�EBB� TIDE� �C�D	��-EAN� VELOCITY�

PROFILES�DURING�THE�PEAK�CURRENT�ARE�SHOWN�IN�RED��/NE�HOUR�AVERAGED�PROFILES�

EITHER�SIDE�OF�PEAK�VELOCITY�ARE�GIVEN�IN�GREEN�BLUE�SOLID�LINES�FOR�PEAK�H���H�

RESPECTIVELY��-ODELLED� PROFILES� ARE� SHOWN� BY� DASHED� LINE�� ��MIN� AVERAGED�

VELOCITY�PROFILES�PROVIDED�BY�!$#0�ARE�GIVEN�IN�PURPLE��0ROFILE�EXTRAPOLATION�

TO�SURFACE�IS�SHOWN�IN�GREY���

�

�	��4IDAL�3TREAM�0OTENTIAL��

5SING� VELOCITY� TIME� SERIES� PROVIDED� BY� THE� RADARS�� THE�

POWER� LAW� EXPRESSION� FOR� VELOCITY� PROFILES� DERIVED� FROM�

MOORED� !$#0� DATA�� AND� THE� LAYER� EXTENSION�� THE� POWER�

DENSITY� TIME� SERIES� IN� THE� SURFACE� AND� BOTTOM� LAYERS� WERE�

GENERATED�AND�THEN�AVERAGED�AT�DIFFERENT�SCALES���

(OURLY�MEAN� AND�DAILY�MEAN� TIME� SERIES� OF� KINETIC� POWER�

DENSITY�FOR�TWO�LOCATIONS��!�AND�"	�AROUND�THE�5SHANT�)SLAND�

ARE� SHOWN� IN� &IG�� ���� 3TRONG� VARIABILITY� IS� OBSERVED� BOTH� AT�

DAILY� AND� MONTHLY� SCALES�� &OR� HOURLY� AVERAGE� POWER� TIME�

SERIES� �&IG����AC	��A�QUARTERDIURNAL�VARIABILITY� IS�CLEARLY� SEEN�

WITH� PEAK� POWER� DENSITY� OCCURRING� EVERY� SIX� HOURS��!� SEMI

DIURNAL�INEQUALITY�IS�ALSO�OBSERVED��)T�IS�MORE�PRONOUNCED�FOR�

LOCATION�!��.7�5SHANT	�AND�CAUSED�BY�TIDAL�FLOW�ASYMMETRY�

THERE��)N�THE�CENTRE�OF�THE�&ROMVEUR�3TRAIT��DAILY�DISTRIBUTION�OF�

POWER� DENSITY� SHOW� MORE� REGULAR� CYCLE�� 4HE� CURRENT�

ASYMMETRY� IN� "� IS� CLOSE� TO� ��� 6ERY� STRONG� FORTNIGHTLY�

MODULATION�OF�POWER�DENSITY�IS�REVEALED�IN�BOTH�LOCATIONS���

4HE�OVERALL�MEAN�VALUES�OF�POWER�DENSITY�ARE�SENSIBLY�THE�

SAME� IN� BOTH� LOCATIONS� AND� ATTAIN� ���� K7�M
�
� IN� THE� SURFACE�

LAYER�� )N� THE� BOTTOM� LAYER� ����M� THICK	� THE� POWER� DENSITY� IS�

CLOSE� TO���K7�M
�
��$URING� SPRING� TIDE�� THE�POWER�DENSITY�WAS�

FOUND�HIGHER�.7�OF�THE�5SHANT�)SLAND������K7�M
�
	�COMPARED�

TO�THE�CORRESPONDING�VALUE�IN�THE�&ROMVEUR�3TRAIT������K7�M
�
	���

�

�

&IG������4IME�SERIES�OF�HOURLY�MEAN��A�C	�AND�DAILY�MEAN��B�D	�POWER�DENSITY�

IN�LOCATIONS�!�AND�"��IN�THE�SURFACE��GREY	�AND�BOTTOM��BLACK	�LAYER���

�

4!",%�)))�

0/7%2�#/%&&)#)%.4�α�/&�4(%�6%,/#)49�02/&),%3�!002/8)-!4%$�"9�!�

0/7%2�,!7�&/2�4(2%%�30%#)&)#�0%2)/$3�/&�4)$!,�&,/7�%6/,54)/.�

!2/5.$�4(%�0%!+�6%,/#)49��06	��&/2�&,//$�!.$�%""��.%!0�!.$�302).'�

4)$%�).�4(%�&2/-6%52�342!)4�

� 06�H� 06� 06��H� ������

&LOOD� ���� ���� ���� ����

%BB� ���� ���� ���� ����

3PRING� ���� ���� ���� ����

.EAP� ���� ���� ���� ����

�

�

�

279



Proc. of the 3rd Asian Wave & Tidal Energy Conference (AWTEC 2016)

)6��$)3#533)/.�!.$�#/.#,53)/.3�

!SSESSMENT� OF� THE� AVAILABLE� TIDAL� STREAM� RESOURCE� IS� AN�

ESSENTIAL� FIRST� STEP� TOWARD� SUCCESSFUL� SITE� SELECTION�� DEVICE�

DEPLOYMENT�� AND� FURTHER� EXPLOITATION� OF� THE� RESOURCE� ;�=��

(OWEVER� SITE� SELECTION� IS� NOT� SIMPLY� A� CASE� OF� IDENTIFYING�

REGIONS�WITH�LARGE�TIDAL�CURRENTS��)NSTEAD��RESOURCE�ASSESSMENT�

AND� SITE� SELECTION� SHOULD� CONSIDER� A� WIDE� RANGE� OF� FACTORS��

INCLUDING� TEMPORAL�AND�SPATIAL�VARIABILITY�OF� THE�RESOURCE�AND�

TIDAL� FLOW� PARAMETERS�� SUCH� AS� CURRENT� ASYMMETRY�� CHANGE� IN�

PHASE�� VELOCITY� PROFILE�� x� �E�G�� ;�=	�� $ETAILED� OBSERVATIONAL�

CAMPAIGNS� ARE� NOT� SUFFICIENT� �OR� TOO�MUCH� EXPENSIVE	� AT� THE�

SCALE�REQUIRED�FOR�DETAILED�RESOURCE�CHARACTERISATION��4HEREFORE��

TIDALSTREAM� RESOURCE� ASSESSMENTS� TYPICALLY� MAKE� EXTENSIVE�

USE�OF�VALIDATED�HYDRODYNAMIC�MODELS��E�G��;��=	���

)N� OUR� STUDY�� WE� PRESENT� A� NOVEL� APPROACH� FOR� RESOURCE�

ASSESSMENT� BASED� ON� OBSERVATIONS� OF� TIDAL� FLOW� DYNAMICS� BY�

OCEANOGRAPHIC� RADARS� IN� COMBINATION� WITH� !$#0�

MEASUREMENTS�� 4HE� METHOD� CAN� BE� APPLIED� SEPARATELY� OR� IN�

CONJUNCTION� WITH� NUMERICAL� MODELLING� FOR� ANALYSIS� OF� TIDAL�

STREAM� POTENTIAL� AT� DIFFERENT� SITES�� )T� WAS� RECENTLY� USED� FOR�

RESOURCE�QUANTIFICATION�AT�A�HIGHLY�ENERGETIC� SITE� IN� THE�)ROISE�

3EA� ;��=��WHERE� THE� &RENCH� TURBINE� 3ABELLA�$��� IS� DEPLOYED�

SINCE� ������ !ND� IT� IS� EXTENDED� TO� TIDAL� FLOW� RESOURCE�

ASSESSMENT�IN�THE�$OVER�3TRAIT��WHICH�HAS�BEEN�CONSIDERED�AS�

PROMISING�SITE���

5SING�THE�ADVANTAGES�OF�RADAR�TECHNOLOGY��SPATIAL�COVERAGE��

HIGH�RESOLUTION��CONTINUOUS�DATA�ACQUISITION��x	�THE�REMOTELY�

SENSED� VELOCITIES� ARE� USED� TO�MAKE� LARGE� SCALE� QUANTIFICATION�

OF�TIDAL�STREAM�RESOURCE��OF�THE�MAJOR�METRICS�OF�TIDAL�FLOW�AND�

THEIR�SPACE�AND�TIME�VARIATION��!�SIGNIFICANT�FAILURE�OF�!$#0�

POINT�MEASUREMENTS�IS�THEIR�INABILITY�TO�PROVIDE�CONTEXT�OF�THE�

COMPLEX�SPATIAL�VARIABILITY�OF�TIDAL�CURRENTS�THAT�ARE�SO�OFTEN�A�

FEATURE�OF�POTENTIAL�MARINE�RENEWABLE�ENERGY�SITES��4HE�USE�OF�

UNDERWAY� !$#0� MEASUREMENTS� FOR� TIDAL� ENERGY� SITE�

SCREENING��AN�APPROACH�DEVELOPED�RECENTLY�IN�;�=�;��=��HAS�ALSO�

MANY� LIMITATIONS�� 4HE� PRESENTED� NOVEL� TECHNIQUE� OF� SITE�

ASSESSMENT�ENABLES�TO�AVOID�THIS�WEAKNESS���

4WO�SITES�LOCATED�ALONG�THE�&RENCH�COAST�OF�,A�-ANCHE��THE�

)ROISE� 3EA� IS� NOT� FAR� FROM� THE� ENTRANCE� TO� ,A� -ANCHE	��

CONSIDERED�IN�THIS�STUDY��HAVE�BENEFIT�FROM�(&�RADAR�VELOCITY�

MEASUREMENTS� AT� DIFFERENT� PERIODS�� "OTH� SITES� ARE� CONSIDERED�

AS�PROMISING�FOR�MARINE�RENEWABLE�ENERGY�CONVERSION��!T�BOTH�

SITES�� THE� (&� RADAR� OBSERVATIONS� REVEALED� A� LARGE� SPATIAL� AND�

TEMPORAL� VARIABILITY� OF� TIDAL� STREAM� AND� POWER� DENSITY�� AN�

IMPORTANT�ASYMMETRY�OF�TIDAL�CURRENTS�WHICH�CAN�CAUSE�A�LARGE�

IMBALANCE� OF� POWER� PRODUCTION� DURING� EBB� AND� FLOOD� FLOW��

(IGH� CURRENT� VELOCITY� ASYMMETRY� AS� WAS� DISCOVERED� AND�

MAPPED� AROUND� THE� 5SHANT� )SLAND�� TO� THE� BEST� OF� OUR�

KNOWLEDGE��HAS�NEVER�BEEN�DOCUMENTED�BEFORE���

�

4HE�VERTICAL�PROFILE�OF�POWER�DENSITY�WAS�RECONSTRUCTED�AND�

USED� FOR� QUANTIFYING� THE� AMOUNT� OF� POWER� AVAILABLE� IN� THE�

BOTTOM�AND� SURFACE� LAYERS� AT� DIFFERENT� TIME� AND� SPACE� SCALES��

4HE�DATA�ANALYSIS� SHOWED� THAT� THE�MOST�ENERGETIC�AREA� IN� THE�

$OVER�3TRAIT�IS�LOCATED�WEST�OF�THE�#APE�'RIS�.EZ��OUTSIDE�THE�

NORTHWARD� NAVIGATION� WAY� AND� FISHING� AREA�� 6ELOCITIES�

EXCEEDING� �� M�S� ARE� OBSERVED�MORE� THAN� ���� OF� TIME� THERE�

AND� THE� SPRING� TIDE� VELOCITY� IS� OF� THE� ORDER� OF� ����M�S�� 4HIS�

PROVIDES� THE� TEMPORAL� MEAN� POWER� DENSITY� OF� ���� K7�M£� IN�

THE�SURFACE�LAYER�AND�����K7�M£�IN�THE�BOTTOM�LAYER��4HE�LEVEL�

OF� ENERGY� AVAILABLE� IN� THE� FLOW� IS� ASSUMED� SUFFICIENT� FOR�

POTENTIAL�FUTURE�TECHNOLOGY�TESTING�IN�THIS�AREA���

4HE�ANALYSIS�OF�(&�RADAR�DATA�IN�THE�)ROISE�3EA�REVEALED�TWO�

AREAS� WITH� HIGH� ENERGY� POTENTIAL� AND� THUS� MORE� SUITABLE� FOR�

TIDAL� STREAM�DEVICE� DEPLOYMENT�� THE� &ROMVEUR� 3TRAIT� AND� THE�

AREA�.7�OF�THE�5SHANT�)SLAND��4HE�MAXIMUM�CURRENT�VELOCITY�

ATTAINS���M�S�THERE��AND�THE�VELOCITY�OF���M�S�IS�EXCEEDED�����

OF� TIME� AT� BOTH� SITES�� 4HE� MEAN� SPRING� TIDE� CURRENT� VELOCITY�

OBSERVED� IN� THE� SURFACE� LAYER� ATTAINS� ���� M�S� AND� ���� M�S�

RESPECTIVELY��4HE�MAP�OF�MAXIMUM�AND�MEAN�VELOCITY��&IG���	�

INDICATES� THAT� SPATIAL� EXTENSION� OF� THE� FORMER� AREA� IS� MUCH�

BIGGER��WHILE� THE� AREA� IN� THE�&ROMVEUR�3TRAIT�WITH� EXTREMELY�

HIGH�VELOCITY�VALUES�DOES�NOT�EXCEED���X���KM���

4HE�HYDROKINETIC�RESOURCES�AT�BOTH�SITES�AROUND�THE�5SHANT�

)SLAND�WERE�ESTIMATED�IN�THE�SURFACE�AND�BOTTOM�LAYERS��.7�OF�

THE� 5SHANT� )SLAND� AND� IN� THE� &ROMVEUR� 3TRAIT�� THE� ESTIMATED�

ANNUAL�MEAN� KINETIC� POWER� DENSITY� IN� THE� SURFACE� LAYER� IS� OF�

THE� ORDER� OF� ���� K7�M£�� 4HE� POWER� AVAILABLE� IN� THE� BOTTOM�

LAYER� IS� �� TIMES� LOWER�� #ONSIDERABLE� RESOURCE� VARIABILITY� ON�

HOURLY� AND� DAILY� TIMESCALE� HAS� BEEN� DIAGNOSED�� !� STRONG�

VARIATION�OF�CURRENT�ASYMMETRY�OCCURRING�AT� SHORT�DISTANCE� IN�

THE� &ROMVER� 3TRAIT� ENABLES� TO� PROVIDE� A� BALANCED� POWER�

GENERATION�THERE�BY�AGGREGATING�MARINE�TURBINES�IN�SPACE���

�

!#+./7,%$'-%.4�

4HE� STUDY�WAS� SUPPORTED�BY� THE�PROJECT�02/4)$%�OF� THE�
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CONTRIBUTION�TO�THIS�PROJECT��4HE�AUTHORS�ACKNOWLEDGE�FUNDING�

SUPPORT�BY� THE�0ÙLE�-ETROPOLITAIN�DE� LA�#ÙTE�Dg/PALE��!$#0�

DATA� WERE� PROVIDED� BY� THE� /CEANOGRAPHIC� #ENTRE� OF� THE�

&RENCH� .AVY� �3(/-	�� 4HE� (&2� DATA� WERE� PROVIDED� BY�

!#4)-!2�#OMPANY�WITH�THE�AUTHORISATION�OF��3(/-	��4HE�

AUTHORS� THANK� 0HILIPPE� &ORGET�� 9VES� "ARBIN� �-)/�� 4OULON	�

AND�-AX�9AREMCHUK� �.2,�� 3TENNIS� 3PACE� #ENTRE	� FOR� THEIR�

CONTRIBUTION�TO�RADAR�DATA�PROCESSING��

�

�
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TIDAL�STREAM�GENERATORS�v�0ROCEEDINGS�OF�THE�)NSTITUTION�OF�-ECHANICAL�

%NGINEERS��0ART�!��*OURNAL�OF�0OWER�AND�%NERGY��VOL�������NO�����PP��
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