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Executive Summary
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3 Electrical Design Specification
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4 Connection to WPD System
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5 Offshore Deployment Area
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6 Cable Routing
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7 Onshore Route and Substation

0�� /�����������:�	��"�
�"��� ��!���

6���� 7�
�	�
�	���������
	�


�
�	�����
	��
�	���
��������
�	��
���	
��	����	�4�8��������
������
���

�	
�
���
�	
�	��
������E�
�
�	
��	��	�
���
�����	���
����������
���48�
���


��
��������
�
����
�	
�/�����
�	
��������0�	��
������������
���
��
��
�����
����
��
���

��*�
��	��
�����������	
��&�*���@�����
	�
���;B'����48���
������	��

�
���
���
�	
��������	������	
��.��������
���������
	�	���������������*�	��
���

�

������
������8��

���������	�
���
���
���
�	
���	�4����
��
�
�����	�	�������E

�
�
�	
���
���
����	
��
����	�
��	��
��������
�	
���������/�	������
����
������	��

������	���	�����
�������	�������
�E�)����
���
�������
����
�����	���
����
���
���
��

���	��
	�*�
��
�
���
���	
�
	��
�0��
������	��*�����������*���	
��&�*���@�����
	�


���;B'����4.�

6���� 7�
�	�
�	�
��
�	�;����
�
	����
	�


�

���������	�
���
���
���
�	
��	�4����
��
�
�����	�	�������E�
�
�	
��	��	�
��

�
���������
���4���������������
��������
���	�������/�	���
��
�$�0���������������

��	�
����
������8��	������
�����
������*�	���������*���
�����
���������	���	
���
��

�
��	
������
E�������	���
���
�����
������
��8�����
����������8�
�������
����
��.�

�����������
������
��*���
����
����
�������!��������������
	�����	�4��
�

����	)���
��*�#������	����	�
�������.�

�	�4���������������
��
��
�����
����
���������	�
��
	������������	��
�����:������

�����
�	
�	��
��������
�	
�����������:������
	��
�
����
������������
.������
��	���*�

���������
����
��������
������
��*���
�*����������
����
�8���
�
������������	����	��


�����	�	����������	��
������������
���������
��

.�

D�	�
���
������������������	������
����
��/#������	����	�
�������0��
�
���

��	�	�������E�
�
�	
���
���
���
����
����
��
��
�����
����
���/�.�.����	��
���

��	�	���������
�	
�	��
��������
�	
��������0.�

6���� #
	����	���
	


��
������	����������	���������	�
��
�4�
���	��
�����	�	�������E�
�
�	
���
�8�

�
�����
����	����������	��
���
����8������
��
����	������
���	������������
	��������

�	���	
�

�����	

���
�

���
��
�������������
����	��
�����	�
���	
��
�	
��
	�



�

Doc No WGEHDD1885R T6 Date: June 2006 ���
Ref: Wave Hub Final Design Report

�	
���
���

��4.������
�*������
����������	������
����
���	�����������
�	�

������
�

��
������	��
������������
��*���.������������
����������������	���
���
�����	���

�	�����
��
	�������������������
��
��
��
����
�����
���������*�����	
���������
�����


	
E����
�����
����:���������	�����
�������
�������
��������
*.�

6��� 9
�	����
	
�����	


����������
�	��
���������������
�8���
��	��
��
*��
�����
��
��������
	�*�	��
��������

��	�
����
������������

8������
�	��
����	�
��
�	
���	��
������E�
�
�	
��
���
�����

�
��������
��������
����
	���
������
����	
�

�����	��������
	
����
���������

����

��

����

�.����
��	�
��
�	
������������:�������	��
���������
����
���	����	���	��

��	�
������	����

�	���������	�
�����
����
����
��
�
�����
���!���������	��

����	�4�����������:�������	�����������
���
����8���������
���
��
��	����.�

6���% 3��	������
�	��������
	

�
��$��
����


�����������
������
�	
���������
�����E�	

���
	�����������	������	
���
	��
�
������

��
�������$����
����������
������������
�
��	����������
����	���������������

������������	������
�	
�&�*���@�����
	�������������

�������������
��
�
������E

�
�
�	
��	��	�
�.������)��
���
�	��	��������
���
���	����
�������
�	
�
���
�:���

��	�
���/�.�.��������������
�!	������
�0�����������
����
����*�
���������
���	

���
	�8�

��
�
��������	
����������4��*�
	��
�	���������	
��	�����	���*��	��	�����*������	����

����
��
��
��	���������:��

�*����	���
����
�
������������.��������	��
��


���
�:������*������	�
���	�����
��
�
������
�
��
	������
�
����
�
����
�	
�	����

������������
�������
���
�	�����
	���
������
�����
�
��	������E	��������
��
��
������

�	����

	��	

��
���
��
�����
�����	��
���
��
�����	����������
�����:������������
��

�	���.�6	����
�	
�	��
��������
�	
�������������

�����
���
	�
�4�����
	�
��������4��
	�

�	����
�.�;����	��
�����	�	������
���	��	�
�����������������:����������
��
�����

�	�4���
��
���������������

������������
��	��	
������
����
���
����
	��	

�
���

�	
�����

�*.�

������	�	�����	��9	

�������
��

�	��
��������
�	
��������������	�
�	
������
��

'D-&�����#��
���
������
��
�������
���������
��

�����
�������	
������
��

'D-&������.�

0�� �!�4�����	
�3!����
��

������*	�
�	��
�����	�	����	
��	����	�4�������
������	
������
��'D-&���

���6.�

������	
���
�������
����	��
�����������
�����)
�
������������	�
����
�������/����

���
�	
�?.#.�0.�����������
�8�������������������
����*�����
������
8������	�	����
	���
�



�

Doc No WGEHDD1885R T6 Date: June 2006 � �
Ref: Wave Hub Final Design Report

	
����	
���
������8���
��
�������
��
���������������	�������	��
���'����&���

�����
�.�

�����������
���������
���9���
	����	��	��
���������	���
�������
������������
�����	��


���'����&��.���������	����	��	
�

���
������������
��

����������
�����������

��
��'7���
��������
���*��	
���
�����
����
�����.����
�����
����
�������	��


�������	���'����&����	��	
�

�������
	
�*�
��������
���
����
��8�
�����
�����9��

	��
�������	�������
�������	��	
�

�������
�����
4
	�
8��
��
�����	����	���

����
��	
��������������	
������

��
���
�*��
�
�����.��
�����	
��������
��
�
���

	�����������
��	
�������
	
����
������
�����

�*.�

-���
�������
�
����
�	
��	�
�����
���������
��/��	��
	�
��
	��	�
�0��
�������

• 6���������

����������8�������
���������������	��'����&���������������
�

�
�
	�
��� ��	����

• 6����������
���
��8�������
����	������������	��������
����
�
���

• A�
�		��������
�����4���

• ���
��	�����/�����	).�"��)�$�0����������	���
��
	�	
����
����
�����

�	�������������
	�"$�
	

����
�������
����
	�����	
������������
�

��
	������	���

• ����	����
��
��
���
���
�����
�
������������	��������
���
�
�������
������

�	��	
�

���
��
���������
��

• ����������
����������*��	

��
��
����	��	��
���	����
��

��/��	��
	�
��


	��	�
�0��

� 7	����:����
*��		��

� 6�����
�����4����		��

� ;�
���
���		��

� 6	

�	���		��

� ;�����		�.�������������
��
���������
�����	���
���������
�����	��


�������	���	����
	�����	����������	
�
	��
���:�����

�	��

��	����
�����

�
�
���

� '	�4��	�!��������	��
������	
��*�	����
�����������

�

���	
�������
��������*������	�	������	�����	�
��'��
�'�
������
��
��������

�	����
����
	���
���	
��
����������
���4.������	����
��*��������
������	�	�����	��


������
����
�����	��
�����
�.�



�

Doc No WGEHDD1885R T6 Date: June 2006 �<�
Ref: Wave Hub Final Design Report

�		������
���������	�	����
	�����������
	����	�4����*��
��	
�����
	�����
	��������

��������
������*���	��
���������
��
	��������.��'�
������
	����4��
����*���	��
���

������
���
���	���������������	������8�����
	�
���������
�����
*�
	��	
��
����

��

����

�	��
����
����*�
���������	�
����
������.��

����������
���
���
�����������
��	
��������������	
��

�	
�������4���������	
�*�

������
���	����������
*��
�����
��
�������	
�.�&	���������
�����	�
���������

�
���
���8���
�����	�	��E�	
��
*���������
���	��������
�	�
�	
�����	
��������

����	����
�.�

����
��
��	�������*��������
����*�����*��
��	������	
�
	�
���
������E�
�
�	
�

������
���
��	�
�	
���	������
��
�����������

��
	������

��)����������

����

��

��������
��	
�������.�

0�� �""�����	����
��%	��	!
��

������������	����������	)���
��*��$����
���
�
���
�������	�����������	�
��

��
������8�����	���
����	��	�
��
���4��
��
��
�
������.�������	�
���	�
��������
��

����	�	����
�������
��
���
����������	���

��*�
��������

���
�	�
����
��
���

�����
��������
����������	
�
���������
��
�
��������������
���	���*����������
��
��

�������	���

.��������	�	�������
	���E������
���
���4��
���	��	�
��������
��

��������
������
�������
�	������������
���4��������	����
���
	�.�������������	�����

����	����
���
��
�
���	��
����

�����
������������	����

�8���
��������:�������

���

�
�
�������������
�������������������������
��
��������	����
�����	�
�
	�

�������
�����
���	
�	��������������	�����
	
����

��
��.���
������������
��
�

�	
����
����
����������
���4�������������������*�
����	����������
�	��
�����������
��

�������	���

.�

7�	����
���
�������
�������������
���
��
�
����	�
�	
��������	������������	����

���

�
�
�����:������

���
��������������
����	�
��
����	����*�����	�
������������.�

���������4�
��������������
�����
����
��
���
��
�
���������������	��	��
��

������������
	�
�����9��	���������
���48�������������
�������������
���	���
��
	�
���

�	�4��	������.�

�����	��	�
������	��
�����
��
��
�������������������
����*����
8������
���
����


������	���)��
�
����	��������.������	�(��
�������
	����

��
�
����	�4����	��8�	��

	
�*������
���*����	�8��)��
�
����	�
��������8�
	���	������
����
���	��
��������

��	�
����
������.�



�

Doc No WGEHDD1885R T6 Date: June 2006 �$�
Ref: Wave Hub Final Design Report

0�& -�
"�
��

������
*���
��
��
	���
���
����)��
�
��'7�����E�
�
�	
������	�	���.�����

����
��

�	��
������
��
������	���������)����������	�
�	
�
��������
�8���
��
�	�

����
��

�	�
�	
�8�	
��	����������������	������
�����
��������
�	�	��������
	�
���


	�
�������:�����.��������
�������
��

�����
	�������	������
�
�����
��
��	
��
�	
�.�

0�( 
�
�������
��$�����
���

�����
��'D-&����������	����

������
�������	�����
���	�
���������������������

��	������*�
���
�������
�
�	
��
���	��	�
���	�4���
��
���'����&�������������

����������
���	���
.����������������������
�����
��
�������

����
��	��#��.�

0�5 �����"���

����������
������������	��������
������
�
�8����
�
�8��	���8�
�����	
��8�������
��

�

��������
��
�	
��
������

�
����	
��
�	
.�



�

Doc No WGEHDD1885R T6 Date: June 2006 �"�
Ref: Wave Hub Final Design Report

�

8 Budget Costs

;�� %	
���!"��	
�%	���$��������

�����	
�
���
�	
��	�
��������
�����(	���
����
���	
�
����*�
��������
8����
�������*�

�
�����
�	
�
	�
�����	����	��
�������	����	

��
�	
��	��	
�

�.��-���
������

�:�����

����
	�����*������*�����������
���	�����

�
�
�����
�
����������
�������*�

���	�
�

��
�
������������	��
�	
�������
����	�
�	�������������
��	
����������	�
��

�
���	���	������
����������*�����.�������	����)�
*�	���
�
����
�	
��
��
���������	�
�

	������
���
�����
����8�����������������������������	����
�����(	���	
������
�	
.��

6	
��:��

�*8�
����	�
����������	�
�	
���������
�����*����
���	��
.��

�����	�
�	��������������������:�����

���
�	
�*����������
�����*���	�������*�

�)�����
������
����
�����I�
�������������
����*�
����������	���	����	��
�	
���	��


�����
����
�������
���	����
��������
�	���
�	
.�

���	���	�
�
��������
���	������	
������
�	
��������
�����
�
	���4�
����	����	
��

�	���)��
��	
�	��������
*8��	�����)�����
*��
�	����
�	
��
���	�������������:���
����	��


���'-6������	����.��+�
���
��*8�
������	
�

������
���
�����������
	��������
����

����
�
�
����	�
�.�

�������
�	�
�	
��������������	
��������	
�
��������������
�	�����������;'�

������
*��*�
�����
��
	��)��
��	
��	�������
�������������������������

• 7�	���������)E��*���+�	�����
���
���
��
�
�����	

��
�	
��	�

��
������	��

���������
�	
��	��
���76+��	���
���	

��
�
���������
���	�����*�����
��

���)�����
*�
	����	��	��
���	��������	�������
�	�
������
�����	

��
�	
�

�	�

�������������
��)
���$�	��#�;'�	��������
*.����������
�	
�����+�

�	

��
�	
���	���������	��������
��������
���������*��	���	

��
�	
�	��

�
	
����76+.�

• ��9��
������
�������
	���	����
� �;'��
�
����	����;'�
	�������)��
��	
�

������
*�

• �
���������	�����	
��
�	
�
���*�
����
�
�������
�
�	
��
�	�����
	���������


	�����	����	����:����
*���	��
���'-6���

	�
���
�
�	�4.���������*����



�

Doc No WGEHDD1885R T6 Date: June 2006 �?�
Ref: Wave Hub Final Design Report

��:�������	��
���
���������	
�8�����
��
��	
�
���	�
��
���	��
���'-6�8�

�
������
��������
�
��������
����(��
�
	���
����	
�����
�	
�	��
���
���.�

�

����'-6������	�����������	�	�����������

��	

��
�	
�����
����

�.��'�����
���

'����&�������
��������
���
	����
������	
�5��
������*���	����
���������

�

76+��
�����	�����������	����������)�����
*��
���
��������	�
���
���	����
	
������

�
�
�������
�	
��
�
����
���
�*.�������	�
��	��
�������	�����:���
��������	
�������.��

����������	�
�	
���	��
����

���������
���
�
���'����&����
��
���'-6�������

��
���
������
����
�	
�	������
����	�
���
���
�
���
�	.������
�����	
��������

�
��������

• 7�	������<4=�������
�������	��
�����+8������
��
��������	����
	���	�����


���76+��
�!	����
�����
���
��
��	���
�	
8���	
��
�	
��
��

�	���
���
�	
��	
��	����
���'-6�

• 7�	���������
�	
���������	�
����	����
	����
���:���
����	���	���

�����	����.����
�	����
����
�����	
�	��
�����������
�
����	�������������
	
�

�)��
�����
����	

��
	������.�������	������	�����
���������������
���

������
����
���
�����������
��
�*��
�
����*�
��.�

• 7�	�����	
��	��
�	�76+���
����	�����	�
�����
����
���������	���	

��
	���


	����
�	
�������	���.����������	�����	����)��
�����
��
�
���������

�����
.�

• 7�	�����������������	

��
	���
	������	�����

�

C�
��	�
�	
��������
4����*��	�
���������

����
�������G.#.��A�
�	
� ��������
�

�����
���
	����
�4�
��	�����.�

��������
��������������
*��
��*��	
�������
��
�
���3��
����5�	�
�	
�����������*�
���

�������
��	
������
�	
���
��
����	��������)���
�	
�	��
���3��	�
�
�����58��
�	�
�	
�

����������������	�
���������*�	
�
���
������
������
*���	�
��.�������	
�
���
�	
�

�	�
��)�����
����	(��
������	���

8���
�����

��
���
��
����
���	�
������

�����

�������

B	�����	�
��	�
���*� ��>H8H�"8����

@��
��	�
���
���
�� >#�8�H?8����

+������	�
��	�
���*�� >#$8�H�8����

�������
�����

��
��������
��	�
���
�
����������������	�

����	���*������������
	��.�



�

Doc No WGEHDD1885R T6 Date: June 2006 �G�
Ref: Wave Hub Final Design Report

• �
E���
����������	
���
��
�����
����
�����8�������
��*���������
�

�	�
��	��
�8�����
������	�
��)
����	�
���	�������	���

��
���
������*�

�
����
��
������
	
�����������
�
���������������	
�.�

• �����
�����	
�	����
��
��	������
�
�������
�
�	
��
��
�����	����	
��	��

�	�����	
��
�	
�
���:�����

�
�����

• ���	
�������������
���
���	����)��
������	
�
���
�	
��
����
�����
���

����
	�
�����	�
���	
��
�	
���	�
���
�
����
���
���
�	
��

• ���	��
����	����������	�
�	���������������.��6���������������������
��

����
��
��������	�4���
��������
����	���������
	��������
��������
�

����
���	��	����	����������/�
��������-��	���
����
	����������
	���4��


���0��
������
	�������
�	
��
�
������4�
��	���	����.��6����

�*��
����

���	�������
	���
��������
�:�	
�
�	
��	��������.��������
��������������

��	�
�
��������
�
��*�������
���
�����<8������
��
	��
��
�������	��>�.��

�����	
.�

�

�������	�
	�
����
��������	����	�����
���
*��
�
�����
���
���
�*��
��
���	����
������

�
���
�*�
�������������
*�	��	����	����	�4���������	�������	�
���������	������*�

����
�����
�����������		4�
������	
�������.��6��������
��������)
�����*��	��
����

�
�������:���4�*��
�
������������
�
���.��������
���
����������
��
���������*�>#.��

�����	
.�

'������
���*��������	
�����
	��)���
�
��
���
���
�
	���
������*����?����
�
���

�����������4��*�
	����	�������
��
��������������������
���������
����	�������	
�����

�����8�
�����	����
���	���	�����������������	�
���������*��
���
��
.���������
�	��
����

��	
�����	�

��	�����������	�
�	
�	��
����	�
��
��������
��
����
���
��

*��
�
���

	������������.��A������8�
����	�
���
�������G.#�������	����*�
������
	�
���������

�	�
���*�	���	�
�
��
�
������
���
���
����������

����
�
������.�



� D
oc

N
o

W
G

E
H

D
D

18
85

R
T

6
D

at
e:

Ju
ne

20
06

�H
�

R
ef

:W
av

e
H

ub
F

in
al

D
es

ig
n

R
ep

or
t

/
�
�
��
�;
��
��

��
�
�


�
��
��

�"
	


��
�
!
��

��
	


��
�


�
�"
	
��
�

,
�
��
	


�

�
��

"
��
�
��
	


�

�
�
�"

��
�"
��
�	



�

%
	
��
�$

��
��

�
��
�

%
	
�

�
�


��
�

�
�

 

��
�
��
�!

"�
!
��

�
"
�
�
�"

��
�
��

/
�
<
�

'
%
<
�8
(
*

=
�
�

��
"
�
9�

-
��

��
�	
�
��
"�
"
	
��

��
�
�
��

'
%
<
>
�
�
��

�	
�
�
��

�
?
1
1
1�

��
�

#�
@
��
��
�
�

��

�
�
8�	



�*
��
<�
4=

��
��
��
�


�
���
��
�	
�
��
�
+
��
	
��
�
��
��
	
�
��
�5
�

�	




��

�
	


��

��
�;

=
�
�

<E
�
�*
�

C
	


��

<�
#�
8#
��
�

C
	

�
��
�	
�
�
�

�
��
�

�
��
4�

�
�

��

��
��
	
�
��
��
�
���
�

	

�

�	




��

�
�

��
<4

=
�

��
@
��
��
��


��
�*
�

��

��
��
;
'
�

��
�;

=
�
�

<E
�
�*
�

 �
C
	
�M

�#
#�

4=
�N

�#
�C

	
�

�<
4=

��
��
��
�


�
���

<�
#"
8�
��
�

C
	

�
��
�	
�
�
�

�
��
�

C
	
��
)�

�

��
	


��
��
��
�

*�

&
��
�
��
	
�

�	
��
�

�

��
��

�
	


�	
��
<


�
�

7
6
+
�

 �
@
��
��
��


��
��
;
'
�N

��
�
��
��
7
6
+
�

��
�;

=
�
�

<E
�
�*
�

<�
C
	
�M

�#
#�

4=
�

<�
#?
8 
��
�

�
��	

�
��
�	
��
��
<


�
��
��
��
	
�
��
�

	
�

�	




��

�
��
��
�*
�

<�
�
��
	
�

�
	


� 
��
�

�
��


��
��
��
�
�

�	
�
�
�


��
�

�	


��
��
�
��
�

*�

��
�;

=
�
�

<E
�
�*
�

<�
C
	
�M

�#
#�

4=
�

G�
#?
8$
��
�

�
��	

�
��
�	
��
��
<


�
��
��
��
	
�
��
�

	
�

�	




��

�
��
��
�*
.�;

��

�
��

��
��
	
�
��
�

��
:�

��

�
��
	
��
�)

�
��
�	

�
�
�.
�

��
�
��
�

*�
N
��
��
�
�


�
�

�*
�

$�
@
��
��
��


��
�)
�
�

�
��
��
�

	
� 
��
;
'
�

 �
�;

=
�
�

"E
�
�*
�

<�
C
	
�M

�#
#�

4=
�N

��
��
C
	
�

�<
4=

��
��
��
�


�
���
�

<�
#H
8�
��
�

-
:
��
��
��



�

	
��
�
��
��


��
��
��
��


.�

&
��
�
��
	
�

�	
��
�

�

��
��

�
	


�	
��
$


�
�N

�
"


�
�7
6
+
��
	
��
�)
�
�

��
	


.�

"�
�
��
$�
�
�

�
��


��
��
��
�
�

�	
�
�
�


��
�

�	


��
��
�
��
�

*�

 �
�;

=
�
�

"E
�
�*
�

<�
C
	
�M

�#
#�

4=
�N

��
�C

	
�

��
�
��
�

��
��
�

G�
#H
8#
��
�

;
��

�
��
��
��
	
�
��
��
�:
�
��

�
��
	
��

�)

�
��
�	

�
�
�


��
�

�	


��
��
�
��
�

*�

N
��
��
�
�


�
�

�*
��

?�
@
��
��
��


��
�)
�
�

�
��
��
�

	
� 
��
;
'
�

�
�

�
��
�
��

�

�
	


�

	
��
�:
�
��

�
�	
��
��

".
"�
4=

��
	




��

�
	


�

 �
�;

=
�
�

"E
�
�*
�

 �
C
	
�M

�#
#�

4=
8�#

�C
	
�M

�
".
"�
4=

�N
��
�

C
	
��
��
�
��
�

��
��

<�
#H
8<
��
�

-
:
�
��
��
�


�

	
��
�
��
��


��
��
��
��


�

�
��
��


	


E�

�


�
��
�
�7
6
+
��
	
��
	


��

�
��
��
	
�
��
�

G�
6
	
�
�
��

�
� 
��
;
'
��
*�

�
�
��

 �
�;

=
�
�

"E
�
�*
�

"�
C
	
�M

�#
#�

4=
�

G�
�#
8?
��
�

�
��
��

��
��
��

�

�
��
���
��
��
��
�	
	


�

�

	
��
�
�

	
�(
��

�
�*
��


��
�

�
�


�



	
�
.�

H�
6
	
�
�
��

�
� 
��
;
'
��
*�

�
�
��
�

�
�

��
��

�

�
	


�

	
�	


��
��
:�

��

�
�	
��
".
"�

4=
��
	




��

�
	


�

 �
�;

=
�
�

"E
�
�*
�

$�
C
	
�M

�#
#�

4=
�N

�#
�C

	
��

�

".
"4

=
�

G�
��
8#
��
�

�



�

Doc No WGEHDD1885R T6 Date: June 2006 t  �
Ref: Wave Hub Final Design Report

������4�	�
�	��
����	
�
���
�	
��	�
���	��
��������
���	�
�	
������	�
��
�
�����

G.�.���
���	�������
	
���
��
�
�����
���
���
�
���
������	���
	
��
��������

�	

�
��
�*��
��.�

 ���� ���"�����	
� ?111��

#� A
��	���������
���
���������	�4�� �$��

�� 6��������
��
������
��� �G��

 � A
��	���
��
��	������
�����
��������
�� $���

<� 7	�����	
��
�	
�
���:�����

�/��	����	
��0� �$��

$� ;��
��	����������
	�	����	�����
�� <8$���

"� �����
�
�	
��
�����
����
�	
�+
�
�� #8?���

?� <�C	.�7	����6	

��
�	
�+
�
����
���	����������� <H���

G� A����	����
�
����
�	
� <����

H� D����6	

��
�	
����������
���	�4� #���

#�� �
������*��:�����

�/��	*�8��A=8��������8�
��
�

�:�����

0��
���*�
����

����
�	
�

"���

� �A��B� #?8 ���

/�����;����!������	��%	
���!"��	
�%	����

;�� ,@*�%	����

�����*�
�	�	�����������	��AN;��	�
��������������	�
��	��
������.��������	���	��


�����
����������
��*�	������������
*8����������
*��
��;��

��
�����
*�	������
���'����

&����	��	
�

��	
�������
	������
������

�
�
����	�
�������
�	
�I���

���

�
�
����
��
��*�������	
��	����������
�����
��������������������I��*�
���

	����
�	
�I��
������
�8�����
*8��
���	
��

��
��:����
*���
�����

.������
��*�

�����������
���
�����
�����	�������	��
���'����&���	����
�
���	���
*.�

�

�������

�
�
����
��	����
�	
��	�
���������
���
��������	�
��
�������G. .��

�����

�����	�
�������	��
�
����*�
�����
���
����
�����
������
�����	�
��/
�������
�

��)��
�����
�
�����G. 0��������	

����
��
����*�"��O�	��
���
	
��.��&	������
�����

�������
������	���

�	��
���
��
4�
��	
�
���	����
�	
��
���
����
	��
�	���
���4��*�


��
���
��
�
����	����
�	
�������
����

��������������.��������������4��*�
	�

����
�����*��������
������	�
����������������
����
�����
��������
������������

��
������.���������	�������	�����	
��:��

��������
���	
��	

���
�������������*�



�

Doc No WGEHDD1885R T6 Date: June 2006 t  #
Ref: Wave Hub Final Design Report

���
���
E�	������������
*.��-
���	
��

����	
�
	��
������
����
	��������
�����
��
�

��	�������
	
���
��
�
������������	����
�	���)
��
�������	�
��	���	���	��
����

��������	��
������4�	�������	����)�����
��.�

����
�����*�
����������

����������
�����
���
�
������������
��
��
��������	����

�����
��
��
�����	���
�����;��
��*�����
���������8���
��
	�
�����
������������
	�

����	�����	
�
����
��*.��������������	
�	
�
����
��*�	
�
�����
�	
�����������
��

	
����	�������	��	����
�	
��
�����

�
�
�������
���������.�

������(	����������	�
�����
��

����������
���
���������������������	��
����
���
�*�

���������
*���������������
�
�������������
*��	�����
���
����������������
��
���


��
��	������������������	�����	
����
����*����.�&�
��8���
��<�
��
��	�����8���

�����������

��	�������
��
��	������������
����������
�
����	�
�
�.���������������

��*������������
������
�������8��
������

8�
	��	
��
������
���	��
�����������������E

����
��
��	�������
�����	���
����:�����

�.��

����	����
�
���	�
���	�
	
��
�������
*������

��	��
�����
�	
�������
*��
��

��
���
�	
��	

�	�����*	
��
�����������4�
��/��	*���0������

�*��	
�����������

��:�����.�6	

�	����������	���������
�	
�
���	����
�
���	�
������
����	
�

����

��:������

��	�������!��
	��
������

�����
�	
��*�
���/���0��	
�
	��
��	��
���

��
�8��	

�
�	���=&������	���
��8���	����	
�	���������	�
���
��	��
������
��	��


	
��*�
���
����	����
�������
���	���
���
����

�	������
*�9	
��.�6	
���
�
�	
�

��
������	
���;6��	��������������
��
��
�
�������������������
	
����
�������*8���
�

���
����
��	
��
�	
����
��
���;6��
	��	
�����
�����:������

�
����
	����

�	����
��.�������	��
���������
���	��	���	�
���	��������������
�

�������������8�

��
���
���
	��	�
��
�
���	�����	��>#������*���.��

B����
��������
�����
�����

�	��������8�
��������
�	����
�	
����
�����

�
�
���

�	�
������������������
�������G.<.���
�
����������*�
����
���	
��

����	
�
	��
��

�	�
��������
�����
��8���
�	����
��������
����������*�����
��

���	
�
��������
��	��


����	
��

��������
�	
8��
���
�����
�	
��������������
����	�����	������	����

���������

�	����������	��
���	
��	����	���
���
�	
��������������������
	�����

�������
�	�������
	�
�
�*����.�

�



�

Doc No WGEHDD1885R T6 Date: June 2006 t  �
Ref: Wave Hub Final Design Report

��
0

���
;�	��
�
�
� <6
	�������
	��
�	�
������
�
���
��
��(�����
��
�
������

�
0�������
	��
������
��������	��


��
!"#
���	��	�	��
��
�������
�

$�
����
	��$�����

�
�	��������
�����

;	����




/�����;���4��!������	�������������

!���	������	
��
�����
��
�
"��"	����8��	��/-�9�

%����	��� 3����$���������
%	���8?9�

6	����

'&;6��
���� # ?8$��� �
�����������������
��	����������	��C�8���
��	
8�����
�����8������
�
����
����
�.�

�
�4��	����8�7�8�;��4�
�
�� ��8���� �
��������������4�
�
���	�
����
��)�������
�������
��
���	��	��
�	
.���
�����������8��������������
��
�	
����
��!�)����
�	
�����.�

@	����;������� ��8���� �
�������������
���	�
���	�������'&;6��	�����������.�

�
����
��� #$8?$�� 7�������������
*��
���
���
�
*.��-)���������
��
�	������	���	��
�������
	�	����	����:�����

.�

����
������
��������
�	
���
�

��

#$8���� �
�������
���
����8���	
	�����
������������������
���	
��	
�

����
'-6����
	����.�

A������	����������
��
��
���������
�����	�
��

<H8 $�� �
�������������8�������
*8���
��8��
���
���8��	���
���
�	
�8����
����	�
8���
�
���������8�
���
�
�8�
�����8����	��	��
�	
.�

� � �

6	

���
������������F�A
�
���������	�
�

 �8���� �
�����������
���
��	
��	����	

���
�����������	����
������	�
�
����8�:��*��������
������8�������
���
����
�����

�
�
��8��
��
�	�4��	���	
��������.�

6	

���
������������F�
�
����
���
��������	�
�

$8���� �
��������	��������
���
����
�����

�
�
��8����
������	���8���������
���

�
�
����
������8�	�������:�����

��
����������.�

6	

���
������������F�&=�
	����
�	
���
��
���

�
�
���

$8���� ���������
�&����=	�
����;��

�
�
����	

���
.��-)�������+
���
*�
�:�����

�����
��������
��	

��
�	
����.�

6	

���
������������P&�-� #�8���� P����
*8�&���
���
������
*��
��-
���	
��

�������
�8��:�����

�
�
��
���
�
�.�

� � �

-
���	
��

����	
�
	��
��  G8$��� -�
���
���

�����:������

���	���	�
��	
�
���
�	
��
���	
��

���
�	
�
	��
��������

�������
��.�

�

��������������
;��

�
�
���

 �8GG�� �
��������	�
�
���

�������

�
�
���	��
�����
�	
�����	*�8����E
�����������
����
�	
�8�76+�����
�
���
��������������	*.�

�

����+
����������
;��

�
�
���/��
	��������0�

H8"G�� ;�
	���
���

�����������
	���	*�8���
��:�����

��
������
�
�	
�
�������:�����

.�

�����������

�/�	
��
���0� ?8H$�� �

����������
���
��
	��	�������

��������������

�	����	*���
�
*�����$8�#���
��#$.�

+
����������;�(	��������� �G8$?$� �

����������
���
��
	��	�����
������������(	����������
	�76+8�
��+��
��	����	���������.��C.@�������	���
	
��
�������	�
��	��
�	����
�����������

��
������	����
��
�	������������	���������.��
���������	�������*���������
���	

�
��
�*���
���
�
�����	
	����
�	���.�

/,/�
��66<�
�
%,�/�

&��A�;(� �



�

Doc No WGEHDD1885R T6 Date: June 2006 t   
Ref: Wave Hub Final Design Report

/�����;�&�<������	�������������

!���	������	
��
�����
��
�
"��"	����

%����	��� 3����
$���������
%	���8?9�

6	����

6	

���
������������F�A
������
����	�
�

 �8��� �
�����������
���
��	
��	����	

���
�����������	����
������	�
�����8�
:��*��������
������8�������
���
����
�����

�
�
��8��
���	�4��	��
�	
��������.�

6	

���
������������F�
�
����
���
��������	�
�

$8��� �
��������	��������
���
����
�����

�
�
��8����
������	���8���������
���

�
�
����
������8�	�������:�����

��
����������.�

6	

���
������������F�&=�
	����
�	
���
�����

�
�
���

$8��� ���������
�&����=	�
����;��

�
�
����	

���
.��-)�������+
���
*�
�:�����

�����
��������
��	

��
�	
����.�

6	

���
������������P&�-� #�8��� P����
*8�&���
���
������
*��
��-
���	
��

�������
�8��:�����

�
�
��
���
�
�.�

-
���	
��

����	
�
	��
��  $8��� -�
���
���

�����:������

���	���	�
��	
�
���
�	
��
���	
��

���
�	
�
	��
��������

�������
��.��
������

�
���������������*��	��
	����
�
����
����
��	
�
	��
���
���	���
��*����	���A=�����	���
����	
��
�������	�
�.��
����	����	����	��������������	*���
���
��*���.�

�

��������������
;��

�
�
���

 �8GG� �
��������	�
�
���

�������

�
�
���	��
�����
�	
�����	*�8����E����
�������
����
�	
�8�76+�����
�
���
��������������	*.�

�

����+
����������
;��

�
�
���/��
	��������0�

H8"G� ;�
	���
���

�����������
	���	*�8���
��:�����

��
������
�
�	
�
�������:�����

.�

;���
�������������

�/�	
��

���0�

?8H$� �

����������
���
��
	��	�������

��������������

�	����	*���
�
*�����$8�#���
��#$.�

+������
�!���������

�	��
�	���
���
�	
���:�����

�

<8��� @�����	
���O�	������
����	�
�����*����

+
����������;�(	��������� �G8$?$ �

����������
���
��
	��	�����
������������(	����������
	�76+8�
��+��
��	����	���������.��C.@�������	���
	
��
�������	�
��	��
�	����
�����������

��
������	����
��
�	������������	���������.��
���������	�������*���������
���	

�
��
�*���
���
�
�����	
	����
�	���.�

/,/�
��66<�
�%,�/� �55A1;( �



�

Doc No WGEHDD1885R T6 Date: June 2006 t  <
Ref: Wave Hub Final Design Report

�

9 Conclusion

�����
��
����
�������
��	�4���������	�
��
�
���'����&��������	���

�7���������

�	
�������
���
���
��������������
*�	��
���3��
����5�	�
�	
.�����
������	��	
�

��

��������
����

������������������
�����*���
����:���������
	�	����
�������
���
�*�

	����	����
�
������	����	��
��
��������8�
������
�����
��
����	�
��
��
����
������

�	���	��	
�

������	���

.�

���
�����
�	���
�	
��������
������
�����	��'-6������	�����	
�
�������:������

��

�
���������
���.��-)
�
�������������	
����������
��������
���
��)
�
������
���	��

�	
�

����������������
��
����������
��
����	����
��	����	����*�
�����
�	
�*����

�����������	��	
���	����.�

�	�����
��������
���
���

�����
�
�������	�
����������
�����	��
�������������
���������

�������������
�����	��
����	
��

�
����	���������
��
����
	
��)���
���
��
��
*�	��


�������������������(	�������
�	
�
����
��
����
�������
.�

�������
��������
������	�����	������;'�������
*��*�
����
�����������

�	
������
�	
�
	�
������������
.������*�
���
	��	����
����
��<4=���
��
���

�	�������
*�	��
��
��	���
�	
�
	�##4=��	��'-6��	

��
�	
.�����������������	����

�	

��
�	
��
�  4=��
�&�*��.��������+�����

����*��������8�
	����

�
�
���

�)���
��8��
������	��
���76+������
	�����
��
�
����.�

�������������
*�	��
��
��������	
�
���
�	
�	�������������
��
����
�����
����������
�

�	
������.���
�������	�
	����	�	����
��
�
�������
����������������������������

���	����
��
��	����
������
8�
���������
�
�
��
���(	�

�
����������	
�
��������.�

��������
�
�	
��������
��)��
�����
���9��
	���
����	�����<!  !�.<4=�
��
��	�����

�
�����	��������	����:����
*�����	����

��
�
�
	�������
�
���	

��
�	
�	��
���

����	���'-6���
���
	��.�

�������
������

��	��
����	�����
��
�����8���	��
���'-6��
���

• 6	

��
�	
�
	�'-6�

• +��
	� 4��##�4=�������
	��	��
�	
�	��76+��*������	����

• ��*���
���	

��
	��	
�
	���	�
���
�
��������
	�76+�



�

Doc No WGEHDD1885R T6 Date: June 2006 t  $
Ref: Wave Hub Final Design Report

• 76+��	������
���

• ##4=�������
�����4���

• $;=��
��
��	����8�##!�<4=�

• �<4=�������
�����4���

• ��*���
���	

��
	��

• ����	).�#���F��������<4=�������

• ��+���
����
�
��
	����
��
��	�
�

• ����	).��$4��	���<4=�������

• A
���	�������������

�����������

• 6����������
���
���

• �<4=�������
�����4���

• ��;=��
��
��	������<!  !�.<4=�

•   4=������
����	��
��
��	�����
	�������
�����4���

• �.<4=��������
��
4�
����	��
��
��	�����
	��=6�

• �
�
���=���6	���
��
	��

•   4=�������
�����4���

•   4=��	

��
�	
�
	�'7��  4=�&�*�������
�
�	
�/�*�'7�0�

�

-����76+���������	���	������	���������	�
����	�����	���	

��
�	
�
	�'-6�.�

�����
��
����
�����������
�	
��
	����	���
*�
�
�����	����

����������
�

����������
������������
��
�������	�
.������������	�������
�����	���
	���������
��

�������
��
����
��������
8����
�������*��
�����
�	
�
	�
���������	�
��	

��
	���	��

����	���
*�����
��
���
������	���������
	������	�����.������������
�����	
��������


	�����)
�����*��	���
��
���������:����8�	�����
������
���8����*���

������

�
�
���

�����
����	��
	�
	�����	����
�	
��
�����*�������
��
���	��������	�
.�

�
������������
��
�������	�
��
��
���'����&���
�
�������������
�	
�8�
�������
�

�	

��
�	
����������
�	
���	�������	�������������
������	���.��;	�����
������

����
�������
�	���
�	
��������
���:���
�����	��
��������	�����
	��
��������
����

�����	���

�	��
������������
�	
�.���
�
����	�����	���	

��
�	
�
��	
��
�	
����
��


�����
���*�����	�������
	��������
	�����
�
�	
�
	���
	�����������:������

��	��


��������	�������
��	����	�����
�����)
����	�
�.�

���������
��	�
��	��
������
�����������)������
���������
���
���
�>#?. ������	
.�

&	�������	���	���)
����	�
��������
	�������
���
��

*�	����
����	�
�	���
�

�
�
����
�	
���������
���	�������
	�
����
�
����������*���
��
�	
��	����������	��

������
�����
���
���������
��
���������*�	����G�O.���



�

�

Appendix A – Wave Hub Connection Offer
Interpretative Report (WGEHDD1714R)
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Glossary

AtN Aids to Navigation. Those aids, including visual marks, lights,
buoyage, electronic devices etc. provided for the mariner to assist
in the safe navigation of the vessel

BAT Best Available Technique

BPEO Best Practicable Environmental Option

CD Chart Datum. By international agreement, Chart Datum is a level
so low that the tide will not frequently fall below it. In the UK, this
is normally approximately the level of Lowest Astronomical Tide.

Defra Department for Environment, Food and Rural Affairs

DfT Department for Transport

DTi Department for Trade and Industry

EIA Environmental Impact Assessment

GLA General Lighthouse Authority. The general name given to those
authorities with responsibilities for Aids to Navigation in specific
geographical areas. In the waters around the UK and Republic of
Ireland, these authorities are: Trinity House, Northern Lighthouse
Board and the Commissioners for Irish Lights

HIRA Hazard Identification and Risk Assessment

Hs Significant Wave Height

IMO International Maritime Organisation

MCA Maritime & Coastguard Agency

MHWN Mean High Water Neaps

MHWS Mean High Water Springs

MLWN Mean Low Water Neaps

MLWS Mean Low Water Springs

MSL Mean Sea Level. The average level of the sea surface over a
period (normally 18.6 years)

ODN Ordnance Datum, Newlyn

ORCU Offshore Renewable Consents Unit

OSGB Ordnance Survey Great Britain

OSPAR Oslo and Paris (Convention on the protection of the marine
environment of the NE Atlantic)

PCU Power Connection Units

RNLI Royal National Lifeboat Institution

RSPB Royal Society for the Protection of Birds



Abbott Risk Consulting Ltd

Report No ARC-059-006
Revision 1
May 2006

Page 5 of 46

SSSI Site of Special Scientific Interest

SWRDA South West Regional Development Agency

TDU Terminal Distribution Unit

Tidal
Stream

A distinction is drawn between tidal streams, which are
astronomical in origin, and currents, which are independent of
astronomical conditions and which, in the waters around the
British Isles, are mainly of meteorological origin

UNCLOS United Nations Convention on the Law Of the Sea

WEC Wave Energy Converter

WPD Western Power Distribution
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1.0 Introduction

This report has been prepared by ARC Ltd for Halcrow acting on behalf of South
West of England Regional Development Agency (SWRDA) and presents the initial
Decommissioning Plan for the Wave Hub Facility and associated Wave Energy
Converters (WECs).

The report forms part of the consent requirements for the commissioning of the
Wave Hub facility as required by the Department of Trade and Industry (DTi) in
accordance with the Energy Act 2004. This report has been prepared in conjunction
with the Environmental and Social Impact Assessment report.

2.0 Background information

2.1 Wave Hub Concept

The concept of the Wave Hub project proposed by SWRDA is to support and
encourage developers of Wave Energy Converter (WEC) devices through the final
demonstration and pre-commercialisation stage of development, allowing them to
install and operate arrays of WECs in commercial scale conditions over a number
of years. It is intended that WECs will remain connected to the Wave Hub for a
specified period in order to achieve the developer’s aims and then be removed from
the site to enable other WECs to be connected.

To achieve this aim SWRDA will provide the Wave Hub infrastructure and
establish an operating company such that several different WEC development
companies can install WECs or arrays of WECs in a context of lower risk and
reduced complexity.

The proposed facility is for a fixed, offshore seabed infrastructure which will
support the deployment of developers WEC devices. The WECs will all be located
in a deployment area of 4km x 2km and each WEC (or small array of WECs) will
be connected to one of four seabed based Power Connection Units (PCUs) by an
umbilical cable at 11kV. The PCUs contain transformer units and switchgear and
transmit electrical power from the WECS at 24kV to a single, seabed based
Termination and Distribution unit (TDU). This combines the power output from all
WECs on the system into a single 24kV cable which will conduct electricity from
the offshore infrastructure to a new onshore substation facility at Hayle, adjacent to
the Hayle Western Power Distribution (WPD) electricity sub station, allowing
connection to the regional and national electricity supply.

The Wave Hub concept is shown in Figure 2.1.
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Figure 2-1 Wave Hub Design Concept

2.2 Layout of Facilities

2.2.1 Onshore Infrastructure

2.2.1.1 Access Road and Compound

The onshore site encompasses an existing 250m non-tarmacadam access track that
leads from Hayle Harbour to the proposed location of the site compound which is
positioned adjacent to an existing transformer station on the lee side of high sand
dunes that border Hayle Beach. It is assumed that over the project life this access
track will be replaced by new road as part of the wider site redevelopment and will,
therefore, not be decommissioned.

A car parking area and the turning head, designed to accommodate vehicles up to
the size of a fire truck will be adjacent to the workshop area.

To the north of the compound, is an area defined as an approximate temporary
works location which will be used for the drill pit and storage. This is the point
where the cable exits the dunes to enter the substation.

2.2.1.2 Substation Building

The onshore infrastructure comprises a new substation which will be situated
adjacent to the existing substation facility at Hayle operated by WPD. The onshore
infrastructure consists of a single storey substation building on a concrete slab
within which trenches will be provided for the Wave Hub cabling. The building
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will accommodate all associated electrical facilities for the Wave Hub. The
facilities will include:

� Power quality room.

� Circuit breaker room.

� Metering room.

� Control room with space for WEC developers’ transmission equipment.

� Mess room with associated facilities for the various operators who will be
monitoring equipment or providing maintenance on an occasional basis.

� ROV workshop and garage.

At the north end of the building, there will be an outdoor area which will
accommodate:

� Cable splitting chamber.

� Cable sealing ends.

� Outdoor 24kV circuit breaker.

� 24kV/33kV transformer.

Since this equipment includes exposed high voltage conductors, the area will be
bounded by fencing of the same height as that of the main WPD compound.
Security fencing matching the existing WPD sub-station has been proposed.

A low voltage electrical supply will provide for building services and power for
communications. A water supply will be provided from the local main and a septic
tank will be installed at the substation for foul drainage. Surface water run-off will
be drained to a swale adjacent to the access road.
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Figure 2-2

Figure 2-2 Onshore Infrastructure Location Plan

2.2.2 Cable

The indicative cable route is approximately 25km in length and is shown in Figure
2-3 Cable Corridor and Route The cable will pass through a horizontally drilled
and lined duct beneath the dunes between the substation and the beach, thus
avoiding large scale excavation of the sensitive dune area. It will be buried up to
3m below the beach level. Offshore the cable will be buried to the maximum
practical depth, between 1 and 3m below the seabed surface where sufficient
sediment makes this possible, such as in St Ives Bay. Elsewhere, where there is
insufficient sediment to allow burial, the cable will be surface-laid. The cable will
be held in place by its own weight. There will be no rock protection over the cable
where it will lie on the seabed’s surface.
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Figure 2-3 Cable Corridor and Route

2.2.3 Offshore Infrastructure

Wave Hub’s offshore infrastructure (i.e. the PCUs and TDU), the WECs and all
associated moorings / anchoring systems will be positioned within a 4km by 2km
deployment area situated in approximately 50m of water and within 12 nautical
miles offshore as shown in Figure 2-3 Cable Corridor and Route.
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The Ordnance Survey grid references and latitudes / longitudes for the four corners
of the deployment area for the Wave Hub deployment area are:

North-east corner: OSGB N59694 E142066 / WGS84 N50o22’50’’ W5o37’56’’;

North-west corner: OSGB N59918, E144053 / WGS84 N50o22’59’’, W5o36’06’’;

South-west corner: OSGB N55943, E144501 / WGS84 N50o20’52’’, W5o35’34’’;

South-east corner: OSGB N55793, E142514 / WGS84 N50o20’42’’, W5o37’14’’.

The deployment area will be an Area to be Avoided (ATBA). The deployment area
will be demarcated by appropriate navigation aids as required by Trinity House. It
is probable that there will be a requirement for four Class 2, three metre diameter,
steel or plastic cardinal buoys 500 -1000 metres to the north, east, south and west of
the deployment area, and four special marks buoys of similar dimensions and
construction delineating the corners of the deployment area. All 8 buoys will have
associated moorings.

Figure 2.4 provides an example layout for WEC devices within the deployment
area.

Figure 2-3 Example Layout of WECs

Different developers will be able to connect either individual WECs or arrays of
WECs to a PCU (i.e. a PCU array) at any one time. Developers will be able to build
up the number of WECs in a PCU array and to replace WECs with larger scale
devices.



Abbott Risk Consulting Ltd

Report No ARC-059-006
Revision 1
May 2006

Page 12 of 46

The Wave Hub will have a maximum output of 20MW. This output effectively
limits the scale and/or number of WECs and WEC arrays that can be connected to
the Wave Hub.

2.3 Environmental Conditions

The baseline environmental conditions at the Wave Hub site have been
summarised from the information provided in the EIA.

2.4 Weather

To be provided.

2.5 Sea Conditions

The baseline conditions for water levels, offshore wave conditions, tidal streams
and currents have been summarised from the EIA and are presented in Tables 2.1 to
2.3 below.

Table 2-1 Water Level Data

Typical Water Levels Water Level (m)(ODN)

Mean High Water Spring (MHWS) +3.3

Mean Low Water Spring (MLWS) -2.5

Extreme Water Levels

1 in 2 year return period +3.7

1 in 50 year return period +3.8

1 in 100 year return period +3.9

Figures above include predicted sea level rise of 5mm/yr (Defra, 2004) for a 20 year
period.

Figures exclude surge 1 in 50 yr return period surge at St Ives = 1.0m (Pugh, 1987)
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Table 2-2 Wave Conditions

Typical Wave Conditions Hs (m) T (s)

Typical summer surf

(38% prob of occurrence between 1
May and 31 Aug, 45 days/ 122 days)

1 7

Mean wave climate 1.6 5.4

Classic surf

(0.3% prob of occurrence, approx 1
day per year)

4 16

Extreme Wave Conditions (all directions)

1 in 1 year return period 10.4 12.1

1 in 50 year return period 13.8 13.9

1 in 100 year return period 14.4 14.1

Table 2-3 Tidal Stream

Tidal Stream m/s

Typical Tidal Stream (which typically run parallel to the coast) 1.0 to 1.2

Extreme Tidal Stream: 1 in 50 year return period 1.6

2.6 Onshore environment

The onshore site is located in an industrial area beside the Hayle estuary, to the
north of Hayle town. It comprises a ‘bowl’ in which a current substation and
disused power station are situated, surrounded by a high crest of dunes, behind
which lie the estuary and a wide sandy beach.

The proposed sub-station and access track are located in a former sand pit that was
worked during the late-19th and early-20th centuries, which created a distinctive
‘bowl’ shape within the sand dunes. From the 1930s onwards the area was
developed into a power station which was subsequently demolished during the late-
1970s to early-1980s. During this period made ground materials were deposited
across much of the site, including the area of the proposed sub-station and access
track. Further dumping of materials in recent years has resulted in a number of
large spoil heaps within the site compound.

In the site of the substation, intrusive ground investigation works have revealed the
presence of deep (>5m) variable made ground materials, comprising principally of
gravelly sands with pieces of concrete and other man-made materials including
plastic, electrical wire, timber and metal. These are underlain by dune sands and
gravels to bedrock at approximately 10m below ground level. Slightly elevated
levels of arsenic, copper and hydrocarbons were encountered in a number of
samples of the made ground, these elevated levels are above the threshold for
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waste to be classified as inert and thus the materials may be considered stable non-
reactive for disposal purposes to landfill.

The cable duct running 10-12m below the dunes is in an area of uniformly graded
sands well above the level of base rock encountered (at between 7m at MHW and
>15m MLW).

Groundwater levels were recorded at depth (10m below ground level) in the
proposed site compound area and at a depth greater than the cable duct beneath the
sand dunes.

The Wave Hub substation site itself is of little ecological value, although the dunes
around it constitute a fragile habitat. The estuary is of significant importance for
nature conservation, particularly migrating birds, and is designated as a Site of
Special Scientific Interest (SSSI) and an RSPB Nature Reserve. The beach in front
of the dunes is covered by two county-level designations: Area of Great Scientific
Value, and Cornwall Nature Conservation Site.

The beaches of St Ives Bay are very popular for recreation and water sports,
particularly surfing, and the dunes host a number of caravan parks and holiday
cottages that cater for thousands of tourists. The site itself is of low visual amenity,
being a disused power station in an industrial area. The overall landscape, however,
is of high value, including wide sandy beaches, St Ives Bay, the Hayle estuary and
the extensive sand dune systems to the north. There are no sites of heritage or
archaeological importance in or very close to the site.

2.7 Offshore environment

Offshore, the Wave Hub site extends from St Ives Bay to the 12 nautical mile limit.
The area is of importance to marine life, particularly cetaceans (whales, dolphins
and porpoises), basking sharks, fish (the area supports spawning and nursery
grounds for several important commercial species) and the marine communities
inhabiting the rocky outcrops amongst the sediments of St Ives Bay. St Ives Bay
and the Hayle estuary are designated as a Special Marine Area, in recognition of
their national importance for marine and estuarine life.

The area also supports a range of fisheries of importance to the local economy,
including a shellfish industry that is the mainstay of the Hayle port, and the
lucrative Dover sole fishery exploited by trawlers in the deeper waters (>30m). The
area is also popular to recreational users including sailing, diving and angling. In
terms of landscape value, the sea is one of the few remaining ‘wild’ vistas in the
country, and the coastline on either side of St Ives Bay is designated as both an
Area of Outstanding Natural Beauty and Heritage Coast. There are a large number
of wrecks, some of which are designated as Protected Wrecks, within the area.
There are no known sites of archaeological or palaeontological importance in the
nearshore.
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Part of the intended wave hub site area lies in a designated Ministry of Defence
military exercise area, and coastal shipping lanes pass close to, and through, the
intended area. There are no known sites of contamination, and no licensed offshore
dumping or aggregate extraction areas. The bathing waters of St Ives Bay
consistently score highly for water quality.

Sediments in the offshore and transition zone (60m to 10m charted depth) are
comprised of patchy and thin, typically less than 1m, layers of sands and gravels
which overlie mudstone/ shale bedrock and which become increasingly intermittent
towards the offshore zone (40m charted depth). Since no major features have been
observed it is speculated that little change has occurred on the seabed over the last
100 years. Due to the depth of water, sediment movement is limited except during
storm conditions.

St Ives Bay is believed to be a sediment sink. However, since sediment inputs from
the River Hayle and from offshore are limited the system can be considered as a
‘closed’ sediment system. The beaches are comprised mainly of sand. The beach
profile demonstrates typical seasonal changes with lowering of beach levels and the
creation of an inter-tidal bar during winter. Beach levels can reduce by up to 1.8m
following storms. The dunes to the west of the proposed cable landfall are eroding
and this could potentially extend eastwards in future. Rapid accretion occurs in the
channel at the mouth of the estuary, which was previously dredged and sluiced to
maintain a shipping channel. The alignment of the channel appears to be stable.

2.8 Legislative Requirements

The decommissioning plan must satisfy the requirement of the licence agreements
issued by the Crown Estate, all UK applicable legislation and international
obligations.

Current guidelines for decommissioning of offshore structures are contained in
such documents as:

� MCA Marine Guidance Note 275(N) Proposed Offshore Renewable Energy
Installations – Guidance on Navigational Safety Issues. (Reference1)

� Department of Trade and Industry (DTi) Guidance on Consenting
Arrangements in England & Wales for a Pre-commercial Demonstration
Phase for Wave and Tidal Stream Energy Devices (Marine Renewables)
Nov 2005. (Reference2)

� DTi Guidance Notes for Industry – Decommissioning of Offshore
Installations and Pipelines under the Petroleum Act 1998. (Reference3)

� Guidance notes for the decommissioning of offshore renewable energy
installations (section 6.2 of the Guidance Notes for the Offshore Wind
Farms Consents Process), March 2004. (Reference4)

� DTi Electricity development consents branch informal discussion paper on
decommissioning standards for offshore renewable energy installation,
March 2006. (Reference5)
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The Department for Environment, Food and Rural Affairs (Defra) is in the process
of drafting a new Marine Bill which includes marine renewables in its scope and is
intended to improve marine consenting procedures. The proposal will also include
the possible creation of a new marine management organisation to support the
Marine Bill functions. The Marine Bill, if enacted, will impact on the Wave Hub
decommissioning consenting process and its requirements will require to be
reflected in the decommissioning plan.

In addition, the DTi is issuing further guidance on the preparation of
decommissioning programmes. This is due in October 2006. It is therefore
proposed that the decommissioning plan as submitted should be resubmitted within
a 5 year period for further review and amendment as required to satisfy any
provisions detailed in the licence agreement and any requirements of the October
2006 guidance and the Marine Bill.

2.8.1 International obligations

International requirements have their origins in the United Nations Convention on
the Law of the Sea (UNCLOS), 1982 as implemented through the International
Maritime Organization (IMO). Applicable standards issued by the IMO include:

� International Maritime Organisation Guidelines and Standards for the
Removal of Offshore Installations and Structures on the Continental Shelf
and in the Exclusive Economic Zone, adopted by IMO Assembly on 19
October 1989, (Resolution A.672 (16)). (Reference6)

The UK is also a signatory to the 1992 OSPAR Convention (International
cooperation on the protection of the marine environment of the North-East
Atlantic). OSPAR Decision 98/3 was adopted to implement OSPAR’s offshore oil
and gas industry strategy. It sets out binding requirements for the disposal of
disused offshore oil and gas installations. Whilst there is no equivalent decision for
offshore renewable energy installations, OSPAR has produced guidance documents
on offshore wind-farms, incorporating ideas on their decommissioning namely:

� Problems and Benefits Associated with the Development of Offshore Wind-
Farms, Biodiversity Series, OSPAR Commission 2004. (Reference7)

2.8.2 Licence Provisions

The Wave Hub licence, as issued by the Crown Estate, shall include provisions
pertinent to the decommissioning plan. Due to the DTI’s intention to issue new
guidance in October 2006 of guidance, it will be likely that one of these provisions
will be to review and re-submit the decommissioning plan within a 5 year period
for further review and amendment as required to satisfy any further provisions
detailed in the licence agreement and any requirements of the October 2006
guidance.
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2.8.3 Relevant UK legislation.

At the present time the decommissioning plan must satisfy the following UK
legislation. It is inevitable that legislation will be amended over the life of the
project and this shall be taken into consideration during future amendments to this
decommissioning plan and to the final decommissioning programme. The present
consents regime is illustrated in Figure 2-5.

Figure 2-4 Geographical Extent of Consents

The Energy Act 2004

The Energy Act 2004 (Sections 105 to 114) contains provisions on
decommissioning offshore renewable energy installations. Section 105(8) of the
Act stipulates that a decommissioning programme must include:

� Measures to be taken for decommissioning the relevant object (renewable
energy installation or related electric line).

� An estimate of the expenditure likely to be incurred in carrying out those
measures.

� Provision for determining the times at which, or the periods within which,
those measures will have to be taken.

� Provision about restoring the place to the condition that it was in prior to
the construction of the object (where it is proposed that the object will be
wholly or partly removed from that place).

� Provision about whatever continuing monitoring and maintenance of the
object will be necessary (where it is proposed that the object will be left in
position or will not be wholly removed).
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The Coast Protection Act 1949

The Coast Protection Act 1949 (“CPA”) contains provisions for the safety of
navigation. Under section 34(1) of the CPA, consent is required for removal of any
object or materials from the seabed if the operation, causes or is likely to result in
obstruction or danger to navigation. This provision applies to the seabed located in
the territorial waters adjacent to Great Britain and to the UK Continental Shelf
extending beyond such waters. Whilst the CPA is not applied where operations are
being carried out in accordance with a consent given under section 36 of the
Electricity Act 1989, a CPA consent would be required for the decommissioning of
objects and materials installed via such operations, as well as for the removal of
any cables or installations not covered by a Section 36 consent.

The Food and Environment Protection Act (FEPA) 1985

FEPA contains provisions to protect the marine ecosystem and human health and to
minimise nuisance and interference to other legitimate uses of the sea. A FEPA
licence is required for the deposit of substances or articles within UK controlled
waters. A FEPA licence would, therefore, be required if it was proposed to deposit
any substances or articles (e.g. rock gravel or grout bags) during decommissioning.

Water Resources Act 1991

The Water Resources Act makes it an offence to cause or knowingly permit any
poisonous, noxious or polluting matter to enter controlled waters.

The EU Habitats and Birds Directives (Directives 92/43/EEC on the
conservation of natural habitats and 79/409/EEC on the conservation
of wild birds)

The Habitats Directive has established a European network of sites to promote the
conservation of habitats, wild animals and plants, both on land and at sea. A
project which would be likely to have a significant effect on one of these sites must
be subject to an appropriate assessment. Where a renewable energy installation
would be likely to have a significant effect on one of these sites, the impacts that
may be caused by decommissioning are likely to have been addressed in an
appropriate assessment done prior to the original grant of Section 36 consent. If
that is not the case, however, for whatever reason, and the decommissioning would
be likely to have a significant effect on the site, an appropriate assessment should
be undertaken prior to approval of any updated decommissioning programme.

Waste Management Legislation

Waste is predominantly regulated through the Environmental Protection Act 1990
and the Waste Management Licensing Regulations 1994. Once a decommissioned
installation is deemed to be “waste”, it will need to be handled in compliance with
waste management legislation administered and enforced through the Environment
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Agency (in England and Wales) and the Scottish Environment Protection Agency
(in Scotland).

The Hazardous Waste (England and Wales) Regulations and the List of Waste
(England) Regulations 2005 implement the European Parliament and Council
Directive on Waste Electrical and Electronic Equipment (2002/96/EC). These
regulations are enforced by the Environment Agency.

Health and Safety

Decommissioning operations will be required to comply with all relevant health
and safety legislation appropriate to such work. By virtue of the location of the
works and their nature i.e. the decommissioning of offshore renewable energy
structures and the associated infrastructure within the territorial waters, The Health
and Safety at Work etc Act 1974 (Application Outside Great Britain) Order 2001
Article 8 (1) states that the prescribed provisions of the Health and Safety at Work
(HASAW) etc Act 1974 apply. Hence, the offshore works as well as the onshore
will be required to comply with the HASAW Act and all its relevant statutory
provisions e.g. Construction (Design and Management) Regulations 1994, etc.

3.0 Description of Items to be Decommissioned

The Wave Hub infrastructure has, for the purpose of this report, been subdivided
into four categories, namely:

� Onshore infrastructure.

� Offshore infrastructure.

� Cable.

� WECs.

The complete list of the items to be decommissioned with a description of the item,
are presented in Tables 3-1 to 3-4 below for the four categories respectively.

Table 3-1 Onshore Infrastructure

Infrastructure Description

Cable Splitter Chamber Concrete chamber

Cable trenches Concrete ducts

Transformer area Cable sealing ends,
24 kV circuit breaker,
24kV/33kV transformer,
fencing

Substation Building Single storey brick-clad building on concrete slab
over made ground. May be a steel framed, clad
building
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Infrastructure Description

Foundation slab Reinforced concrete raft foundations and/or some
form of ground improvement or piles founded at
depth within the sands / gravels or bedrock may be
present in transformer area.

Access road, compound track and
turning area

250m metalled road

Car parking area Concrete over made ground.

Drill pit and storage Concrete lined excavated pit.

Security fencing 1.9m high secure fencing surrounding transformer.

Low voltage electricity supply Trenched service cable.

Water line from mains Trenched water supply.

Septic tank Buried Plastic Tank and associated sewerage pipes.

Table 3-2 Offshore Infrastructure

Infrastructure Description

4 x 11kV cables between WEC
umbilical and PCU

Approx. 800m of 3 core armoured subsea 11kV
cable with integrated fibre optic communication
conductors.

4 x Power Connection Units
(PCUs)

A water-tight protective casing containing
11kV circuit breaker
11/24 kV 5MW transformer,
24kV circuit breaker, metal frame,
and sited on concrete/steel base.

4 x 24kV cables between PCU
and TDU

Approx. 800m of 3 core armoured subsea 24kV
cable with integrated fibre optic communication
conductors.

Termination and Distribution Unit
(TDU)

A passive unit which provides a connection from the
4 x 24kV cables from the PCUs to the single 24kV
cable to the shore substation. Contains busbars
enclosed in oil-filled water tight protective casing.
Sited on concrete/steel base.

8 x Navigation Buoys 4 x Class 2, 3m steel/plastic Cardinal buoys and 4 x
Special Mark steel/plastic buoys

Table 3-3 Cable

Infrastructure Description

24kV Cable Approx 25km of 3 core, armoured subsea 24kV
cable with integrated fibre optic communication
conductors.
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Table 3-4 WECs

Infrastructure Description

WECs To be specified by developer

11kV Cable Up to 3km of 3 core, armoured subsea cable with
integrated fibre optic communication conductors per
WEC

Moorings Chain/Man Made Fibre rope (or as otherwise
specified by developers)

Anchors As specified by developers. WEC anchoring
systems will be device dependent but may range
from easily removable clump weights to rock
anchors. Tubular anchor piles between 1-1.2m
diameter and between 10-15m long.

4.0 Inventory of Materials

This section provides an inventory of the materials making up the constituent parts
of the Wave Hub infrastructure. The quantity of each material is also listed where
this is known or an estimate can be made. At this point in the Wave Hub project,
without the detailed engineering specifications, being available, some elements of
the final design have not been fixed e.g. the requirement is for a substation building
to meet stated requirements. However, the exact method/type of construction would
be left to the successful tenderer to propose and complete. The available
information is presented in Tables 4.1 – 4.4 below for the four categories
respectively.

Table 4-1 Onshore Infrastructure Materials

Infrastructure components Materials Quantity

Brick To be provided

Concrete/re-bar To be provided

Steel framework To be provided

Substation Building
(inclusive of Power circuit
room, Circuit breaker room,
Metering room, Control
room, Mess room, ROV
workshop and garage. Cladding To be provided

Foundation slab Concrete/re-bar To be provided

Cable trenches Concrete/re-bar To be provided

Drill pit and storage Concrete/re-bar To be provided

Steel casing To be provided

Transformer oil To be provided

Transformer area

Copper windings To be provided

Electrical Switchgear (24
kV circuit breaker)

(tbc) Sulphur Hexafluoride
(SF6) gas

<50kg per unit



Abbott Risk Consulting Ltd

Report No ARC-059-006
Revision 1
May 2006

Page 22 of 46

SCADA and other IT/
communication equipment

Computers/servers/printers/
multiplexers and associated
network wiring

To be provided

Fencing Steel Fencing To be provided

Car parking area Concrete To be provided

Sewage To be providedSeptic tank

Plastic tanks and sewerage
system

To be provided

Table 4-2 Offshore Infrastructure Materials

Infrastructure components Materials Quantity

copper bus-bar c 100kg

Steel To be provided

1 x Termination and
Distribution unit

Bus-bars

Steel case
Steel frame

Oil in enclosed container <1000ltrs

Copper To be provided

Steel case and frame To be provided

Transformer oil To be provided

Concrete To be provided

4 x Power Connection Units

11kV circuit breaker
11/24 kV transformer
24 kV circuit breaker
Metal frame
Protective casing and base
plates Steel base To be provided

Steel casing To be provided

Plastic casing To be provided

8 x Navigation buoys
(including electronics &
moorings)

Steel mooring cable and
anchors

c100te

Table 4-3 Cable Materials

Infrastructure components Materials Quantity

Copper (Depending on
specification chosen to
meet design requirement,
the cross sectional area
(CSA) of each of the
cores may be between
400 and 630mm2. Hence,
quantity may vary
between a total of 269te
and 565te.

Steel wire armour sheath To be provided

24kV Cable (approx. 25km
in length)

Fibre optic communication To be provided
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conductors.

24kV Cable (4 x 200 m
connecting cables between
TDU and PCUs)

Copper
Steel wire armour sheath
Fibre optic communication
conductors

Copper - Between 1 and
2te

11kV Cable (4 x 200m
between PCU and WEC
umbilical)

Copper Copper core 3 x 120mm2.
Approx 1te

Table 4-4 WEC Materials

Infrastructure components Materials Quantity

WECs To be specified by developer To be specified by
developer

Umbilical Cable To be specified by developer To be specified by
developer (up to 3km)

Mooring lines Chain and/or man made fibre
ropes

To be specified by
developer

Anchors Tubular anchor piles 1-1.2m
diameter and 10-15mlong.

To be specified by
developer

5.0 Removal and Disposal Options

This section provides a general description of the alternative removal and disposal
options for the components of the project as detailed in the description of items to
be decommissioned. It includes a short list of options and the reasons for selection
of the chosen option.

As far as is practicable the decommissioning solutions proposed are consistent with
international obligations, as well as UK legislation, and have a proper regard for
safety, the environment, other legitimate uses of the sea and economic
considerations and are in line with the principles of sustainable development.

IMO RESOLUTION A.672(16) (Reference6), requires “abandoned or disused
offshore installations or structures on any continental shelf or in any exclusive
economic zone to be removed, except where non-removal or partial removal is
consistent with the following guidelines and standards.” Whilst strictly referring to
oil and gas installations, it is considered that the principles reflected in the
requirements will be incorporated in the forthcoming guidance to the renewable
industry.

In instances where the removal of a part of the installation is not the best solution,
other options can be considered only in situations where one of the following is
satisfied:
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� The installation or structure has the potential to serve a new use, such as
enhancement of a living resource.

� Where entire removal would involve extreme cost.

� Where entire removal would involve an unacceptable risk to personnel.

� Where entire removal would involve an unacceptable risk to the marine
environment.

The removal and disposal options favour, as far as possible, the complete removal
and subsequent reuse, recycling or disposal of on land, of all installations at the end
of the project life.

The installations shall, however, be removed in their entirety in the instance they
fall into any locations which are “approaches to or in straits used for international
navigation or routes used for international navigation through archipelagic waters,
in customary deep-draught sea lanes, or in, or immediately adjacent to, routeing
systems which have been adopted by the IMO”.

Where parts of an installation or structures are proposed to be left on the sea-bed
the following provisions have to be made:

� Advance notice to mariners of the specific position, dimensions, surveyed
depth and markings of the installation or structure.

� advance notice to appropriate hydrographic services to allow for timely
revision of nautical charts.

� notification of non-removal or partial removal to the IMO.

� where necessary, properly marked with aids to navigation.

In deciding the removal methodology for decommissioning the following
considerations have been taken into account:

� Best Practicable Environmental Option (BPEO). That is the option which
provides the most benefit or least damage to the environment as a whole, at
an acceptable cost, in both the long and short term.

� Safety of surface and subsurface navigation.

� Other uses of the sea.

� Health and safety considerations.

The decommissioning plan considers four areas namely;

� Onshore infrastructure.

� Offshore infrastructure.

� Cable.

� WECs.

Each of these areas are considered separately below.
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5.1 Onshore Infrastructure

Decommissioning of the onshore infrastructure will involve the complete removal
of the infrastructure as described in Section 6. No alternative disposal options are
proposed.

5.2 Offshore infrastructure

The offshore equipment is predominantly seabed laid and is intended to be easily
recoverable. There is little intrusive work on any of the offshore infrastructure
although some parts of the 24kV cable will be buried to a depth of 1-3m closer
inshore where this is possible. Some of the WECs may require rock anchors but, at
this stage, the exact nature of these is not known. Therefore, it is intended that the
majority of the offshore infrastructure shall be removed for offsite disposal in as
described in Section 6.

5.2.1 TDU/PCUs

The TDU and 4 PCUs are intended to be easily recoverable in case of failure.
Whilst the individual units and their locations may have become marine habitats
for certain species, the removal of the TDUs and PCUs will reduce the risk to
fishing vessels e.g. trawlers, when the area is subsequently opened to fishing.
Given the ease with which the TDUs/PCUs can be removed, the preferred option is
to remove them for subsequent re-cycling.

Two different disposal options were considered for the concrete base-plates and
steel grid on which the TDU and PCUs will probably sit:

1. Leave the bases in situ.

2. Bring to shore for disposal

Leaving the bases in situ would present a lesser hazard than the whole TDU/PCU
structure but may still present a significant hazard to trawlers which use the area
dependent on the exact design/construction of the base-plate. It may, however be
possible to reduce the protrusion of the plates to an extent whereby it would be
acceptable to leave the remains in situ. At the present time, with the exact design of
the structures unknown, it is not possible to determine if this is an acceptable
solution.

Removal of the base-plate would be possible and would involve lifting and removal
of the steel grid base plate for PCU. The concrete base-plate would, probably,
require to be broken up and the remains brought to the surface.

The preferred disposal option, given the current knowledge of the system, is for the
complete removal of the base-plates in order to remove any risk to vessels engaged
in trawling.
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Aids to Navigation

All aids to navigation (AtN) (i.e. 4 cardinal and 4 special mark buoys) will have
been subject to periodic maintenance and replacement involving lifting and
recovery onboard a suitable vessel several times during their life and should be in
suitable condition to be refurbished and re-used. Any components that have
reached their end of their operational life would be sent for recycling.

It is proposed that the lifting and removal of AtN is conducted by the buoy
maintenance vessel used to conduct the periodic maintenance (e.g. MV PATRICIA,
Trinity House operating out of Swansea or similar).

5.3 Cable

The cable length has been considered as three elements; namely:

� 11kV cables between PCUs and WEC connection points. (Approx..800m
total).

� 24kV interconnecting cable between TDU and PCUs (Approx. 800m total).

� 24kV cable between substation and point offshore navigable by removal
vessel. (Approx. 25km).

11kV Cables Between PCUs and WECs

These four lengths of cable shall be removed completely for onshore recycling as
outlined in section 7.

24kV Interconnecting Cables between TDU and PCUs.

These four lengths of cable shall be removed completely for onshore recycling as
outlined in section 7.

Offshore cable.

The offshore cable presented three disposal options for consideration. These were:

� Leave the cable in situ.

� Remove all cable for onshore recycling/disposal.

� Partial removal of cable for onshore recycling/disposal.

The 24kV cable contains between, approximately, 269 and 565te of copper
depending on whether 400mm2 or 630mm2 cross sectional area core cable is
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selected as meeting the specification requirement. At present (May 2006) rates1,
this represents a potential value of £1m - £4m when recovered.

Recovery of the subsea cable is possible by the reverse process of laying i.e. to use
a cable layer to recover the cable onto a cable drum. The cost of a cable layer at
May 2006 prices2 is between £17k and £35k per day depending on capability. The
capability is based partially on the ability to recover cable buried at specified
depths. Recovery could be completed within 3-4 days, hence, there would appear to
be a strong economic case for recovery.

It may not, however, be able to recover the cable buried near inshore where the
vessel would be unable to navigate. As this is probably to be buried to a depth of,
between 1m and 3m whilst the cable on the beach, will be buried to a depth of 3m,
the cable within the 10m contour (approximately 1km) would require another
means of recovery (possible involving a mixture of excavation and winching).

Preliminary guidance on leaving cables in situ when buried has been provided by
DTI in an informal discussion paper (Reference5). On the basis of this guidance it is
considered that there may be a case for leaving the near shore section of the cable
in situ given the technical difficulties in removing the cable which could make the
removal uneconomic. Also, the near shore area is a sensitive area (especially
around the rocks of St Ive’s Bay) and the potential; environmental impact of
sediment disturbance is high in this region. Leaving the cable in situ raises the issue
of potential cable exposure in the future and the risk that this may present to other
maritime users. The cable would be monitored over the life of the installation in
order to assess the risks of the cable becoming exposed during that period. The
requirements for ongoing monitoring would then be based on these observations
and any other guidance.

It is therefore proposed that the decommissioning option for the near shore section
of the cable is reassessed in the light the final design with regard to burial depths
and technical feasibility.

5.4 WECs

The WECs and their mooring lines shall be removed completely as discussed in
Section 6. Two disposal options were presented for the WECs anchors. These are:

� Leave in situ.

� Remove for offsite recycling/disposal

Where an anchor can be used by another device there is good reason for it to be left
in situ. When there is no future use required for the anchor it shall as far as
practical be retrieved and brought to shore for reuse or recycling.

1 $7.1/kg; London Metal Exchange
2 Global Marine
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Preliminary guidance on the decommissioning of foundations below the seabed has
been provided by the DTi (Reference4). Where an installation’s foundations extend
some distance below the level of the sea-bed, removing the whole of the
foundations may not be the best decommissioning option, given the potential
impact of removal on the marine environment, as well as the financial costs and
technical challenges involved. In these cases, there is a case for rock anchor
foundations to be cut below the natural sea-bed level at such a depth to ensure that
any remains are unlikely to become uncovered. In the event of this proposed course
of action, it shall be decided on a case by case basis as part of the developer’s
individual decommissioning plans.

6.0 Selected Removal and Disposal Option

The decommissioning plan considers 4 areas namely;

� Onshore infrastructure

� Offshore infrastructure

� Cable

� WECs

Each of the different areas are considered separately below:

6.1 Onshore Infrastructure.

Decommissioning of the onshore infrastructure will involve;

� Disconnection of all electrical lines and other utility services.

� Emptying and removal of the septic tank

� Draining of the transformer.

� Offsite removal of all components from within the substation.

� Destruction of the substation building and removal of all building rubble.

� Removal of ground contaminated by the activities of Wave Hub and
resurfacing for Brown field redevelopment.

� Infilling of the cable pit and landscaping the surrounding area.

Electrical Supplies and other Utilities/Services.

Electrical and water mains shall be terminated in accordance with the applicable
safety requirements. It is intended that the electricity and water mains will remain
in situ for future site use.
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Septic Tank

The septic tank contents shall be removed for offsite disposal and the septic tank
shall be removed. The septic tank hole shall subsequently be in-filled with sand and
soil from the surrounding area. The hole shall be suitably compacted to ensure that
it does not represent a subsidence hazard.

Transformer

The transformer will be some 30–60 tonnes in size. It will be drained of
transformer oil on site using a licensed waste oil collection company. The oil will
be removed for offsite treatment and oil recycling facilities. The transformer casing
and windings will be lifted and removed by road transport for refurbishment and re-
use or sent for recycling as scrap metal as determined by survey at the time.

Substation Components

All components shall be removed from the substation and shall be taken offsite and
shall as far as practical be reused and recycled. The ultimate route of disposal will
depend on the component and the legislative requirements at the time. It is
proposed that, as part of the submission of the final decommissioning programme,
a complete inventory of all the site equipment and components shall be compiled
with the appropriate disposal options listed for each component.

Substation Building

The building shall be removed without disturbing the underlying ground to as far as
practical. The concrete foundations shall be left in situ. Only areas that have been
identified in the site survey as being damaged or being contaminated shall be
removed. Building rubble shall be removed by truck for disposal to landfill.
Building rebar shall be removed for recycling.

It is anticipated that the access road will be developed into a metalled road over the
project life for other site users. The road shall be kept open for the future use of the
site.

Contaminated Ground

Prior to decommissioning an environmental survey shall be undertaken of the wave
hub site by an accredited auditor to assess whether any of the site has been
contaminated by the Wave Hub project. Where contaminated areas are identified,
the report will detail recommended clean up and disposal options for the
contaminated material. In contaminated areas the site shall be cleaned up and
resurfaced with concrete in order that the area is able to be used for future brown
field development.
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Cable Pit

The cable pit shall be removed and the void shall be bulldozed and infilled with
sand and soil from the surrounding area. The pit shall be appropriately compacted
to ensure it presents no future hazard from ground subsidence. The site shall be
landscaped in accordance with the local topography such that the area is returned to
the original contours as far as practicable.

6.2 Offshore infrastructure

The decommissioning of the offshore infrastructure involves:

� AtN & mooring lifting and removal.

� TDU/PCU & interconnecting cable lifting and removal.

� Cable removal

TDU/PCU

The TDU and PCUs along with their interconnecting cable shall be lifted from
their bases and removed by vessel for on shore dismantling and recycling. All
components of the TDU and PCUs can be recycled. The oil can be drained and sent
for recycling whilst the steel shells and any internal switchgear, transformers etc
shall also be recycled.

Aids to Navigation

All aids to navigation (AtN) (i.e. 4 cardinal and 4 special mark buoys) shall be
lifted and brought to shore along with their moorings and anchors. The buoys and
their moorings will have been subject to periodic maintenance and replacement and
should be in suitable condition to be refurbished and re-used. Any components that
have reached their end of their operational life will be sent for recycling.

It is proposed that the lifting and removal of AtN is conducted by the buoy
maintenance vessel used to conduct the periodic maintenance (e.g. MV
PATRICIA, Trinity House operating out of Swansea).

6.3 Cable

11kV Cable between PCUs and WECs

The four 11kV cables (approximately 200m each) between the WEC umbilical
positions and will be recovered by the cable recovery vessel for onshore recycling.
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24kV Interconnecting Cables between PCUs and TDU

The 24kV interconnecting cables (approximately 200m each) between the PCUs
and TDU will be recovered along with the units themselves by the cable recovery
vessel for onshore recycling.

24kV Offshore Cable

The 25km of 24kV cable shall, as far as practicable, be recovered by a cable laying
and recovery vessel. The 24kV cable will be separated from the TDU at the
connector and recovered onto a suitable capacity cable drum onboard the vessel.
The cable shall then be brought ashore for recycling. The vessel will limited to an
extent dependent on its draught and other capabilities in recovering the near shore
section of cable. The cable will be cut at the end terminated and buried at a suitable
point offshore.

Further assessment will be required with regard to the potential removal of the
nearshore and beach sections of cable.

6.4 WECs

The WECs shall be removed from the wave hub following their trial periods. It is
not envisaged that the same WEC shall remain on the wave hub for the duration of
the project. Each WEC shall be removed and brought onshore for reuse as far as
practical. Where the WEC has exceeded its operational life it shall as far as
practicable be recycled.

WEC device moorings (including anchors) shall be removed and brought ashore
with the WEC device for subsequent disposal by re-use or re-cycling. Pile anchors
may, as discussed in Section 5.4, be cut below the natural sea-bed level at such a
depth to ensure that any remains are unlikely to become uncovered. In the event an
anchor is to remain in situ this shall be decided on a case by case basis as part of
the developers individual decommissioning plans.

The removal of WECs and mooring lines shall be done by vessels appropriate to
the task and engaged by the developers. Developers will be required to provide a
decommissioning plan to meet the requirements of the appropriate consenting
authority. Appendix A shows the structure of such a plan and the headline issues to
be addressed.

7.0 Hazard Identification & Risk Assessment

A formal Hazard identification and Risk Assessment was carried out on the
selected decommissioning option. The Hazard Identification and Risk Assessment
(HIRA) is intended to determine all potential hazards to personnel (including the
public) and the environment impact associated with both the decommissioning
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activities and the equipments being removed and to estimate the risks that they may
present.

The HIRA was conducted using a systematic approach (based on guidance in ISO
17776:2000(E) -Guidelines on tools and techniques for Hazard Identification and
Risk Assessment). This provides assurance that, so far as is possible, all such
impacts have been identified and that low frequency/high impact risks are captured
as well as high frequency/low impact ones.

The identified hazards (issues) were assessed for the risk that they present to:

� Personnel involved in the decommissioning activities.

� Members of the public (particularly other users of the marine environment).

� Other adjacent equipment/structures (whether part of Wave Hub or not).

� The environment (including social, cultural and heritage aspects).

The Results of the Hazard Identification & Risk Assessment are included in
Appendix B.

7.1 Environmental Issues

The environmental component of the HIRA incorporates the identification of
environmental issues normally carried out by the more narrowly focussed
Environmental Issues Identification (ENVID) process. This section defines and
documents the environmental requirements to ensure that prior to and during
decommissioning, minimum harm to the environment is achieved. This can be
justified by ensuring that the management methods applied for the significant
environmental issues are consistent with the following requirements:

� Best Available Technology (BAT) for each significant environmental issue.
This needs to demonstrate that:

1. Environmental sensitivities relevant to the project, as identified in the
EIA, are to be considered in defining BAT for the significant
environmental issues;

2. Legislative requirements are met.

� The principles of Best Practicable Environmental Option (BPEO), for the
significant environmental issues, have been considered, where appropriate.

This assessment covers the evaluation of all environmental aspects (including
potential ones) associated with decommissioning activities. The following are the
main potential environmental receptors that have been discussed during the
ENVID, which are applicable during decommission operations:

� Nature conservation.

� Fisheries.

� Tourism and recreation.



Abbott Risk Consulting Ltd

Report No ARC-059-006
Revision 1
May 2006

Page 33 of 46

� Landscape and visual amenity.

� Heritage and archaeology.

� Land and sea use.

� Traffic and transport.

� Air and climate.

� Water.

� Soil, geology, hydrogeology and geomorphology.

� Coastal processes, waves and currents.

� Solid and other wastes.

� Nuisance (noise, vibration, odours, light).

� Socioeconomic.

The environmental impacts associated with the decommissioning of the Wave Hub
project are reported in Table 7.1. The timing of decommissioning is important to
avoid or minimise the environmental impacts that have been identified. Table 7.1
shows the months in which key environmental impacts should be as far as possible
avoided. This information should be balanced with the practical restraints put on
the project with regard to weather and sea state. Periods of heavy weather will not
only make operations more difficult they will increase the associated risks to health
safety and the environment. The window of opportunity has therefore been
proposed as during the month of September. Increased care would be required
during this period to avoid disturbance to fishing pots in the near shore areas and
impacts to the last of the season’s recreational users.

Table 7-1 Restrictions on time table for decommissioning by month

Environmental
receptor

Jan Feb March April May June July Aug Sept Oct Nov Dec

Bird nesting
seasons (scrub
onshore)

Seabird
vulnerability

Bird migration
through Hayle
Estuary

Dover Sole
Peak Fishing
season (>30m
offshore)

Fish breeding
seasons (St
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Ives Bay)

Shell fish (St
Ives Bay out to
30m)

Peak Spawning
periods

Recreation and
tourisms (St
Ives Bay)

8.0 Waste management

When considering the management of waste arising from the decommissioning of
the Wave Hub, all waste shall be brought to land for reuse, recycling, incineration
with energy recovery or disposal. No waste shall under any circumstances be
disposed of to sea.

The choice of waste management options have been based on an assessment of the
Best Practicable Environmental Option (BPEO). That is, the option which provides
the most benefit or least damage to the environment as a whole, at an acceptable
cost, in both the long and short term. In determining the BPEO, three key
considerations have been taken into account:

� The waste hierarchy; re-use should be considered first, followed by
recycling, incineration with energy recovery and, lastly, disposal.

� The proximity principle; waste is required to be disposed of as close to the
place of production as possible, thus reducing the environmental impact of
transporting waste.

� Self-sufficiency; waste should not be exported from the UK for disposal
(although export for re-use or recycling may be considered).

9.0 Stakeholders Issues

Stakeholders have been consulted with regard to the development and operation of
the Wave Hub facility and their views and requirements taken into account. The
stakeholders and required consultation processes are described in the EIA. Those
stakeholders will be consulted again as part of the decommissioning consent
programme described in Section 14 and in the light of the Marine Bill and future
guidance.

10.0 Licenses Associated with the Disposal Option

The licenses and permits that will be required for the selected disposal option of
wave hub are listed below:
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11.0 Pre and Post Decommissioning Monitoring and
Maintenance

11.1 Pre decommissioning

The following studies have been identified as being required prior to
decommissioning the Wave Hub project.

� Offshore Cable Survey – this survey is required to identify the exact
location and condition of the cable prior to lifting.

� Onshore Phase 1 and 2 Environmental audit of substation facility – the
purpose of this audit is to ascertain whether there has been any
contamination arising from the Wave Hub project (e.g. from disturbance) to
the ground in the vicinity of the sub station. The audit findings will be used
to ascertain the requirement for the removal and/or subsequent clean up of
areas of the site. The typical cost for the environmental audit will be
between £5k and £10k depending on the amount of intrusive investigation
(i.e. bore holes and soil samples) required.

11.2 Post decommissioning.

Upon completion of decommissioning, a survey shall be undertaken to verify sea
bed clearance. This survey shall ensure that all infrastructure and debris has been
removed. It will identify the location of any debris that has accidentally been left on
the sea bed which may have arisen from the project or as part of the
decommissioning operation itself.

Where an installation is not removed entirely, some post decommissioning
monitoring will be required. The IMO standards require the adoption of a specific
plan to monitor accumulation and deterioration of material left on the sea-bed to
ensure there is no subsequent adverse impact on navigation, other uses of the sea or
the marine environment. Monitoring could identify any new or increased risks
posed by remaining materials (for example, where cables and foundations may
have become exposed due to natural sediment dynamics). Appropriate action could
then be taken to mitigate the risks.

After decommissioning has been completed a visual landscape assessment shall be
undertaken to ensure that the wave hub project area has been returned to, as far as
is possible, the condition to which it was in, prior to the start of the project. The
typical cost for a landscape assessment would be in the region of £8k.

12.0 Supporting Studies

At the time of writing this report, no supporting studies have been identified as
being required to be undertaken during the decommissioning phase of the project.



Abbott Risk Consulting Ltd

Report No ARC-059-006
Revision 1
May 2006

Page 36 of 46

13.0 Costs

An estimate of the costs associated with all the identified activities relating to the
preferred decommissioning option, including post-decommissioning inspection and
maintenance are detailed in the table below. These costs have been expressed in £
sterling at current rates (2006). Due to the fact that the design and/or the equipment
or structures have not yet been finalised, the figures are, in most cases, extremely
tentative. They will require review once the infrastructure specifications are
decided.
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Table 13-1 Estimated Costs

Activity Asset Rate Time Cost

Surveys

Pre-Decommissioning Survey –
subsea cables/TDU/PCUs

Survey
vessel/ROV
Personnel

£5k/day 5 days
(inc. mob/
demob)

£25K ± 50%

Pre-Decommissioning Survey –
Phase I & II Environmental
Audit of Onshore infrastructure

Personnel N/A N/A £7.5k ± 30%

Landscape Assessment Personnel N/A N/A £8k ± 30%

Post-Decommissioning Survey Survey
vessel/ROV
personnel

£5k/day 3 days
(inc. mob/
demob)

£15k ± 50%

Monitoring (Periodicity to be
determined)

Survey
vessel/ROV
personnel

£5k/day 3 days
(inc. mob/
demob)

£15k ± 50%

Onshore Structures

Electrical De-commissioning Personnel/
Plant

N/A N/A £20k ± 50%

Civil Structure Demolition
Team/Plant

N/A N/A £30k ± 50%

Land fill (Transport & Disposal) Personnel/
Plant

N/A £5k ± 50%

Offshore Infrastructure (including 24kV cable)

24kV Cable Cable
Vessel

PCUs/TDU & interconnecting
cabling (11kV and 24kV)

Cable
Vessel

£30-
65k/day
(Av.
£47.5k)

4 days
(inc. mob/
demob) £190k ± 50%

Aids to Navigation (8 buoys) Buoy
recovery
Vessel

N/A 2 days £4k ± 50%

ESTIMATED AVERAGE COST) £319.5k

Upper Estimated Cost £476.6

Lower Estimated Cost £162.3
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14.0 Programme

This section of the report looks at the programme of events required prior to
initiation of the decommissioning phase of the Wave Hub Project.

This programme should be viewed as preliminary guidance only as, at the time of
writing this report, the DTi Guidance for the decommissioning of offshore wave
energy installations has not been issued (expected to be issued October 2006).

At the project application stage a decommissioning programme shall be submitted
to the DTi ORCU. The DTi ORCU shall act as coordinating body for the receipt of
consent applications. The Secretary of State may then make requests for
amendments to the decommissioning programme including more detailed costings
or demonstration of the arrangements in place to ensuring funds are available.
Upon approval of the decommissioning programme the Secretary of State may
request revisions to the programme possibly at 5 year intervals. In addition, it is
proposed that certain disposal options considered within this report are reassessed
in light of more detailed engineering design and future technology available. The
areas that have been proposed for reassessment include:

� Detailed inventory of substation equipment and components as detailed in
Section 4.

� Removal of cable from near shore (<10m contour) as detailed in Section 6.

� Removal of nearshore and beach section of cable as discussed in Section 6.

At any time during the project life the Wave Hub Owner is obliged to notify the
Secretary of State of any modifications to be made to the programme or of change
of ownership of the project.

Upon realising a date for project end the owner shall submit a final
decommissioning programme to the DTi ORCU for discussion and review at least
2 years prior to project end. It has been proposed that the decommissioning will
take place during the month of September to minimise identified environmental
impacts (see Section 7.1 of this report). A 2 year period will allow ample review
and amendment time to the programme. It is anticipated that the approval process
will take approximately 10 months. Upon approval of the programme the operator
is required to apply for all associated consents and licences for conduction the
actual works. This shall include but not be limited to:

� Marine works consents: Secretary of State

� Marine works: Maritime and coastguard authority

� Traffic routing: Highways Agency

� Demolition works: Local Planning authority

� Waste management licences: Environment Agency
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Other bodies shall also be communicated with including:

� MOD

� Fisheries

� General Public

A diagram showing the proposed programme is shown in Figure 14.1
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Figure 14-1 De-commissioning Programme

Submit Applications for
Wave Hub Project
Consents

Submit costed
Decommissioning
Programme to Secretary of
State

Electricity
Act/CPA/FEPA
Consents granted

Secretary of State
may request
revisions to
programme

Approved Decommissioning
Programme

Secretary of State
may request
revisions to
programme

Project Time Line Decommissioning Consent
requirements

Application and
consent process
coordinated by DTi
ORCU

Apply for associated licenses
and permits to carry out
works

Revise Decommissioning
Programme

Apply for consent for actual
Decommissioning

2 years prior to
project end DTi ORCU

discussions and
review period

Authorising Body

Consider Waste management
licences; Marine works
consents, local authority,
highways agency, maritime
and coastguard agency,
consents; other
considerations e.g. fisheries,
MOD and public
requirements.

Decommissioning
programme approved

5 year intervals

Obligation to notify of
modifications to programme
or changes in ownership

1 year prior to
project end

Project end
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Appendix A

Developer’s De-Commissioning Plans
Scope of Work
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1.0 Developer’s Decommissioning Plans

Each device developer will be required to complete a decommissioning plan for
their device taking into account the standards and guidance appropriate at the time.
The outline provided below is based on guidance currently available with regard to
the decommissioning of offshore structures. It will be subject to review and update
in the light of consenting authorities requirement and guidance as subsequently
issued.

Introduction

Executive Summary

Background Information

Relevant background information, supported by diagrams, including:

� The relative layout of the facilities to be decommissioned (installations,
subsea equipment and navigational aids).

� The relative location, type and status of any other adjacent facilities which
would have to be taken into consideration.

� Information on prevailing weather, sea states, currents, seabed conditions,
water depths etc.

� Any fishing, shipping and other commercial activity in the area.

� Any other background information relevant to consideration of the draft
decommissioning programme.

Description of Items to be Decommissioned

A full description, including diagrams, of installations, cables, navigational aids
and shore structures.

Inventory of Materials

For all items described above, an inventory listing the amount, type and relative
location of all materials including, transformer oils, lubricants, heavy metals,
sacrificial anodes and other controlled materials should be included.

Removal and Disposal Options

This section will provide a general description of the alternative removal and
disposal options for the items described above. It will include a short list of options
and the reasons for rejecting those not short-listed.
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Selected Removal and Disposal Option

This section shall describe the proposed decommissioning option. It should include:

� The removal and disposal option, describing the removal method and the
disposal route.

� An indication of how the principles of the waste hierarchy will be met,
including the extent to which the installation or any part of it, will be re-
used or recycled.

� Details of any cleaning or removal of waste materials, including cleaning
methods; cleaning agents and disposal of residues.

� Details of any materials and remains on the seabed after decommissioning.

� Water clearances above any remains.

� Predicted degradation, movement and stability of any remains.

Risk Assessment

This section should include the results of the Risk Assessment (RA) of the selected
decommissioning option. It will be an assessment of the likely effects of the project
on project personnel, the public, and the environment and the measures envisaged
to avoid, reduce to tolerable level (As Low As Reasonably Practicable - ALARP)
and, where necessary, remedy any significant adverse affects should they occur.
The RA will include the following:

� Impacts on the marine environment, including exposure of biota to
contaminants associated with the installation, other biological impacts
arising from physical effects, conflicts with the conservation of species,
with the protection of their habitats, or with mariculture, and interference
with other legitimate uses of the sea.

� Impacts on other environmental medium, including emissions to the
atmosphere, leaching to groundwater, discharges to surface fresh water and
effects on the soil.

� Other consequential effects on the physical environment which may be
expected to result from the option.

� Impacts on amenities, the activities of communities and on future uses of
the environment.

Stakeholder Issues

A description is required of the consultation processes undertaken, including a
summary of the statutory consultations with interested parties and the extent to
which they have been taken into account in the programme.
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Costs

Estimates of cost should be included for all identified activities relating to the
preferred decommissioning option, including post-decommissioning inspection and
maintenance.

Licences Associated with the Disposal Option

This should indicate any other licences or permits that are required in order to carry
out the proposed decommissioning option.

Pre- and Post-Decommissioning Monitoring and Maintenance

The requirements for pre and post –decommissioning surveys shall be addressed.

Supporting Studies

The requirement for supporting studies such as a Fish Ecology Study, shall be
identified and addressed here.

Programme

A programme of required actions shall be included which will indicate the
sequence of activities, including consent applications, required for the de-
commissioning to be completed successfully.
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Appendix C – Designers Risk Assessment
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Appendix D – Electrical Design Philosophy
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Halcrow Group Limited
Ash House Falcon Road Sowton Exeter EX2 7LB
Tel +44 (0)1392 444252 Fax +44 (0)1392 444301
www.halcrow.com
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