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�V�� �R�I�I�L�F�L�D�O�� �0�D�U�L�W�L�P�H�� �$�U�H�D�V�� �D�X�W�K�R�U�L�W�\���� �7�K�H�� �+�:�0�� �E�R�X�Q�G�D�U�\�� �L�V��
�U�H�S�U�H�V�H�Q�W�H�G���E�\���W�K�H���E�O�X�H���O�L�Q�H���L�Q���)�L�J�X�U�H�������������L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���R�Q�O�\���W�K�H���H�Q�W�U�D�Q�F�H���F�K�D�Q�Q�H�O�����$�U�H�D���$���R�I������������
�K�D���� �D�Q�G�� �D�� �V�S�H�F�L�I�L�H�G�� �V�H�F�W�L�R�Q�� ���$�U�H�D �%�� �R�I�� ���������� �K�D���� �R�I�� �W�K�H���*�U�D�Y�L�Q�J�� �'�R�F�N���D�U�H�� �R�I�I�L�F�L�D�O�O�\�� �U�H�F�R�J�Q�L�V�H�G�� �D�V��
�0�D�U�L�W�L�P�H���$�U�H�D�V���� 

�1�R�W�D�E�O�\�����W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V���Z�L�W�K�L�Q���W�K�H���K�D�U�E�R�X�U���R�X�W�V�L�G�H���W�K�H�V�H���G�H�V�L�J�Q�D�W�H�G���D�U�H�D�V���D�U�H��
�Q�R�W���Z�L�W�K�L�Q���W�K�H���V�F�R�S�H���R�I���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���W�K�L�V���S�D�U�W�L�F�X�O�D�U���D�S�S�O�L�F�D�W�L�R�Q�� 
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�>���@ �3�U�R�M�H�F�W���'�H�V�F�U�L�S�W�L�R�Q�� 

�>�������@ �3�U�R�M�H�F�W���%�D�F�N�J�U�R�X�Q�G 

�+�D�X�O�E�R�Z�O�L�Q�H���Z�D�V���R�U�L�J�L�Q�D�O�O�\���X�V�H�G���D�V���D���Q�D�Y�D�O���V�X�S�S�O�\���D�Q�G���G�R�F�N�\�D�U�G���E�\���W�K�H���5�R�\�D�O���1�D�Y�\���L�Q���W�K�H�������W�K���D�Q�G��
���� �W�K���F�H�Q�W�X�U�L�H�V�����7�K�H�U�H�� �Z�D�V�� �H�[�W�H�Q�V�L�Y�H�� �O�D�Q�G���U�H�F�O�D�P�D�W�L�R�Q�� �G�X�U�L�Q�J���W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W���R�I�� �W�K�H�� �Q�D�Y�D�O�� �G�R�F�N�V����
�+�D�X�O�E�R�Z�O�L�Q�H���F�R�P�S�U�L�V�H�G���W�Z�R���L�V�O�D�Q�G�V���O�L�Q�N�H�G���E�\���D���E�U�L�G�J�H���X�Q�W�L�O�������������Z�K�H�Q���W�K�H���W�Z�R���L�V�O�D�Q�G�V���Z�H�U�H���O�L�Q�N�H�G��
�E�\���L�Q�I�L�O�O�L�Q�J���D�F�W�L�Y�L�W�\���� 

�2�Q���U�H�Y�L�H�Z���R�I���S�U�H�Y�L�R�X�V���$�U�F�K�D�H�R�O�R�J�L�F�D�O���5�H�S�R�U�W�V���X�Q�G�H�U�W�D�N�H�Q���I�R�U���W�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�L�Q�J���Z�R�U�N�V���R�I���W�K�H��
�1�D�Y�D�O�� �E�D�V�H�� �L�Q�� �+�D�X�O�E�R�Z�O�L�Q�H���� �L�W�� �L�V�� �E�H�O�L�H�Y�H�G���W�K�D�W�� �W�K�H�� �I�O�R�R�U�� �R�I�� �W�K�H���%�D�V�L�Q�� �Z�D�V�� �W�L�O�H�G�� �G�X�U�L�Q�J�� �F�R�Q�V�W�U�X�F�W�L�R�Q����
�+�R�Z�H�Y�H�U���� �W�K�H�� �S�U�H�V�H�Q�F�H���R�I�� �W�K�H�� �W�L�O�H�G���%�D�V�L�Q���I�O�R�R�U�� �L�V�� �X�Q�Y�H�U�L�I�L�H�G�� �D�W�� �W�K�L�V�� �V�W�D�J�H���� �,�I�� �W�K�H���W�L�O�H�G���%�D�V�L�Q���I�O�R�R�U�� �L�V��
�S�U�H�V�H�Q�W�����L�W���L�V���E�H�O�R�Z���W�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�H���G�H�S�W�K���D�Q�G���Z�L�O�O���Q�R�W���S�U�H�V�H�Q�W���D���U�L�V�N���I�R�U���W�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�L�Q�J��
�D�F�W�L�Y�L�W�L�H�V�����7�D�E�O�H�����������E�H�O�R�Z���R�X�W�O�L�Q�H�V���W�K�H���S�U�H�Y�L�R�X�V���G�U�H�G�J�H���O�H�Y�H�O�V���Z�L�W�K�L�Q���W�K�H���%�D�V�L�Q�� 

�7�D�E�O�H�������������3�U�H�Y�L�R�X�V���'�U�H�G�J�H���/�H�Y�H�O�V���:�L�W�K�L�Q���W�K�H���%�D�V�L�Q�����6�R�X�U�F�H�����$�U�F�K�D�H�R�O�R�J�L�F�D�O���5�H�S�R�U�W���>���@�� 

Year Basin Depth (m CD)  

1925 - 9.90 

1950 -6.20 to -7.31 

1979 -5.79 to -6.4 

1980 -5.9 to -6.3 

1988 -5.6 to -6.1 

1991 -4.8 to -5.8 

1992 -5.8 to -6.1 

1994 -5.5 to -5.9 

2003 -5.6 to -5.8 

2011 -5.5 to -5.8 

2017 -5.5 to -5.8 

 

�>�������@ �6�H�W�W�L�Q�J 

�+�D�X�O�E�R�Z�O�L�Q�H�� �L�V�� �V�L�W�X�D�W�H�G�� �L�Q�� �D�Q�� �L�Q�G�X�V�W�U�L�D�O�� �D�Q�G�� �X�U�E�D�Q�L�V�H�G�� �K�D�U�E�R�X�U�� �V�H�W�W�L�Q�J�� �L�Q�� �W�K�H�� �O�R�Z�H�U�� �S�D�U�W�� �R�I�� �&�R�U�N��
�+�D�U�E�R�X�U���Z�L�W�K���P�D�Q�\���L�Q�G�X�V�W�U�L�H�V�����L�Q�F�O�X�G�L�Q�J���F�R�P�P�H�U�F�L�D�O���I�L�V�K�L�Q�J���D�F�W�L�Y�L�W�\�����F�R�P�P�H�U�F�L�D�O���V�K�L�S�S�L�Q�J���D�Q�G���O�H�L�V�X�U�H��
�D�P�H�Q�L�W�L�H�V���R�F�F�X�U�U�L�Q�J���L�Q���W�K�H���K�D�U�E�R�X�U�����+�D�X�O�E�R�Z�O�L�Q�H���L�V���R�Y�H�U�O�R�R�N�H�G���E�\���U�H�V�L�G�H�Q�W�L�D�O���W�R�Z�Q�V���V�X�F�K���D�V���&�R�E�K���W�R��
�W�K�H���Q�R�U�W�K���D�Q�G���5�L�Q�J�D�V�N�L�G�G�\���W�R���W�K�H���V�R�X�W�K�����$���V�L�W�H���O�R�F�D�W�L�R�Q���P�D�S���L�V���S�U�H�V�H�Q�W�H�G���L�Q���)�L�J�X�U�H���������� 
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�)�L�J�X�U�H�������������+�D�X�O�E�R�Z�O�L�Q�H���6�L�W�H���/�R�F�D�W�L�R�Q���0�D�S 

�>�������@ �3�U�R�S�R�V�H�G���:�R�U�N 

�7�K�H�� �S�U�R�S�R�V�H�G�� �G�U�H�G�J�H�� �V�L�W�H�� �L�Q�F�O�X�G�H�V�� �W�K�H���H�Q�W�U�D�Q�F�H�� �F�K�D�Q�Q�H�O�� ���$�U�H�D���$���� �D�Q�G�� �W�K�H�� �V�R�X�W�K�H�U�Q�� �S�D�U�W�� �R�I�� �W�K�H��
�*�U�D�Y�L�Q�J���'�R�F�N�����$�U�H�D���%�������D�V���L�G�H�Q�W�L�I�L�H�G���L�Q���)�L�J�X�U�H�����������E�H�O�R�Z���� 

�$�V�� �L�Q�G�L�F�D�W�H�G�� �L�Q���7�D�E�O�H������������ �P�D�L�Q�W�H�Q�D�Q�F�H�� �G�U�H�G�J�L�Q�J�� �R�I�� �W�K�H���%�D�V�L�Q�� �D�Q�G���H�Q�W�U�D�Q�F�H���F�K�D�Q�Q�H�O�� �W�D�N�H�V�� �S�O�D�F�H��
�D�S�S�U�R�[�L�P�D�W�H�O�\���H�Y�H�U�\�������W�R�������\�H�D�U�V���W�R���H�Q�V�X�U�H���W�K�H���V�D�I�H���Q�D�Y�L�J�D�W�L�R�Q���R�I���W�K�H���Q�D�Y�D�O���I�O�H�H�W���L�Q���W�K�H���+�D�X�O�E�R�Z�O�L�Q�H��
�1�D�Y�D�O���%�D�V�H�����$�O�V�R�����'�X�P�S�L�Q�J���D�W���6�H�D�����' �D�6�����D�S�S�O�L�F�D�W�L�R�Q�V���I�R�U���+�D�X�O�E�R�Z�O�L�Q�H���Z�H�U�H���V�X�E�P�L�W�W�H�G���L�Q���������������1�R����
�6������������ ���������� �D�Q�G�� ���������� ���1�R���� �6�������������������� �Z�L�W�K�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �S�H�U�P�L�W�V�� �J�U�D�Q�W�H�G�� �L�Q�� ���������� �D�Q�G�� �������������$��
���������� �E�D�W�K�\�P�H�W�U�L�F�� �V�X�U�Y�H�\�� ���S�U�R�Y�L�G�H�G�� �L�Q�� �W�K�H�� �V�X�S�S�O�H�P�H�Q�W�D�U�\�� �G�R�F�X�P�H�Q�W�V���� �G�H�P�R�Q�V�W�U�D�W�H�V�� �W�K�D�W�� �W�K�H��
�S�U�R�S�R�V�H�G���Z�R�U�N���F�R�Q�V�W�L�W�X�W�H�V���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���W�R���U�H�V�W�R�U�H���S�U�H�Y�L�R�X�V���G�H�S�W�K�V�� 

�:�K�L�O�H�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �Z�D�V�� �I�O�R�R�G�H�G�� �P�D�Q�\�� �\�H�D�U�V�� �D�J�R���� �L�W�� �Q�R�Z�� �K�R�V�W�V�� �D�� �V�P�D�O�O�� �F�U�D�I�W�� �P�D�U�L�Q�D�� �D�Q�G�� �W�K�H��
�G�L�V�P�R�X�Q�W�H�G���*�U�D�Y�L�Q�J���'�R�F�N���J�D�W�H�����:�K�L�O�H���W�K�H�U�H���L�V���Q�R���F�R�Q�I�L�U�P�D�W�L�R�Q���W�K�D�W���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N���Z�D�V���S�U�H�Y�L�R�X�V�O�\��
�G�U�H�G�J�H�G�����$�\�H�V�D�� �E�H�O�L�H�Y�H�V�� �W�K�L�V�� �L�V�� �X�Q�O�L�N�H�O�\�����)�L�J�X�U�H�����������G�H�S�L�F�W�V�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �D�V�� �D�� �F�R�Q�V�L�G�H�U�D�E�O�H��
�V�W�U�X�F�W�X�U�H�� �W�K�D�W�� �X�Q�G�H�U�Z�H�Q�W�� �H�[�W�H�Q�V�L�R�Q�� �L�Q�� �������������$�V�� �S�D�U�W�� �R�I�� �W�K�H�� �G�U�H�G�J�L�Q�J�� �L�Q�L�W�L�D�W�L�Y�H���� �W�K�H�� �S�U�R�S�R�V�D�O�� �L�V�� �W�R��
�G�U�H�G�J�H���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N���W�R���D���G�H�S�W�K���R�I�������������P���&�'���R�U���W�K�H���R�U�L�J�L�Q�D�O���*�U�D�Y�L�Q�J���'�R�F�N���I�O�R�R�U�����D�V���G�H�S�L�F�W�H�G���L�Q��
�)�L�J�X�U�H�������������V�H�O�H�F�W�L�Q�J�� �W�K�H�� �O�H�V�V�H�U�� �R�I�� �W�K�H�� �W�Z�R�� �G�H�S�W�K�V���� �*�L�Y�H�Q�� �W�K�D�W�� �W�K�H�� �G�U�H�G�J�L�Q�J�� �R�S�H�U�D�W�L�R�Q�V�� �D�L�P�� �W�R���� �D�W��
�P�D�[�L�P�X�P���� �U�H�V�W�R�U�H�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �W�R�� �L�W�V�� �G�H�V�L�J�Q�H�G�� �G�H�S�W�K���� �L�W�� �L�V�� �F�D�W�H�J�R�U�L�F�D�O�O�\�� �F�O�D�V�V�L�I�L�H�G�� �D�V��
�P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J�� 
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�)�L�J�X�U�H�������������+�D�X�O�E�R�Z�O�L�Q�H���/�L�F�H�Q�V�H���0�D�S�� 

�7�K�L�V���U�H���H�V�W�D�E�O�L�V�K�P�H�Q�W���R�I���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N���G�H�S�W�K���D�Q�G���U�H�P�R�Y�D�O���R�I���W�K�H���P�D�U�L�Q�D���F�X�U�U�H�Q�W�O�\���R�S�H�U�D�W�L�Q�J���L�Q��
�W�K�H���*�U�D�Y�L�Q�J���' �R�F�N���Z�L�O�O���S�U�R�Y�L�G�H���W�K�H���K�D�U�E�R�X�U���Z�L�W�K���W�Z�R���D�G�G�L�W�L�R�Q�D�O���V�H�U�Y�L�F�H�G���E�H�U�W�K�V���I�R�U���3�������&�O�D�V�V���Y�H�V�V�H�O�V��
�F�X�U�U�H�Q�W�O�\���R�S�H�U�D�W�L�Q�J���Z�L�W�K�L�Q���W�K�H���K�D�U�E�R�X�U���� 

�$�\�H�V�D���K�D�V���E�H�H�Q���D�S�S�R�L�Q�W�H�G���D�V���W�K�H���H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�V�X�O�W�L�Q�J���V�S�H�F�L�D�O�L�V�W���U�H�V�S�R�Q�V�L�E�O�H��
�I�R�U���W�K�H���3�U�H�O�L�P�L�Q�D�U�\���D�Q�G���'�H�W�D�L�O�H�G���'�H�V�L�J�Q���V�W�D�J�H�V���R�I���W�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V���D�V���I�R�O�O�R�Z�V���� 

�x �'�U�H�G�J�L�Q�J���L�V���H�Q�Y�L�V�D�J�H�G���W�R���E�H���F�R�Q�G�X�F�W�H�G���X�V�L�Q�J���D���E�D�F�N�K�R�H���G�U�H�G�J�H�U���Z�L�W�K���D�F�F�R�P�S�D�Q�\�L�Q�J���K�R�S�S�H�U��
�E�D�U�J�H���� 

�x �(�Q�W�U�D�Q�F�H���F�K�D�Q�Q�H�O���D�Q�G���+�D�U�E�R�X�U���%�D�V�L�Q���D�U�H���W�R���E�H���'�U�H�G�J�H�G���W�R�������������P���&�'�� 

�x �'�U�H�G�J�L�Q�J�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �W�R�������������P���&�'�� �R�U�� �W�K�H�� �I�O�R�R�U�� �R�I�� �W�K�H�� �K�L�V�W�R�U�L�F�D�O�� �*�U�D�Y�L�Q�J�� �'�R�F�N����
�Z�K�L�F�K�H�Y�H�U���L�V���I�L�U�V�W�����D�V���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�X�U�H���������� 

�x �6�X�L�W�D�E�O�H�� �G�U�H�G�J�H�� �P�D�W�H�U�L�D�O�� ���L���H�����Q�R�Q���F�R�Q�W�D�P�L�Q�D�W�H�G���� �Z�L�O�O�� �E�H�� �O�R�D�G�H�G�� �R�Q�W�R�� �D�� �K�R�S�S�H�U�� �E�D�U�J�H�� �D�Q�G��
�W�D�N�H�Q�� �W�R�� �W�K�H�� �G�X�P�S�� �V�L�W�H�� �6�R�X�W�K�� �R�I�� �3�R�Z�H�U�� �+�H�D�G�� ���5�R�F�K�H�
�V�� �3�R�L�Q�W������ �6�H�H�� �6�H�F�W�L�R�Q �>�������@���I�R�U�� �P�R�U�H��
�G�H�W�D�L�O�V�� 

�x �'�L�V�S�R�V�D�O���R�I���F�R�Q�W�D�P�L�Q�D�W�H�G���G�U�H�G�J�H�G���P�D�W�H�U�L�D�O���W�R���D���O�L�F�H�Q�V�H�G���O�D�Q�G�I�L�O�O���I�D�F�L�O�L�W�\�� 



 

 �+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 
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�)�L�J�X�U�H�������������,�P�D�J�H���R�I���*�U�D�Y�L�Q�J���'�R�F�N���L�Q�������������$�I�W�H�U���,�W���:�D�V���(�[�W�H�Q�G�H�G 

�>�����������@ �'�U�H�G�J�L�Q�J���0�H�W�K�R�G�R�O�R�J�\�����1�R�Q���&�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O 

�0�H�F�K�D�Q�L�F�D�O�� �G�U�H�G�J�L�Q�J�� �Z�L�O�O�� �E�H�� �W�K�H�� �S�U�L�P�D�U�\�� �P�H�W�K�R�G�� �X�V�H�G�� �I�R�U�� �W�K�L�V�� �S�U�R�M�H�F�W���� �V�H�O�H�F�W�H�G�� �E�D�V�H�G�� �R�Q�� �W�K�H��
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �W�K�H�� �P�D�W�H�U�L�D�O�� �D�Q�G�� �W�L�G�D�O�� �D�F�F�H�V�V�L�E�L�O�L�W�\���� �7�Z�R�� �W�\�S�H�V�� �R�I�� �G�U�H�G�J�L�Q�J�� �H�T�X�L�S�P�H�Q�W�� �D�U�H�� �E�H�L�Q�J��
�F�R�Q�V�L�G�H�U�H�G�����D���'�2�3���G�U�H�G�J�H���S�X�P�S���R�U���D���E�D�F�N�K�R�H���G�U�H�G�J�H�U�����O�R�Q�J���U�H�D�F�K���E�D�F�N�K�R�H���H�[�F�D�Y�D�W�R�U�������7�K�H���I�L�Q�D�O��
�F�K�R�L�F�H�� �Z�L�O�O�� �G�H�S�H�Q�G�� �R�Q�� �V�L�W�H���V�S�H�F�L�I�L�F�� �F�R�Q�G�L�W�L�R�Q�V���� �S�D�U�W�L�F�X�O�D�U�O�\�� �W�K�H�� �W�\�S�H�� �R�I�� �P�D�W�H�U�L�D�O�� �W�R�� �E�H�� �G�U�H�G�J�H�G�� �D�Q�G��
�H�D�V�H���R�I���D�F�F�H�V�V�� 

�7�K�H�V�H���G�U�H�G�J�H�U�V���R�S�H�U�D�W�H���H�L�W�K�H�U���E�\���O�R�Z�H�U�L�Q�J���D���E�X�F�N�H�W���R�U���J�U�D�E���W�R���W�K�H���V�H�D�E�H�G���W�R���H�[�F�D�Y�D�W�H���P�D�W�H�U�L�D�O�����R�U��
�E�\���X�V�L�Q�J���D���'�2�3���G�U�H�G�J�H���S�X�P�S���W�R���O�L�I�W���V�H�G�L�P�H�Q�W���W�R���W�K�H���V�X�U�I�D�F�H�����+�R�Z�H�Y�H�U�����Q�H�L�W�K�H�U���P�H�W�K�R�G���L�Q�F�O�X�G�H�V���W�K�H��
�F�D�S�D�E�L�O�L�W�\���W�R���W�U�D�Q�V�S�R�U�W���W�K�H���G�U�H�G�J�H�G���P�D�W�H�U�L�D�O�� 

�$�V�� �V�X�F�K���� �K�R�S�S�H�U�� �E�D�U�J�H�V�� �Z�L�W�K�� �D�� �F�D�S�D�F�L�W�\�� �R�I�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������������ �P�ñ�� �Z�L�O�O�� �E�H�� �X�V�H�G�� �W�R�� �F�R�O�O�H�F�W�� �D�Q�G��
�W�U�D�Q�V�S�R�U�W���W�K�H���G�U�H�G�J�H�G���P�D�W�H�U�L�D�O���W�R���W�K�H���O�L�F�H�Q�V�H�G���R�I�I�V�K�R�U�H���G�L�V�S�R�V�D�O���V�L�W�H�� 

�>�����������@ �'�U�H�G�J�L�Q�J���0�H�W�K�R�G�R�O�R�J�\�����5�H�P�R�Y�D�O���R�I���&�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O 

�7�K�L�V���L�Q�L�W�L�D�O���'�U�H�G�J�L�Q�J���&�D�P�S�D�L�J�Q�������D�L�P�V���W�R���U�H�V�W�R�U�H���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N���W�R���L�W�V���G�H�V�L�J�Q�H�G���G�H�S�W�K���E�\���U�H�P�R�Y�L�Q�J��
�D�O�O���V�H�G�L�P�H�Q�W�D�W�L�R�Q���P�D�W�H�U�L�D�O���W�K�D�W���K�D�V���R�F�F�X�U�U�H�G���V�L�Q�F�H���L�W�V���I�O�R�R�G�L�Q�J���P�D�Q�\���\�H�D�U�V���D�J�R�����D�O�R�Q�J���Z�L�W�K���U�H�P�R�Y�L�Q�J��
�W�K�H���R�W�K�H�U���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���I�U�R�P���W�K�H���P�R�X�W�K���R�I���W�K�H���K�D�U�E�R�X�U�� 

�7�K�H�� �S�U�H�I�H�U�U�H�G�� �P�H�W�K�R�G�� �I�R�U�� �G�U�H�G�J�L�Q�J�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �L�V�� �W�K�H�� �'�2�3�� �G�U�H�G�J�H���� �Z�K�L�F�K�� �Z�L�O�O�� �D�O�O�R�Z��
�F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���W�R���E�H���S�X�P�S�H�G���G�L�U�H�F�W�O�\���L�Q�W�R���O�D�Q�G�V�L�G�H���J�H�R�W�X�E�H�V���I�R�U���R�Q�Z�D�U�G���G�L�V�S�R�V�D�O���D�W���O�D�Q�G�I�L�O�O����
�)�R�U���W�K�H���'�2�3���G�U�H�G�J�H���S�X�P�S���R�S�W�L�R�Q�����D���6�R�U�H�Q�V�H�Q���.�R�E�H�O�F�R���%�0�����������F�U�D�Z�O�H�U���F�U�D�Q�H���Z�R�X�O�G���O�R�Z�H�U���W�K�H���'�2�3��
���������G�U�H�G�J�H���S�X�P�S�����H�T�X�L�S�S�H�G���Z�L�W�K���D���Z�D�W�H�U���M�H�W���F�X�W�W�H�U�����I�U�R�P���W�K�H���G�R�F�N�V�L�G�H���L�Q�W�R���W�K�H���Z�D�W�H�U�����7�K�H���'�2�3���Z�R�X�O�G��
�W�K�H�Q���S�X�P�S���P�D�W�H�U�L�D�O���I�U�R�P���W�K�H���G�R�F�N���D�W���D���U�D�W�H���R�I�����������P�����K�R�X�U���D�W���W�K�H���D�Q�W�L�F�L�S�D�W�H�G���Z�R�U�N�L�Q�J���K�H�D�G���������P���� 



 

 �+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����
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�>�������@ �3�U�R�M�H�F�W���3�U�R�J�U�D�P�P�H�� 

�7�K�H���'�H�S�D�U�W�P�H�Q�W���R�I���'�H�I�H�Q�F�H���L�V���V�H�H�N�L�Q�J���D���'�X�P�S�L�Q�J���D�W���6�H�D���3�H�U�P�L�W���D�Q�G���D���0�D�U�L�W�L�P�H���$�U�H�D���8�V�D�J�H���O�L�F�H�Q�V�H��
�W�R���U�X�Q���I�U�R�P�����V�W���-�D�Q�X�D�U�\�������������W�R�������V�W���'�H�F�H�P�E�H�U������������ 

�1�R�� �G�U�H�G�J�L�Q�J�� �R�U�� �V�X�S�S�O�H�P�H�Q�W�D�U�\�� �G�X�P�S�L�Q�J�� �D�F�W�L�Y�L�W�L�H�V�� �Z�L�O�O�� �R�F�F�X�U�� �I�U�R�P�� �W�K�H�� �+�D�X�O�E�R�Z�O�L�Q�H�� �V�L�W�H�� �Z�K�L�O�H��
�P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���L�V���X�Q�G�H�U�Z�D�\���L�Q���W�K�H���3�R�U�W���R�I���&�R�U�N�����7�K�H���3�R�U�W���R�I���&�R�U�N�
�V���G�U�H�G�J�L�Q�J���S�U�R�J�U�D�P���V�W�D�U�W�H�G��
�L�Q���W�K�H���V�H�F�R�Q�G���T�X�D�U�W�H�U���R�I�������������D�Q�G���L�V���V�F�K�H�G�X�O�H�G���W�R���H�Q�G���L�Q���W�K�H���P�L�G�G�O�H���R�I���W�K�H���W�K�L�U�G���T�X�D�U�W�H�U���R�I���������������Z�L�W�K��
�W�K�H���D�Q�W�L�F�L�S�D�W�H���P�D�L�Q�W�H�Q�D�Q�F�H���F�D�P�S�D�L�J�Q�V���U�R�X�J�K�O�\���H�Y�H�U�\���W�K�U�H�H���\�H�D�U�V���� 

�7�K�H���3�U�R�M�H�F�W���3�U�R�J�U�D�P�P�H���R�I���W�K�H���Z�R�U�N�V���W�K�D�W���K�D�Y�H���F�R�P�P�H�Q�F�H�G���W�R���G�D�W�H���D�Q�G���N�H�\���S�U�R�M�H�F�W���W�L�P�H�I�U�D�P�H�V���D�U�H��
�R�X�W�O�L�Q�H�G���L�Q���7�D�E�O�H�����������E�H�O�R�Z�� 

�7�D�E�O�H�������������3�U�R�J�U�D�P�P�H���(�V�W�L�P�D�W�H 

Event  Timeframe 

DaS Application Submission June 2023 

DAFM Foreshore Application Submission June 2023 

MARA MAU Pre-Application Meeting November 2023 

DAFM Foreshore Withdrawn/ MAU license Submission May 2024 

DaS Application Amendment Submission  May 2024 

Receipt of MAU license�� Q3 2025  

Dredging Campaign 1 Removal of Contaminated material  Q3/Q4 2025 

Receipt of Dumping at Sea License (18-24 months) Q4 2025 

Dredging Campaign 1 Removal of Non-Contaminated material (pending 
date of DaS receipt) 

Q1 2026 

Dredging Campaign 2  Q4 2027 

Dredging Campaign 3 Q3/Q4 2029 

Dredging Campaign 4 Q3/Q4 2032 

�>�������@ �(�V�W�L�P�D�W�H�G���9�R�O�X�P�H�V���W�R���E�H���'�U�H�G�J�H�G 

�7�K�H���W�R�W�D�O���D�P�R�X�Q�W���R�I���P�D�W�H�U�L�D�O���G�U�H�G�J�H�G���I�U�R�P���W�K�H���:�K�R�O�H���V�L�W�H���R�Y�H�U���W�K�H���O�L�F�H�Q�F�H���W�L�P�H�O�L�Q�H���I�U�R�P�����V�W���$�X�J�X�V�W��
�����������W�R�������V�W���'�H�F�H�P�E�H�U�������������L�Q�F�O�X�V�L�Y�H���R�I���D�S�S�U�R�[�L�P�D�W�H�O�\ �������������� ���P������ 

�7�K�L�V���W�R�W�D�O���G�U�H�G�J�H���Y�R�O�X�P�H���L�V���F�D�W�H�J�R�U�L�V�H�G���L�Q�W�R���W�Z�R���P�D�W�H�U�L�D�O���W�\�S�H�V�� 

�x �1�R�Q���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O�������������������P�ñ�����Z�K�L�F�K���Z�L�O�O���E�H���G�L�V�S�R�V�H�G���R�I���D�W���W�K�H���G�H�V�L�J�Q�D�W�H�G���R�I�I�V�K�R�U�H��
�G�X�P�S���V�L�W�H�� 

�x �&�R�Q�W�D�P�L�Q�D�W�H�G�� �P�D�W�H�U�L�D�O���� ���������������P�ñ���� �Z�K�L�F�K�� �Z�L�O�O�� �E�H���G�L�V�S�R�V�H�G�� �R�I�� �R�Q�� �O�D�Q�G�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K��
�D�S�S�O�L�F�D�E�O�H���U�H�J�X�O�D�W�L�R�Q�V�� 

�$�V�� �R�X�W�O�L�Q�H�G�� �L�Q���7�D�E�O�H�����������D�Q�G���7�D�E�O�H������������ �W�K�H�� �G�U�H�G�J�L�Q�J�� �L�V�� �S�O�D�Q�Q�H�G�� �W�R�� �W�D�N�H�� �S�O�D�F�H�� �R�Y�H�U�� �I�R�X�U�� �V�H�S�D�U�D�W�H��
�F�D�P�S�D�L�J�Q�V�����7�K�H���L�Q�L�W�L�D�O���F�D�P�S�D�L�J�Q���Z�L�O�O���D�F�F�R�X�Q�W���I�R�U���W�K�H���O�D�U�J�H�V�W���Y�R�O�X�P�H���D�Q�G���L�V���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R���G�L�V�W�L�Q�F�W��
�S�K�D�V�H�V�� 

�x �'�U�H�G�J�L�Q�J���R�I���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O�����V�H�H���6�H�F�W�L�R�Q���>�����������@�� 

�x �'�U�H�G�J�L�Q�J���R�I���Q�R�Q���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O�����V�H�H���6�H�F�W�L�R�Q���>�����������@�� 



 

 �+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����

�&�R�Q�I�L�G�H�Q�W�L�D�O���G�R�F�X�P�H�Q�W�����5�H�S�U�R�G�X�F�W�L�R�Q���S�U�R�K�L�E�L�W�H�G��

�$
�V

�V
�H

�V
�V

�P
�H

�Q
�W�V

���R�
I���,�

P
�S

�D�F
�W�V

���R
�I�

�
�W�K

�H���
0

�D
�U

�L
�W

�L
�P

�H
���

8�
V

�D
�J

�H�
����

$�
,�0

�8
�� 

�2�Q�O�\���D���S�R�U�W�L�R�Q���R�I���W�K�H���W�R�W�D�O���G�U�H�G�J�L�Q�J���D�U�H�D���I�D�O�O�V���Z�L�W�K�L�Q���R�I�I�L�F�L�D�O�O�\���G�H�V�L�J�Q�D�W�H�G���0�D�U�L�W�L�P�H���$�U�H�D�V���D�Q�G���W�K�H�U�H�I�R�U�H��
�F�R�P�H�V�� �X�Q�G�H�U�� �W�K�H�� �M�X�U�L�V�G�L�F�W�L�R�Q�� �R�I�� �0�$�5�$���� �$�� �V�X�P�P�D�U�\�� �R�I�� �W�K�H�� �G�U�H�G�J�H�� �Y�R�O�X�P�H�V�� �Z�L�W�K�L�Q�� �H�D�F�K�� �0�$�5�$��
�G�H�V�L�J�Q�D�W�H�G���D�U�H�D���L�V���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H�����������E�H�O�R�Z�� 

�7�D�E�O�H�������������4�X�D�Q�W�L�W�\���R�I���'�U�H�G�J�H���0�D�W�H�U�L�D�O�� 

Description  Dredge Volume (m 3) Dredge Volume (m 3) Dredge  Volume 
(m3) 

Non-Contaminated material Contaminated material Total 

 Area A Area B Area B Area A+ Area B 

Dredging Campaign 1 1,280 - 1,580 2,840 

Dredging Campaign 2 920 150 - 1,020 

Dredging Campaign 3 920 150 - 1,020 

Dredging Campaign 4 920 150 - 1,020 

Total 4,040 450 1,580 6,050 

�>�������@ �'�U�D�Z�L�Q�J�V 

�7�K�H���I�R�O�O�R�Z�L�Q�J���G�U�D�Z�L�Q�J�V���L�O�O�X�V�W�U�D�W�H���W�K�H���Q�D�W�X�U�H���D�Q�G���H�[�W�H�Q�W���R�I���W�K�H���Z�R�U�N�V���D�Q�G���D�U�H���H�Q�F�O�R�V�H�G���L�Q���$�S�S�H�Q�G�L�[���$�� 

�7�D�E�O�H���������������$�S�S�O�L�F�D�W�L�R�Q���'�U�D�Z�L�Q�J�V 

�'�U�D�Z�L�Q�J���1�R�� �'�U�D�Z�L�Q�J���7�L�W�O�H 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �6�L�W�H���/�R�F�D�W�L�R�Q���0�D�S 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �/�L�F�H�Q�V�H���0�D�S 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �$�G�P�L�U�D�O�W�\���&�K�D�U�W���±���/�L�F�H�Q�V�H���$�U�H�D 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �$�G�P�L�U�D�O�W�\���&�K�D�U�W���±���'�X�P�S���6�L�W�H 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �(�[�L�V�W�L�Q�J���%�D�W�K�\�P�H�W�U�\ 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �3�R�V�W���'�U�H�G�J�L�Q�J���$�U�U�D�Q�J�H�P�H�Q�W 

�&�0�����������%�/�$���;�; ���'�5 ���&������������  �'�L�V�S�R�V�D�O���6�L�W�H���/�R�F�D�W�L�R�Q 
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�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����

�&�R�Q�I�L�G�H�Q�W�L�D�O���G�R�F�X�P�H�Q�W�����5�H�S�U�R�G�X�F�W�L�R�Q���S�U�R�K�L�E�L�W�H�G��
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�>���@ �1�H�H�G���	���$�O�W�H�U�Q�D�W�L�Y�H�V 

�%�D�V�H�G�� �R�Q�� �W�K�H�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �K�L�V�W�R�U�L�F�� �E�D�W�K�\�P�H�W�U�L�F�� �V�X�U�Y�H�\�� �G�D�W�D�� �F�R�Q�G�X�F�W�H�G�� �Z�L�W�K�L�Q�� �W�K�H��
�+�D�X�O�E�R�Z�O�L�Q�H�� �1�D�Y�D�O���%�D�V�H���D�S�S�U�R�D�F�K���F�K�D�Q�Q�H�O���D�Q�G���%�D�V�L�Q���E�H�W�Z�H�H�Q�������� �2�F�W�R�E�H�U������������ �D�Q�G�������� �-�D�Q�X�D�U�\��
���������������$�\�H�V�D�����I�R�U�P�H�U�O�\���%�\�U�Q�H�/�R�R�E�\�������K�D�Y�H���R�E�V�H�U�Y�H�G���D���F�R�Q�V�L�V�W�H�Q�W���L�Q�F�U�H�D�V�H���L�Q���W�K�H���V�H�D�E�H�G���O�H�Y�H�O���D�W���D�Q��
�D�S�S�U�R�[�L�P�D�W�H���V�H�G�L�P�H�Q�W�D�W�L�R�Q���U�D�W�H���R�I���������� ���P���S�H�U���\�H�D�U�����(�[�W�U�D�S�R�O�D�W�L�Q�J���W�K�L�V���V�H�G�L�P�H�Q�W�D�W�L�R�Q���W�U�H�Q�G�����Z�H���K�D�Y�H��
�S�U�R�M�H�F�W�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�D�E�H�G���O�H�Y�H�O�V���R�Y�H�U���W�K�H���F�R�P�L�Q�J���\�H�D�U�V�� 

�7�D�E�O�H�����������3�U�R�M�H�F�W�H�G���%�D�V�L�Q���%�H�G���/�H�Y�H�O�V�� 

Date Seabed Level*  

January 2024 c. -4.60 m CD to -4.90 m CD 

January 2025 c. -4.40 m CD to -4.70 m CD 

January 2026 c. -4.20m CD to -4.50 m CD 
�
�%�D�V�H�G���R�Q���V�H�O�H�F�W�H�G���S�R�L�Q�W�V���L�Q���W�K�H���+�D�X�O�E�R�Z�O�L�Q�H���1�D�Y�D�O���%�D�V�L�Q���D�Q�G���$�S�S�U�R�D�F�K���&�K�D�Q�Q�H�O�� 

�,�W�
�V���L�P�S�R�U�W�D�Q�W���W�R���H�P�S�K�D�V�L�V�H���W�K�D�W���V�K�R�X�O�G���W�K�H���V�H�D�E�H�G���O�H�Y�H�O���U�L�V�H���W�R�������������P�H�W�H�U�V���&�'���R�U���D�E�R�Y�H�����V�S�H�F�L�I�L�F��
�Q�D�Y�D�O���Y�H�V�V�H�O�V���Z�L�W�K�L�Q���W�K�H���%�D�V�L�Q���Z�R�X�O�G���H�Q�F�R�X�Q�W�H�U���L�Q�D�G�H�T�X�D�W�H���X�Q�G�H�U���N�H�H�O���F�O�H�D�U�D�Q�F�H���G�X�U�L�Q�J���W�K�H���/�R�Z�H�V�W��
�$�V�W�U�R�Q�R�P�L�F�D�O�� �7�L�G�H�� ���/�$�7������ �7�K�L�V���L�Q�V�X�I�I�L�F�L�H�Q�W�� �F�O�H�D�U�D�Q�F�H�� �S�U�H�V�H�Q�W�V�� �D�� �Q�R�W�D�E�O�H�� �U�L�V�N�� �R�I�� �G�D�P�D�J�H�� �D�Q�G��
�D�F�F�H�V�V�L�E�L�O�L�W�\���L�V�V�X�H�V���Z�K�L�O�H���Q�D�Y�L�J�D�W�L�Q�J���Z�L�W�K�L�Q���W�K�H���K�D�U�E�R�X�U�����S�R�W�H�Q�W�L�D�O�O�\���U�H�V�W�U�L�F�W�L�Q�J���H�Q�W�U�\���L�Q�W�R���W�K�H���%�D�V�L�Q���I�R�U��
�W�K�H�V�H�� �Y�H�V�V�H�O�V���� �6�X�F�K���U�H�V�W�U�D�L�Q�H�G���P�D�Q�R�H�X�Y�U�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�V���Z�R�X�O�G�� �F�R�P�S�U�R�P�L�V�H�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�D�O��
�H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �W�K�H�� �1�D�Y�D�O�� �E�D�V�H���� �Z�K�L�F�K�� �L�V�� �R�I�� �S�D�U�D�P�R�X�Q�W�� �L�P�S�R�U�W�D�Q�F�H�� �J�L�Y�H�Q���W�K�H���Q�D�W�L�R�Q�D�O�� �V�W�U�D�W�H�J�L�F��
�V�L�J�Q�L�I�L�F�D�Q�F�H���R�I���W�K�H���%�D�V�L�Q�� 

�$�V�� �L�Q�G�L�F�D�W�H�G�� �L�Q���7�D�E�O�H������������ �P�D�L�Q�W�H�Q�D�Q�F�H�� �G�U�H�G�J�L�Q�J�� �R�I�� �W�K�H�� �%�D�V�L�Q�� �D�Q�G�� �H�Q�W�U�D�Q�F�H�� �F�K�D�Q�Q�H�O�� �W�D�N�H�V�� �S�O�D�F�H��
�D�S�S�U�R�[�L�P�D�W�H�O�\���H�Y�H�U�\�������W�R�������\�H�D�U�V���W�R���H�Q�V�X�U�H���W�K�H���V�D�I�H���Q�D�Y�L�J�D�W�L�R�Q���R�I���W�K�H���Q�D�Y�D�O���I�O�H�H�W���L�Q���W�K�H���+�D�X�O�E�R�Z�O�L�Q�H��
�1�D�Y�D�O���%�D�V�H�� 

�$�Q�� �����\�H�D�U���'�D�6�� �S�H�U�P�L�W���D�O�L�J�Q�H�G�� �Z�L�W�K�� �D�� �P�D�U�L�W�L�P�H�� �D�U�H�D�� �X�V�D�J�H�� �O�L�F�H�Q�V�H�� �I�R�U���P�D�L�Q�W�H�Q�D�Q�F�H�� �G�U�H�G�J�H���Z�R�X�O�G��
�H�O�L�P�L�Q�D�W�H���U�H�S�H�D�W�H�G���O�L�F�H�Q�V�L�Q�J�� �S�U�R�F�H�G�X�U�H�V�����U�H�G�X�F�H�� �D�G�P�L�Q�L�V�W�U�D�W�L�Y�H�� �R�Y�H�U�K�H�D�G���� �D�Q�G�� �H�Q�V�X�U�H�� �O�R�Q�J���W�H�U�P��
�P�D�L�Q�W�H�Q�D�Q�F�H���S�O�D�Q�Q�L�Q�J���Z�L�W�K�R�X�W���G�L�V�U�X�S�W�L�R�Q�V�� 

�>�������@ �0�D�W�H�U�L�D�O���$�Q�D�O�\�V�L�V 

�7�K�H�� �S�K�\�V�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �W�K�H�� �G�U�H�G�J�H�G�� �P�D�W�H�U�L�D�O�� �D�U�H�� �L�P�S�R�U�W�D�Q�W�� �L�Q�G�L�F�D�W�R�U�V�� �R�I�� �L�W�V�� �H�Q�J�L�Q�H�H�U�L�Q�J��
�S�U�R�S�H�U�W�L�H�V���D�Q�G���S�R�W�H�Q�W�L�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W�V�����7�K�H���0�D�U�L�Q�H���,�Q�V�W�L�W�X�W�H�����0�,�����Z�D�V���F�R�Q�V�X�O�W�H�G���D�E�R�X�W���W�K�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�D�P�S�O�L�Q�J���D�Q�G���S�U�R�Y�L�G�H�G���$�\�H�V�D���Z�L�W�K���D���6�D�P�S�O�L�Q�J���D�Q�G���$�Q�D�O�\�V�L�V���3�O�D�Q�����6�$�3���� 

�>�����������@ �0�D�U�L�Q�H���,�Q�V�W�L�W�X�W�H���5�H�T�X�L�U�H�P�H�Q�W�V 

�7�K�H�� �0�D�U�L�Q�H�� �,�Q�V�W�L�W�X�W�H�� �U�H�F�R�P�P�H�Q�G�H�G�� �W�K�D�W�� �������1�R���� �V�D�P�S�O�H�V���E�H���R�E�W�D�L�Q�H�G���� �V�R�P�H�� �D�W�� �G�H�S�W�K�� �E�H�O�R�Z�� �W�K�H��
�H�[�L�V�W�L�Q�J���V�H�D�E�H�G�����W�R���D�G�H�T�X�D�W�H�O�\���F�R�Y�H�U���D�Q�G���R�X�W�O�L�Q�H���D�Q�\���S�U�R�E�O�H�P���D�U�H�D�V�����7�K�H���6�$�3���V�S�H�F�L�I�L�H�G���W�K�H���O�R�F�D�W�L�R�Q��
�D�Q�G���D�S�S�U�R�S�U�L�D�W�H���S�D�U�D�P�H�W�H�U�V���Z�K�L�F�K���V�K�R�X�O�G���E�H���W�H�V�W�H�G���� 

�>�����������@ �/�D�E�R�U�D�W�R�U�\���5�H�V�X�O�W�V 

�6�H�G�L�P�H�Q�W���V�D�P�S�O�L�Q�J�� �Z�D�V���F�R�Q�G�X�F�W�H�G�� �E�\�� �3�U�L�R�U�L�W�\�� �*�H�R�W�H�F�K�Q�L�F�D�O�� �/�L�P�L�W�H�G�� ���3�*�/���� �R�Q���W�K�H�� �����W�K���R�I�� �-�D�Q�X�D�U�\��
�������������/�D�E�R�U�D�W�R�U�\���W�H�V�W�V���Z�H�U�H���F�R�P�S�O�H�W�H�G���E�\���W�K�H�������W�K���R�I���)�H�E�U�X�D�U�\�����������������7�K�H���V�L�W�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���L�Q�F�O�X�G�H�G��
�W�K�H���I�R�O�O�R�Z�L�Q�J�� 



 

 �+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����

�&�R�Q�I�L�G�H�Q�W�L�D�O���G�R�F�X�P�H�Q�W�����5�H�S�U�R�G�X�F�W�L�R�Q���S�U�R�K�L�E�L�W�H�G��
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�x �6�R�L�O���3�U�R�I�L�O�H���±���6�3�7���7�H�V�W�L�Q�J���D�Q�G���F�R�U�H���H�[�W�U�D�F�W�L�R�Q�� 

�x �&�R�Q�W�D�P�L�Q�D�W�L�R�Q���6�D�P�S�O�L�Q�J���±���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���6�$�3���S�U�R�Y�L�G�H�G���E�\���W�K�H���0�,�� 

�x �5�D�G�L�R�O�R�J�L�F�D�O���V�D�P�S�O�L�Q�J���±���D�F�F�R�U�G�L�Q�J���W�R���J�X�L�G�H�O�L�Q�H�V���S�U�R�Y�L�G�H�G���E�\���(�3�$�� 

�7�K�H���V�H�G�L�P�H�Q�W���D�Q�D�O�\�V�L�V���U�H�V�X�O�W�V���D�U�H���H�Q�F�O�R�V�H�G���L�Q���$�S�S�H�Q�G�L�[���&�� 

�>�����������@ �0�D�U�L�Q�H���,�Q�V�W�L�W�X�W�H���*�X�L�G�H�O�L�Q�H�V 

�7�K�H���0�D�U�L�Q�H���,�Q�V�W�L�W�X�W�H���S�U�R�Y�L�G�H�V���J�X�L�G�H�O�L�Q�H�V���W�R���D�V�V�H�V�V���W�K�H���H�F�R�O�R�J�L�F�D�O���U�L�V�N�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���G�U�H�G�J�L�Q�J���D�Q�G��
�G�L�V�S�R�V�D�O���D�W���V�H�D���>���@�����7�K�H���J�X�L�G�H�O�L�Q�H���S�U�R�Y�L�G�H�V���W�K�U�H�V�K�R�O�G���O�H�Y�H�O�V���I�R�U���O�R�Z�H�U���D�Q�G���X�S�S�H�U���O�H�Y�H�O�V���R�I���V�H�G�L�P�H�Q�W��
�F�R�Q�W�D�P�L�Q�D�W�L�R�Q�V�����D�F�F�R�U�G�L�Q�J���W�R���Z�K�L�F�K���W�K�H���V�H�G�L�P�H�Q�W�V���D�U�H���F�D�W�H�J�R�U�L�V�H�G�� 

�x �&�O�D�V�V�� ������ �&�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �E�H�O�R�Z�� �W�K�H�� �O�R�Z�H�U�� �J�X�L�G�D�Q�F�H�� �O�L�P�L�W�� �L�V�� �F�R�Q�V�L�G�H�U�H�G��
�X�Q�F�R�Q�W�D�P�L�Q�D�W�H�G���� 

�x �&�O�D�V�V�� ������ �&�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �W�K�H�� �O�R�Z�H�U�� �D�Q�G�� �X�S�S�H�U�� �O�L�P�L�W�V�� �D�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �P�D�U�J�L�Q�D�O�O�\��
�F�R�Q�W�D�P�L�Q�D�W�H�G�����D�Q�G���D�G�G�L�W�L�R�Q�D�O���V�D�P�S�O�L�Q�J���D�Q�G���W�H�V�W�L�Q�J���P�D�\���E�H���U�H�T�X�L�U�H�G���D�Q�G 

�x �&�O�D�V�V�� ������ �&�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �Y�D�O�X�H�V�� �D�E�R�Y�H�� �W�K�H�� �X�S�S�H�U�� �J�X�L�G�D�Q�F�H�� �O�H�Y�H�O�� �D�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �K�H�D�Y�L�O�\��
�F�R�Q�W�D�P�L�Q�D�W�H�G���D�Q�G���O�L�N�H�O�\���W�R���F�D�X�V�H���E�L�R�O�R�J�L�F�D�O���H�I�I�H�F�W�V���W�R�[�L�F�L�W�\���W�R���P�D�U�L�Q�H���R�U�J�D�Q�L�V�P�V�����$�O�W�H�U�Q�D�W�L�Y�H��
�P�D�Q�D�J�H�P�H�Q�W���R�S�W�L�R�Q�V���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G�� 

�7�K�H���F�K�H�P�L�F�D�O�V���W�K�D�W���D�U�H���W�K�H���P�R�V�W���G�H�W�U�L�P�H�Q�W�D�O���W�R���W�K�H���D�T�X�D�W�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���D�U�H���W�K�R�V�H���W�K�D�W���D�U�H���S�H�U�V�L�V�W�H�Q�W����
�W�R�[�L�F���D�Q�G���E�L�R���D�F�F�X�P�X�O�D�W�H���L�Q���W�K�H���I�R�R�G���F�K�D�L�Q���D�Q�G���L�Q�F�O�X�G�H���>���@�� 

���� �+�H�D�Y�\���P�H�W�D�O�V�����H���J�������P�H�U�F�X�U�\�����O�H�D�G�����D�U�V�H�Q�L�F�����]�L�Q�F�����F�D�G�P�L�X�P�� 

���� �2�U�J�D�Q�R�W�L�Q���F�R�P�S�R�X�Q�G�V�����H���J�������7�U�L���%�X�W�\�O���7�L�Q���>�7�%�7�@�����'�L���%�X�W�\�O���7�L�Q���>�'�%�7�@�� 

���� �3�R�O�\�F�K�O�R�U�L�Q�D�W�H�G���%�L�S�K�H�Q�\�O�V���±���3�&�%�V�����H���J�������S�D�L�Q�W�V�����S�O�D�V�W�L�F�V�����D�G�K�H�V�L�Y�H�V�� 

���� �3�R�O�\�F�\�F�O�L�F���$�U�R�P�D�W�L�F���+�\�G�U�R�F�D�U�E�R�Q�V���±���3�$�+�V�����H���J�������2�L�O�V�����G�L�H�V�H�O�����K�\�G�U�D�X�O�L�F���I�O�X�L�G�� 

�7�K�H���F�K�H�P�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���V�H�G�L�P�H�Q�W�V���Z�H�U�H���D�V�V�H�V�V�H�G���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���
�*�X�L�G�H�O�L�Q�H�V���I�R�U���W�K�H��
�$�V�V�H�V�V�P�H�Q�W���R�I���'�U�H�G�J�H���0�D�W�H�U�L�D�O���I�R�U���'�L�V�S�R�V�D�O���L�Q���,�U�L�V�K���:�D�W�H�U�
���>���@�����$���V�X�P�P�D�U�\���R�I���W�K�H���V�H�G�L�P�H�Q�W���F�K�H�P�L�V�W�U�\��
�D�Q�D�O�\�V�L�V���L�V���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H���������� 

�7�K�H���D�V�V�H�V�V�P�H�Q�W���U�H�Y�H�D�O�V���W�K�D�W���D�O�O���V�D�P�S�O�H�V���D�U�H���F�O�D�V�V�L�I�L�H�G���D�V���&�O�D�V�V�������F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����H�[�F�H�S�W�������V�D�P�S�O�H�V��
�F�O�D�V�V�L�I�L�H�G���D�V�� �&�O�D�V�V�� ���� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q���� �7�K�H�� �O�R�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�D�P�S�O�H�V�� �D�Q�G�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �&�O�D�V�V�� �L�V��
�L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�X�U�H������������ 
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�+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����

�&�R�Q�I�L�G�H�Q�W�L�D�O���G�R�F�X�P�H�Q�W�����5�H�S�U�R�G�X�F�W�L�R�Q���S�U�R�K�L�E�L�W�H�G��

�7�D�E�O�H�������������6�X�P�P�D�U�\���R�I���6�H�G�L�P�H�Q�W���&�K�H�P�L�V�W�U�\���$�Q�D�O�\�V�L�V���������������6�D�P�S�O�L�Q�J���D�Q�G���7�H�V�W�L�Q�J���&�D�P�S�D�L�J�Q�� 

Parameter  
Units  
(Dry 
wt)  

Low  

Level  

Upper  

Level b 
Results  

Customer Sample No  S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 

Depth  Surface  1 m 2 m Surface  2 m Surface  1.5 m 3 m 1 m Surface  

Arsenic mg kg-1 9c 70* 14.8 14.5 2.6 13.7 14.3 12.6 14.7 13.3 13.4 11.9 13.9 13.4 14 17.3 15.6 36 15.8 13.2 
Cadmium mgkg-1 0.7 4.2 0.7 0.3 0.2 0.2 0.4 0.16 0.3 0.4 0.18 0.2 0.3 0.17 0.9 0.6 0.4 0.6 0.2 0.2 

Chromium mgkg-1 120 370 81.9 81.4 47.7 76.6 82.6 76.9 92.3 97.1 77 73.6 82 83.5 82.5 94.5 96.9 83.9 81.8 83.8 

Copper mgkg-1 40 110d 42.9 41.5 28.9 34.6 41.1 28.7 34 58.3 28.9 31.7 37.4 28.7 61 52.6 53.5 103 40.8 37.7 

Lead mgkg-1 60 218 122 45.9 34 44.6 66.2 38.8 72.4 97 37.2 38.8 54 38.1 87.6 93.4 78.5 418 61.3 41.6 
Mercury mgkg-1 0.2 0.7 0.29 0.09 0.08 0.08 0.12 0.08 0.16 0.16 0.08 0.09 0.13 0.08 0.16 0.18 0.23 1.91 0.12 0.08 

Nickel mgkg-1 21 60 31.4 31.8 26.2 32.2 33.9 30.9 34.2 36.3 30.5 29.9 32 33.9 31.8 37.1 34.9 52.9 33.3 32.9 

Zinc mg kg-1 160 410 290 148 132 166 208 78.2 200 330 129 145 192 136 220 299 251 364 174 150 

��  TBT & DBT mg kg-1 0.1 0.5 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.0487 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.0571 <0.01 <0.01 <0.01 

�� - HCH (Lindane) µg kg-1 0.3 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.11 <0.1 <0.1 <0.1 

HCB µg kg-1 0.3 1 0.61 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

PCB 028 µg kg-1 1 180b 1.56 0.22 0.24 0.21 1.49 0.23 1.03 3.44 0.24 0.51 1.32 0.21 4.18 1.81 4.11 0.69 0.31 0.26 
PCB 052 µg kg-1 1 180b 3.93 0.27 0.25 0.21 1.92 0.21 2.94 4.25 0.22 0.47 1.54 0.23 4.49 3.51 5.15 1.16 0.34 0.27 

PCB 101 µg kg-1 1 180b 3.13 0.36 0.44 0.32 1.74 0.19 1.69 3.72 0.24 0.5 1.42 0.31 3.06 3.29 5.3 1.23 0.36 0.36 

PCB 138 µg kg-1 1 180b 2.57 0.2 0.36 0.27 1.42 0.26 0.7 3.16 0.24 0.45 1.09 0.31 1.67 2.49 3.94 1.11 0.28 0.41 

PCB 153 µg kg-1 1 180b 3.42 0.34 0.42 0.36 1.2 0.3 1.41 2.55 0.28 0.45 1.32 0.26 2.41 3.79 4.05 1.48 0.38 0.62 
PCB 180 µg kg-1 1 180b 1.03 0.13 0.05 0.12 0.4 0.04 0.33 0.93 0.12 0.13 0.25 0.02 0.79 1.04 1.29 0.48 0.11 0.12 

PCB 118 µg kg-1 1 180b 3.04 0.29 0.03 0.29 1.92 0.28 1.56 4.77 0.3 0.71 1.73 0.68 3.77 3.47 5.35 1.52 0.46 0.44 

                      

PCB  
(��  ICES 7) 

µg kg-1 7 1260 18.7 1.8 1.8 1.8 10.1 1.5 9.6 22.8 1.6 3.2 8.6 2.0 20.3 19.4 29.1 7.6 2.2 2.4 

PAH (��  16)  µg kg-1 4000   4745 426 511 533 1091 989 2713 1204 534 759 680 1955 820 2173 1399 2513 529 551 

Total Extract 
Hydrocarbons 

g kg-1 1   0.50 0.22 0.12 0.15 0.20 0.14 0.37 0.62 0.21 0.18 0.25 0.21 0.22 0.82 0.58 0.67 0.24 0.19 

Waste Classification (Class) 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 
a total sediment <2mm Class 1: Green < Lower Level                   
b ERM (rounded up) Class 2: Lower level < Orange < Upper Level                   
c ERL (rounded up) - No background Irish data available Class 3: Red = > Upper Level                       
d PEL as ERM considered high                               
* In some locations, natural levels of arsenic will exceed this value, and in such instances, this guidance value will not be appropriate 
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�>�����������@ �:�$�&���D�Q�G���5�L�O�W�D���6�X�L�W�H���7�H�V�W�V 

�$�G�G�L�W�L�R�Q�D�O�� �V�D�P�S�O�L�Q�J�� �D�Q�G�� �Z�D�V�W�H�� �F�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q�� �D�U�H�� �H�V�V�H�Q�W�L�D�O�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �S�U�H�F�L�V�H��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���R�I���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O�V���W�K�U�R�X�J�K���:�D�V�W�H���$�F�F�H�S�W�D�Q�F�H���&�U�L�W�H�U�L�D�����:�$�&�����D�Q�G���5�,�/�7�$��
�V�X�L�W�H�V���Z�L�W�K�L�Q���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N���D�Q�G���D�W���W�K�H���H�Q�W�U�D�Q�F�H���W�R���W�K�H���K�D�U�E�R�X�U�����7�K�L�V���F�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q���Z�L�O�O��
�G�L�F�W�D�W�H�� �W�K�H�� �D�S�S�U�R�S�U�L�D�W�H�� �G�L�V�S�R�V�D�O�� �S�U�R�W�R�F�R�O�V�� �W�R�� �H�Q�V�X�U�H�� �I�X�O�O�� �F�R�P�S�O�L�D�Q�F�H�� �Z�L�W�K�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
�U�H�J�X�O�D�W�L�R�Q�V���� �6�D�P�S�O�H�V�� �Z�L�O�O�� �E�H�� �W�D�N�H�Q�� �I�U�R�P�� �W�K�H�� �*�U�D�Y�L�Q�J�� �'�R�F�N�� �D�Q�G�� �R�X�W�V�L�G�H�� �R�I�� �$�U�H�D�� �%�� �W�R��
�F�K�D�U�D�F�W�H�U�L�V�H���W�K�H���H�Q�W�L�U�H�W�\���R�I���W�K�H���*�U�D�Y�L�Q�J���'�R�F�N�����L�Q�F�O�X�G�L�Q�J���$�U�H�D���%�� 

�$�� �T�X�D�O�L�I�L�H�G�� �6�L�W�H�� �,�Q�Y�H�V�W�L�J�D�W�L�R�Q���&�R�Q�W�U�D�F�W�R�U�� �Z�L�O�O�� �H�[�H�F�X�W�H�� �W�K�H�� �V�D�P�S�O�L�Q�J�� �D�Q�G�� �D�Q�D�O�\�V�L�V�� �S�U�R�F�H�V�V�H�V����
�7�K�H���U�H�V�X�O�W�L�Q�J���G�D�W�D���Z�L�O�O���L�Q�I�R�U�P���W�K�H���V�H�O�H�F�W�L�R�Q���R�I���D���V�X�L�W�D�E�O�H���O�L�F�H�Q�V�H�G���O�D�Q�G�I�L�O�O���I�D�F�L�O�L�W�\�����J�X�D�U�D�Q�W�H�H�L�Q�J��
�V�D�I�H���D�Q�G���U�H�V�S�R�Q�V�L�E�O�H���G�L�V�S�R�V�D�O�� 

�(�D�U�O�\���H�Q�J�D�J�H�P�H�Q�W���Z�L�W�K���S�R�W�H�Q�W�L�D�O���Z�D�V�W�H���G�L�V�S�R�V�D�O���I�D�F�L�O�L�W�L�H�V���Z�L�O�O���H�Q�V�X�U�H���F�D�S�D�F�L�W�\���D�O�L�J�Q�P�H�Q�W���D�Q�G��
�V�W�U�H�D�P�O�L�Q�H���W�K�H���G�L�V�S�R�V�D�O���S�U�R�F�H�V�V���R�Q�F�H���D�O�O���Q�H�F�H�V�V�D�U�\���F�R�Q�V�H�Q�W�V���D�U�H���R�E�W�D�L�Q�H�G���D�Q�G���D���&�R�Q�W�U�D�F�W�R�U��
�L�V���D�S�S�R�L�Q�W�H�G�����7�K�L�V���S�U�R�D�F�W�L�Y�H���D�S�S�U�R�D�F�K���Z�L�O�O���D�O�V�R���P�L�W�L�J�D�W�H���D�Q�\�� �S�R�W�H�Q�W�L�D�O���G�H�O�D�\�V���V�W�H�P�P�L�Q�J���I�U�R�P��
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�)�L�J�X�U�H�������������/�R�F�D�W�L�R�Q���0�D�S���R�I���3�U�R�S�R�V�H�G���'�X�P�S���6�L�W�H�����5�R�F�K�H�V���3�R�L�Q�W�� 

�>�����������@ �$�O�W�H�U�Q�D�W�L�Y�H�V���W�R���'�X�P�S�L�Q�J���D�V���6�H�D 

Table 3-3���V�X�P�P�D�U�L�V�H�V�� �D�O�O�� �W�K�H�� �D�O�W�H�U�Q�D�W�L�Y�H�V�� �D�Q�G�� �W�K�H�L�U�� �V�X�L�W�D�E�L�O�L�W�\�� �I�R�U�� �W�K�H�� �S�U�R�M�H�F�W���� �7�K�H�� �I�R�O�O�R�Z�L�Q�J��
�D�O�W�H�U�Q�D�W�L�Y�H�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���I�R�U���I�X�U�W�K�H�U���D�V�V�H�V�V�P�H�Q�W�� 

�x �(�Q�J�L�Q�H�H�U�L�Q�J���X�V�H�� 

���� �/�D�Q�G���U�H�F�O�D�P�D�W�L�R�Q 

���� �/�D�Q�G�I�L�O�O���F�R�Y�H�U 

�x �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���(�Q�K�D�Q�F�H�P�H�Q�W�V  

���� �)�L�O�O���I�R�U���D�E�D�Q�G�R�Q�H�G���P�L�Q�H�V���T�X�D�U�U�L�H�V�� 

�x �$�J�U�L�F�X�O�W�X�U�D�O�������3�U�R�G�X�F�W���X�V�H�V�� 

���� �&�R�Q�F�U�H�W�H���0�D�Q�X�I�D�F�W�X�U�L�Q�J 

���� �0�D�Q�X�I�D�F�W�X�U�H�G���W�R�S�V�R�L�O 

���� �3�U�R�G�X�F�W�L�R�Q���R�I���F�H�U�D�P�L�F�V���E�U�L�F�N�V 

Table 3-3���E�H�O�R�Z���R�X�W�O�L�Q�H�V���W�K�H���S�R�W�H�Q�W�L�D�O���E�H�Q�H�I�L�F�L�D�O���U�H�X�V�H���R�I���W�K�H���G�U�H�G�J�H�G���P�D�W�H�U�L�D�O�� 

 

 



 

 

 
�+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J 

�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 

����

�&�R�Q�I�L�G�H�Q�W�L�D�O���G�R�F�X�P�H�Q�W�����5�H�S�U�R�G�X�F�W�L�R�Q���S�U�R�K�L�E�L�W�H�G��

�$
�V

�V
�H

�V
�V

�P
�H

�Q
�W�V

���R�
I���,�

P
�S

�D�F
�W�V

���R
�I�

�
�W�K

�H���
0

�D
�U

�L
�W

�L
�P

�H
���

8�
V

�D
�J

�H�
����

$�
,�0

�8
�� 

�7�D�E�O�H�������������5�H�Y�L�H�Z���R�I���%�H�Q�H�I�L�F�L�D�O���5�H�X�V�H���R�I���'�U�H�G�J�H�G���0�D�W�H�U�L�D�O 

Category 
of 
Beneficial 
Use 

Type of 
Beneficial 
Use 

Dredge Material 
Characteristics  

Comments  
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Beach 
Nourishment  

US S US 
Not suitable �± due to low structural strength and 
contamination - will not be considered further. 

Land 
Reclamation  

PS S PS 

Partially suitable �± Most of the soil dredged from 
Haulbowline will be soft, organic, sandy silt. This 
material typically exhibits low-strength properties 
and will take a long time to consolidate. Although 
this material can be used for land reclamation, it is 
not ideal. The use of the reclaimed land 
constructed with this material will be limited to 
low-stress activities, such as recreational areas 
(e.g. parks). No land reclamation project (known 
to Ayesa) is planned within a feasible distance 
from the dredging operation that will benefit from 
this alternative. 
Although this alternative is technically viable, it is 
limited by the factors above. Therefore, this 
alternative is dismissed as not feasible. 

Landfill 
Cover  

PS S S 

Partially suitable �± Dredge material can be used 
as a daily, intermediate, or final capping layer for 
a landfill. The final capping layer typically needs to 
support vegetation or the closure plan of the 
landfill. As the name suggests, a daily capping 
layer is applied daily to encapsulate the new 
waste that has been dumped. The purpose of this 
layer is to control nuisances (e.g. flies, birds, 
rodents), minimise the emission of gasses and 
odours and prevent waste from being blown away 
by the wind. The material required for a daily 
capping layer is less stringent than a final capping 
layer. 
It is envisioned that the dredged material from this 
project will not be adequate for use as an 
intermediate or final capping layer. However, it 
may be suitable as a daily capping layer. 
Dredged material will need to be dewatered and 
possibly desalinated before being used. The 
dredged material will then be transported via 
trucks to the landfill site, but due to the volume of 
material is considered unfeasible and not 
recommended.  
Furthermore, the Landfill Directive advises 
reducing reliance on landfills; disposal is one of its 
key priorities. Considering this and the complexity 
of transportation, this is not an attractive option. 
This alternative may be viable for material not 
dumped at sea due to contamination restraints 
and must be disposed of in a landfill. 
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Offshore 
Berm 
Creation  

US S S 
Not suitable without pre-treatment �± will not be 
considered further 

Coastal 
Protection  

S S US 
Not suitable �± due to low structural strength - will 
not be considered further. 

E
n

vi
ro

n
m

en
ta
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n
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an

ce
m
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t  

Wetland 
Habitat 
Creation  

US S PS 
Not suitable without pre-treatment �± will not be 
considered further 

Sediment Cell 
Maintenance  

US S US 
Not suitable �± due to low structural strength - will 
not be considered further. 

Fill for 
Abandoned 
Mines  

S S PS 

Partially suitable �± Backfilling abandoned mines/ 
quarries can be a viable alternative with a suitable 
site near the proposed works. Although there is an 
abandoned quarry near the dredging site, the 
material will most probably need desalination 
treatment before disposal. This approach will also 
require extensive planning, permission and 
approval from the landowner and relevant 
regulatory bodies. 
The dredged material will then be transported via 
trucks to the dump site, but due to the volume of 
material is considered unfeasible and not 
recommended. 

Upland 
Habitat 
Restoration  

US 
U
S 

S 
Not suitable without pre-treatment �± will not be 
considered further 

A
g

ri
cu

lt
u

ra
l /

 P
ro

d
u

ct
 u

se
 Concrete 

Manufacture  
PS 

P
S 

S 

Partially suitable �± Dredged material can be 
supplied to concrete manufacturers as an 
alternate aggregate raw material. Pilot studies 
have shown that fine-grained dredge material can 
be used as a raw material in manufacturing 
ordinary concrete, lightweight concrete, and self-
consolidating concrete. 
Coarse-grained dredged material is the most 
suitable as a direct replacement for aggregates. It 
should be clean, hard, durable, and derived from 
a proven quality and consistency source. Fined-
grained dredged material must undergo extensive 
physical and chemical characterisation before it 
can be deemed suitable for manufacturing 
concrete. 
This alternative is not recommended since there is 
no concrete batch plant near the side. 

Road Sub -
Base 
Construction  

S 
U
S 

PS 
Not suitable without desalination treatment �± will 
not be considered further. 

Landfill Liner  PS S US 
Not suitable �± due to low structural strength - will 
not be considered further. 

Manufactured 
Topsoil  

PS S S 
Not suitable without desalination treatment �± will 
not be considered further. 

Production of 
Ceramic / 
Bricks  

S S US Partially suitable �± will be considered further 

*S �± Suitable US �± 
Unsuitable 

PS �± Partially suitable 
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�W�L�W�O�H�G�� �D�W�� �W�K�H�� �W�L�P�H���� �W�R�� �P�D�N�H�� �5�H�J�X�O�D�W�L�R�Q�V�� �H�[�H�P�S�W�L�Q�J�� �R�U�� �F�H�U�W�D�L�Q�� �W�\�S�H�V�� �R�I�� �G�H�Y�H�O�R�S�P�H�Q�W�V��
�I�U�R�P���W�K�H���J�H�Q�H�U�D�O���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���$�F�W���R�U���D�G�D�S�W�L�Q�J���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���W�K�H�P���� 

���� �3�D�U�W���������5�H�J�X�O�D�W�L�R�Q���������R�I���W�K�H���3�O�D�Q�Q�L�Q�J���D�Q�G���'�H�Y�H�O�R�S�P�H�Q�W���5�H�J�X�O�D�W�L�R�Q�V���R�I���������������S�U�R�Y�L�G�H�V��
�W�K�H���G�H�W�D�L�O�V���R�I���W�K�H���3�O�D�Q�Q�L�Q�J���$�F�W���H�[�H�P�S�W�L�R�Q�V���D�S�S�O�L�F�D�E�O�H���W�R���'�)���I�D�F�L�O�L�W�L�H�V�� 

�D�� �������������D�����L�Y�����S�U�R�Y�L�G�H�V���W�K�H���H�[�H�P�S�W�L�R�Q���I�U�R�P���W�K�H���$�F�W�¶�V���S�U�R�Y�L�V�L�R�Q�V���I�R�U�� 

�%�D�U�U�D�F�N�V�� �R�U�� �R�W�K�H�U���E�X�L�O�G�L�Q�J�V���� �R�U�� �R�W�K�H�U�� �S�U�H�P�L�V�H�V�� �R�U�� �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� ���L�Q�F�O�X�G�L�Q�J�� �D�L�U�I�L�H�O�G�V�� �D�Q�G�� �Q�D�Y�D�O��
�\�D�U�G�V������ �R�U�� �R�W�K�H�U�� �V�W�U�X�F�W�X�U�H�V�� �R�U�� �I�D�F�L�O�L�W�L�H�V�� �X�V�H�G�� �I�R�U�� �W�K�H�� �S�X�U�S�R�V�H�V�� �R�I�� �R�U�� �L�Q�� �F�R�Q�Q�H�F�W�L�R�Q�� �Z�L�W�K�� �W�K�H��
�R�S�H�U�D�W�L�R�Q�V���R�I���W�K�H���'�H�I�H�Q�F�H���)�R�U�F�H�V 

�E�� �������������E�����L�����D�Q�G�����L�L�����S�U�R�Y�L�G�H���I�R�U���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�K�H���H�[�H�P�S�W�L�R�Q���W�R���H�[�W�H�Q�V�L�R�Q�V���W�R��
�E�R�W�K���E�X�L�O�G�L�Q�J�V���D�Q�G���I�D�F�L�O�L�W�L�H�V���F�R�Y�H�U�H�G���L�Q���������������D�����L�Y���� 

���E�������L��  �G�H�Y�H�O�R�S�P�H�Q�W���F�R�Q�V�L�V�W�L�Q�J���R�I���W�K�H���S�U�R�Y�L�V�L�R�Q���R�I���D�Q���H�[�W�H�Q�V�L�R�Q���R�I���D�Q�\���E�X�L�O�G�L�Q�J���U�H�I�H�U�U�H�G���W�R��
�L�Q�� �S�D�U�D�J�U�D�S�K�� ���D������ �Z�K�H�U�H�� �V�X�F�K�� �H�[�W�H�Q�V�L�R�Q�� �Z�L�O�O�� �E�H�� �V�L�W�X�D�W�H�G���� �L�Q�� �Z�K�R�O�H�� �R�U�� �L�Q�� �S�D�U�W���� �R�X�W�V�L�G�H�� �W�K�H��
�F�X�U�W�L�O�D�J�H���R�I���W�K�H���H�[�L�V�W�L�Q�J���E�X�L�O�G�L�Q�J���R�U���Z�K�H�U�H���W�K�H���E�X�L�O�G�L�Q�J���L�V���V�L�W�X�D�W�H�G���Z�L�W�K�L�Q���D���S�U�H�P�L�V�H�V���R�U���R�W�K�H�U��
�L�Q�V�W�D�O�O�D�W�L�R�Q���U�H�I�H�U�U�H�G���W�R���L�Q���W�K�H���V�D�L�G���S�D�U�D�J�U�D�S�K�����R�X�W�V�L�G�H���W�K�H���F�X�U�W�L�O�D�J�H���R�I���W�K�H���S�U�H�P�L�V�H�V���R�U���R�W�K�H�U��
�L�Q�V�W�D�O�O�D�W�L�R�Q�� 

���L�L���� �G�H�Y�H�O�R�S�P�H�Q�W�� �F�R�Q�V�L�V�W�L�Q�J�� �R�I�� �W�K�H�� �S�U�R�Y�L�V�L�R�Q�� �R�I�� �D�Q�� �H�[�W�H�Q�V�L�R�Q�� �R�I�� �D�� �S�U�H�P�L�V�H�V�� �R�U�� �R�W�K�H�U��
�L�Q�V�W�D�O�O�D�W�L�R�Q���� �R�W�K�H�U�� �W�K�D�Q�� �D�� �E�X�L�O�G�L�Q�J���� �U�H�I�H�U�U�H�G�� �W�R�� �L�Q�� �S�D�U�D�J�U�D�S�K�� ���D���� �Z�K�L�F�K�� �Z�L�O�O�� �H�[�W�H�Q�G�� �W�K�H��
�S�U�H�P�L�V�H�V�� �R�U�� �R�W�K�H�U�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �E�H�\�R�Q�G�� �W�K�H�� �F�X�U�W�L�O�D�J�H�� �R�I�� �W�K�H�� �H�[�L�V�W�L�Q�J�� �S�U�H�P�L�V�H�V�� �R�U�� �R�W�K�H�U��
�L�Q�V�W�D�O�O�D�W�L�R�Q�� 

�F�� �������������G�����D�O�O�R�Z�V���D�Q���H�[�H�P�S�W�L�R�Q���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W�V���D�G�M�R�L�Q�L�Q�J���D���'�H�I�H�Q�F�H���)�R�U�F�H�V��
�I�D�F�L�O�L�W�\���Z�K�H�U�H���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���L�V���L�Q�F�L�G�H�Q�W�D�O���W�R���W�K�H���X�V�H���R�I���W�K�H���I�D�F�L�O�L�W�\ 

�G�H�Y�H�O�R�S�P�H�Q�W���F�R�Q�V�L�V�W�L�Q�J���R�I���W�K�H���F�D�U�U�\�L�Q�J���R�X�W���R�I���D�Q�\���Z�R�U�N�V���Z�L�W�K�L�Q�����R�U���E�R�X�Q�G�L�Q�J�����W�K�H���F�X�U�W�L�O�D�J�H��
�R�I���D���E�X�L�O�G�L�Q�J�����S�U�H�P�L�V�H�V���R�U���R�W�K�H�U���L�Q�V�W�D�O�O�D�W�L�R�Q���U�H�I�H�U�U�H�G���W�R���L�Q���S�D�U�D�J�U�D�S�K�����D�������L�Q�V�R�I�D�U���D�V���W�K�H���Z�R�U�N�V��
�D�U�H���L�Q�F�L�G�H�Q�W�D�O���W�R���W�K�H���X�V�H���R�I���V�X�F�K���E�X�L�O�G�L�Q�J�����S�U�H�P�L�V�H�V�����R�U���L�Q�V�W�D�O�O�D�W�L�R�Q�� 

 

�7�K�H�� �U�H�O�H�Y�D�Q�W�� �H�[�H�P�S�W�L�R�Q�� �I�U�R�P�� �S�O�D�Q�Q�L�Q�J�� �S�H�U�P�L�V�V�L�R�Q�� �L�V�� �R�X�W�O�L�Q�H�G�� �Z�L�W�K�L�Q�� �W�K�H�� �S�O�D�Q�Q�L�Q�J�� �U�H�J�X�O�D�W�L�R�Q��
�H�[�W�U�D�F�W�����7�K�L�V���H�[�W�U�D�F�W���F�D�Q���E�H���I�R�X�Q�G���L�Q���W�K�H���V�X�S�S�O�H�P�H�Q�W�D�U�\���G�R�F�X�P�H�Q�W�D�W�L�R�Q�� 

�>�������@ �1�D�W�L�R�Q�D�O���0�D�U�L�Q�H���3�O�D�Q�Q�L�Q�J���)�U�D�P�H�Z�R�U�N�����1�0�3�)���� 

�7�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�L�Q�J���Z�R�U�N�V���D�U�H���H�V�V�H�Q�W�L�D�O���W�R���D�O�O�R�Z���W�K�H���+�D�X�O�E�R�Z�O�L�Q�H���1�D�Y�D�O���%�D�V�H���W�R���U�H�P�D�L�Q��
�R�S�H�U�D�W�L�R�Q�D�O�� �D�Q�G�� �S�U�R�Y�L�G�H�� �D�G�G�L�W�L�R�Q�D�O�� �E�H�U�W�K�L�Q�J�� �F�D�S�D�F�L�W�\�� �I�R�U�� �3������ �Y�H�V�V�H�O�V�� �R�S�H�U�D�W�L�Q�J�� �Z�L�W�K�L�Q�� �W�K�H��
�K�D�U�E�R�X�U���� �7�K�H�V�H�� �Z�R�U�N�V�� �D�O�L�J�Q�� �Z�L�W�K�� �W�K�H�� �N�H�\�� �R�E�M�H�F�W�L�Y�H�V�� �R�I�� �W�K�H�� �3�R�U�W�V���� �+�D�U�E�R�X�U�V���� �D�Q�G���6�K�L�S�S�L�Q�J��
�&�K�D�S�W�H�U���������R�I���W�K�H���1�0�3�)���D�V���I�R�O�O�R�Z�V�� 

�x �6�D�I�H�J�X�D�U�G���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���S�R�U�W�V���D�V���N�H�\���D�F�W�R�U�V���L�Q���W�K�H���H�F�R�Q�R�P�L�F���Z�H�O�O���E�H�L�Q�J���R�I���W�K�H���6�W�D�W�H��
�W�K�U�R�X�J�K���W�K�H���S�U�R�Y�L�V�L�R�Q���R�I���V�D�I�H���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���P�D�U�L�W�L�P�H���W�U�D�Q�V�S�R�U�W�� 

�x �)�D�F�L�O�L�W�D�W�H���D���F�R�P�S�H�W�L�W�L�Y�H���D�Q�G���H�I�I�H�F�W�L�Y�H���P�D�U�N�H�W���I�R�U���P�D�U�L�W�L�P�H���W�U�D�Q�V�S�R�U�W���V�H�U�Y�L�F�H�V�� 
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�x �6�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���S�R�U�W�V���V�H�F�W�R�U���D�Q�G���I�X�O�O���U�H�D�O�L�V�D�W�L�R�Q���R�I���W�K�H���1�D�W�L�R�Q�D�O���3�R�U�W�V��
�3�R�O�L�F�\���W�R���S�U�R�Y�L�G�H���D�G�H�T�X�D�W�H���F�D�S�D�F�L�W�\���W�R���P�H�H�W���S�U�H�V�H�Q�W���D�Q�G���I�X�W�X�U�H���G�H�P�D�Q�G���D�Q�G���W�R���D�G�D�S�W��
�W�R���W�K�H���F�R�Q�V�H�T�X�H�Q�F�H�V���R�I���F�O�L�P�D�W�H���F�K�D�Q�J�H�� 

�$���G�H�W�D�L�O�H�G���E�U�H�D�N�G�R�Z�Q���R�I���D�O�L�J�Q�P�H�Q�W���Z�L�W�K���&�K�D�S�W�H�U���������S�R�O�L�F�L�H�V���L�V���H�Q�F�O�R�V�H�G���L�Q���$�S�S�H�Q�G�L�[���%�� 

�7�K�L�V�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �G�U�H�G�J�L�Q�J�� �Z�L�O�O�� �D�O�O�R�Z�� �W�K�H�� �1�D�Y�D�O�� �6�H�U�Y�L�F�H�� �W�R�� �P�D�L�Q�W�D�L�Q�� �P�R�U�H�� �Y�H�V�V�H�O�V�� �L�Q�� �W�K�H��
�K�D�U�E�R�X�U���� �Z�K�L�F�K�� �Z�L�O�O�� �H�Q�D�E�O�H�� �W�K�H�� �'�H�S�D�U�W�P�H�Q�W���R�I�� �'�H�I�H�Q�F�H�� �W�R�� �I�X�O�I�L�O�� �L�W�V���I�X�Q�F�W�L�R�Q�V�� �D�V�V�L�J�Q�H�G�� �E�\�� �W�K�H��
�*�R�Y�H�U�Q�P�H�Q�W���D�Q�G���E�H�W�W�H�U���F�R�Q�W�U�L�E�X�W�H���W�R���Q�D�W�L�R�Q�D�O���D�Q�G���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���S�H�D�F�H���D�Q�G���V�H�F�X�U�L�W�\�����Z�K�L�F�K���L�V��
�W�K�H���P�D�L�Q���R�E�M�H�F�W�L�Y�H���R�I���&�K�D�S�W�H�U���������³�'�H�I�H�Q�F�H���D�Q�G���6�H�F�X�U�L�W�\�´���R�I���W�K�H���1�0�3�)�� 

�7�K�H�� �D�O�L�J�Q�P�H�Q�W�� �R�I�� �W�K�H�� �S�U�R�S�R�V�H�G�� �Z�R�U�N�� �L�Q�� �F�R�P�E�L�Q�D�W�L�R�Q�� �Z�L�W�K�� �W�K�H�� �P�L�W�L�J�D�W�L�R�Q�� �I�D�F�W�R�U�V�� �G�H�W�D�L�O�H�G�� �L�Q��
�>���������@�����W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �D�V�V�H�V�V�P�H�Q�W�V�� �D�Q�G�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �R�X�W�O�L�Q�H�G�� �L�Q���>���������@���F�R�Q�I�L�U�P�H�G�� �W�K�D�W��
�W�K�H�U�H���D�U�H���Q�R���S�R�W�H�Q�W�L�D�O�O�\���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W�V�����D�Q�G���W�K�H���S�U�R�S�R�V�H�G���Z�R�U�N���L�V���I�X�O�O�\���F�R�P�S�O�L�D�Q�W���Z�L�W�K���W�K�H��
�R�Y�H�U�D�O�O���R�E�M�H�F�W�L�Y�H�V���R�I���W�K�H���1�0�3�)���D�Q�G���F�R�Q�W�U�L�E�X�W�H�V���W�R���L�W�V���S�R�O�L�F�L�H�V���D�Q�G���R�E�M�H�F�W�L�Y�H�V�� 
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�>���@ �$�V�V�H�V�V�P�H�Q�W���R�I���,�P�S�D�F�W�V 

�>�������@ �2�Y�H�U�Y�L�H�Z 

�7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �G�R�F�X�P�H�Q�W�V���� �D�O�V�R�� �V�X�E�P�L�W�W�H�G�� �L�Q�� �V�X�S�S�R�U�W�� �R�I�� �W�K�L�V�� �/�L�F�H�Q�F�H���$�S�S�O�L�F�D�W�L�R�Q���� �S�U�R�Y�L�G�H�� �D��
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�K�W�W�S�V�������Z�Z�Z���S�R�U�W�R�I�F�R�U�N���L�H���V�K�L�S�S�L�Q�J���V�F�K�H�G�X�O�H������ �7�K�H�� �K�D�U�E�R�X�U�� �P�D�V�W�H�U�� �Z�L�O�O�� �D�O�V�R�� �P�D�L�Q�W�D�L�Q��
�F�O�H�D�U���F�R�P�P�X�Q�L�F�D�W�L�R�Q���F�K�D�Q�Q�H�O�V���W�R���I�D�F�L�O�L�W�D�W�H���V�D�I�H���P�R�Y�H�P�H�Q�W�V�� 

�x �7�K�H���1�D�Y�D�O���%�D�V�L�Q���Z�L�O�O���U�H�P�D�L�Q���I�X�O�O�\�� �R�S�H�U�D�W�L�R�Q�D�O���W�K�U�R�X�J�K�R�X�W���W�K�H���G�U�H�G�J�L�Q�J���� �H�Q�V�X�U�L�Q�J���W�K�H��
�F�R�Q�W�L�Q�X�L�W�\���R�I���L�W�V���V�H�U�Y�L�F�H�V�� 

�x �*�L�Y�H�Q���W�K�H���H�[�L�V�W�L�Q�J���K�L�J�K���Y�R�O�X�P�H���R�I���W�U�D�I�I�L�F���Z�L�W�K�L�Q���W�K�H���K�D�U�E�R�X�U�����W�K�H���G�U�H�G�J�L�Q�J���Z�R�U�N�V���D�U�H���Q�R�W��
�H�[�S�H�F�W�H�G���W�R���L�Q�W�U�R�G�X�F�H���V�L�J�Q�L�I�L�F�D�Q�W���G�L�V�U�X�S�W�L�R�Q�V���W�R���W�K�H���V�X�U�U�R�X�Q�G�L�Q�J���L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� 

�x �)�L�V�K�L�Q�J���Y�H�V�V�H�O�V���R�S�H�U�D�W�L�Q�J���L�Q���W�K�H���D�U�H�D���D�Q�G���Y�H�V�V�H�O�V���W�U�D�Q�V�S�R�U�W�L�Q�J���G�U�H�G�J�H���P�D�W�H�U�L�D�O���Z�L�O�O���E�H��
�F�D�U�H�I�X�O�O�\�� �F�R�R�U�G�L�Q�D�W�H�G���� �6�D�I�H�W�\�� �S�U�R�W�R�F�R�O�V�� �D�Q�G�� �F�O�H�D�U�� �Q�D�Y�L�J�D�W�L�R�Q�� �J�X�L�G�H�O�L�Q�H�V�� �Z�L�O�O�� �E�H��
�H�Q�I�R�U�F�H�G���W�R���R�S�W�L�P�L�V�H���W�U�D�I�I�L�F���I�O�R�Z���D�Q�G���P�L�Q�L�P�L�V�H���S�R�W�H�Q�W�L�D�O���F�R�Q�I�O�L�F�W�V�� 

�x �0�L�W�L�J�D�W�L�R�Q�� �P�H�D�V�X�U�H�V�� �Z�L�O�O���L�Q�F�O�X�G�H���I�R�U�P�D�O�� �Q�R�W�L�F�H�V�� �W�R�� �P�D�U�L�Q�H�U�V���� �D�S�S�U�R�S�U�L�D�W�H�� �Q�D�Y�L�J�D�W�L�R�Q��
�O�L�J�K�W�V�����D�Q�G���F�O�R�V�H���O�L�D�L�V�R�Q���Z�L�W�K���3�R�U�W���D�X�W�K�R�U�L�W�L�H�V���I�R�U���W�L�P�L�Q�J���D�Q�G���F�R�P�P�X�Q�L�F�D�W�L�R�Q���S�U�R�W�R�F�R�O�V����
�&�R�P�S�O�L�D�Q�F�H�� �Z�L�W�K�� �W�K�H�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �5�H�J�X�O�D�W�L�R�Q�V�� �I�R�U�� �3�U�H�Y�H�Q�W�L�Q�J�� �&�R�O�O�L�V�L�R�Q�V�� �D�W�� �6�H�D�� �L�V��
�P�D�Q�G�D�W�R�U�\�� 

�$���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q���Z�L�O�O���E�H���G�H�Y�H�O�R�S�H�G���W�R���H�Q�V�X�U�H���W�K�D�W���W�K�H���G�U�H�G�J�L�Q�J���S�U�R�M�H�F�W���K�D�V���P�L�Q�L�P�D�O��
�L�P�S�D�F�W���R�Q���E�R�W�K���O�D�Q�G���D�Q�G���V�H�D���W�U�D�I�I�L�F���Z�L�W�K�L�Q���W�K�H���K�D�U�E�R�X�U�����&�R�P�P�X�Q�L�F�D�W�L�R�Q�����S�O�D�Q�Q�L�Q�J���U�H�V�R�X�U�F�H�V����
�D�Q�G�� �D�G�K�H�U�H�Q�F�H�� �W�R�� �Q�D�Y�L�J�D�W�L�R�Q�D�O�� �J�X�L�G�H�O�L�Q�H�V�� �Z�L�O�O�� �E�H�� �S�D�U�D�P�R�X�Q�W�� �W�R�� �P�D�L�Q�W�D�L�Q�L�Q�J�� �V�D�I�H�W�\�� �D�Q�G��
�H�I�I�L�F�L�H�Q�F�\���W�K�U�R�X�J�K�R�X�W���W�K�H���S�U�R�M�H�F�W�� 

�7�K�X�V�����W�K�H�U�H�� �Z�L�O�O�� �E�H�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�P�S�D�F�W�� �R�Q�� �W�K�H�� �W�U�D�I�I�L�F�� �D�Q�G�� �W�U�D�Q�V�S�R�U�W�� �L�Q�� �W�K�H�� �D�U�H�D�� �G�X�H�� �W�R��
�P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V���� 

�>���������@ �&�X�O�W�X�U�D�O���+�H�U�L�W�D�J�H�� 

�'�D�W�D�E�D�V�H�V���D�Q�G���G�D�W�D���S�R�U�W�D�O�V���V�X�F�K���D�V���W�K�H���,�1�)�2�0�$�5���'�D�W�D���D�Q�G���6�X�E���%�R�W�W�R�P���3�U�R�I�L�O�H�U���9�L�H�Z�H�U3���D�Q�G��
�W�K�H���1�D�W�L�R�Q�D�O���0�R�Q�X�P�H�Q�W�V���6�H�U�Y�L�F�H���:�U�H�F�N���9�L�H�Z�H�U4���Z�H�U�H���U�H�Y�L�H�Z�H�G���I�R�U���D�Q�\���V�K�L�S�Z�U�H�F�N�V���R�U���F�X�O�W�X�U�D�O��
�K�H�U�L�W�D�J�H���V�L�W�H�V���Z�K�L�F�K���P�D�\���E�H���L�Q���W�K�H���Y�L�F�L�Q�L�W�\���R�I���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�Q�G���G�L�V�S�R�V�D�O���V�L�W�H�V�� 

�2�Q�H�� �V�K�L�S�Z�U�H�F�N�� �L�V�� �O�L�V�W�H�G�� �R�Q�� �W�K�H�� �G�D�W�D�E�D�V�H�� �R�X�W�V�L�G�H�� �R�I�� �W�K�H�� �G�U�H�G�J�H�� �D�U�H�D�� �D�W�� �W�K�H�� �H�Q�W�U�D�Q�F�H�� �W�R�� �W�K�H��
�%�D�V�L�Q���D�S�S�U�R�D�F�K���F�K�D�Q�Q�H�O�����7�K�H���6�6���$�O�L�V�R�Q�����Z�U�H�F�N���Q�X�P�E�H�U���:���������� �����Z�D�V���D���V�W�H�D�P�V�K�L�S���W�K�D�W���V�H�W�W�O�H�G��
�R�Q���W�K�H���E�R�W�W�R�P���D�I�W�H�U���D���F�R�O�O�L�V�L�R�Q���Z�L�W�K���D�Q�R�W�K�H�U���Y�H�V�V�H�O���L�Q���������������6�K�H���Z�D�V�����K�R�Z�H�Y�H�U�����W�R�Z�H�G���D�Z�D�\���E�\��
�W�X�J���I�U�R�P���W�K�H���V�L�W�H���D�Q�G���O�D�W�H�U���U�D�L�V�H�G���D�Q�G���U�H�S�D�L�U�H�G�����V�R���Q�R���Z�U�H�F�N�D�J�H���L�V���O�H�I�W���R�Q���W�K�H���V�L�W�H���R�I���W�K�H���U�H�F�R�U�G������ 

�7�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���V�K�L�S�Z�U�H�F�N�V���L�Q���W�K�H���D�U�H�D���V�X�U�U�R�X�Q�G�L�Q�J���W�K�H���V�S�R�L�O���J�U�R�X�Q�G�V�����1�R�Q�H���R�I���W�K�H�V�H���D�U�H����
�K�R�Z�H�Y�H�U���� �O�R�F�D�W�H�G�� �Z�L�W�K�L�Q�� �W�K�H�� �V�S�R�L�O�� �J�U�R�X�Q�G�V�� �D�U�H�D���� �7�K�H�� �W�Z�R�� �F�O�R�V�H�V�W�� �Z�U�H�F�N�V�� ���Z�U�H�F�N�� �Q�X�P�E�H�U�V��
�:���������� ���D�Q�G���:���������� �����D�U�H���E�R�W�K���X�Q�N�Q�R�Z�Q�����7�K�H���V�R�X�U�F�H���U�H�F�R�U�G�V���I�R�U���W�K�H�V�H���Z�U�H�F�N�V���D�U�H���Q�R�W���N�Q�R�Z�Q��
�R�U�� �Q�R�W�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �I�X�U�W�K�H�U�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �D�Q�G�� �D�U�H�� �Q�R�W�� �F�R�Q�V�L�G�H�U�H�G�� �F�X�O�W�X�U�D�O�O�\�� �V�L�J�Q�L�I�L�F�D�Q�W�� �D�W�� �W�K�L�V��
�W�L�P�H�� 

�&�R�Q�V�H�T�X�H�Q�W�O�\�����W�K�H�U�H�� �Z�L�O�O�� �E�H�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�P�S�D�F�W�� �R�Q�� �F�X�O�W�X�U�D�O�� �K�H�U�L�W�D�J�H�� �L�Q�� �W�K�H�� �D�U�H�D�� �G�X�H�� �W�R��
�P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V���� 

 
3���K�W�W�S�V�������Z�Z�Z���L�Q�I�R�P�D�U���L�H���P�D�S�V���L�Q�W�H�U�D�F�W�L�Y�H���P�D�S�V���G�D�W�D���D�Q�G���V�X�E���E�R�W�W�R�P���S�U�R�I�L�O�H�U���Y�L�H�Z�H�U�����/�D�V�W���D�F�F�H�V�V�H�G������������������������ 
4�� �K�W�W�S�V�������G�D�K�J���P�D�S�V���D�U�F�J�L�V���F�R�P���D�S�S�V���Z�H�E�D�S�S�Y�L�H�Z�H�U���L�Q�G�H�[���K�W�P�O�"�L�G� �����H�����������H���I���������D�E�I�D���������I�I�����I�G�������� ���/�D�V�W��
�D�F�F�H�V�V�H�G������������������������ 
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�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 
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�>���������@ �3�R�S�X�O�D�W�L�R�Q���	���+�X�P�D�Q���+�H�D�O�W�K 

�&�R�U�N���K�D�U�E�R�X�U���L�V���D���E�X�V�\���F�R�P�P�H�U�F�L�D�O���D�Q�G���U�H�F�U�H�D�W�L�R�Q�D�O���S�R�U�W�����&�R�P�P�H�U�F�L�D�O���R�S�H�U�D�W�L�R�Q�V���R�I���V�H�Y�H�U�D�O��
�L�Q�G�X�V�W�U�L�H�V�� �U�X�Q�� �I�U�R�P�� �&�U�R�V�V�K�D�Y�H�Q�� �X�S�� �W�R�� �W�K�H�� �F�L�W�\�� �T�X�D�\�����$�W�� �O�H�D�V�W���V�L�[���S�X�E�O�L�F�� �D�Q�G�� �S�U�L�Y�D�W�H�� �P�D�U�L�Q�D��
�I�D�F�L�O�L�W�L�H�V���O�L�H���D�O�R�Q�J���W�K�H���K�D�U�E�R�X�U�����D�O�V�R���I�U�R�P���&�U�R�V�V�K�D�Y�H�Q���W�R���W�K�H���F�L�W�\���F�H�Q�W�U�H�����$�V���D���U�H�V�X�O�W�����W�K�H���K�D�U�E�R�X�U��
�F�R�Q�W�D�L�Q�V���D���O�R�W���R�I���Y�H�V�V�H�O���W�U�D�I�I�L�F���I�U�R�P���V�P�D�O�O���U�H�F�U�H�D�W�L�R�Q�D�O���G�L�Q�J�K�L�H�V���W�R���O�D�U�J�H���E�X�O�N���F�D�U�J�R���F�D�U�U�L�H�U�V�����7�K�H��
�%�D�V�L�Q���L�V���O�L�P�L�W�H�G���L�Q���L�W�V���X�V�H���E�\���E�R�W�K���W�K�H���S�X�E�O�L�F���D�Q�G���F�R�P�P�H�U�F�L�D�O���R�S�H�U�D�W�R�U�V���D�V���L�W���L�V���S�U�L�P�D�U�L�O�\���X�V�H�G��
�E�\���W�K�H���,�U�L�V�K���'�H�I�H�Q�F�H���)�R�U�F�H�V���D�V���W�K�H�L�U���Q�D�W�L�R�Q�D�O���E�D�V�H���R�I���R�S�H�U�D�W�L�R�Q�V�����7�K�H���%�D�V�L�Q���K�R�X�V�H�V���W�K�H���1�D�Y�D�O��
�6�H�U�Y�L�F�H�V���I�O�H�H�W���D�Q�G���E�D�V�H���R�I���R�S�H�U�D�W�L�R�Q�V�� 

�7�K�H���G�X�P�S�V�L�W�H���L�V�� �O�R�F�D�W�H�G�� �D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P�� �R�X�W�V�L�G�H�� �W�K�H�� �O�L�P�L�W�V�� �R�I�� �&�R�U�N�� �K�D�U�E�R�X�U�� �D�Q�G��
�D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P���I�U�R�P���W�K�H���F�O�R�V�H�V�W���S�R�L�Q�W���R�I���O�D�Q�G�����7�K�H���D�U�H�D���V�L�W�V���Z�L�W�K�L�Q���W�K�H���D�S�S�U�R�D�F�K�H�V���W�R��
�W�K�H���K�D�U�E�R�X�U���L�Q���D�S�S�U�R�[�L�P�D�W�H�O�\������ ���P���W�R���������P���Z�D�W�H�U���G�H�S�W�K�� 

�*�L�Y�H�Q���W�K�H���O�R�F�D�W�L�R�Q�V���R�I�� �E�R�W�K���W�K�H���G�U�H�G�J�L�Q�J���D�U�H�D���D�Q�G���W�K�H���V�S�R�L�O���J�U�R�X�Q�G�V���� �D�O�R�Q�J���Z�L�W�K���W�K�H���W�\�S�H���R�I��
�Z�R�U�N�V���W�R���E�H���F�D�U�U�L�H�G���R�X�W�����W�K�H�U�H���Z�L�O�O���E�H���Q�R���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W���R�Q���S�R�S�X�O�D�W�L�R�Q���D�Q�G���K�X�P�D�Q���K�H�D�O�W�K���L�Q��
�W�K�H���D�U�H�D���G�X�H���W�R���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V�� 

�>���������@ �0�D�M�R�U���$�F�F�L�G�H�Q�W�V���	���'�L�V�D�V�W�H�U�V 

�7�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���P�D�M�R�U���D�F�F�L�G�H�Q�W�V���R�U���G�L�V�D�V�W�H�U�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V��
�L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���Y�H�U�\���O�R�Z�����6�H�Y�H�U�D�O���V�D�I�H�J�X�D�U�G�V���D�Q�G���S�U�H�Y�H�Q�W�D�W�L�Y�H���P�H�D�V�X�U�H�V���Z�L�O�O���E�H���L�Q���S�O�D�F�H��
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�1�R���P�L�W�L�J�D�W�L�R�Q���Q�H�H�G�H�G�������Q�R���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W���R�Q���O�D�Q�G���D�Q�G���V�R�L�O�V�� 

�:�D�W�H�U �$�O�O���Y�H�V�V�H�O�V���L�Q�Y�R�O�Y�H�G���D�U�H���0�$�5�3�2�/���F�R�P�S�O�L�D�Q�W�� 

�$���3�R�O�O�X�W�L�R�Q���5�H�V�S�R�Q�V�H���3�O�D�Q���Z�L�O�O���E�H���L�Q���S�O�D�F�H���I�R�U���L�P�P�H�G�L�D�W�H���D�F�W�L�R�Q���L�Q���F�D�V�H���R�I���D���V�S�L�O�O�� 

�$�O�O���Q�H�F�H�V�V�D�U�\���S�H�U�P�L�W�V���D�Q�G���O�L�F�H�Q�V�H�V���K�D�Y�H���E�H�H�Q���R�E�W�D�L�Q�H�G�� 

�&�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���Z�L�O�O���E�H���W�U�H�D�W�H�G���R�Q���V�L�W�H���D�Q�G���G�L�V�S�R�V�H�G���R�I���I�R�O�O�R�Z�L�Q�J��
�U�H�J�X�O�D�W�L�R�Q�V�� 

�%�L�R�G�L�Y�H�U�V�L�W�\ �7�K�H���P�D�L�Q���P�L�W�L�J�D�W�L�R�Q���P�H�D�V�X�U�H���I�R�U���P�D�U�L�Q�H���P�D�P�P�D�O�V�����G�X�H���W�R���W�K�H���J�H�Q�H�U�D�W�L�R�Q���R�I��
�X�Q�G�H�U�Z�D�W�H�U���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q�����L�V���W�K�D�W���D���T�X�D�O�L�I�L�H�G���D�Q�G���H�[�S�H�U�L�H�Q�F�H�G���0�D�U�L�Q�H��
�0�D�P�P�D�O���2�E�V�H�U�Y�H�U���Z�L�O�O���P�R�Q�L�W�R�U���W�K�H���Z�R�U�N�V���Z�K�H�Q���X�Q�G�H�U�Z�D�W�H�U���Q�R�L�V�H���L�V���J�H�Q�H�U�D�W�H�G����
�2�W�K�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���I�R�U���P�L�W�L�J�D�W�L�R�Q���I�R�U���P�D�U�L�Q�H���P�D�P�P�D�O�V���D�U�H���R�X�W�O�L�Q�H�G���L�Q���W�K�H��
�$�Q�Q�H�[���,�9���D�V�V�H�V�V�P�H�Q�W���V�X�E�P�L�W�W�H�G���Z�L�W�K���W�K�L�V���$�,�0�8�� 

�1�R���O�L�N�H�O�\���V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���D�U�H���D�Q�W�L�F�L�S�D�W�H�G���I�R�U���E�H�Q�W�K�L�F���H�F�R�O�R�J�\�����W�X�U�W�O�H�V���D�Q�G���E�L�U�G�V��
�D�Q�G���Q�R���P�L�W�L�J�D�W�L�R�Q���L�V���S�U�R�S�R�V�H�G���I�R�U���W�K�H�V�H���U�H�F�H�S�W�R�U���J�U�R�X�S�V�� 

�)�L�V�K�H�U�L�H�V���D�Q�G��
�$�T�X�D�F�X�O�W�X�U�H 

�1�R���O�L�N�H�O�\���V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���D�U�H���D�Q�W�L�F�L�S�D�W�H�G�����D�Q�G���Q�R���P�L�W�L�J�D�W�L�R�Q���L�V���S�U�R�S�R�V�H�G���� 

�$�L�U���4�X�D�O�L�W�\ �7�K�H���D�Q�W�L�F�L�S�D�W�H�G���L�P�S�D�F�W���R�Q���D�L�U���T�X�D�O�L�W�\���I�U�R�P���W�K�H�V�H���D�F�W�L�Y�L�W�L�H�V���L�V���Q�R�W���H�[�S�H�F�W�H�G���W�R���E�H��
�V�L�J�Q�L�I�L�F�D�Q�W���Q�R���P�L�W�L�J�D�W�L�R�Q���P�H�D�V�X�U�H�V���D�U�H���S�U�R�S�R�V�H�G�� 

�1�R�L�V�H���	���9�L�E�U�D�W�L�R�Q �$�V���V�S�H�F�L�I�L�H�G���E�\���0�0�5�$�����L�W���L�V���L�P�S�U�R�E�D�E�O�H���I�R�U���V�R�X�Q�G���W�R���H�[�W�H�Q�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\���E�H�\�R�Q�G��
�W�K�H���Q�D�U�U�R�Z���S�D�V�V�D�J�H�����&�R�Q�V�H�T�X�H�Q�W�O�\�����W�K�H���Q�H�F�H�V�V�D�U�\���P�L�W�L�J�D�W�L�R�Q���P�H�D�V�X�U�H�V���L�Q�Y�R�O�Y�H��
�W�K�H���G�H�S�O�R�\�P�H�Q�W���R�I���D���T�X�D�O�L�I�L�H�G���D�Q�G���H�[�S�H�U�L�H�Q�F�H�G���0�D�U�L�Q�H���0�D�P�P�D�O���2�E�V�H�U�Y�H�U�����0�0�2����
�W�R���R�Y�H�U�V�H�H���R�S�H�U�D�W�L�R�Q�V���G�X�U�L�Q�J���S�H�U�L�R�G�V���R�I���S�R�W�H�Q�W�L�D�O���X�Q�G�H�U�Z�D�W�H�U���Q�R�L�V�H���J�H�Q�H�U�D�W�L�R�Q����
�*�L�Y�H�Q���L�W�V���H�Q�F�O�R�V�H�G���Q�D�W�X�U�H�����W�K�H���P�R�Q�L�W�R�U�H�G���]�R�Q�H���Z�L�O�O���E�H���F�R�Q�I�L�Q�H�G���W�R���W�K�H���%�D�V�L�Q����
�Z�K�L�F�K���P�L�Q�L�P�L�V�H�V���V�R�X�Q�G���S�U�R�S�D�J�D�W�L�R�Q�� 

�/�D�Q�G�V�F�D�S�H���6�H�D�V�F�D�S�H �1�R���O�L�N�H�O�\���V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���D�U�H���H�[�S�H�F�W�H�G���W�R���D�Q�\���O�D�Q�G�V�F�D�S�H���R�U���V�H�D�V�F�D�S�H���U�H�V�X�O�W�L�Q�J��
�I�U�R�P���W�K�H���S�U�R�S�R�V�H�G���G�U�H�G�J�L�Q�J���D�F�W�L�Y�L�W�L�H�V�����V�R���Q�R���P�L�W�L�J�D�W�L�R�Q���P�H�D�V�X�U�H�V���D�U�H���S�U�R�S�R�V�H�G�� 

�7�U�D�I�I�L�F���	���7�U�D�Q�V�S�R�U�W �$���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q���W�K�D�W���L�Q�F�O�X�G�H�V���F�O�H�D�U���F�R�P�P�X�Q�L�F�D�W�L�R�Q���Z�L�W�K���Y�H�V�V�H�O��
�R�S�H�U�D�W�R�U�V�����X�W�L�O�L�V�D�W�L�R�Q���R�I���W�K�H���3�R�U�W���R�I���&�R�U�N�
�V���Y�H�V�V�H�O���O�R�F�D�W�R�U���V�F�K�H�G�X�O�H�����D�Q�G���V�W�U�L�F�W��
�H�Q�I�R�U�F�H�P�H�Q�W���R�I���F�R�O�O�L�V�L�R�Q���D�Y�R�L�G�D�Q�F�H���S�U�R�W�R�F�R�O�V���Z�L�O�O���E�H���L�P�S�O�H�P�H�Q�W�H�G�� 
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�+�H�D�O�W�K 
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�0�D�M�R�U���$�F�F�L�G�H�Q�W�V���	��
�'�L�V�D�V�W�H�U�V 

�6�D�I�H�W�\���R�I���V�K�L�S�S�L�Q�J���D�Q�G���Q�D�Y�L�J�D�W�L�R�Q���P�L�W�L�J�D�W�L�R�Q���Z�L�O�O���L�Q�F�O�X�G�H���S�X�E�O�L�F�D�W�L�R�Q���R�I���D���I�R�U�P�D�O��
�0�D�U�L�Q�H���1�R�W�L�F�H�����O�L�J�K�W�V�����V�K�D�S�H�V���D�Q�G���R�W�K�H�U���L�Q�W�H�U�Q�D�W�L�R�Q�D�O�O�\���U�H�F�R�J�Q�L�V�H�G���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q��
�R�U���Z�D�U�Q�L�Q�J���V�L�J�Q�D�O�V���G�L�V�S�O�D�\�H�G���R�Q���Z�R�U�N�L�Q�J���Y�H�V�V�H�O�V�����F�R�P�P�X�Q�L�F�D�W�L�R�Q���S�U�R�W�R�F�R�O���Z�L�W�K��
�W�K�H���U�H�O�H�Y�D�Q�W���+�D�U�E�R�X�U���0�D�V�W�H�U���D�Q�G���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���D�O�O���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H��
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���5�H�J�X�O�D�W�L�R�Q�V���I�R�U���3�U�H�Y�H�Q�W�L�Q�J���&�R�O�O�L�V�L�R�Q�V���D�W���6�H�D�� 
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�:�D�V�W�H�� �1�R�Q���F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���G�L�V�S�R�V�H�G���R�I���D�W���V�H�D�����&�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���G�L�V�S�R�V�H�G��
�R�I���L�Q���D���O�L�F�H�Q�V�H�G���O�D�Q�G�I�L�O�O�� 

�0�D�W�H�U�L�D�O���$�V�V�H�W�V�� �1�R���O�L�N�H�O�\���V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���D�U�H���D�Q�W�L�F�L�S�D�W�H�G�����D�Q�G���Q�R���P�L�W�L�J�D�W�L�R�Q���L�V���S�U�R�S�R�V�H�G���� 

�,�Q�W�H�U�D�F�W�L�R�Q�V �7�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q���W�R���E�H���L�P�S�O�H�P�H�Q�W�H�G�����F�R�Q�W�D�P�L�Q�D�W�H�G���P�D�W�H�U�L�D�O���W�U�D�Q�V�S�R�U�W���W�R��
�X�V�H���F�R�Q�W�D�L�Q�P�H�Q�W�����V�D�I�H�W�\���S�U�R�W�R�F�R�O�V�����D�Q�G���G�H�V�L�J�Q�D�W�H�G���U�R�X�W�H�V�� 

 

�>���������@ �&�R�Q�V�L�G�H�U�D�W�L�R�Q���D�Q�G���5�H�D�V�R�Q�H�G���&�R�Q�F�O�X�V�L�R�Q�V 

�>�������������@ �(�,�$���'�L�U�H�F�W�L�Y�H�� 

�$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �(�8�
�V�� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �,�P�S�D�F�W�� �$�V�V�H�V�V�P�H�Q�W�� ���(�,�$���� �'�L�U�H�F�W�L�Y�H�� �������������������(�8�� �D�V��
�D�P�H�Q�G�H�G���E�\�������������������(�8�������P�D�M�R�U���E�X�L�O�G�L�Q�J���R�U���G�H�Y�H�O�R�S�P�H�Q�W���S�U�R�M�H�F�W�V���Z�L�W�K�L�Q���W�K�H���(�8���P�X�V�W���X�Q�G�H�U�J�R��
�D�Q���D�V�V�H�V�V�P�H�Q�W���I�R�U���W�K�H�L�U���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W���R�Q���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���� 

�7�K�H���G�L�U�H�F�W�L�Y�H���R�X�W�O�L�Q�H�V���L�Q���$�U�W�L�F�O�H���������������������$�Q�Q�H�[�������S�U�R�M�H�F�W�V���W�K�D�W���U�H�T�X�L�U�H���P�D�Q�G�D�W�R�U�\���(�,�$�����$�U�W�L�F�O�H������
�������� �R�X�W�O�L�Q�H�V���$�Q�Q�H�[�� ���� �S�U�R�M�H�F�W�V�� �W�K�D�W�� �U�H�T�X�L�U�H�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �I�R�U�� �(�,�$�� �I�X�U�W�K�H�U�� �W�R�� �D�� �F�D�V�H���E�\���F�D�V�H��
�H�[�D�P�L�Q�D�W�L�R�Q�� �R�U�� �W�K�U�R�X�J�K�� �W�K�U�H�V�K�R�O�G�V�� �D�Q�G�� �F�U�L�W�H�U�L�D�� �H�V�W�D�E�O�L�V�K�H�G�� �E�\�� �0�H�P�E�H�U�� �6�W�D�W�H�V���� �3�U�R�M�H�F�W�V��
�U�H�T�X�L�U�L�Q�J�� �P�D�Q�G�D�W�R�U�\�� �(�,�$�� �D�U�H�� �O�L�V�W�H�G�� �L�Q�� �6�F�K�H�G�X�O�H�� ���� �R�I�� �W�K�H�� �3�O�D�Q�Q�L�Q�J�� �D�Q�G�� �'�H�Y�H�O�R�S�P�H�Q�W��
�5�H�J�X�O�D�W�L�R�Q�V���������������D�V���D�P�H�Q�G�H�G�����:�K�H�U�H���G�H�Y�H�O�R�S�P�H�Q�W�V���D�U�H���X�Q�G�H�U���W�K�H���U�H�O�H�Y�D�Q�W���(�,�$���W�K�U�H�V�K�R�O�G����
�S�O�D�Q�Q�L�Q�J���D�X�W�K�R�U�L�W�L�H�V���D�U�H���U�H�T�X�L�U�H�G���X�Q�G�H�U���$�U�W�L�F�O�H�����������R�I���W�K�H�������������5�H�J�X�O�D�W�L�R�Q�V�����D�V���D�P�H�Q�G�H�G�����W�R��
�U�H�T�X�H�V�W�� �D�Q�� �(�,�6�� �Z�K�H�U�H�� �L�W�� �F�R�Q�V�L�G�H�U�V�� �W�K�H�� �S�U�R�S�R�V�H�G�� �G�H�Y�H�O�R�S�P�H�Q�W�� �L�V�� �O�L�N�H�O�\�� �W�R�� �K�D�Y�H�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W��
�H�I�I�H�F�W���R�Q���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�� 

�*�L�Y�H�Q���W�K�H���V�F�D�O�H���D�Q�G���Q�D�W�X�U�H���R�I���W�K�H���S�U�R�S�R�V�H�G���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���D�Q�G���W�D�N�L�Q�J���D�F�F�R�X�Q�W���R�I���D�O�O��
�D�Y�D�L�O�D�E�O�H���L�Q�I�R�U�P�D�W�L�R�Q�����W�K�H���R�Y�H�U�D�O�O���S�U�R�E�D�E�L�O�L�W�\���R�I���L�P�S�D�F�W�V���R�Q���W�K�H���U�H�F�H�L�Y�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W���D�U�L�V�L�Q�J��
�I�U�R�P���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���O�R�Z�����1�R���V�L�J�Q�L�I�L�F�D�Q�W���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W�V��
�Z�L�O�O���R�F�F�X�U�����D�V���R�X�W�O�L�Q�H�G���L�Q���6�H�F�W�L�R�Q�V�����������W�R���������������Z�L�W�K���U�H�J�D�U�G�V���W�R���W�K�H���(�,�$���'�L�U�H�F�W�L�Y�H���� 

�>�������������@ �: �D�W�H�U���)�U�D�P�H�Z�R�U�N���'�L�U�H�F�W�L�Y�H 

�7�K�H�� �:�D�W�H�U�� �)�U�D�P�H�Z�R�U�N�� �'�L�U�H�F�W�L�Y�H�� ���:�)�'���� �S�U�L�P�D�U�L�O�\�� �I�R�F�X�V�H�V�� �R�Q�� �H�Q�V�X�U�L�Q�J�� �W�K�H�� �T�X�D�O�L�W�D�W�L�Y�H�� �D�Q�G��
�T�X�D�Q�W�L�W�D�W�L�Y�H���K�H�D�O�W�K���R�I���Z�D�W�H�U���U�H�V�R�X�U�F�H�V�����,�W���H�P�S�K�D�V�L�V�H�V���U�H�G�X�F�L�Q�J���D�Q�G���H�O�L�P�L�Q�D�W�L�Q�J���S�R�O�O�X�W�L�R�Q���D�Q�G��
�H�Q�V�X�U�L�Q�J�� �D�Q�� �D�G�H�T�X�D�W�H�� �Z�D�W�H�U�� �V�X�S�S�O�\�� �W�R���V�X�S�S�R�U�W�� �Z�L�O�G�O�L�I�H�� �D�Q�G�� �K�X�P�D�Q�� �U�H�T�X�L�U�H�P�H�Q�W�V���� �7�K�H�� �:�)�'��
�V�H�U�Y�H�V�� �D�V�� �D�� �I�X�Q�G�D�P�H�Q�W�D�O�� �U�H�J�X�O�D�W�L�R�Q�� �I�R�U�� �Z�D�W�H�U�� �S�U�R�W�H�F�W�L�R�Q�� �L�Q�� �(�X�U�R�S�H���� �H�Q�F�R�P�S�D�V�V�L�Q�J�� �L�Q�O�D�Q�G����
�W�U�D�Q�V�L�W�L�R�Q�D�O�����D�Q�G���F�R�D�V�W�D�O���V�X�U�I�D�F�H���Z�D�W�H�U�V���D�Q�G���J�U�R�X�Q�G�Z�D�W�H�U�V�� 

�7�K�H���G�U�H�G�J�H���O�R�F�D�W�L�R�Q���L�V���Z�L�W�K�L�Q���W�K�H���&�R�U�N���+�D�U�E�R�X�U���F�R�D�V�W�D�O���Z�D�W�H�U���E�R�G�\�����D�Q�G���W�K�H���G�L�V�S�R�V�D�O���D�U�H�D���L�V���L�Q��
�W�K�H���2�X�W�H�U���&�R�U�N���+�D�U�E�R�X�U���F�R�D�V�W�D�O���Z�D�W�H�U���E�R�G�\�����R�Y�H�U�D�O�O���:�)�'���V�W�D�W�X�V���I�R�U�����������������������L�Q�G�L�F�D�W�H�G���W�R���E�H��
�0�R�G�H�U�D�W�H���I�R�U���E�R�W�K���Z�D�W�H�U���E�R�G�L�H�V��5���� 

�:�H�� �K�D�Y�H���F�R�Q�V�L�G�H�U�H�G�� �W�K�H���E�L�R�O�R�J�L�F�D�O���� �K�\�G�U�R�P�R�U�S�K�R�O�R�J�L�F�D�O�� �D�Q�G���S�K�\�V�L�F�R���F�K�H�P�L�F�D�O�� �T�X�D�O�L�W�\��
�G�H�V�L�J�Q�D�W�H�G���H�O�H�P�H�Q�W�V���R�I���W�K�H���:�)�'���L�Q���U�H�V�S�H�F�W���W�R���W�K�H���S�O�D�Q�Q�H�G���D�F�W�L�Y�L�W�L�H�V�����7�D�E�O�H�������������� 

 
5���K�W�W�S�V�������Z�Z�Z���F�D�W�F�K�P�H�Q�W�V���L�H���Z�I�G���G�D�W�D���G�D�V�K�E�R�D�U�G�V�� 
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����
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�7�D�E�O�H�����������t�&�����•�µ�‰�‰�}�Œ�š�]�v�P�����o���u���v�š�•���(�}�Œ�����}���•�š���o���Á���š���Œ�• 

�%�L�R�O�R�J�L�F�D�O���4�X�D�O�L�W�\���(�O�H�P�H�Q�W�V �+�\�G�U�R�P�R�U�S�K�R�O�R�J�L�F�D�O���4�X�D�O�L�W�\��
�(�O�H�P�H�Q�W�V 

�3�K�\�V�L�F�R���F�K�H�P�L�F�D�O���D�Q�G��
�&�K�H�P�L�F�D�O���4�X�D�O�L�W�\���(�O�H�P�H�Q�W�V 

�W�Z�Ç�š�}�‰�o���v�l�š�}�v���•�š���š�µ�• �����‰�š�Z���À���Œ�]���š�]�}�v �d�Œ���v�•�‰���Œ���v���Ç 

�/�v�À���Œ�š�����Œ���š�����•�š���š�µ�• 
�^�š�Œ�µ���š�µ�Œ�������v�����•�µ���•�š�Œ���š�����}�(���š�Z����
���}���•�š���o�������� 

�d�Z���Œ�u���o�����}�v���]�š�]�}�v�• 

 �^�š�Œ�µ���š�µ�Œ�����}�(���š�Z�����]�v�š���Œ�š�]�����o���Ì�}�v�� �K�Æ�Ç�P���v���š�]�}�v�����}�v���]�š�]�}�v�• 

 ���]�Œ�����š�]�}�v���}�(�����}�u�]�v���v�š�����µ�Œ�Œ���v�š�• �^���o�]�v�]�š�Ç 

 �t���À�������Æ�‰�}�•�µ�Œ�� �E�µ�š�Œ�]���v�š�����}�v���]�š�]�}�v 

  �^�‰�����]�(�]�����W�}�o�o�µ�š���v�š�• 

  
�W�Œ�]�}�Œ�]�š�Ç���^�µ���•�š���v�����•�����v����
�,���Ì���Œ���}�µ�•���W�Œ�]�}�Œ�]�š�Ç���^�µ���•�š���v�����• 

 

�:�)�'���D�V�V�H�V�V�P�H�Q�W���R�I���S�U�R�S�R�V�H�G���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J�� 

�:�)�'�� �%�L�R�O�R�J�L�F�D�O���4�X�D�O�L�W�\���(�O�H�P�H�Q�W�V�� 

�x �3�K�\�W�R�S�O�D�Q�N�W�R�Q�����$�O�W�K�R�X�J�K���W�K�H�U�H���Z�R�X�O�G���E�H���O�R�F�D�O�L�V�H�G���L�Q�F�U�H�D�V�H�V���L�Q���V�X�V�S�H�Q�G�H�G���V�H�G�L�P�H�Q�W��
�O�H�Y�H�O�V���W�K�H�\���Z�R�X�O�G���E�H���W�H�P�S�R�U�D�U�\���D�Q�G���Z�R�X�O�G���Q�R�W���E�H���H�[�S�H�F�W�H�G���W�R���K�D�Y�H���D�Q�\���Q�R�W�D�E�O�H���H�I�I�H�F�W��
�R�Q�� �S�K�\�W�R�S�O�D�Q�N�W�R�Q�� �D�V�V�H�P�E�O�D�J�H�V�� �S�U�H�V�H�Q�W���� �3�K�\�W�R�S�O�D�Q�N�W�R�Q�� �D�U�H�� �W�U�D�Q�V�S�R�U�W�H�G�� �Z�L�W�K�� �W�L�G�D�O��
�F�X�U�U�H�Q�W�V���D�Q�G���Z�R�X�O�G���R�Q�O�\���E�H���H�[�S�H�F�W�H�G���W�R���E�H���V�X�E�M�H�F�W���W�R���H�O�H�Y�D�W�H�G���O�H�Y�H�O�V���R�I���V�X�V�S�H�Q�G�H�G��
�V�H�G�L�P�H�Q�W�V�� �I�R�U�� �U�H�O�D�W�L�Y�H�O�\�� �V�K�R�U�W�� �S�H�U�L�R�G�V�����$�Q�\�� �H�I�I�H�F�W�V�� �R�I�� �W�K�H�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �G�U�H�G�J�L�Q�J�� �R�Q��
�S�K�\�W�R�S�O�D�Q�N�W�R�Q���D�U�H���D�Q�W�L�F�L�S�D�W�H�G���W�R���E�H���Q�H�J�O�L�J�L�E�O�H���P�L�Q�R�U���D�Q�G���Z�R�X�O�G���Q�R�W���D�I�I�H�F�W���:�)�'���V�W�D�W�X�V�� 

�x �,�Q�Y�H�U�W�H�E�U�D�W�H�V�����$�V���L�Q�G�L�F�D�W�H�G���L�Q���6�H�F�W�L�R�Q�����������D�Q�G���H�I�I�H�F�W�V���R�I���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���R�Q��
�E�H�Q�W�K�L�F���V�S�H�F�L�H�V���D�Q�G���K�D�E�L�W�D�W�V���L�V���D�Q�W�L�F�L�S�D�W�H�G���W�R���E�H���Q�H�J�O�L�J�L�E�O�H���P�L�Q�R�U���D�Q�G���Z�R�X�O�G���Q�R�W���D�I�I�H�F�W��
�:�)�'���V�W�D�W�X�V�� 

�x �)�L�V�K���� �'�R�H�V�� �Q�R�W�� �U�H�T�X�L�U�H�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �D�V�� �W�K�H�� �Z�R�U�N�V�� �D�U�H�� �L�Q�� �D�� �F�R�D�V�W�D�O�� �Z�D�W�H�U�� �E�R�G�\�� ���Q�R��
�:�)�'�� �V�W�D�W�X�V���D�Y�D�L�O�D�E�O�H���I�R�U���I�L�V�K���I�R�U���H�L�W�K�H�U���Z�D�W�H�U���E�R�G�\���� 

 

 

�:�)�'���+�\�G�U�R�P�R�U�S�K�R�O�R�J�L�F�D�O���4�X�D�O�L�W�\���(�O�H�P�H�Q�W�V�� 

�x �'�H�S�W�K���9�D�U�L�D�W�L�R�Q�����7�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���Z�R�X�O�G���K�D�Y�H���O�R�F�D�O�L�V�H�G���H�I�I�H�F�W�V���R�Q���G�H�S�W�K���E�X�W��
�Z�R�X�O�G���Q�R�W���D�I�I�H�F�W���G�H�S�W�K���D�W���W�K�H���V�F�D�O�H���R�I���W�K�H���:�)�'���Z�D�W�H�U���E�R�G�\�� 

�x �6�W�U�X�F�W�X�U�H���D�Q�G���6�X�E�V�W�U�D�W�H���R�I���W�K�H���&�R�D�V�W�D�O���%�H�G�����7�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���Z�R�X�O�G���K�D�Y�H��
�O�R�F�D�O�L�V�H�G���H�I�I�H�F�W�V���R�Q���E�H�Q�W�K�L�F���V�X�E�V�W�U�D�W�H�V���E�X�W���Z�R�X�O�G���Q�R�W���D�I�I�H�F�W���G�H�S�W�K���D�W���W�K�H���V�F�D�O�H���R�I���W�K�H��
�:�)�'���Z�D�W�H�U���E�R�G�\�� 
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�5�H�S�R�U�W���1�R�����&�0�����������0�$���5�������� �������5�H�Y������ �������-�X�Q�H���������� 
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�x �6�W�U�X�F�W�X�U�H���R�I���W�K�H���,�Q�W�H�U�W�L�G�D�O���=�R�Q�H�����7�K�H���V�W�U�X�F�W�X�U�H���R�I���W�K�H���L�Q�W�H�U�W�L�G�D�O���]�R�Q�H�
�V���V�W�U�X�F�W�X�U�H���Z�L�O�O���E�H��
�X�Q�D�I�I�H�F�W�H�G���E�\���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J�� 

�x �'�L�U�H�F�W�L�R�Q���R�I���'�R�P�L�Q�D�Q�W���&�X�U�U�H�Q�W�V�����&�X�U�U�H�Q�W���I�O�R�Z���S�D�W�W�H�U�Q�V���D�Q�G���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���G�R�P�L�Q�D�Q�W��
�F�X�U�U�H�Q�W�V���Z�L�O�O���Q�R�W���E�H���D�I�I�H�F�W�H�G���E�\���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J�� 

�x �:�D�Y�H���(�[�S�R�V�X�U�H�����7�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���Z�L�O�O���Q�R�W���F�K�D�Q�J�H���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���Z�D�Y�H��
�H�[�S�R�V�X�U�H���R�I���W�K�H���D�U�H�D�� 

�:�)�'���3�K�\�V�L�F�R���F�K�H�P�L�F�D�O���D�Q�G���&�K�H�P�L�F�D�O���4�X�D�O�L�W�\���(�O�H�P�H�Q�W�V�� 

�x �7�U�D�Q�V�S�D�U�H�Q�F�\�����7�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���Z�R�X�O�G���K�D�Y�H���O�R�F�D�O�L�V�H�G���D�Q�G���V�K�R�U�W���W�H�U�P���H�I�I�H�F�W�V��
�R�Q���W�U�D�Q�V�S�D�U�H�Q�F�\�� �E�X�W���L�W���Z�R�X�O�G���Q�R�W���D�I�I�H�F�W���W�U�D�Q�V�S�D�U�H�Q�F�\���D�W���W�K�H���V�F�D�O�H���R�I�� �W�K�H���:�)�'�� �Z�D�W�H�U��
�E�R�G�\�� 

�x �7�K�H�U�P�D�O���&�R�Q�G�L�W�L�R�Q�V�����7�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���G�U�H�G�J�L�Q�J���Z�R�X�O�G���Q�R�W���K�D�Y�H���D�Q�\���H�I�I�H�F�W�V���R�Q���W�K�H�U�P�D�O��
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�$�S�S�H�Q�G�L�[���% �1�0�3�)���3�R�O�L�F�L�H�V���5�H�O�H�Y�D�Q�W�� 

�7�K�H���W�D�E�O�H���E�H�O�R�Z���S�U�H�V�H�Q�W�V���D���U�H�V�S�R�Q�V�H���W�R���S�R�O�L�F�\���V�W�D�W�H�P�H�Q�W�V���D�S�S�O�L�F�D�E�O�H���W�R���W�K�H���S�U�R�S�R�V�H�G���D�F�W�L�Y�L�W�\����
�D�V�� �L�Q�� �&�K�D�S�W�H�U�� ������ �R�I�� �1�0�3�)���� �6�H�Y�H�U�D�O�� �S�O�D�Q�Q�L�Q�J�� �S�R�O�L�F�L�H�V�� �G�L�U�H�F�W�O�\�� �U�H�O�D�W�H�� �W�R�� �W�K�H�� �S�U�R�S�R�V�H�G��
�+�D�X�O�E�R�Z�O�L�Q�H���'�U�H�G�J�L�Q�J���3�U�R�M�H�F�W�� 

Policies  Response  

Ports, Harbours and Shipping Policy 1  
To provide for shipping activity and freedom of 
navigation, the following factors will be taken into 
account when reaching decisions regarding 
development and use: 
The extent to which the locational decision 
interferes with existing or planned routes used by 
shipping, access to ports and harbours and 
navigational safety. This includes commercial 
anchorages and approaches to ports as well as 
key littoral and offshore routes; 
A mandatory Navigation Risk Assessment; 
Where interference is likely: whether reasonable 
alternatives can be identified; and 
Where there are no reasonable alternatives: 
whether mitigation through measures adopted 
following the principles and procedures 
established by the International Maritime 
Organisation can be achieved at no significant 
cost to the shipping or ports sector. 

Marine activity related to the naval base will 
remain operational during dredging. 
The dredging works will ensure the continued 
operation of the harbour and safe navigation 
within it. 
There are no navigational safety implications 
arising from the proposed work.  
The Contractor and Haulbowline's Harbour 
Master will coordinate the scheduling of the 
Works accordingly.  
The Contractor will abide by the Harbour 
Master's instructions. 
 

Ports, Harbours and Shipping Policy 2  
Proposals that may have a significant impact on 
current activity and future opportunities for 
expansion of port and harbour activities should 
demonstrate that they will, in order of preference: 
a) avoid, 
b) minimise, or 
c) mitigate 
significant adverse impacts and 
d) if it is impossible to mitigate significant adverse 
impacts on current activity and future 
opportunities for expansion of port and harbour 
activities, proposals should set out the reasons 
for proceeding. 

The proposed work will not significantly impact 
current activity and future opportunities to 
expand the Haulbowline activities.  
The proposed work will create additional berthing 
capacity and safe navigation within the 
Haulbowline Naval facility. 

Ports, Harbours and Shipping Policy 3  
Proposals that may have a significant impact 
upon current activity and future opportunities for 
expansion of port and harbour activities must 
demonstrate consideration of the National Ports 
Policy, the National Planning Framework, and 
relevant provisions related to the TEN-T network. 

The proposed activities will not significantly 
impact current and future opportunities to expand 
Naval operations as the outline for the facility is 
defined.  

Ports, Harbours and Shipping Policy 4  
Proposals within ports limits, beside or in the 
vicinity of ports, and/or that impact upon the main 
routes of significance to a port, must demonstrate 
within applications that they have: 
been informed by consultation at a pre-
application stage or earlier with the relevant port 
authority; 

The proposed maintenance dredging is within the 
Port of Cork limits. 
Pre-application consultations were held with the 
Foreshore Section of the Department of Housing, 
Local Government & Heritage on 16/12/2021.  
There are no navigational safety implications 
arising from the proposed works. Therefore, no 
navigational risk assessment is required.  
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have carried out a navigational risk assessment, 
including an analysis of maritime traffic in the 
area; and 
have consulted the Department of Transport, 
MSO and Commissioners of Irish Lights. 
Applicants must continue to engage parties 
identified in pre-application processes as 
appropriate during the decision-making process. 

The Port of Cork Harbour Authority has been 
informed of the proposed dredging activities.  

Ports, Harbours and Shipping Policy 5  
Proposals for capital dredging will be supported 
where it is necessary to safeguard national port 
capacity and Ireland's international connectivity 
and where required compliance assessments 
associated with authorisations have been carried 
out and incorporated into subsequent competent 
authority decision(s). 

No capital dredging is involved in this project. 

Ports, Harbours and Shipping Policy 6  
In areas of authorised dredging activity, including 
those subjects to navigational dredging, 
proposals for other activities will not be supported 
unless they are compatible with the dredging 
activity. 

Not applicable. There are no proposals for other 
activities in the area of authorised dredging 
activity. 

Ports, Harbours and Shipping Policy 7  
Proposals for maintenance dredging activity will 
be supported where: 
Relevant decisions by competent authorities 
incorporate the outcome of statutory 
environmental assessment processes, as well as 
necessary compliance assessments associated 
with authorisations, including in relation to the 
planning process; 
There will be no significant adverse impact on 
marine activities or uses or the maritime area. 
Any potential adverse impact will be, in order of 
preference, avoided, minimised or mitigated; 
dredged waste is managed in accordance with 
an internationally agreed hierarchy of waste 
management options for sea disposal; 
if disposing of dredged material at sea, existing 
registered disposal sites are used, in preference 
to new disposal sites; and 
where they contribute to the policies and 
objectives of this NMPF. 

A DaS Permit Application was submitted to the 
EPA on the 13th of June, 2023 and is currently 
under review. Refer to Application No. S0005-03.  
An AAS Report and UAIA support the Foreshore 
Application. There are no other authorisations or 
planning permissions required. 
There will be no significant impact on marine 
activities or uses in the maritime area from this 
maintenance dredging Foreshore Licence 
Application.  
The contaminated waste is to be dredged, 
dewatered on land adjacent to the dry Dock and 
transported abroad to a licensed facility in the EU 
or UK for treatment, recovery, and reuse. 

Ports, Harbours and Shipping Policy 8  
Proposals that cause significant adverse impacts 
on licensed disposal areas should not be 
supported. Proposals that cannot avoid such 
impact must, in order of preference," 
a) minimise, 
b) mitigate, or 
c) if it is not possible to mitigate the significant 
adverse impacts, proposals must set out the 
reasons for proceeding. 

Not applicable. This is an application for 
maintenance dredging. There will be no 
significant impacts on licensed disposal areas 
from these activities. 

Ports, Harbours and Shipping Policy 9  
Proposals for the management of dredged 
material must demonstrate that they have been 
assessed against the waste hierarchy. 

Dredged waste is to be managed per the 
internationally agreed waste management 
hierarchy.  
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For the removal of the contaminated waste from 
the site following options have been considered 
in order of preference;   
Export the excessively contaminated material to 
a suitably licensed facility abroad to a licensed 
EU or UK facility for treatment and reuse. 
Export the excessively contaminated material to 
a suitably licensed facility in Ireland. 

Ports, Harbours and Shipping Policy 10  
Proposals identifying new dredge disposal sites 
which are subject to best practice and guidance 
from previous studies should be supported 
where: 
competent authority decisions incorporate 
necessary compliance assessments associated 
with authorisations and 
they contribute to the policies and objectives of 
this NMPF. 
Proposals must include an adequate 
characterisation study, be assessed against the 
waste hierarchy and must be informed by 
consultation with all relevant stakeholders. 

There are no new dredge disposal sites 
proposed.  
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1 INTRODUCTION  

1.1 SCOPE OF WORKS 

In November 2021, Byrne Looby, Consulting Engineers acting as the Employer�¶�V 

Representative on behalf of the Client, Minister for Defence commissioned Priority 

Geotechnical (PGL), to carry out a ground investigation contract for the proposed 

Haulbowline Naval Base Site Investigation Project. The main works proposed is the dredging 

and disposal at sea of overburden material from the Naval Basin, the Basin Approach and 

the Graving Dock. 

 

The ground investigation in so far as the scope allows shall provide detailed ground 

investigation information to inform and assess the geotechnical and environmental 

characteristics of the soils, sediments at the site. 

 

The scope of the ground investigation, which was specified by Byrne Looby, as Tendered 

(initially) comprised of the following: 

�x 7Nr. Cable percussion boreholes; 

�x Geophysical surveying; 

�x Environmental sampling; 

�x Laboratory testing of soil samples; 

�x Associated reporting. 

 

A geophysical survey consisting of marine magnetometer, marine side scan sonar and 

marine seismic profiling and land based seismic refraction was also required and is reported 

separately. 

 

The fieldworks, as completed are detailed in Section 3.2 of this factual report, these works 

being in accordance with the contract specification: Specification and Related Documents for 

Ground Investigation in Ireland (Engineers Ireland, October 2016), Eurocode 7- Geotechnical 

Design Part 2, ground investigation and testing (BS EN 1997-2: 2007) and the relevant 

British Standards (BS 5930 (2015) Code of Practice for Site Investigation and BS 1377, 

Method of Tests for Soil for Civil Engineering Purposes, in situ Tests Parts 1 to 9) under the 

supervision of PGL Geologist(s). The marine, direct investigation fieldworks were carried out 

between 17th and 19th January, 2022. The indirect, non-intrusive marine geophysical survey 

works were carried out on the 16th November, 2021.  
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1.2 REPORTING 

This geotechnical interpretative report (ref: P21250_Rp_F01) presents a summary of the 

factual records for the fieldwork with respect to the site investigation works contract for the 

proposed dredging at Ballycotton Harbour and the geotechnical assessment of this data set. 

This report was compiled in accordance with the contract specification: Eurocode 7- 

Geotechnical Design Part 2, ground investigation and testing (BS EN 1997-2: 2007 Section 

6) and should be read with its appendixes.  

 

The non-intrusive geophysical and hydrographic survey was reported separately. 

 

 

 

 

 

 

 

 

No responsibility can be held by PGL for ground conditions between exploratory locations. The 

exploratory logs provide for ground profiles and configuration of strata relevant to the investigation 

depths achieved during the fieldworks. Caution shall be taken when extrapolating between such 

exploratory locations. No liability is accepted for ground conditions extraneous to the exploratory 

locations.  

No account has been taken of potential subsidence or ground movement due to mineral extraction, 

mining works or karstification below or in proximity to the site, unless specifically addressed. 

This report has been prepared for the Employer and their Representative as outline, herein. The 

information should not be used without their prior written permission. PGL accepts no responsibility or 

liability for this document being used other than for the purposes for which it was intended. 



 

 

P21250_Int_F01                                                                       3                                                                            20/07/2022 

1.3 SITE LOCATION & DESC RIPTION 

The site is located in the Haulbowline Naval Base, Co. Cork, in tidal waters. This is an active 

Naval Base with several large naval vessels and ancillary vessels present within the Base. 

 

The Highest Astronomical Tide (HAT) at the site is +4.4m (CD) and Lowest Astronomical 

Tide (LAT) of -0.1 CD. Bed levels vary between -6.0m CD and -1.0m CD. The site is 

relatively sheltered within the basin and graving dock, with limited wave and current 

exposure. Access through the graving dock is very restricted due to the presence of a marina 

and old graving dock gate.  
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2 FIELDWORK 

2.1 GENERAL 

The fieldwork was carried out in general accordance with British Standards (BS 5930 (2015) 

Code of Practice for Site Investigation +A2:2010 and BS 1377, Method of Tests for Soil for 

Civil Engineering Purposes, in situ Tests Parts 1 to 9). Details of the equipment and plant 

used are presented below. 

Operation  Equipment  Nominal diameter, 

mm 

Flush  Comments  

Cable Percussion 

Boring 

Dando 2000 200mm N/A Visual observations of ground and 

groundwater conditions. Standard 

penetration test, N values 

obtained, bulk disturbed sampling.  

 

The exploratory locations were selected by PGL in consultation with Byrne Looby and set out 

subject to work space restrictions and available access. The �µas constructed�¶ exploratory 

locations were subsequently surveyed using Trimble V8 GPS equipment to the Ordinance 

Survey, Irish Transverse Mercator (ITM) system of co-ordinates and elevations to Malin Head 

datum. Chart datum was taken as mOD Malin +2.57m. These locations are shown on the 

exploration location layout and plan (dwg. Nr. P21250-SI-01) presented in APPENDIX A of 

this report. 

 

SUMMARY OF SURVEY DATA  

Location  Easting  Northing  Seabed Level 
(mOD) 

Seabed 
Level (mCD)  

Final Depth  
(m bgl)  

Date Start  
(dd/mm/yyyy)  

S01 579330.9 565654.4 -7.85 -5.28 3.20 19/01/2022 

S03 579455.0 565557.4 -7.39 -4.82 3.70 17/01/2022 

S05 579379.3 565502.9 -7.26 -4.69 2.00 19/01/2022 

S07 579437.7 565461.9 -3.42 -0.85 5.50 18/01/2022 

S08 579434.7 565459.8 -6.72 -4.15 2.00 17/01/2022 

S09 579317.7 565447.8 -6.48 -3.91 3.30 18/01/2022 

S11 579340.2 565423.9 -6.26 -3.69 2.50 18/01/2022 

S13 579341.1 565347.0 -6.13 -3.56 2.00 18/01/2022 

S15 579338.2 565295.9 -5.22 -2.65 1.50 18/01/2022 

S16 579336.3 565281.3 -4.12 -1.55 4.20 18/01/2022 
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2.2 EXPLORATORY HOLES  

The exploratory holes as completed during the Haulbowline Naval Base Site Investigation 

project are listed/ detailed in the following table. 

 

SUMMARY OF EXPLORATORY HOLES  

Type  Quantity , 

Nr. 

Depth Range , 

m bgl  

Comments  

Cable Percussion Boreholes 10 1.50 �± 5.50 S01, S03, S05, S07, S08, S09, S11, S13, S15 & 

S16.  

 

2.3 SAMPLING 

Fourteen (14) bulk disturbed samples (B) were recovered from the exploratory holes in 

accordance with Geotechnical Investigation and Sampling �± Sampling Methods and 

Groundwater Measurements (EN ISO 22475-1:2006). 

Eleven (11) environmental samples were taken from exploratory locations; being placed 

immediately in air-tight containers and filled to the top; in accordance with the preparation for 

and methods of taking environmental samples, preservation and handling; British Standard 

BS 5930: 1981- Code of Practice for Site investigation and the Association of Geotechnical 

and Geo-environmental Specialists (AGS) guide to environmental sampling, September 

2010. The sample suite consisted of: 2Nr. small disturbed samples (D) not less than 1.0kg, 

2Nr. 250g amber glass sample containers and 2Nr. 60g amber glass sample containers. 

2.4 IN SITU TESTING 

Standard Penetration Tests, N values, were carried out in the boreholes using the 60o solid 

cone (CPT) in place of the standard split barrel sampler. The Standard Penetration Test was 

carried out in accordance with Geotechnical Investigation and Testing, Part 3 Standard 

penetration test, BS EN ISO 22476-3:2005+A1:2011. The data was presented on the 

relevant exploratory hole records in APPENDIX A of the factual report and are discussed 

herein. 
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SUMMARY OF IN-SITU TESTING  

Type  Quantity , Nr. Remarks  

Standard penetration test, 

NSPT value  

14 

 

Uncorrected Nspt 0 �± 33 

(including refusals N>50) see BH logs 

APPENDIX A of the factual report 

 

 

 



 

 

P21250_Int_F01                                                                       7                                                                            20/07/2022 

3 LABORATORY TESTING  

�$�O�O�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �W�U�D�Q�V�S�R�U�W�H�G�� �W�R�� �3�U�L�R�U�L�W�\�� �*�H�R�W�H�F�K�Q�L�F�D�O�¶�V�� �O�D�E�R�U�D�W�R�U�\�� �L�Q�� �0�L�G�O�H�W�R�Q���� �&�R���� �&�R�U�N��

examined, logged and prepared for scheduled testing. Laboratory testing was proposed by 

PGL, being approved by Byrne Looby. Testing was carried out by PGL, in accordance with 

BS1377 (1990), Methods of test for soils for civil engineering purposes and ISRM suggested 

methods for rock characterisation, testing and monitoring. Specialist chemical testing was 

undertaken by Chemtest Ltd. (UK) on behalf of PGL. The laboratory test results were 

presented in APPENDIX B of this report and discussed herein.  A summary of tests 

undertaken were detailed below. 

SUMMARY OF LABORATORY TESTING UNDERTAKEN  

Type  Nr. Remarks  

Natural Moisture Content  13 15% to 117%  

Atterberg Limit  08 

Liquid limit, LL 41% to 88%  

Plastic limit, PL 25% to 53%  

Plasticity index, PI 14 to 40  

Particle Size Distribution (grading) 13 
See APPENDIX B 

Grading by hydrometer on fines 11 

Organic matter 13 0.86% to 3.8% 

Particle Density by gas jar 18 

Particle Density: 2.39Mg/m3 to 2.97Mg/m3 

 

See APPENDIX B 

 

Dry Density/ Moisture Content 

Relationship 
04 

S03 0.00m, S03 1.50m, S05 1.60m, S13 2.00m. 

 

Optimum moisture content : 12.4% to 37.7% 

Maximum dry density : 1.20Mg/m3 to 1.80Mg/m3 

Marine suite environmental testing 18 See APPENDIX B 

 

Please note that all samples shall be retained for a period no longer than 28 days from the date of this 

report. Thereafter all remaining samples shall be appropriately disposed of unless a written instruction 

to the contrary is received by PGL prior to the date of this reporting and within the 28 day period 

outlined above. Laboratory testing will result in a reduction of sample quantity and in some cased the 

use of the full sample mass. Samples already tested may not be suitable or available for further 

testing.  
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4 GROUND AND GROUNDWATER CONDITIONS 

The full details of the ground conditions encountered are provided for on the exploratory 

records accompanying the factual report. The records provide descriptions, in accordance 

with BS 5930 (2015) and Eurocode 7, Geotechnical Investigation and Testing, Identification 

and classification of soils, Part 1, Identification and description  (EN ISO 14688-1: 2002),�± 

Identification and Classification of Soil, Part 2: Classification Principles (EN ISO 14688-

2:2004) and  Identification and Classification of Rock, Part 1: Identification & Description (EN 

ISO 14689-1:2004) of the materials encountered, in situ testing and details of the samples 

taken, together with any observations made during the site investigation. 

The ground conditions at the site was characterised by; marine sediment; slightly sandy 

slightly gravelly SILT and slightly sandy slightly gravelly CLAY. Bedrock was not proven by 

direct investigation. 
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5 GEOTECHNICAL REVIEW 

The following geotechnical review provides an overview of the ground conditions identified 

within the site along with the general characterisation of the deposits encountered. The 

following sections should be read in conjunction with the exploratory records and the 

proposed construction details/ plans, where available. 

5.1 DESK STUDY  

According to the Geological Survey of Ireland 1:100k Geology Map the survey area is 

underlain by Waulsortian Limestones with bedrock outcrop apparent on the western and 

southern end of Haulbowline Island. Marine sediments are expected. 

5.2 GROUND MODEL 

Shallow very soft (NSPT 0 - 1) slightly sandy SILT (marine sediment) were encountered at 

exploratory hole locations, 1.5m to 5.4m thick; overlying a layer of stiff, slightly sandy slightly 

gravelly CLAY 0.1m to 0.7m thick. Localised GRAVEL deposits were encountered at location 

S09 at a depth 1.5m to 3.30m bgl. 

Bedrock was not proven. 

Location  Ground level, 
mOD Malin  

Thickness of 
upper soft 

sediment, m  

Thickness of 
lower soft 

sediment, m  

Thickness of 
granular 

sediment, m  

S01 -5.28 2.5 0.7  - 

S03 -4.82 3.0 0.7  - 

S05 -4.69 1.6 0.4  - 

S07 -0.85 5.4 0.1  - 

S08 -4.15 2.0 0.2  - 

S09 -3.91 1.5 - 1.8 

S11 -3.69 2.5 -  - 

S13 -3.56 2.0 -  - 

S15 -2.65 1.5 -  - 

S16 -1.55 4.2 -  - 
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5.3 GEOTECHNICAL RISK RE GISTER 

The following non-exhaustive particular geotechnical risks were identified: 

�x Variable thickness of soft marine sediment and; 

�x Shallow (nearshore) bedrock. 

 

5.4 CHARACTERISTIC PROPERTIES 

The marine sediment deposits; slightly sandy slightly gravelly SILT were characterised by 

natural moisture content 68% to 117% and intermediate to high plasticity (MI/ MV) and low 

organic content. A moisture content of 29% at S03 was associated with a slightly sandy 

gravelly SILT deposit. A moisture content of 15% at S09 was associated with a slightly sandy 

slightly silty GRAVEL deposit. Grading indicated Gravel fraction(s) 0% to 49%; Sand 

fraction(s) 1% to 23% and Silt fraction(s) 6% to 99%. 

Standard penetration test, refusals were identified; where the complete set of 4 number 

75mm increments were not achieved, these refusals were plotted as the numerical value 50. 
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P21250_Int_F01                                                                       13                                                                            20/07/2022 
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For a factor f1= 4.5 (MH) such that undrained shear strength is given by, 

Cu (kPa) = Nspt x f1 (Stroud, 1975) where f1 being function of plasticity, PI= 14 �± 40. 

Taking a characteristic value of NSPT= 0 (0 �± 1), an undrained shear strength within the range 

5kPa to 15kPa is expected for upper very soft marine sediments. For the lower stiff deposits 

with a characteristic Nspt =31 an undrained shear strength of 140kPa is expected. 

Particle density was measured at 2.39Mg/m3 to 2.97mg/m3. Soil unit weight(s)  were 

assessed as follows: 

Cohesive:        ��sat = 16.8 + 0.15N (kPa, kN/m3)  

Unit weight of 16.8kPa is expected of the marine SILT deposits (NSPT 0-1). 

Depth  (m bgl)  Nspt  Strata  
Unit weight, 

kNm -3 
Moisture 

content, %  

Bulk 
density, 
Mgm -3 

Dry 
density, 
Mgm -3 

0.00 - 1.50 0 SILT 16.8 70 1.71 1.01 

1.50 -2.50 31 SILT 21.45 70 2.19 1.29 

2.50 - 3.00 20 SILT 19.8 95 2.02 1.04 

3.00 -3.30 50 SILT 24.3 90 2.48 1.30 

 

5.5 EXCAVATIONS 

It is intended to provide a single dredging programme as follows: 

Dredge to bedrock or -5.5m Chart Datum. 

Cut & Fill Volumes  
 
Positive Volume [Cut]: 37303 m3 

Negative Volume [Fill]: 198 m3 

Net Volume [Cut-Fill]: 37105 m3 
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The soft marine sediment to be dredged, will be excavated (dredged) by hydraulic or 

mechanical excavator or similar.  

Excavation (dredging) within the rockmass is not expected. If required, will be by hard 

(hydraulic) digging and ripping. The energy required to rip has not been defined. 
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6 SUMMARY  

1. �7�H�Q�� ���������� �O�R�F�D�W�L�R�Q�V�� �Z�H�U�H�� �G�U�L�O�O�H�G�� �D�Q�G�� �V�D�P�S�O�H�G�� �X�V�L�Q�J�� �3�*�/�¶�V�� �'�D�Q�G�R�� ���������� �U�L�J�� �D�Q�G�� �������P�P��

diameter casing. The exploratory logs are presented in APPENDIX A of this report. 

2. Shallow very soft (NSPT 0 - 1) slightly sandy SILT (marine sediment) were encountered 

at exploratory hole locations, 1.5m to 5.4m thick; overlying a layer of slightly sandy 

slightly gravelly CLAY 0.1m to 0.7m thick. GRAVEL deposits were encountered at 

location S09 at a depth 1.5m to 3.30m bgl. 

3. In situ standard penetration tests were carried out to assess the strength of the deposits 

encountered. Details are presented on the relevant borehole logs in APPENDIX A of 

this report. 

4. Detailed records of the ground and groundwater conditions can be found on the 

exploratory logs and photographic records presented within APPENDIX A of this factual 

report.  

5. Laboratory testing was undertaken to determine the classification, engineering 

properties and geo-chemistry of the soil and rock encountered during the ground 

investigation. The data is presented in APPENDIX B of this report and discussed 

herein. 

6. A geophysical survey consisting of marine side scan sonar, magnetometer and seismic 

reflection was undertaken by PGL. The results are presented in a separate report. 

7. The exploratory locations are presented on the location plans presented within 

APPENDIX A of this report. 



 

 

 

APPENDIX A 

 

EXPLORATORY LOGS  

Type  Comments  

Cable Percussion Boreholes S01, S03, S05, S07, S08, S09, S11, S13, S15 & 

S16.  

 

 

EXPLORATORY LOCATION PLAN  

Location Plans P21250_SI_01 

 

 

 

 

 

 

 

 

 

 

 

 

 









KEY TO SYMBOLS ON EXPLORATORY HOLE RECORDS

All linear dimensions are in metres or millimetres

DESCRIPTIONS
** Drillers Description
Friable Easily crumbled

SAMPLES
U( ) Undisturbed 102mm diameter sample, ( ) denotes number of blows to drive sampler
U( )F, U( )P F‐ not recovered, P‐partially recovered
U38 Undisturbed 38mm diameter sample
P(F), (P) Piston sample ‐ disturbed
B Bulk sample ‐ disturbed
D Jar Sample ‐ disturbed
W Water Sample
CBR California Bearing Ratio mould sample
ES Chemical Sample for Contamination Analysis
SPTLS Standard Penetration Test S lump sample from split sampler
CORE RECOVERY AND ROCK QUALITY
TCR Total Core Recovery (% of Core Run)
SCR Solid Core Recovery (length of core having at least one full diameter as % of core run)
RQD Rock Quality Designation (length of solid core greater than 100mm as % of core run)
Where there is insufficient space for the TCR, SCR and RQD, the results may be found in the remarks column
If Fracture Spacing in mm (Minimum/Average/Maximum) NI ‐ non intact, NR ‐ no recovery
AZCL Assumed Zone of Core Loss
NI Non intact

GROUNDWATER
Groundwater strike__
Groundwater level after standing period__

Date/Water Date of shift (day/month)/Depth to water at end of previous shift shown above the date
and depth to water at beginning of shift given below the date

INSITU TESTING
S Standard Penetration Test ‐ split barrel sampler
C Standard Penetration Test ‐ solid 60⁰ cone
SW Self Weight Penetration
Ivp, HVp (R) In Situ Vane Test, Hand Vane Test (R) demonstrates remoulded strength
K(F), (C), (R), (P) Permeability Test
HP Hand Penetrometer Test

MEASURED PROPERTIES
N Standard Penetration Test ‐ blows required to drive 300mm after seating drive
x/y Denotes x blows for y mm within the Standard Penetration Test
x*/y Denotes x blows for y mm within the seating drive
cu Undrained Shear Strength (kN/m2)

CBR California Bearing Ratio

ROTARY DRILLING SIZES

N
H
P
S

120
146

Key Sheet

92
113

75
99

Index Letter
Nominal Diameter (mm)

Borehole Core
54
76
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APPENDIX B 

LABORATORY RESULTS  



KEY TO SYMBOLS - LABORATORY TEST RESULT

U Undisturbed Sample
P Piston Sample
TWS Thin Wall Sample
B Bulk Sample - Disturbed
D Jar Sample - Disturbed
W Water Sample
pH Acidity/Alkalinity Index
SO3 % - Total Sulphate Content (acid soluble)
SO3 g/ltr - Water Soluble Sulphate (Water or 2:1 Aqueous Soil Extract)
+ Calcareous Reaction
Cl Chloride Content
Pl Plasticity Index
<425 % of material in sample passing 425 micron sieve
LL Liquid Limit
PL Plastic Limit
MC Water Content
NP Non Plastic
Yb Bulk Density
Yd Dry Density
Ps Particle Density
U/D Undrained/Drained Triaxial
U/C Unconsolidated/Consolidated Triaxial
T/M Single Stage/Multistage Triaxial
100/38 Sample Diameter (mm)
REM Remoulded Triaxial Test Specimen
TST Triaxial Suction Test
V Vane Test
DSB Drained Shear Box
RSB Residual Shear Box
RS Ring Shear
σ3 Cell Pressure
σ1-σ3 Deviator Stress
c Cohesion
c_ Effective Cohesion Intercept
ф Angle of Shearing Resistance - Degrees
ф_ Effective Angle of Shearing Resistance
εf Strain at Failure
* Failed under 1st Load
** Failed under 2nd Load
# Untestable
## Excessive Strain
p_o Effective Overburden Pressure
mv Coefficient of Volume Decrease
cv Coefficient of Consolidation
Opt Optimum
Nat Natural
Std Standard Compaction - 2.5kg Rammer (¶ CBR)
Hvy Heavy Compaction - 4.5kg Rammer (§ CBR)
Vib Vibratory Compaction
CBR California Bearing Ratio
Sat m.c. Saturation Moisture Content
MCV Moisture Condition Value

Key sheet



MC LL PL PI

70 72 42 30

68 80 45 35

29 40 26 14

95 41 25 16

81 63 41 22

87 87 53 34

90 61 39 22

87 88 48 40

117

15

111

104

103S15 3 1.5 B Slightly sandy SILT

S13 2 2 B Slightly gravelly slightly sandy SILT

S11 2 0 B Slightly sandy SILT

S09 3 1.5 B
Slightly sandy slightly silty GRAVEL 

with high cobble content

S09 2 0 B Slightly sandy SILT

S08 1 2 B Slightly sandy SILT 100

S07 2 2.5 B Slightly sandy slightly gravelly CLAY  97.3

S07 1 0 B Slightly sandy SILT 100

S05 1 1.6 B Slightly gravelly slightly sandy SILT 99.3

S03 3 3 B
Slightly sandy slightly gravelly CLAY 

with medium cobble content
68.9

S03 2 1.5 B Slightly sandy gravelly SILT 65.7

S03 1 0 B Slightly gravely slightly sandy SILT 100

S01 1 2.5 B Slightly gravelly slightly sandy SILT 100

Hole ID
Sample 

Ref
Depth 

(m)
Sample 

Type
Sample Description % Pass

425

Natural Moisture Content/Atterberg Limits Summary
Job Ref

BS 1377 : Part 2 : 1990 : Clause 3

Location Haulbowline P21250



PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S01
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 1

Depth 2.50 m

Soil Description Slightly gravelly slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.062 84 Sedimentation Clause 9.5

90 100 0.045 80

75 100 0.032 74

63 100 0.024 66

50 100 0.017 58 Sample Proportions

37.5 100 0.009 46 Cobbles 0.0

28 100 0.007 40 Gravel 1.0

20 100 0.005 34 Sand 15.0

14 100 0.003 30 Silt 59.0

10 100 0.003 28 Clay 25.0

6.3 100 0.001 22

5 100

3.35 99

2 99 Grading Analysis

1.18 99 D100 6.30

0.6 98 D60 0.02

0.425 98 D10

0.3 97

0.212 97 Uniformity Coefficient

0.15 95

0.063 84

0.002

0.006

0.03

0.06

0.2

0.6
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S03
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 1

Depth 0.00 m

Soil Description Slightly gravely slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.061 75 Sedimentation Clause 9.5

90 100 0.044 72

75 100 0.032 66

63 100 0.023 61

50 94 0.017 56 Sample Proportions

37.5 94 0.009 44 Cobbles 0.0

28 94 0.007 39 Gravel 14.0

20 94 0.005 34 Sand 11.0

14 93 0.003 31 Silt 51.0

10 92 0.003 27 Clay 24.0

6.3 90 0.001 20

5 88

3.35 87

2 86 Grading Analysis

1.18 85 D100 63.00

0.6 83 D60 0.02

0.425 82 D10

0.3 81

0.212 80 Uniformity Coefficient

0.15 79

0.063 75

0.002

0.006

0.03

0.06

0.2
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S03
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 2

Depth 1.50 m

Soil Description Slightly sandy gravelly SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.058 34 Sedimentation Clause 9.5

90 100 0.042 33

75 100 0.030 31

63 100 0.022 28

50 100 0.016 26 Sample Proportions

37.5 94 0.009 22 Cobbles 0.0

28 88 0.006 19 Gravel 49.0

20 84 0.005 18 Sand 17.0

14 69 0.003 16 Silt 20.0

10 66 0.003 15 Clay 14.0

6.3 61 0.001 12

5 57

3.35 54

2 51 Grading Analysis

1.18 48 D100 50.00

0.6 45 D60 5.83

0.425 44 D10

0.3 43

0.212 41 Uniformity Coefficient

0.15 39

0.063 34

0.002

0.006
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0.06
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S03
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 3

Depth 3.00 m

Soil Description
Slightly sandy slightly gravelly CLAY with medium cobble 

content Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.061 34 Sedimentation Clause 9.5

90 100 0.044 33

75 100 0.032 31

63 88 0.023 28

50 80 0.017 27 Sample Proportions

37.5 76 0.009 22 Cobbles 12.0

28 69 0.006 20 Gravel 37.0

20 68 0.005 18 Sand 16.0

14 63 0.003 16 Silt 22.0

10 61 0.003 14 Clay 13.0

6.3 58 0.001 9

5 55

3.35 53

2 51 Grading Analysis

1.18 48 D100 75.00

0.6 45 D60 8.71

0.425 44 D10 0.00

0.3 43

0.212 41 Uniformity Coefficient 8800.00

0.15 40

0.063 34
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S05
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 1

Depth 1.60 m

Soil Description Slightly gravelly slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.058 60 Sedimentation Clause 9.5

90 100 0.042 58

75 100 0.030 54

63 100 0.022 51

50 86 0.016 45 Sample Proportions

37.5 84 0.009 35 Cobbles 0.0

28 84 0.006 29 Gravel 16.0

20 84 0.005 24 Sand 23.0

14 84 0.003 21 Silt 45.0

10 84 0.003 18 Clay 16.0

6.3 84 0.001 13

5 84

3.35 84

2 84 Grading Analysis

1.18 82 D100 63.00

0.6 77 D60 0.05

0.425 74 D10

0.3 71

0.212 67 Uniformity Coefficient

0.15 65

0.063 60
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0.006
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S07
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 1

Depth 0.00 m

Soil Description Slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.059 96 Sedimentation Clause 9.5

90 100 0.043 88

75 100 0.031 84

63 100 0.023 76

50 100 0.016 70 Sample Proportions

37.5 100 0.009 54 Cobbles 0.0

28 100 0.007 46 Gravel 0.0

20 100 0.005 40 Sand 4.0

14 100 0.003 38 Silt 64.0

10 100 0.002 34 Clay 32.0

6.3 100 0.001 18

5 100

3.35 100

2 100 Grading Analysis

1.18 100 D100 6.30

0.6 100 D60 0.01

0.425 99 D10

0.3 99

0.212 99 Uniformity Coefficient

0.15 99

0.063 96

0.002

0.006

0.03

0.06

0.2

0.6
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S07
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 2

Depth 2.50 m

Soil Description Slightly sandy slightly gravelly CLAY  
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.060 85 Sedimentation Clause 9.5

90 100 0.043 81

75 100 0.031 78

63 100 0.023 70

50 100 0.016 65 Sample Proportions

37.5 97 0.009 52 Cobbles 0.0

28 97 0.006 44 Gravel 10.0

20 97 0.005 39 Sand 5.0

14 95 0.003 33 Silt 58.0

10 94 0.003 31 Clay 27.0

6.3 93 0.001 18

5 92

3.35 91

2 90 Grading Analysis

1.18 89 D100 50.00

0.6 89 D60 0.01

0.425 89 D10

0.3 88

0.212 88 Uniformity Coefficient

0.15 87

0.063 85

0.002

0.006
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S08
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 1

Depth 2.00 m

Soil Description Slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.063 96 Sedimentation Clause 9.5

90 100 0.045 93

75 100 0.032 89

63 100 0.023 82

50 100 0.017 75 Sample Proportions

37.5 100 0.009 58 Cobbles 0.0

28 100 0.007 49 Gravel 0.0

20 100 0.005 42 Sand 4.0

14 100 0.003 37 Silt 66.0

10 100 0.003 35 Clay 30.0

6.3 100 0.001 19

5 100

3.35 100

2 100 Grading Analysis

1.18 99 D100 14.00

0.6 99 D60 0.01

0.425 99 D10

0.3 99

0.212 99 Uniformity Coefficient

0.15 98

0.063 96

0.002
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S09
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 2

Depth 0.00 m

Soil Description Slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.3

125 100 Sedimentation N/A

90 100

75 100

63 100

50 100 Sample Proportions

37.5 100 Cobbles 0.0

28 100 Gravel 0.0

20 100 Sand 2.0

14 100 Silt & Clay 98.0

10 100

6.3 100

5 100

3.35 100

2 100 Grading Analysis

1.18 100 D100 3.35

0.6 100 D60

0.425 100 D10

0.3 99

0.212 99 Uniformity Coefficient

0.15 99

0.063 98
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S09
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 3

Depth 1.50 m

Soil Description Slightly sandy slightly silty GRAVEL with high cobble content
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.3

125 100 Sedimentation N/A

90 60

75 60

63 51

50 29 Sample Proportions

37.5 16 Cobbles 49.0

28 14 Gravel 44.0

20 14 Sand 2.0

14 12 Silt & Clay 6.0

10 11

6.3 10

5 9

3.35 8

2 8 Grading Analysis

1.18 7 D100 125.00

0.6 7 D60 74.30

0.425 6 D10 7.31

0.3 6

0.212 6 Uniformity Coefficient 10.00

0.15 6

0.063 6

0.002

0.006

0.03

0.06

0.2

0.6
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S11
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 2

Depth 0.00 m

Soil Description Slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.061 97 Sedimentation Clause 9.5

90 100 0.044 93

75 100 0.031 90

63 100 0.023 86

50 100 0.016 79 Sample Proportions

37.5 100 0.009 66 Cobbles 0.0

28 100 0.006 57 Gravel 0.0

20 100 0.005 51 Sand 3.0

14 100 0.003 44 Silt 61.0

10 100 0.003 42 Clay 36.0

6.3 100 0.001 22

5 100

3.35 100

2 100 Grading Analysis

1.18 99 D100 14.00

0.6 99 D60 0.01

0.425 99 D10

0.3 99

0.212 98 Uniformity Coefficient

0.15 98

0.063 97

0.002

0.006
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S13
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 2

Depth 2.00 m

Soil Description Slightly gravelly slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.057 76 Sedimentation Clause 9.5

90 100 0.041 73

75 100 0.030 70

63 100 0.021 67

50 100 0.016 58 Sample Proportions

37.5 100 0.009 46 Cobbles 0.0

28 100 0.006 39 Gravel 2.0

20 100 0.005 33 Sand 23.0

14 100 0.003 28 Silt 53.0

10 100 0.003 27 Clay 23.0

6.3 100 0.001 19

5 100

3.35 99

2 98 Grading Analysis

1.18 96 D100 14.00

0.6 89 D60 0.02

0.425 86 D10

0.3 83

0.212 80 Uniformity Coefficient

0.15 79

0.063 76

0.002

0.006
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PARTICLE SIZE DISTRIBUTION Job Ref P21250

Borehole / Pit 
No

S15
BS 1377 : Part 2 : 1990 : Clause 9

Location Haulbowline
Sample No 3

Depth 1.50 m

Soil Description Slightly sandy SILT
Sample type B

Sieving Sedimentation Test Method

Particle Size 
mm

% Passing
Particle Size 

mm
% Passing

BS 1377 : Part 2 : 1990

Sieving Clause 9.5

125 100 0.063 98 Sedimentation Clause 9.5

90 100 0.045 96

75 100 0.032 91

63 100 0.023 88

50 100 0.017 84 Sample Proportions

37.5 100 0.009 69 Cobbles 0.0

28 100 0.006 61 Gravel 0.0

20 100 0.005 54 Sand 1.0

14 100 0.003 47 Silt 58.0

10 100 0.003 47 Clay 40.0

6.3 100 0.001 25

5 100

3.35 100

2 100 Grading Analysis

1.18 100 D100 20.00

0.6 99 D60 0.01

0.425 99 D10

0.3 99

0.212 99 Uniformity Coefficient

0.15 99

0.063 98

0.002

0.006
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Project No. Project Name

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

2.00 B

Seabe 0.00 B

1.50 B

3.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

Seabe 0.00 B

1.00 B

2.00 B

Seabe 0.00 B

Notes Date Printed Table
Tests performed in accordance with BS 1377 unless annotated otherwise

Gas Jar tests to BS1377: Part 2 : 1990, clause 8.2

sheet

    

25/02/2022

    

    

    

    

    

    

Sample 9   2.54   

    

Sample 7   2.55   

Sample 8   2.53   

Sample 5   2.47   

Sample 6   2.97   

Sample 3   2.47   

Sample 4   2.51   

Sample 18   2.50   

Sample 2   2.50   

Sample 16   2.45   

Sample 17   2.47   

Sample 14   2.62   

Sample 15   2.51   

Sample 12   2.47   

Sample 13   2.56   

  

Sample 10   2.54   

Sample 11   2.39   

Top Base Type

Sample 1   2.53

Particle Density by Gas Jar Tests - Summary of Results

P21250 Haulbowline

Hole No.

Sample
 Soil Description
at test horizon

Particle Density  

Mg/m3 Remarks
Ref





Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units % % % % % % M/M

Method No ASC/SOP/303 ASC/SOP/303 SUB_01* SUB_01* SUB_01* SOCOTEC Env Chem*

Limit of Detection 0.2 0.2 N/A N/A N/A 0.02

Accreditation UKAS UKAS N N N UKAS

SOCOTEC Ref: Matrix Total Moisture @ 120°C Total Solids Gravel (>2mm) Sand (63-2000 µm) Silt (<63 µm) TOC

MAR01284.001 Sediment 40.0 60.0 0.0 8.1 91.9 1.83

MAR01284.002 Sediment 67.2 32.8 0.4 6.0 93.6 2.60

MAR01284.003 Sediment 65.6 34.4 0.0 3.4 96.6 2.43

MAR01284.004 Sediment 68.5 31.5 0.0 4.0 96.0 2.48

MAR01284.005 Sediment 48.4 51.6 0.0 0.5 99.5 2.13

MAR01284.006 Sediment 63.2 36.8 0.0 4.0 96.0 2.28

MAR01284.007 Sediment 48.6 51.4 0.0 1.8 98.2 2.14

MAR01284.008 Sediment 44.8 55.2 0.0 1.1 98.9 2.00

MAR01284.009 Sediment 64.8 35.2 0.0 2.0 98.0 2.42

MAR01284.010 Sediment 60.0 40.0 0.6 4.5 94.9 2.14

MAR01284.011 Sediment 63.3 36.7 0.0 0.7 99.3 2.16

MAR01284.012 Sediment 69.4 30.6 0.0 5.6 94.4 2.42

MAR01284.013 Sediment 51.0 49.0 0.0 2.0 98.0 2.18

MAR01284.014 Sediment 51.2 48.8 0.0 1.2 98.8 2.36

MAR01284.015 Sediment 50.1 49.9 0.0 0.6 99.4 2.11

MAR01284.016 Sediment 53.3 46.7 1.3 1.6 97.1 2.48

MAR01284.017 Sediment 65.7 34.3 0.0 5.7 94.3 2.50

MAR01284.018 Sediment 62.9 37.1 0.0 6.6 93.4 2.54

NA NA NA NA NA 108

NA NA NA NA NA <0.02

* See Report Notes

S09

S03

S11

QC Blank 

S05

S06

S13

S14

S15

S07

S08

S04

S10

Client Reference:

S16

Reference Material (% Recovery) 

S17

S18

S12

S01

S02

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.001 Sediment

MAR01284.002 Sediment

MAR01284.003 Sediment

MAR01284.004 Sediment

MAR01284.005 Sediment

MAR01284.006 Sediment

MAR01284.007 Sediment

MAR01284.008 Sediment

MAR01284.009 Sediment

MAR01284.010 Sediment

MAR01284.011 Sediment

MAR01284.012 Sediment

MAR01284.013 Sediment

MAR01284.014 Sediment

MAR01284.015 Sediment

MAR01284.016 Sediment

MAR01284.017 Sediment

MAR01284.018 Sediment

* See Report Notes

S09

S03

S11

QC Blank 

S05

S06

S13

S14

S15

S07

S08

S04

S10

Client Reference:

S16

Reference Material (% Recovery) 

S17

S18

S12

S01

S02

% M/M

SOCOTEC Env Chem*

0.12

No

Carbonate Equivalent (%CO3)

9.60

10.6

9.84

10.1

10.1

9.36

9.84

9.48

9.60

9.48

9.60

10.1

6.24

4.56

9.84

10.1

8.64

8.88

99

<0.12

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upo
DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight)

Method No SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem*

Limit of Detection 0.5 0.2 2 2 1.2

Accreditation UKAS UKAS UKAS UKAS UKAS

SOCOTEC Ref: Matrix Arsenic as As Cadmium as Cd Chromium as Cr Copper as Cu Lead as Pb

MAR01284.001 Sediment 14.8 0.7 81.9 42.9 122

MAR01284.002 Sediment 14.5 0.3 81.4 41.5 45.9

MAR01284.003 Sediment 2.6 0.2 47.7 28.9 34.0

MAR01284.004 Sediment 13.7 0.2 76.6 34.6 44.6

MAR01284.005 Sediment 14.3 0.4 82.6 41.1 66.2

MAR01284.006 Sediment 12.6 0.16* 76.9 28.7 38.8

MAR01284.007 Sediment 14.7 0.3 92.3 34.0 72.4

MAR01284.008 Sediment 13.3 0.4 97.1 58.3 97.0

MAR01284.009 Sediment 13.4 0.18* 77.0 28.9 37.2

MAR01284.010 Sediment 11.9 0.2 73.6 31.7 38.8

MAR01284.011 Sediment 13.9 0.3 82.0 37.4 54.0

MAR01284.012 Sediment 13.4 0.17* 83.5 28.7 38.1

MAR01284.013 Sediment 14.0 0.9 82.5 61.0 87.6

MAR01284.014 Sediment 17.3 0.6 94.5 52.6 93.4

MAR01284.015 Sediment 15.6 0.4 96.9 53.5 78.5

MAR01284.016 Sediment 36.0 0.6 83.9 103 418

MAR01284.017 Sediment 15.8 0.2 81.8 40.8 61.3

MAR01284.018 Sediment 13.2 0.2 83.8 37.7 41.6

45.4 0.61 321 111 130

45.3 0.817 352 117.7 132.8

102 90 106 107 104

<0.5 <0.2 <2 <2 <1.2

* See Report Notes

~ Indicates result is for an In-house Reference Material as no Certified Reference 
Materials are avaliable.

Client Reference:

S01

S02

S03

S04

S05

QC Blank 

S13

S14

S15

S16

S10

S11

S12

Certified Reference Material 2702 (% Recovery) 

S06

S07

S08

S17

S18

Certified Reference Material 2702 (Certified Value) 

Certified Reference Material 2702 (Measured Value) 

S09

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upo
DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.001 Sediment

MAR01284.002 Sediment

MAR01284.003 Sediment

MAR01284.004 Sediment

MAR01284.005 Sediment

MAR01284.006 Sediment

MAR01284.007 Sediment

MAR01284.008 Sediment

MAR01284.009 Sediment

MAR01284.010 Sediment

MAR01284.011 Sediment

MAR01284.012 Sediment

MAR01284.013 Sediment

MAR01284.014 Sediment

MAR01284.015 Sediment

MAR01284.016 Sediment

MAR01284.017 Sediment

MAR01284.018 Sediment

* See Report Notes

~ Indicates result is for an In-house Reference Material as no Certified Reference 
Materials are avaliable.

Client Reference:

S01

S02

S03

S04

S05

QC Blank 

S13

S14

S15

S16

S10

S11

S12

Certified Reference Material 2702 (% Recovery) 

S06

S07

S08

S17

S18

Certified Reference Material 2702 (Certified Value) 

Certified Reference Material 2702 (Measured Value) 

S09

mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight) mg/Kg (Dry Weight)

SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem* SOCOTEC Env Chem*

2 3 0.01 10 2

UKAS UKAS N UKAS N

Nickel as Ni Zinc as Zn Mercury as Hg Aluminium as Al Lithium as Li

31.4 290 0.29 50800 55.2

31.8 148 0.09 53700 61.0

26.2 132 0.08 51100 62.3

32.2 166 0.08 52500 59.7

33.9 208 0.12 55700 62.7

30.9 78.2 0.08 55000 61.3

34.2 200 0.16 55900 60.9

36.3 330 0.16 56900 62.8

30.5 129 0.08 57700 63.3

29.9 145 0.09 56400 61.8

32.0 192 0.13 52600 60.0

33.9 136 0.08 55700 62.5

31.8 220 0.16 55000 62.8

37.1 299 0.18 56700 66.7

34.9 251 0.23 59200 65.1

52.9 364 1.91 48900 55.1

33.3 174 0.12 53500 62.6

32.9 150 0.08 52800 62.7

69.6 439.0 <0.01 80500 85.5

75.4 485.3 0.04 84000 78.2

107 103 101~ 105 116

<2 <3 <0.01 <10 <2

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection 1 1

Accreditation UKAS UKAS

SOCOTEC Ref: Matrix Dibutyltin (DBT) Tributyltin (TBT)

MAR01284.001 Sediment <5 <5

MAR01284.002 Sediment <5 <5

MAR01284.003 Sediment <5 <5

MAR01284.004 Sediment <5 <5

MAR01284.005 Sediment <5 <5

MAR01284.006 Sediment <5 <5

MAR01284.007 Sediment <5 <5

MAR01284.008 Sediment 12.7 18.0

MAR01284.009 Sediment <5 <5

MAR01284.010 Sediment <5 <5

MAR01284.011 Sediment <5 <5

MAR01284.012 Sediment <5 <5

MAR01284.013 Sediment <5 <5

MAR01284.014 Sediment <5 <5

MAR01284.015 Sediment 17.9 19.6

MAR01284.016 Sediment <5 <5

MAR01284.017 Sediment <5 <5

MAR01284.018 Sediment <5 <5

554 269

770 480

72 56

<1 <1

See Report Notes

µg/Kg (Dry Weight)

ASC/SOP/301

Client Reference:

S05

S06

S14

S11

S12

S09

S10

QC Blank 

Certified Reference Material BCR-646 (% Recovery) 

S17

S18

S13

S16

Certified Reference Material BCR-646 (Measured Value) 

Certified Reference Material BCR-646 (Certified Value) 

S01

S02

S03

S04

S15

S07

S08

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

Method No ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304

Limit of Detection 1 1 1 1 1 1

Accreditation UKAS UKAS N* UKAS UKAS UKAS

SOCOTEC Ref: Matrix ACENAPTH ACENAPHY ANTHRACN BAA BAP BBF

MAR01284.001 Sediment 43.8 24.9 130 334 389 389

MAR01284.002 Sediment 5.24 3.05 9.05 23.4 30.4 49.8

MAR01284.003 Sediment 3.170 2.79 8.96 29.0 33.5 64.3

30.4 35.9 97.4 289 279 316

35.3 37.3 121 359 350 418

86 96 81 80 80 76

<1 <1 <1 <1 <1 <1

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

Client Reference:

S01

S02

S03

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (Measured Value) 

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested

Page 7 of 16



Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.001 Sediment

MAR01284.002 Sediment

MAR01284.003 Sediment

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

Client Reference:

S01

S02

S03

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (Measured Value) 

µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304

1 1 1 1 1 1

UKAS UKAS UKAS UKAS UKAS N*

BENZGHIP BKF CHRYSENE DBENZAH FLUORANT FLUORENE

304 238 405 60.8 764 65.1

40.0 29.9 33.0 8.11 51.1 8.60

49.8 41.2 37.1 8.40 60.1 8.72

244 185 380 40.1 690 46.6

267 193 447 54.4 933 71.7

91 96 85 74 74 65

<1 <1 <1 <1 <1 <1

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.001 Sediment

MAR01284.002 Sediment

MAR01284.003 Sediment

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

Client Reference:

S01

S02

S03

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (Measured Value) 

µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/306

1 1 1 1 100

UKAS UKAS N* UKAS N

INDPYR NAPTH PHENANT PYRENE THC

316 81.0 438 763 502000

44.1 15.8 29.0 46.0 228000

57.0 19.0 34.0 54.4 127000

212 113 379 619 NA
274 115 510 794 NA
77 98 74 78 100~
<1 <1 <1 <1 <1

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

Method No ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304

Limit of Detection 1 1 1 1 1 1

Accreditation UKAS UKAS UKAS UKAS UKAS UKAS

SOCOTEC Ref: Matrix ACENAPTH ACENAPHY ANTHRACN BAA BAP BBF

MAR01284.004 Sediment 4.03 2.73 9.37 32.2 38.6 60.1

MAR01284.005 Sediment 5.93 5.72 23.4 81.0 83.7 118

MAR01284.006 Sediment 6.82 3.83 21.4 71.0 79.7 99.6

MAR01284.007 Sediment 17.4 18.0 56.0 196 229 287

MAR01284.008 Sediment 10.5 6.47 22.9 78.6 96.9 139

MAR01284.009 Sediment 4.32 2.81 8.84 34.2 31.2 51.8

MAR01284.010 Sediment 4.75 4.83 12.8 43.0 66.3 94.0

MAR01284.011 Sediment 5.69 7.46 14.4 42.0 50.7 73.4

MAR01284.012 Sediment 8.17 16.4 34.8 179 170 171

MAR01284.013 Sediment 5.24 5.31 15.7 46.9 62.0 102

MAR01284.014 Sediment 12.9 15.0 48.6 149 182 235

MAR01284.015 Sediment 12.8 8.40 29.3 92.4 111 152

MAR01284.016 Sediment 14.7 18.0 48.0 161 200 256

MAR01284.017 Sediment 3.74 3.62 8.55 32.7 38.1 58.8

MAR01284.018 Sediment 4.36 3.58 9.27 33.0 39.4 63.0

25.6 33.4 101 295 280 313

35.3 37.3 121 359 350 418

72 90 83 82 80 75

<1 <1 <1 <1 <1 <1

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

S15

S16

S17

S18

Client Reference:

S08

S09

S10

S11

S12

Certified Reference Material QPH097MS (Measured Value) 

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

S04

S05

S06

S07

S13

S14

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.004 Sediment

MAR01284.005 Sediment

MAR01284.006 Sediment

MAR01284.007 Sediment

MAR01284.008 Sediment

MAR01284.009 Sediment

MAR01284.010 Sediment

MAR01284.011 Sediment

MAR01284.012 Sediment

MAR01284.013 Sediment

MAR01284.014 Sediment

MAR01284.015 Sediment

MAR01284.016 Sediment

MAR01284.017 Sediment

MAR01284.018 Sediment

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

S15

S16

S17

S18

Client Reference:

S08

S09

S10

S11

S12

Certified Reference Material QPH097MS (Measured Value) 

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

S04

S05

S06

S07

S13

S14

µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304

1 1 1 1 1 1

UKAS UKAS UKAS UKAS UKAS N*

BENZGHIP BKF CHRYSENE DBENZAH FLUORANT FLUORENE

48.9 34.1 45.7 10.5 65.2 8.16

82.8 63.1 97.8 13.5 166 12.8

71.8 46.9 86.0 15.7 160 9.76

211 155 240 34.2 409 26.5

97.9 71.7 104 20.0 166 12.8

48.9 36.7 46.8 9.66 76.0 8.81

84.5 46.2 49.6 13.6 88.6 10.2

61.6 41.8 55.0 11.9 87.4 11.1

113 92.0 156 26.2 421 12.4

72.5 45.5 69.7 12.1 106 10.7

181 105 193 36.7 307 23.8

118 89.2 121 23.5 192 16.1

200 161 216 34.6 372 26.2

52.2 33.2 44.6 10.3 63.5 7.88

51.9 25.6 47.5 9.45 72.3 8.43

218 168 376 41.8 704 52.5

267 193 447 54.4 933 71.7

82 87 84 77 75 73

<1 <1 <1 <1 <1 <1

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units

Method No

Limit of Detection

Accreditation

SOCOTEC Ref: Matrix

MAR01284.004 Sediment

MAR01284.005 Sediment

MAR01284.006 Sediment

MAR01284.007 Sediment

MAR01284.008 Sediment

MAR01284.009 Sediment

MAR01284.010 Sediment

MAR01284.011 Sediment

MAR01284.012 Sediment

MAR01284.013 Sediment

MAR01284.014 Sediment

MAR01284.015 Sediment

MAR01284.016 Sediment

MAR01284.017 Sediment

MAR01284.018 Sediment

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference 

Materials are avaliable.

As the method uses surrogate standards to correct for losses, the RM results are 

reported as percentage trueness, not recovery.

S15

S16

S17

S18

Client Reference:

S08

S09

S10

S11

S12

Certified Reference Material QPH097MS (Measured Value) 

Certified Reference Material QPH097MS (Certified Value) 

Certified Reference Material QPH097MS (% Recovery) 

QC Blank 

S04

S05

S06

S07

S13

S14

µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/304 ASC/SOP/303/306

1 1 1 1 100

UKAS UKAS N* UKAS N

INDPYR NAPTH PHENANT PYRENE THC

60.8 19.6 35.5 57.8 157000

97.2 23.3 66.6 151 203000

81.2 21.9 76.6 137 146000

225 49.6 164 396 375000

118 26.0 68.2 166 626000

53.9 18.1 35.9 66.5 217000

89.5 21.9 43.9 85.8 188000

69.2 19.9 41.0 88.0 256000

138 23.3 70.9 323 219000

87.4 23.8 59.1 97.0 225000

200 48.7 131 305 822000

138 30.3 72.1 193 582000

224 55.4 158 369 671000

63.2 16.7 33.4 59.0 244000

58.6 17.5 41.7 65.5 194000

227 117 393 627 NA
274 115 510 794 NA
83 102 77 79 103~

<1 <1 <1 <1 <1

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

Method No ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302

Limit of Detection 0.08 0.08 0.08 0.08 0.08 0.08 0.08

Accreditation UKAS UKAS UKAS N* UKAS UKAS N*

SOCOTEC Ref: Matrix PCB28 PCB52 PCB101 PCB118 PCB138 PCB153 PCB180

MAR01284.001 Sediment 1.56 3.93 3.13 3.04 2.57 3.42 1.03

MAR01284.002 Sediment 0.22 0.27 0.36 0.29 0.20 0.34 0.13

MAR01284.003 Sediment 0.24 0.25 0.44 0.03 0.36 0.42 0.05

MAR01284.004 Sediment 0.21 0.21 0.32 0.29 0.27 0.36 0.12

MAR01284.005 Sediment 1.49 1.92 1.74 1.92 1.42 1.20 0.40

MAR01284.006 Sediment 0.23 0.21 0.19 0.28 0.26 0.30 0.04

MAR01284.007 Sediment 1.03 2.94 1.69 1.56 0.70 1.41 0.33

MAR01284.008 Sediment 3.44 4.25 3.72 4.77 3.16 2.55 0.93

MAR01284.009 Sediment 0.24 0.22 0.24 0.30 0.24 0.28 0.12

MAR01284.010 Sediment 0.51 0.47 0.50 0.71 0.45 0.45 0.13

MAR01284.011 Sediment 1.32 1.54 1.42 1.73 1.09 1.32 0.25

MAR01284.012 Sediment 0.21 0.23 0.31 0.68 0.31 0.26 0.02

MAR01284.013 Sediment 4.18 4.49 3.06 3.77 1.67 2.41 0.79

MAR01284.014 Sediment 1.81 3.51 3.29 3.47 2.49 3.79 1.04

MAR01284.015 Sediment 4.11 5.15 5.30 5.35 3.94 4.05 1.29

MAR01284.016 Sediment 0.69 1.16 1.23 1.52 1.11 1.48 0.48

MAR01284.017 Sediment 0.31 0.34 0.36 0.46 0.28 0.38 0.11

MAR01284.018 Sediment 0.26 0.27 0.36 0.44 0.41 0.62 0.12

0.16 0.69 0.58 0.17 0.55 0.70 0.22

0.21 0.62 0.59 0.32 0.55 0.67 0.41

75 110 98 52 100 104 53

<0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference Materials are avaliable.

Certified Reference Material QOR146 MS (% Recovery) 

QC Blank 

Client Reference:

S18

S14

S15

S16

S17

Certified Reference Material QOR146 MS (Certified Value) 

Certified Reference Material QOR146 MS (Measured Value) 

S08

S09

S10

S11

S12

S13

S07

S01

S02

S03

S04

S05

S06

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Units µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight) µg/Kg (Dry Weight)

Method No ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302 ASC/SOP/302

Limit of Detection 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Accreditation UKAS UKAS UKAS UKAS N* UKAS UKAS UKAS

SOCOTEC Ref: Matrix AHCH BHCH GHCH DIELDRIN HCB DDE DDT DDD

MAR01284.001 Sediment <0.1 <0.1 <0.1 0.26 0.61 0.98 <0.1 1.02

MAR01284.002 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.12 <0.1 0.18

MAR01284.003 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.12 <0.1 0.10

MAR01284.004 Sediment <0.1 <0.1 <0.1 0.19 <0.1 0.23 <0.1 <0.1

MAR01284.005 Sediment <0.1 <0.1 <0.1 0.12 <0.1 0.26 <0.1 0.31

MAR01284.006 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.15

MAR01284.007 Sediment <0.1 <0.1 <0.1 0.22 <0.1 1.12 0.19 1.33

MAR01284.008 Sediment <0.1 <0.1 <0.1 0.27 <0.1 0.37 <0.1 0.48

MAR01284.009 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.25 0.10

MAR01284.010 Sediment <0.1 <0.1 <0.1 0.11 <0.1 0.23 <0.1 0.11

MAR01284.011 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.32 <0.1 0.20

MAR01284.012 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 <0.1

MAR01284.013 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.51 <0.1 0.44

MAR01284.014 Sediment <0.1 <0.1 <0.1 0.34 <0.1 1.35 0.15 1.01

MAR01284.015 Sediment <0.1 <0.1 0.11 0.35 <0.1 0.59 0.18 0.83

MAR01284.016 Sediment <0.1 <0.1 <0.1 0.54 <0.1 0.56 0.61 0.64

MAR01284.017 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.27 0.14 0.15

MAR01284.018 Sediment <0.1 <0.1 <0.1 <0.1 <0.1 0.20 <0.1 <0.1

0.00 0.02 0.01 0.03 0.01 0.12 0.00 0.13

NA NA NA NA NA 0.21 NA 0.32

120~ 104~ 122~ 118~ 120~ 56 105~ 41

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

For full analyte name see method summaries

~ Indicates result is for an In-house Reference Material as no Certified Reference Materials are avaliable.

*See report notes

Certified Reference Material QOR146 MS (Certified Value) 

Certified Reference Material QOR146 MS (Measured Value) 

S10

S11

S12

S13

QC Blank 

Client Reference:

S18

Certified Reference Material QOR146 MS (% Recovery) 

S14

S15

S16

S17

S08

S09

S07

S01

S02

S03

S04

S05

S06

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Method Code Sample ID

SOCOTEC Env Chem* MAR01284.001-018

SUB_01* MAR01284.001-018

Cadmium MAR01284.006, 009, 012

ASC/SOP/301 MAR01284.001.007, .009-0014, .0016-018

ASC/SOP/302 MAR01284.001-018

ASC/SOP/303/304 MAR01284.001-018

ASC/SOP/303/304 MAR01284.001-003

ASC/SOP/303/304 MAR01284.004-018

Deviation Code Deviation Definition Sample ID

D1 Holding Time Exceeded N/A

D2 Handling Time Exceeded N/A

D3 Sample Contaminated through Damaged Packaging N/A

D4 Sample Contaminated through Sampling N/A

D5 Inappropriate Container/Packaging N/A

D6 Damaged in Transit N/A

D7 Insufficient Quantity of Sample N/A

D8 Inappropriate Headspace N/A

D9 Retained at Incorrect Temperature N/A

D10 Lack of Date & Time of Sampling N/A

D11 Insufficient Sample Details N/A

Chrysene is known to coelute with Triphenylene and these peaks can not be resolved. It is believed Triphenylene is present in these samples therefore it is suggested that the Chrysene 

results should be taken as a Chrysene (inc. Triphenylene).This should be taken into consideration when  utilising the data.

N/A

The matrix of this sample has been found to interfere with the result for this test. The sample has therefore been diluted, but in doing so, the detection limit for this test has been elevated.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Values marked with * are reported lower than the accredited LoD of 0.2 mg/kg. Therefore we have removed accreditation removed these results only.

REPORT NOTES

Deviation Details. The following information should be taken into consideration when using the data contained within this report

DEVIATING SAMPLE STATEMENT

The Primary process control data associated with this Test has not wholly met the requirements of the Laboratory Quality Management System QMS with one or more target analytes falling 

outside acceptable limits. The remaining data gives the Laboratory confidence that the test has performed satisfactorily and that the validity of the data may not have been significantly 

affected.However in line with our QMS policy we have removed accreditation, where applicable, from the affected analytes (ANTHRACN, FLUORENE, PHENANT) . These circumstances should 

be taken into consideration when utilising the data.

The Primary process control data associated with this Test has not wholly met the requirements of the Laboratory Quality Management System QMS with one or more target analytes falling 

outside acceptable limits. The remaining data gives the Laboratory confidence that the test has performed satisfactorily and that the validity of the data ma y not have been significantly 

affected.However in line with our QMS policy we have removed accreditation, where applicable, from the affected analytes (PCB118, PCB180, HCB) . These circumstances should be taken into 

consideration when utilising the data.

Analysis was conducted by an internal SOCOTEC laboratory. UKAS accredited analysis by this laboratory is under UKAS number 1252.

The following information should be taken into consideration when using the data contained within this report

The Primary process control data associated with this Test has not wholly met the requirements of the Laboratory Quality Management System QMS with one or more target analytes falling 

outside acceptable limits. The remaining data gives the Laboratory confidence that the test has performed satisfactorily and that the validity of the data may not have been significantly 

affected.However in line with our QMS policy we have removed accreditation, where applicable, from the affected analytes (FLUORENE, PHENANT) . These circumstances should be taken 

into consideration when utilising the data.

Analysis was conducted by an approved subcontracted laboratory.

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Issuing Laboratory SOCOTEC, Marine Department, Advanced Chemistry and Research, Etwall House, Bretby Business Park, Ashby Road, Burton-upon-Trent DE15 0YZ

Certificate of Analysis

Test Report ID MAR01284

Issue Version 1

Customer Reference Haulbowline Basin Marine Institute Sediment Analysis

Method Sample and Fraction Size

Total Solids Wet Sediment

Particle Size Analysis Wet Sediment

Total Organic Carbon (TOC) Air dried and seived to <2mm

Carbonate Air dried and seived to <2mm

Metals Air dried and seived to <2mm

Organotins Wet Sediment

Polyaromatic Hydrocarbons (PAH) Wet Sediment

Total Hydrocarbon Content (THC) Wet Sediment

Polychlorinated Biphenyls (PCBs) Air dried and seived to <2mm

Organochlorine Pesticides (OCPs) Air dried and seived to <2mm

Analyte Abbreviation Full Analyte name Analyte Abbreviation Full Analyte name Analyte Abbreviation Full Analyte name

ACENAPTH Acenaphthene C2N C2-naphthalenes THC Total Hydrocarbon Content

ACENAPHY Acenaphthylene C3N C3-naphthalenes AHCH alpha-Hexachlorcyclohexane

ANTHRACN Anthracene CHRYSENE Chrysene BHCH beta-Hexachlorcyclohexane

BAA Benzo[a]anthracene DBENZAH Dibenzo[ah]anthracene GHCH gamma-Hexachlorcyclohexane

BAP Benzo[a]pyrene FLUORANT Fluoranthene DIELDRIN Dieldrin

BBF Benzo[b]fluoranthene FLUORENE Fluorene HCB Hexachlorobenzene

BEP Benzo[e]pyrene INDPYR Indeno[1,2,3-cd]pyrene DDD p,p'-Dichlorodiphenyldichloroethane

BENZGHIP Benzo[ghi]perylene NAPTH Naphthalene DDE p,p'-Dichlorodiphenyldichloroethylene

BKF Benzo[k]fluoranthene PERYLENE Perylene DDT p,p'-Dichlorodiphenyltrichloroethane

C1N C1-naphthalenes PHENANT Phenanthrene

C1PHEN C1-phenanthrene PYRENE Pyrene

Method Summary

Solvent extraction and derivatisation followed by GC-MS analysis.

Solvent extraction and clean up followed by GC-MS analysis.

Solvent extraction and clean up followed by GC-FID analysis.

Solvent extraction and clean up followed by GC-MS-MS analysis.

Solvent extraction and clean up followed by GC-MS-MS analysis.

Analyte Definitions

Calculation (100%-Moisture Content).Moisture content determined by drying a portion of the sample at 120°C to constant weight.

Wet and dry sieving followed by laser diffraction analysis.

Carbonate removal and sulphurous acid/combustion at 1600°C/NDIR.

Quantitative digestion with Hydrochloric Acid back titration with 1M Sodium Hydroxide to pH 7

HF/Boric extraction followed by ICP analysis.

This report shall not be reproduced, except in full, without the written permission of the laboratory

Results contained herewith only apply to the samples tested
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Results - Soil

Client: Priority Geotechnical Ltd 22-20992
Quotation No.: 1442757

S01
SOIL
2.5

31-May-2022
Determinand Accred. SOP Units LOD
Moisture N 2030 % 0.020 40
Organic Matter U 2625 % 0.40 3.8

Project: P21250 Haulbowline

Top Depth (m):

Chemtest Job No.:
Chemtest Sample ID.:

Sample Type:

Date Sampled:

Sample Location:
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Test Methods

SOP Title Parameters included Method summary

2030
Moisture and Stone Content of 
Soils(Requirement of 
MCERTS)

Moisture content
Determination of moisture content of soil as a 
percentage of its as received mass obtained at 
<37°C.

2040
Soil Description(Requirement of 
MCERTS)

Soil description
As received soil is described based upon 
BS5930

2625 Total Organic Carbon in Soils Total organic Carbon (TOC)
Determined by high temperature combustion 
under oxygen, using an Eltra elemental 
analyser.
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Report Information

Key
U UKAS accredited
M MCERTS and UKAS accredited
N Unaccredited

S
This analysis has been subcontracted to a UKAS accredited laboratory that is accredited for 
this analysis

SN
This analysis has been subcontracted to a UKAS accredited laboratory that is not accredited 
for this analysis

T This analysis has been subcontracted to an unaccredited laboratory
I/S Insufficient Sample
U/S Unsuitable Sample
N/E not evaluated

< "less than"
> "greater than"

SOP Standard operating procedure
LOD Limit of detection

Comments or interpretations are beyond the scope of UKAS accreditation
The results relate only to the items tested
Uncertainty of measurement for the determinands tested are available upon request 
None of the results in this report have been recovery corrected
All results are expressed on a dry weight basis

The following tests were analysed on samples as received and the results subsequently 
corrected to a dry weight basis TPH, BTEX, VOCs, SVOCs, PCBs, Phenols

For all other tests the samples were dried at < 37°C prior to analysis
All Asbestos testing is performed at the indicated laboratory 
Issue numbers are sequential starting with 1 all subsequent reports are incremented by 1

Sample Deviation Codes
A - Date of sampling not supplied
B - Sample age exceeds stability time (sampling to extraction)
C - Sample not received in appropriate containers
D - Broken Container
E - Insufficient Sample (Applies to LOI in Trommel Fines Only)

Sample Retention and Disposal
All soil samples will be retained for a period of 30 days from the date of receipt
All water samples will be retained for 14 days from the date of receipt
Charges may apply to extended sample storage

If you require extended retention of samples, please email your requirements to: 
customerservices@chemtest.com
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