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1. �,�Q�W�U�R�G�X�F�W�L�R�Q�� 
1.1 �%�D�F�N�J�U�R�X�Q�G 
1.1.1 �$�(�&�2�0���L�V���D�S�S�R�L�Q�W�H�G���E�\���6�W�U�R�X�G���'�L�V�W�U�L�F�W���&�R�X�Q�F�L�O�����6�'�&�����W�R���S�U�R�Y�L�G�H���W�H�F�K�Q�L�F�D�O���W�U�D�Q�V�S�R�U�W���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W��

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

1.1.2 �$���5�H�J�X�O�D�W�L�R�Q���������Y�H�U�V�L�R�Q���R�I���W�K�H���/�3�5���Z�D�V���V�X�E�P�L�W�W�H�G���W�R���W�K�H���3�O�D�Q�Q�L�Q�J���,�Q�V�S�H�F�W�R�U�D�W�H�����3�,�1�6�����I�R�U���(�[�D�P�L�Q�D�W�L�R�Q��
�L�Q���3�X�E�O�L�F�����(�L�3�����L�Q���������������'�X�U�L�Q�J���W�K�H���F�R�X�U�V�H���R�I���W�K�H���(�[�D�P�L�Q�D�W�L�R�Q�����3�,�1�6���K�D�V���L�G�H�Q�W�L�I�L�H�G���F�R�Q�F�H�U�Q�V���L�Q���U�H�O�D�W�L�R�Q��
�W�R���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���G�H�O�L�Y�H�U�\�����V�S�H�F�L�I�L�F�D�O�O�\���Z�L�W�K���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���W�K�H���L�P�S�U�R�Y�H�P�H�Q�W���U�H�T�X�L�U�H�G���W�R���0�����-�X�Q�F�W�L�R�Q��������
���-���������D�Q�G���-�X�Q�F�W�L�R�Q�����������-���������W�R���D�F�F�R�P�P�R�G�D�W�H���I�R�U�H�F�D�V�W���O�H�Y�H�O�V���R�I���W�U�D�I�I�L�F���G�H�P�D�Q�G���X�S���W�R���W�K�H���H�Q�G���R�I���W�K�H���/�3�5��
�\�H�D�U�����3�,�1�6���K�D�V���D�J�U�H�H�G���D���S�D�X�V�H���W�R���W�K�H���(�L�3���S�U�R�J�U�D�P�P�H���W�R���H�Q�D�E�O�H���6�'�&���W�R���S�U�R�Y�L�G�H���I�X�U�W�K�H�U���H�Y�L�G�H�Q�F�H���D�V���W�R��
�W�K�H���Y�L�D�E�L�O�L�W�\���R�I���I�X�Q�G�L�Q�J���D�Q�G���G�H�O�L�Y�H�U�L�Q�J���W�K�H���Q�H�F�H�V�V�D�U�\���F�D�S�D�F�L�W�\���L�P�S�U�R�Y�H�P�H�Q�W�V���I�R�U���W�K�H�V�H���O�R�F�D�W�L�R�Q�V���� 

1.1.3 �7�K�L�V���U�H�S�R�U�W���K�D�V���E�H�H�Q���S�U�H�S�D�U�H�G���W�R���V�H�W���R�X�W���W�K�H���G�H�V�L�J�Q���G�H�Y�H�O�R�S�P�H�Q�W�����P�R�G�H�O�O�L�Q�J�����D�Q�G���F�R�V�W�L�Q�J���H�[�H�U�F�L�V�H���I�R�U��
�-���������7�K�L�V���U�H�S�R�U�W���K�D�V���E�H�H�Q���S�U�R�G�X�F�H�G���E�\���$�(�&�2�0���R�Q���E�H�K�D�O�I���D�V���6�'�&���Z�K�L�F�K���L�V���W�K�H���V�F�K�H�P�H���V�S�R�Q�V�R�U���I�R�U���-��������
�$���V�H�S�D�U�D�W�H���H�[�H�U�F�L�V�H���D�Q�G���U�H�S�R�U�W���K�D�V���E�H�H�Q���S�U�R�G�X�F�H�G���I�R�U���-�������R�Q���E�H�K�D�O�I���R�I���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���&�R�X�Q�W�\���&�R�X�Q�F�L�O��
���*�&�&�����Z�K�L�F�K���K�D�V���E�H�H�Q���V�X�E�P�L�W�W�H�G���W�R���3�,�1�6���V�H�S�D�U�D�W�H�O�\�����$�(�&�2�0���K�D�V���D�O�V�R���S�U�H�S�D�U�H�G���D���I�X�U�W�K�H�U���U�H�S�R�U�W���R�Q���W�K�H��
�I�X�Q�G�L�Q�J���D�S�S�U�R�D�F�K�����Z�K�L�F�K���L�V���D�O�V�R���S�X�E�O�L�V�K�H�G���D�V���S�D�U�W���R�I���W�K�L�V���F�R�Q�V�X�O�W�D�W�L�R�Q���H�[�H�U�F�L�V�H�� 

1.2 �-�X�Q�F�W�L�R�Q���/�R�F�D�W�L�R�Q���D�Q�G���(�[�L�V�W�L�Q�J���&�R�Q�G�L�W�L�R�Q�V 
1.2.1 �0�����-�������L�V���O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���W�K�H���Y�L�O�O�D�J�H���R�I���)�D�O�I�L�H�O�G���Z�L�W�K�L�Q���D���V�H�P�L���U�X�U�D�O���S�D�U�W���R�I���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H����

�7�K�H�� �M�X�Q�F�W�L�R�Q�� �S�U�R�Y�L�G�H�V�� �D�� �K�L�J�K�Z�D�\�� �F�R�Q�Q�H�F�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �W�K�H�� �0���� �P�R�W�R�U�Z�D�\�� �D�Q�G�� �W�K�H���$������ �Y�L�D�� �W�K�H�� �%������������
�H�Q�D�E�O�L�Q�J���D�F�F�H�V�V���W�R���W�K�H���6�W�U�D�W�H�J�L�F���5�R�D�G���1�H�W�Z�R�U�N�����6�5�1�����I�R�U���D���Q�X�P�E�H�U���R�I���V�H�W�W�O�H�P�H�Q�W�V���D�F�U�R�V�V���W�K�H���D�U�H�D���L�Q��
�6�W�U�R�X�G�� �'�L�V�W�U�L�F�W�� �D�Q�G�� �6�R�X�W�K�� �*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���� �L�Q�F�O�X�G�L�Q�J�� �&�K�D�U�I�L�H�O�G���� �:�R�R�W�R�Q���X�Q�G�H�U���(�G�J�H���� �7�K�R�U�Q�E�X�U�\����
�6�K�D�U�S�Q�H�V�V���D�Q�G���%�H�U�N�H�O�H�\���� 

1.2.2 �7�K�H���O�R�F�D�W�L�R�Q���D�Q�G���F�R�Q�W�H�[�W���V�X�U�U�R�X�Q�G�L�Q�J���0�����-�������L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������������� 

�)�L�J�X�U�H�������������/�R�F�D�W�L�R�Q���R�I���0�����-�X�Q�F�W�L�R�Q������ 
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1.2.3 �7�K�H�� �H�[�L�V�W�L�Q�J�� �M�X�Q�F�W�L�R�Q�� �D�U�U�D�Q�J�H�P�H�Q�W�� �L�V�� �V�K�R�Z�Q�� �L�Q���)�L�J�X�U�H�����������7�K�H�� �M�X�Q�F�W�L�R�Q���R�S�H�U�D�W�H�V���X�Q�G�H�U�� �D�� �S�D�U�W���W�L�P�H��
�V�L�J�Q�D�O�L�V�H�G�� �D�U�U�D�Q�J�H�P�H�Q�W�����Z�L�W�K�� �W�K�H�� �W�U�D�I�I�L�F�� �V�L�J�Q�D�O�V�� �R�S�H�U�D�W�L�R�Q�D�O�� �L�Q�� �W�K�H�� �3�0�� �S�H�D�N�� �K�R�X�U�� �R�Q�O�\���� �'�X�U�L�Q�J�� �W�K�H���$�0��
�S�H�D�N���K�R�X�U���W�K�H���M�X�Q�F�W�L�R�Q���R�S�H�U�D�W�H�V���X�Q�G�H�U���S�U�L�R�U�L�W�\���F�R�Q�W�U�R�O�����Z�L�W�K���S�U�L�R�U�L�W�\���D�I�I�R�U�G�H�G���W�R���W�K�H���%�����������R�Y�H�U���W�K�H���0����
�R�Q�����D�Q�G���R�I�I���V�O�L�S���U�R�D�G�V������ 

�)�L�J�X�U�H�������������(�[�L�V�W�L�Q�J���$�U�U�D�Q�J�H�P�H�Q�W���R�I���0�����-�X�Q�F�W�L�R�Q������ 

 

1.2.4 �1�D�W�L�R�Q�D�O�� �+�L�J�K�Z�D�\�V�� ���1�+������ �D�V�� �W�K�H�� �K�L�J�K�Z�D�\�� �D�X�W�K�R�U�L�W�\�� �I�R�U�� �W�K�H�� �6�5�1���� �K�D�V�� �D�G�Y�L�V�H�G�� �W�K�D�W�� �W�K�H�� �H�[�L�V�W�L�Q�J��
�D�U�U�D�Q�J�H�P�H�Q�W���R�I���0�����-�������L�V���F�X�U�U�H�Q�W�O�\���D�W���F�D�S�D�F�L�W�\���D�Q�G���D�V���V�X�F�K���F�D�Q�Q�R�W���D�F�F�R�P�P�R�G�D�W�H���D�Q�\���D�G�G�L�W�L�R�Q�D�O���W�U�D�I�I�L�F��
�G�H�P�D�Q�G�����L�Q�F�O�X�G�L�Q�J���W�K�D�W���D�U�L�V�L�Q�J���I�U�R�P���W�K�H���/�3�5�����,�Q�W�H�U�L�P���L�P�S�U�R�Y�H�P�H�Q�W���V�F�K�H�P�H�V���I�R�U���W�K�H���M�X�Q�F�W�L�R�Q���D�U�H���E�H�L�Q�J��
�S�U�R�P�R�W�H�G���W�K�R�X�J�K���Y�D�U�L�R�X�V���S�O�D�Q�Q�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V���W�R���H�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���W�R���F�R�P�H���I�R�U�Z�D�U�G�����(�Q�K�D�Q�F�H�P�H�Q�W�V��
�W�R���W�K�H���Q�R�U�W�K���E�R�X�Q�G���R�I�I���V�O�L�S���D�U�H���E�H�L�Q�J���S�U�R�P�R�W�H�G���W�K�U�R�X�J�K���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���
�/�D�Q�G���:�H�V�W���R�I���3�D�U�N���)�D�U�P����
�7�K�R�U�Q�E�X�U�\�¶�����6�*�&���3�O�D�Q�Q�L�Q�J���$�S�S�O�L�F�D�W�L�R�Q���5�H�I�H�U�H�Q�F�H�����3�7�����������������2�����Z�K�L�F�K���Z�L�O�O���H�[�W�H�Q�G���W�K�H���W�Z�R���O�D�Q�H���H�[�W�H�Q�W��
�R�I���W�K�H���V�O�L�S���U�R�D�G�����$���I�X�U�W�K�H�U���L�Q�W�H�U�L�P���L�P�S�U�R�Y�H�P�H�Q�W���L�V���S�U�R�S�R�V�H�G���W�R���D�F�F�R�P�P�R�G�D�W�H�����������K�R�P�H�V���D�W���&�K�D�U�I�L�H�O�G���� 

1.3 �6�W�D�N�H�K�R�O�G�H�U���(�Q�J�D�J�H�P�H�Q�W 
1.3.1 �7�K�H���Z�R�U�N���X�Q�G�H�U�W�D�N�H�Q���L�Q���U�H�O�D�W�L�R�Q���W�R���0�����-�������K�D�V���E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q���L�Q���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���N�H�\���V�W�D�N�H�K�R�O�G�H�U�V��

�L�Q�F�O�X�G�L�Q�J�� �1�+���� �6�R�X�W�K�� �*�O�R�X�F�H�V�W�H�U�V�K�L�U�H�� �&�R�X�Q�F�L�O�� ���6�*�&������ �*�&�&���� �*�O�R�X�F�H�V�W�H�U�� �&�L�W�\�� �&�R�X�Q�F�L�O�� �D�Q�G�� �:�H�V�W�H�U�Q��
�*�D�W�H�Z�D�\�� �Z�K�L�F�K�� �D�U�H�� �F�R�O�O�H�F�W�L�Y�H�O�\�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �W�K�H�� �³�7�U�D�Q�V�S�R�U�W�� �:�R�U�N�L�Q�J�� �*�U�R�X�S�´�� ���7�:�*������ �6�'�&�� �K�D�V�� �P�H�W��
�U�H�J�X�O�D�U�O�\���Z�L�W�K���W�K�H���7�:�*���W�K�U�R�X�J�K�R�X�W���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���D�Q�G���V�X�E�P�L�V�V�L�R�Q���R�I���W�K�H���6�'�&���/�3�5���X�S���W�R���(�L�3���D�Q�G���K�D�V��
�F�R�Q�W�L�Q�X�H�G�� �W�R�� �F�R�Q�V�X�O�W�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H�� �G�H�V�L�J�Q���� �F�R�V�W�L�Q�J�� �D�Q�G�� �D�S�S�R�U�W�L�R�Q�P�H�Q�W�� �Z�R�U�N�� �Z�K�L�F�K�� �K�D�V�� �E�H�H�Q��
�X�Q�G�H�U�W�D�N�H�Q���E�\���6�'�&���G�X�U�L�Q�J���W�K�H���U�H�F�H�Q�W���S�D�X�V�H���W�R���W�K�H���(�L�3���� 

1.4 �1�H�H�G���I�R�U���W�K�H���6�F�K�H�P�H 
1.4.1 �7�K�H���Q�H�H�G���I�R�U�����D�Q�G���E�H�Q�H�I�L�W���R�I�����L�P�S�U�R�Y�L�Q�J���F�D�S�D�F�L�W�\���D�W���0�����-�������K�D�V���E�H�H�Q���P�D�G�H���F�O�H�D�U���W�K�U�R�X�J�K���D���Y�D�U�L�H�W�\���R�I��

�V�W�X�G�L�H�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���7�U�D�I�I�L�F���)�R�U�H�F�D�V�W�L�Q�J���5�H�S�R�U�W���D�Q�G���W�K�H���7�U�D�I�I�L�F���)�R�U�H�F�D�V�W�L�Q�J���5�H�S�R�U�W���$�G�G�H�Q�G�X�P���S�U�H�S�D�U�H�G��
�I�R�U���W�K�H���/�3�5�����D�Q�G���Y�D�U�L�R�X�V���P�L�F�U�R�V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���H�[�H�U�F�L�V�H�V���X�Q�G�H�U�W�D�N�H�Q���E�\���1�+�����7�K�H���V�W�X�G�L�H�V���V�K�R�Z���W�K�D�W��
�W�K�H���M�X�Q�F�W�L�R�Q���Z�L�O�O���H�[�F�H�H�G���F�D�S�D�F�L�W�\�����Z�L�W�K���D�V�V�R�F�L�D�W�H�G���G�H�O�D�\���D�Q�G���V�D�I�H�W�\���L�P�S�O�L�F�D�W�L�R�Q�V�����G�X�H���W�R���E�D�F�N�J�U�R�X�Q�G���W�U�D�I�I�L�F��
�J�U�R�Z�W�K���H�Y�H�Q���Z�L�W�K�R�X�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W���D�O�O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���6�'�&���/�3�5���� 
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1.4.2 �7�K�H���F�K�D�O�O�H�Q�J�H�V���S�U�H�V�H�Q�W�H�G���E�\���F�D�S�D�F�L�W�\���F�R�Q�V�W�U�D�L�Q�W�V���D�W���0�����-�������D�U�H���U�D�L�V�H�G���L�Q���W�K�H���*�&�&���/�R�F�D�O���7�U�D�Q�V�S�R�U�W���3�O�D�Q��
�������������������������� �6�S�H�F�L�I�L�F�D�O�O�\���� �W�K�H�� �&�R�Q�Q�H�F�W�L�Q�J�� �3�O�D�F�H�V�� �6�W�U�D�W�H�J�\�� �I�R�U�� �6�W�U�R�X�G�� �V�W�D�W�H�V�� �W�K�D�W�� �*�&�&�� �Z�L�O�O�� �Z�R�U�N���³�Z�L�W�K��
�6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H�����+�L�J�K�Z�D�\�V���(�Q�J�O�D�Q�G���D�Q�G���V�W�D�N�H�K�R�O�G�H�U�V���W�R���U�H�V�R�O�Y�H���0�����-�X�Q�F�W�L�R�Q���������F�D�S�D�F�L�W�\���L�V�V�X�H�V�´�� 

1.4.3 �$�V���G�L�V�F�X�V�V�H�G���O�D�W�H�U���L�Q���W�K�L�V���U�H�S�R�U�W�����D�Q�D�O�\�V�L�V���K�D�V���D�O�V�R���E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q���E�\���1�+���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���V�F�D�O�H���R�I��
�H�Q�K�D�Q�F�H�P�H�Q�W�V���U�H�T�X�L�U�H�G���W�R���H�Q�V�X�U�H���V�X�L�W�D�E�O�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���M�X�Q�F�W�L�R�Q���L�Q���I�X�W�X�U�H�����7�K�L�V���V�K�R�Z�V���W�K�D�W���W�K�H�U�H���D�U�H��
�O�L�P�L�W�H�G���D�O�W�H�U�Q�D�W�L�Y�H�V���W�R���G�H�O�L�Y�H�U�\���R�I���P�D�M�R�U���M�X�Q�F�W�L�R�Q���L�P�S�U�R�Y�H�P�H�Q�W���V�F�K�H�P�H�V���W�R���D�G�H�T�X�D�W�H�O�\���S�O�D�Q���I�R�U���J�U�R�Z�W�K����
�6�P�D�O�O�H�U�� �V�F�D�O�H�� �D�Q�G�� �L�Q�W�H�U�L�P�� �V�F�K�H�P�H�V�� �K�D�Y�H�� �E�H�H�Q�� �F�R�Q�V�L�G�H�U�H�G���� �E�X�W�� �D�U�H�� �Q�R�W�� �V�X�I�I�L�F�L�H�Q�W�� �W�R���I�X�O�O�\���P�H�H�W�� �W�K�H��
�V�W�U�D�W�H�J�L�F���Q�H�H�G�V���R�I���W�K�H���U�H�J�L�R�Q������  
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2. �+�L�J�K�Z�D�\���'�H�V�L�J�Q���	���0�R�G�H�O�O�L�Q�J 
2.1 �,�Q�W�U�R�G�X�F�W�L�R�Q 
2.1.1 �7�K�L�V�� �V�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �U�H�S�R�U�W�� �R�X�W�O�L�Q�H�V�� �W�K�H�� �S�U�H�O�L�P�L�Q�D�U�\�� �G�H�V�L�J�Q�� �R�I�� �W�K�H���S�U�H�I�H�U�U�H�G�� �R�S�W�L�R�Q�� �I�R�U���0���� �-������

�L�P�S�U�R�Y�H�P�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J���G�H�W�D�L�O�V���D�V���W�R���W�K�H���G�H�V�L�J�Q���R�S�W�L�R�Q�H�H�U�L�Q�J���S�U�R�F�H�V�V���D�Q�G���P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J��
�X�Q�G�H�U�W�D�N�H�Q���W�R���F�R�Q�I�L�U�P���W�K�D�W���W�K�H���S�U�H�I�H�U�U�H�G���V�F�K�H�P�H���Z�L�O�O���R�S�H�U�D�W�H���L�Q���D���V�D�I�H���D�Q�G���V�X�L�W�D�E�O�H���P�D�Q�Q�H�U���X�S���W�R���W�K�H��
�H�Q�G���R�I�� �W�K�H���/�3�5���S�H�U�L�R�G�������������������7�K�L�V���V�H�F�W�L�R�Q���D�O�V�R���S�U�R�Y�L�G�H�V���G�H�W�D�L�O�V���D�V���W�R���W�K�H���G�H�V�L�J�Q���D�Q�G���P�R�G�H�O�O�L�Q�J���R�I�� �D��
�S�R�W�H�Q�W�L�D�O���L�P�S�U�R�Y�H�P�H�Q�W���V�F�K�H�P�H���D�W���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q���Z�K�L�F�K���L�V���D�Q���L�P�S�R�U�W�D�Q�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�Q���W�H�U�P�V��
�R�I���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���Z�L�G�H�U���0�����M�X�Q�F�W�L�R�Q���K�L�J�K�Z�D�\���Q�H�W�Z�R�U�N���� 

2.2 �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���6�W�X�G�\ 
2.2.1 �7�K�H�� �K�L�J�K�Z�D�\�� �G�H�V�L�J�Q���D�Q�G�� �R�S�W�L�R�Q�H�H�U�L�Q�J�� �S�U�R�F�H�V�V���I�R�U�� �0�����-������ �K�D�V�� �E�H�H�Q�� �L�Q�I�R�U�P�H�G�� �E�\�� �D�� �G�H�V�N���E�D�V�H�G��

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

2.2.2 �7�K�H���V�W�X�G�\���F�R�Q�F�O�X�G�H�V���W�K�D�W���W�K�H�U�H���D�U�H���D���Q�X�P�E�H�U���R�I���P�R�U�H���G�H�W�D�L�O�H�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�V�V�H�V�V�P�H�Q�W�V���Z�K�L�F�K���V�K�R�X�O�G��
�E�H���X�Q�G�H�U�W�D�N�H�Q���G�X�U�L�Q�J���W�K�H���I�X�W�X�U�H���V�W�D�J�H�V���R�I���V�F�K�H�P�H���G�H�V�L�J�Q���D�Q�G���S�O�D�Q�Q�L�Q�J�����7�K�H���V�W�X�G�\���D�O�V�R���U�H�F�R�P�P�H�Q�G�V��
�F�R�Q�V�X�O�W�D�W�L�R�Q���Z�L�W�K���D���Q�X�P�E�H�U���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�X�W�K�R�U�L�W�L�H�V�����V�X�F�K���D�V���1�D�W�X�U�D�O���(�Q�J�O�D�Q�G���L�Q���I�X�W�X�U�H�����+�R�Z�H�Y�H�U����
�W�K�H���V�W�X�G�\���K�D�V���Q�R�W���U�H�Y�H�D�O�H�G���D�Q�\���P�D�W�H�U�L�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�V�W�U�D�L�Q�W�V���R�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���Z�K�L�F�K���Z�R�X�O�G���Q�H�H�G��
�V�S�H�F�L�D�O���F�R�Q�V�L�G�H�U�D�W�L�R�Q���G�X�U�L�Q�J���W�K�L�V���S�U�H�O�L�P�L�Q�D�U�\���G�H�V�L�J�Q���V�W�D�J�H���� 

2.3 �3�U�H�Y�L�R�X�V���6�W�X�G�\�� 
2.3.1 �$�Q���R�S�W�L�R�Q�H�H�U�L�Q�J���D�Q�G���P�L�F�U�R�V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���H�[�H�U�F�L�V�H���Z�D�V���X�Q�G�H�U�W�D�N�H�Q���R�Q���E�H�K�D�O�I���R�I���+�L�J�K�Z�D�\�V���(�Q�J�O�D�Q�G��

���Q�R�Z���1�D�W�L�R�Q�D�O���+�L�J�K�Z�D�\�V�����L�Q�������������L�Q���U�H�O�D�W�L�R�Q���W�R���G�H�W�H�U�P�L�Q�L�Q�J���W�K�H���V�F�D�O�H���R�I���S�R�W�H�Q�W�L�D�O���H�Q�K�D�Q�F�H�P�H�Q�W�V���Q�H�H�G�H�G��
�I�R�U���D���0�����-�������V�F�K�H�P�H�����7�K�L�V���K�D�V���E�H�H�Q���L�Q�F�O�X�G�H�G���D�W���$�S�S�H�Q�G�L�[���%���I�R�U���U�H�I�H�U�H�Q�F�H�����7�K�H���V�W�X�G�\���F�R�Q�V�L�G�H�U�H�G���W�K�U�H�H��
�R�S�W�L�R�Q�V���I�R�U���V�F�K�H�P�H���L�P�S�U�R�Y�H�P�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J���� 

�ƒ �2�S�W�L�R�Q�������±���D���µ�'�X�P�E�E�H�O�O�¶���U�R�X�Q�G�D�E�R�X�W���D�U�U�D�Q�J�H�P�H�Q�W�����Z�K�L�F�K���Z�R�X�O�G���H�Q�W�D�L�O���W�Z�R���U�R�X�Q�G�D�E�R�X�W�V���S�R�V�L�W�L�R�Q�H�G��
�H�L�W�K�H�U���V�L�G�H���R�I���W�K�H���P�R�W�R�U�Z�D�\���F�R�Q�Q�H�F�W�L�Q�J���W�K�H���V�O�L�S���U�R�D�G�V���D�Q�G���%�����������D�U�P�V���R�I���W�K�H���M�X�Q�F�W�L�R�Q�����D�Q�G���D���O�L�Q�N��
�U�R�D�G���E�H�W�Z�H�H�Q���W�K�H���U�R�X�Q�G�D�E�R�X�W�V���R�Y�H�U���W�K�H���0���� 

�ƒ �2�S�W�L�R�Q�������±���D�Q���H�Q�K�D�Q�F�H�P�H�Q�W���W�R���W�K�H���H�[�L�V�W�L�Q�J���M�X�Q�F�W�L�R�Q���D�U�U�D�Q�J�H�P�H�Q�W���E�\���H�[�S�D�Q�G�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I��
�O�D�Q�H�V���R�Q���W�K�H���%�������������L�Q�F�O�X�G�L�Q�J���R�Q���W�K�H���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�����W�R���X�Q�O�R�F�N���D�G�G�L�W�L�R�Q�D�O���F�D�S�D�F�L�W�\�����D�Q�G 

�ƒ �2�S�W�L�R�Q�������±���D���I�X�O�O���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���� 

2.3.2 �7�K�H���F�R�Q�F�O�X�V�L�R�Q�V���R�I���W�K�H���V�W�X�G�\���Z�D�V���D���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���W�R���S�U�R�J�U�H�V�V���Z�L�W�K���W�K�H���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W��
�V�F�K�H�P�H�����2�S�W�L�R�Q���������D�V���Q�H�L�W�K�H�U���2�S�W�L�R�Q�������Q�R�U���2�S�W�L�R�Q�������S�U�R�Y�L�G�H�G���W�K�H���U�H�T�X�L�U�H�G���O�H�Y�H�O���R�I���F�D�S�D�F�L�W�\�����$���V�N�H�W�F�K���R�I��
�W�K�L�V���R�S�W�L�R�Q�����D�V���F�R�Q�V�L�G�H�U�H�G���D�W���W�K�H���W�L�P�H���R�I���W�K�H���V�W�X�G�\�����L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������������ 

2.3.3 �7�K�H���N�H�\���G�H�V�L�J�Q���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���I�R�U���2�S�W�L�R�Q�������L�Q�F�O�X�G�H�G���D�Q���,�Q�V�F�U�L�E�H�G���&�L�U�F�O�H���'�L�D�P�H�W�H�U�����,�&�'�����R�I���D�S�S�U�R�[�L�P�D�W�H�O�\��
�������P�����D���W�K�U�H�H���O�D�Q�H���F�L�U�F�X�O�D�W�R�U�\���F�D�U�U�L�D�J�H�Z�D�\���D�Q�G���W�Z�R���O�D�Q�H���H�Q�W�U�L�H�V���R�Q���D�O�O���D�U�P�V���R�I���W�K�H���U�R�X�Q�G�D�E�R�X�W�����1�+���K�D�V��
�V�X�E�V�H�T�X�H�Q�W�O�\���W�H�V�W�H�G���W�K�L�V���D�U�U�D�Q�J�H�P�H�Q�W���X�V�L�Q�J���W�K�H���F�X�U�U�H�Q�W���P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q�����9�L�V�V�L�P�����P�R�G�H�O���I�R�U���W�K�H���M�X�Q�F�W�L�R�Q����
�X�V�L�Q�J�� ���������� �W�U�D�I�I�L�F�� �I�O�R�Z�V���� �D�Q�G�� �F�R�Q�F�O�X�G�H�G�� �W�K�D�W�� �L�W�� �Z�R�X�O�G�� �K�D�Y�H�� �F�D�S�D�F�L�W�\�� �W�R�� �D�F�F�R�P�P�R�G�D�W�H�� �I�X�W�X�U�H�� �J�U�R�Z�W�K����
�V�X�E�M�H�F�W���W�R���G�H�V�L�J�Q���G�H�Y�H�O�R�S�P�H�Q�W�� 

2.3.4 �7�K�H�������������J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���R�S�W�L�R�Q���K�D�V���E�H�H�Q���U�H�Y�L�H�Z�H�G���L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���I�X�U�W�K�H�U���G�H�V�L�J�Q��
�R�S�W�L�R�Q�V���D�V���S�D�U�W���R�I���W�K�L�V���F�X�U�U�H�Q�W���V�W�X�G�\���� 
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�)�L�J�X�U�H�������������*�U�D�G�H���6�H�S�D�U�D�W�H�G���5�R�X�Q�G�D�E�R�X�W���I�U�R�P�������������6�W�X�G�\�� 

 
Source: CH2M, 2017 

2.4 �'�H�V�L�J�Q���2�S�W�L�R�Q�H�H�U�L�Q�J�� 
2.4.1 �$�� �I�X�U�W�K�H�U�� �G�H�V�L�J�Q�� �R�S�W�L�R�Q�H�H�U�L�Q�J�� �S�U�R�F�H�V�V�� �K�D�V�� �E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q�� �W�R�� �F�R�Q�V�L�G�H�U�� �Y�D�U�L�R�X�V�� �G�H�V�L�J�Q�V�� �R�I�� �D�� �J�U�D�G�H��

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

2.4.2 �1�+���K�D�V���F�R�Q�I�L�U�P�H�G���W�K�D�W���L�W���L�Q�W�H�Q�G�V���W�R���U�H�I�X�U�E�L�V�K���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�������Z�L�W�K���I�X�Q�G�L�Q�J���E�H�L�Q�J���V�R�X�J�K�W��
�W�K�U�R�X�J�K���D���V�H�S�D�U�D�W�H���I�X�W�X�U�H���5�R�D�G���,�Q�Y�H�V�W�P�H�Q�W���6�F�K�H�P�H�����5�,�6�����S�U�R�M�H�F�W�����7�K�L�V���P�H�D�Q�V���W�K�D�W���G�H�V�L�J�Q�V���Z�K�L�F�K���U�H�W�D�L�Q��
�W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���R�I�I�H�U���D���V�L�J�Q�L�I�L�F�D�Q�W���E�H�Q�H�I�L�W�����7�K�L�V���K�D�V���E�H�H�Q���W�D�N�H�Q���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�Q���W�H�U�P�V���R�I���V�F�K�H�P�H��
�R�S�W�L�R�Q���G�H�V�L�J�Q���D�Q�G���V�H�O�H�F�W�L�R�Q���� 

�2�S�W�L�R�Q�������±���³�7�H�D�U�G�U�R�S�´���5�R�X�Q�G�D�E�R�X�W���� 

2.4.3 �$���V�N�H�W�F�K���R�I���D���S�R�W�H�Q�W�L�D�O���³�7�H�D�U�G�U�R�S�´���U�R�X�Q�G�D�E�R�X�W���D�U�U�D�Q�J�H�P�H�Q�W���I�R�U���-�������L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������������7�K�L�V���D�S�S�U�R�D�F�K��
�Z�R�X�O�G���S�U�R�Y�L�G�H���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���M�X�Q�F�W�L�R�Q�����Z�L�W�K���W�U�D�I�I�L�F���L�Q���W�Z�R���G�L�U�H�F�W�L�R�Q�V���R�Y�H�U���D���V�L�Q�J�O�H���E�U�L�G�J�H���S�R�V�L�W�L�R�Q�H�G���W�R��
�W�K�H���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H�����7�K�L�V���D�U�U�D�Q�J�H�P�H�Q�W���Z�R�X�O�G���R�S�H�U�D�W�H���V�L�P�L�O�D�U���W�R���D���V�W�D�Q�G�D�U�G���U�R�X�Q�G�D�E�R�X�W��
���L���H�������Z�L�W�K���W�K�H���F�D�U�U�L�D�J�H�Z�D�\�V���R�Y�H�U���W�K�H���E�U�L�G�J�H���E�H�L�Q�J���D���F�L�U�F�X�O�D�W�R�U�\�����Z�K�L�F�K���K�D�V���S�U�L�R�U�L�W�\���R�Y�H�U���W�U�D�I�I�L�F���M�R�L�Q�L�Q�J���I�U�R�P��
�W�K�H�� �0���� �V�O�L�S�� �U�R�D�G�V�� �D�Q�G�� �%�������������� �7�K�L�V�� �L�V�� �G�L�V�W�L�Q�F�W�� �I�U�R�P�� �W�K�H�� �³�'�X�P�E�E�H�O�O�´�� �U�R�X�Q�G�D�E�R�X�W�� �F�R�Q�V�L�G�H�U�H�G�� �E�\�� �1�+�� �L�Q��
������������ 

2.4.4 �7�K�L�V�� �G�H�V�L�J�Q�� �R�S�W�L�R�Q�� �K�D�V�� �E�H�H�Q�� �D�V�V�H�V�V�H�G�� �X�V�L�Q�J�� �-�X�Q�F�W�L�R�Q�V�� �������� �Z�K�L�F�K�� �L�V�� �D�Q�� �L�Q�G�X�V�W�U�\���V�W�D�Q�G�D�U�G�� �W�R�R�O�� �I�R�U��
�P�R�G�H�O�O�L�Q�J�� �W�K�H�� �F�D�S�D�F�L�W�\�� �R�I�� �S�U�L�R�U�L�W�\���F�R�Q�W�U�R�O�O�H�G�� �M�X�Q�F�W�L�R�Q�V�� �L�Q�F�O�X�G�L�Q�J�� �J�U�D�G�H���V�H�S�D�U�D�W�H�G�� �P�R�W�R�U�Z�D�\�� �M�X�Q�F�W�L�R�Q�V����
�7�K�L�V�� �F�R�Q�I�L�U�P�H�G�� �W�K�D�W�� �W�K�L�V�� �R�S�W�L�R�Q�� �K�D�G�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �W�R�� �G�H�O�L�Y�H�U�� �W�K�H�� �Q�H�F�H�V�V�D�U�\�� �F�D�S�D�F�L�W�\�� �W�R�� �D�F�F�R�P�P�R�G�D�W�H��
�J�U�R�Z�W�K���X�S���W�R�������������D�Q�G���W�K�D�W���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���/�3�5�����D�O�W�K�R�X�J�K���V�R�P�H���I�X�U�W�K�H�U���U�H�I�L�Q�H�P�H�Q�W���R�I���W�K�H���D�S�S�U�R�D�F�K��
�U�R�D�G�V���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G�����+�R�Z�H�Y�H�U�����P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���Z�R�X�O�G���E�H���Q�H�H�G�H�G���W�R���W�D�N�H���W�K�L�V���I�R�U�Z�D�U�G�V�� 
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�)�L�J�X�U�H�������������6�N�H�W�F�K���R�I���D���3�R�W�H�Q�W�L�D�O���³�7�H�D�U�G�U�R�S�´���5�R�X�Q�G�D�E�R�X�W���$�U�U�D�Q�J�H�P�H�Q�W�� 

 

2.4.5 �7�K�H���E�H�Q�H�I�L�W�V���R�I���W�K�L�V���R�S�W�L�R�Q���L�Q�F�O�X�G�H���D���U�H�G�X�F�H�G���O�D�Q�G���W�D�N�H���W�R���G�H�O�L�Y�H�U���W�K�H���M�X�Q�F�W�L�R�Q���D�Q�G���L�P�S�U�R�Y�H�G���V�D�I�H�W�\���R�Z�L�Q�J��
�W�R���O�R�Z�H�U���W�U�D�I�I�L�F���V�S�H�H�G�V���W�K�R�X�J�K���W�K�H���M�X�Q�F�W�L�R�Q�����7�K�H�U�H���D�U�H���D�O�V�R���E�H�Q�H�I�L�W�V���L�Q���W�H�U�P�V���R�I���W�K�H���F�R�Q�V�W�U�X�F�W�D�E�L�O�L�W�\���R�I���W�K�H��
�M�X�Q�F�W�L�R�Q�� �L�Q�� �W�H�U�P�V�� �R�I�� �W�K�H�� �U�R�D�G�� �F�O�R�V�X�U�H�V�� �D�Q�G�� �W�H�P�S�R�U�D�U�\�� �W�U�D�I�I�L�F�� �P�D�Q�D�J�H�P�H�Q�W�� �Z�R�U�N�V���� �+�R�Z�H�Y�H�U���� �I�R�O�O�R�Z�L�Q�J��
�G�L�V�F�X�V�V�L�R�Q�� �Z�L�W�K�� �W�K�H�� �7�:�*���� �L�W�� �Z�D�V�� �D�J�U�H�H�G�� �W�K�D�W�� �W�K�L�V�� �R�S�W�L�R�Q�� �V�K�R�X�O�G�� �Q�R�W�� �E�H�� �E�U�R�X�J�K�W�� �I�R�U�Z�D�U�G�� �I�R�U�� �I�X�U�W�K�H�U��
�F�R�Q�V�L�G�H�U�D�W�L�R�Q���J�L�Y�H�Q���W�K�D�W���L�W���L�V���D�Q���D�W�\�S�L�F�D�O���D�U�U�D�Q�J�H�P�H�Q�W�����D�Q�G���Z�R�X�O�G���V�W�L�O�O���O�L�N�H�O�\���L�Q�F�X�U���V�X�E�V�W�D�Q�W�L�D�O���F�R�V�W���Z�K�L�O�V�W��
�Q�R�W���S�U�R�Y�L�G�L�Q�J���W�K�H���Q�H�W�Z�R�U�N���F�D�S�D�F�L�W�\���D�Q�G���U�H�V�L�O�L�H�Q�F�H���W�K�D�W���Z�R�X�O�G���E�H���S�U�R�Y�L�G�H�G���E�\���D���W�\�S�L�F�D�O���J�U�D�G�H���V�H�S�D�U�D�W�H�G��
�U�R�X�Q�G�D�E�R�X�W������ 

�2�S�W�L�R�Q�������±���$�G�G�L�W�L�R�Q�D�O���%�U�L�G�J�H���W�R���W�K�H���1�R�U�W�K���(�D�V�W 

2.4.6 �7�K�H�U�H���L�V���D�Q���R�S�W�L�R�Q���W�R���F�U�H�D�W�H���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���E�\���F�R�Q�V�W�U�X�F�W�L�Q�J���D���Q�H�Z���E�U�L�G�J�H���R�Y�H�U���W�K�H���0����
�F�D�U�U�L�D�J�H�Z�D�\���W�R���W�K�H���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H�����Z�L�W�K���W�K�H���V�R�X�W�K�H�U�Q���V�O�L�S���U�R�D�G�V���D�Q�G���%�����������D�S�S�U�R�D�F�K�H�V��
�W�R���W�K�H���M�X�Q�F�W�L�R�Q���O�D�U�J�H�O�\���U�H�W�D�L�Q�H�G���D�V���S�H�U���W�K�H���H�[�L�V�W�L�Q�J���D�U�U�D�Q�J�H�P�H�Q�W���D�Q�G���W�K�H���Q�R�U�W�K�H�U�Q���V�O�L�S���U�R�D�G�V���U�H�S�R�V�L�W�L�R�Q�H�G��
�W�R���F�R�Q�Q�H�F�W���W�R���W�K�H���Q�H�Z���E�U�L�G�J�H�����$���V�N�H�W�F�K���R�I���D���S�R�W�H�Q�W�L�D�O���O�D�\�R�X�W���R�I���W�K�L�V���D�U�U�D�Q�J�H�P�H�Q�W���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������� 

2.4.7 �7�K�H�U�H���D�U�H���D���Q�X�P�E�H�U���R�I���E�H�Q�H�I�L�W�V���W�R���W�K�L�V���R�S�W�L�R�Q���F�R�P�S�D�U�H�G���W�R���W�K�H���D�O�W�H�U�Q�D�W�L�Y�H�V���Z�K�L�F�K���K�D�Y�H���E�H�H�Q���F�R�Q�V�L�G�H�U�H�G����
�7�K�H�� �G�H�V�L�J�Q�� �R�Q�O�\�� �U�H�T�X�L�U�H�V�� �W�K�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�I�� �D�� �V�L�Q�J�O�H�� �E�U�L�G�J�H�� �Z�K�L�F�K�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�P�S�U�R�Y�H�V�� �W�K�H��
�F�R�Q�V�W�U�X�F�W�D�E�L�O�L�W�\���R�I���W�K�H���V�F�K�H�P�H���D�Q�G���U�H�G�X�F�H�V���W�K�H���L�P�S�D�F�W���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q���R�Q���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���O�R�F�D�O���D�Q�G��
�V�W�U�D�W�H�J�L�F���K�L�J�K�Z�D�\���Q�H�W�Z�R�U�N�����+�R�Z�H�Y�H�U�����L�W���D�O�V�R���G�R�H�V���Q�R�W���S�U�H�F�O�X�G�H���W�K�H���R�S�W�L�R�Q���I�R�U���1�+���W�R���U�H�S�O�D�F�H���R�U���U�H�I�X�U�E�L�V�K��
�W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���L�I���U�H�T�X�L�U�H�G���� 

2.4.8 �:�K�L�O�V�W���W�K�H�U�H���D�U�H���V�R�P�H���G�U�D�Z�E�D�F�N�V���L�Q���W�H�U�P�V���R�I���W�K�H���W�K�L�U�G���S�D�U�W�\���O�D�Q�G���W�D�N�H���U�H�T�X�L�U�H�G���W�R���G�H�O�L�Y�H�U���W�K�L�V���V�F�K�H�P�H����
�W�K�L�V���L�V���Q�R�W���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���L�Q�V�X�U�P�R�X�Q�W�D�E�O�H�����D�Q�G���L�V���S�R�W�H�Q�W�L�D�O�O�\���U�H�G�X�F�H�G���F�R�P�S�D�U�H�G���W�R���V�R�P�H���R�I���W�K�H���R�W�K�H�U��
�R�S�W�L�R�Q�V���Z�K�L�F�K���K�D�Y�H���E�H�H�Q���F�R�Q�V�L�G�H�U�H�G�����H�V�S�H�F�L�D�O�O�\���Z�K�H�Q���D�F�F�R�X�Q�W�L�Q�J���I�R�U���H�O�H�P�H�Q�W�V���V�X�F�K���D�V���H�D�U�W�K���Z�R�U�N�V���D�Q�G��
�W�K�H���F�R�Q�V�W�U�X�F�W�D�E�L�O�L�W�\���R�I���W�K�H���V�F�K�H�P�H�����7�K�H���R�S�W�L�R�Q�H�H�U�L�Q�J���S�U�R�F�H�V�V���K�D�V���F�R�Q�I�L�U�P�H�G���W�K�D�W���W�K�H�U�H���L�V���Q�R���G�H�V�L�J�Q���I�R�U���D��
�J�U�D�G�H���V�H�S�D�U�D�W�H�G���M�X�Q�F�W�L�R�Q���Z�K�L�F�K���F�R�P�S�O�H�W�H�O�\���U�H�P�R�Y�H�V���W�K�H���U�H�T�X�L�U�H�P�H�Q�W���I�R�U���W�K�L�U�G���S�D�U�W�\���O�D�Q�G 
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�)�L�J�X�U�H�������������6�N�H�W�F�K���R�I���D���3�R�W�H�Q�W�L�D�O���³�$�G�G�L�W�L�R�Q�D�O���%�U�L�G�J�H���W�R���W�K�H���1�R�U�W�K���(�D�V�W�´���$�U�U�D�Q�J�H�P�H�Q�W�� 

 

�2�S�W�L�R�Q�������±���1�H�Z���%�U�L�G�J�H�V���W�R���1�R�U�W�K���(�D�V�W���D�Q�G���6�R�X�W�K���:�H�V�W 

2.4.9 �7�K�H�U�H���L�V���D�Q���R�S�W�L�R�Q���W�R���F�U�H�D�W�H���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���E�\���F�R�Q�V�W�U�X�F�W�L�Q�J���W�Z�R���Q�H�Z���E�U�L�G�J�H�V���S�R�V�L�W�L�R�Q�H�G��
�W�R���W�K�H���Q�R�U�W�K���H�D�V�W���D�Q�G���V�R�X�W�K���Z�H�V�W���R�I���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�����F�D�U�U�L�D�J�H�Z�D�\�����$���V�N�H�W�F�K���R�I���D���S�R�W�H�Q�W�L�D�O��
�O�D�\�R�X�W���R�I���W�K�L�V���D�U�U�D�Q�J�H�P�H�Q�W���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������� 

�)�L�J�X�U�H�������������6�N�H�W�F�K���R�I���D���3�R�W�H�Q�W�L�D�O���³�1�H�Z���%�U�L�G�J�H�V���W�R���W�K�H���1�R�U�W�K���(�D�V�W���D�Q�G���6�R�X�W�K���:�H�V�W�´���$�U�U�D�Q�J�H�P�H�Q�W�� 
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2.4.10 �8�Q�G�H�U���W�K�L�V���R�S�W�L�R�Q�����W�K�H�U�H���Z�R�X�O�G���Q�H�H�G���W�R���E�H���V�L�J�Q�L�I�L�F�D�Q�W���Z�R�U�N�V���W�R���W�L�H���W�K�H���V�O�L�S���U�R�D�G�V���L�Q�W�R���W�K�H���Q�H�Z���S�R�V�L�W�L�R�Q���R�I��
�W�K�H���M�X�Q�F�W�L�R�Q���F�R�P�S�D�U�H�G���W�R���W�K�H���H�[�L�V�W�L�Q�J���D�U�U�D�Q�J�H�P�H�Q�W�����,�W���Z�R�X�O�G���D�O�V�R���U�H�T�X�L�U�H���W�K�H���G�H�O�L�Y�H�U�\���R�I���W�Z�R���Q�H�Z���E�U�L�G�J�H�V����
�U�D�W�K�H�U���W�K�D�Q���O�H�D�Y�L�Q�J���W�K�H���R�S�W�L�R�Q���R�S�H�Q���W�R���U�H�W�D�L�Q���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H�����7�K�L�V���Z�R�X�O�G���U�H�T�X�L�U�H���V�L�J�Q�L�I�L�F�D�Q�W���W�L�P�H���D�Q�G��
�F�R�V�W���U�H�V�R�X�U�F�H�V���W�R���G�H�O�L�Y�H�U�����D�O�W�K�R�X�J�K���D���N�H�\���E�H�Q�H�I�L�W���R�I���W�K�H���V�F�K�H�P�H���L�V���W�K�D�W���W�K�H���%�����������D�O�L�J�Q�P�H�Q�W���L�V���O�D�U�J�H�O�\��
�U�H�W�D�L�Q�H�G���P�H�D�Q�L�Q�J���W�K�D�W���L�W���F�R�X�O�G���U�H�P�D�L�Q���R�S�H�Q���I�R�U���W�K�H���P�D�M�R�U�L�W�\���R�I�� �W�K�H���V�F�K�H�P�H���F�R�Q�V�W�U�X�F�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �R�Q��
�E�D�O�D�Q�F�H�� �W�K�H�U�H�� �Z�R�X�O�G�� �V�W�L�O�O�� �Q�H�H�G�� �W�R�� �E�H�� �V�L�J�Q�L�I�L�F�D�Q�W�� �W�U�D�I�I�L�F�� �P�D�Q�D�J�H�P�H�Q�W�� �W�R�� �H�Q�D�E�O�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�I���W�K�H�� �V�O�L�S��
�U�R�D�G�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���G�H�O�L�Y�H�U�\���R�I���W�Z�R���Q�H�Z���E�U�L�G�J�H�V���R�Y�H�U���W�K�H���0������
�7�K�L�U�G���S�D�U�W�\���O�D�Q�G���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G���E�R�W�K���I�R�U���S�D�U�W���R�I���W�K�H���Q�H�Z���J�\�U�D�W�R�U�\�����D�Q�G���I�R�U���W�K�H���H�D�U�W�K�Z�R�U�N�V���U�H�T�X�L�U�H�G���W�R��
�G�H�O�L�Y�H�U���W�K�H���V�F�K�H�P�H�� 

�2�S�W�L�R�Q�������±���³�6�N�H�Z�H�G�´���*�U�D�G�H���6�H�S�D�U�D�W�H�G���5�R�X�Q�G�D�E�R�X�W�� 

2.4.11 �7�K�H�U�H���L�V���D�Q���R�S�W�L�R�Q���W�R���F�U�H�D�W�H���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���L�Q���D���P�D�Q�Q�H�U���Z�K�L�F�K���D�O�L�J�Q�V���P�R�U�H���F�O�R�V�H�O�\���Z�L�W�K��
�1�+���O�D�Q�G���R�Z�Q�H�U�V�K�L�S�����$���V�N�H�W�F�K���R�I���D���S�R�W�H�Q�W�L�D�O���O�D�\�R�X�W���R�I���W�K�L�V���D�U�U�D�Q�J�H�P�H�Q�W���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������� 

�)�L�J�X�U�H�������������3�R�W�H�Q�W�L�D�O���³�6�N�H�Z�H�G�´���*�U�D�G�H���6�H�S�D�U�D�W�H�G���5�R�X�Q�G�D�E�R�X�W�� 

 

2.4.12 �7�K�H���E�H�Q�H�I�L�W�V���R�I���W�K�L�V���R�S�W�L�R�Q���D�U�H���W�K�D�W�����D�W���I�D�F�H���Y�D�O�X�H�����L�W���P�L�Q�L�P�L�V�H�V���W�K�H���D�P�R�X�Q�W���R�I���W�K�L�U�G���S�D�U�W�\���O�D�Q�G���Z�K�L�F�K���Z�L�O�O��
�Q�H�H�G���W�R���E�H���V�H�F�X�U�H�G���W�R���H�Q�D�E�O�H���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���V�F�K�H�P�H�����+�R�Z�H�Y�H�U�����L�Q�Y�H�V�W�L�J�D�W�L�R�Q���L�Q�W�R���W�K�H���V�F�K�H�P�H��
�F�R�Q�I�L�U�P�H�G���W�K�D�W���Z�K�L�O�V�W���D���V�L�P�S�O�H���F�D�U�U�L�D�J�H�Z�D�\���D�O�L�J�Q�P�H�Q�W���F�R�X�O�G���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K�L�Q���1�+���O�D�Q�G�����W�K�H���H�D�U�W�K�Z�R�U�N�V��
�U�H�T�X�L�U�H�G���W�R���F�R�Q�V�W�U�X�F�W���W�K�H���Q�H�F�H�V�V�D�U�\���W�K�L�V���V�F�K�H�P�H���Z�R�X�O�G���V�W�L�O�O���U�H�T�X�L�U�H���V�R�P�H���W�K�L�U�G���S�D�U�W�\���O�D�Q�G���W�R���G�H�O�L�Y�H�U���W�K�H��
�V�F�K�H�P�H�����6�L�J�Q�L�I�L�F�D�Q�W�� �Z�R�U�N�V�� �Z�R�X�O�G�� �E�H�� �U�H�T�X�L�U�H�G�� �W�R�� �W�K�H�� �V�O�L�S�� �U�R�D�G�V���� �D�Q�G�� �W�K�H�U�H�� �Z�R�X�O�G�� �E�H�� �D�� �Q�H�H�G�� �I�R�U�� �D�Q��
�D�G�G�L�W�L�R�Q�D�O���E�U�L�G�J�H�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H���E�U�L�G�J�H���O�H�Q�J�W�K�V���Z�R�X�O�G���E�H���O�R�Q�J�H�U���W�K�D�Q���W�K�H���R�W�K�H�U���R�S�W�L�R�Q�V�����Z�L�W�K���L�Q�F�U�H�D�V�H�G��
�F�R�V�W�V���� 

2.4.13 �7�K�H�U�H���Z�R�X�O�G���W�K�H�U�H�I�R�U�H���E�H���O�L�P�L�W�H�G���E�H�Q�H�I�L�W���F�R�P�S�D�U�H�G���W�R���V�R�P�H���R�I�� �W�K�H���R�W�K�H�U���R�S�W�L�R�Q�V���H�[�S�O�R�U�H�G���L�Q���W�H�U�P�V���R�I��
�O�D�Q�G�� �W�D�N�H�����:�L�W�K�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �I�R�U�� �W�K�H�� �L�Q�W�U�L�F�D�F�L�H�V�� �U�H�T�X�L�U�H�G�� �W�R�� �G�H�O�L�Y�H�U�� �D�� �V�N�H�Z�H�G�� �R�S�W�L�R�Q���� �I�R�U�� �H�[�D�P�S�O�H��
�D�F�K�L�H�Y�L�Q�J���W�K�H���Q�H�F�H�V�V�D�U�\���H�Q�W�U�\���S�D�W�K�V�����O�H�Y�H�O�V���D�Q�G���E�U�L�G�J�H���V�S�D�Q�V�����W�K�H���F�R�V�W���R�I���W�K�H���D�G�G�L�W�L�R�Q�D�O���E�U�L�G�J�H�����D�Q�G���W�K�H��
�I�D�F�W�� �W�K�D�W�� �W�K�H�U�H�� �Z�R�X�O�G�� �U�H�P�D�L�Q�� �D�� �U�H�T�X�L�U�H�P�H�Q�W�� �I�R�U�� �W�K�L�U�G�� �S�D�U�W�\�� �O�D�Q�G�����W�K�L�V�� �R�S�W�L�R�Q�� �K�D�V�� �Q�R�W�� �E�H�H�Q�� �F�R�Q�V�L�G�H�U�H�G��
�I�X�U�W�K�H�U���� 

2.5 �3�U�H�I�H�U�U�H�G���*�U�D�G�H���6�H�S�D�U�D�W�H�G���'�H�V�L�J�Q���2�S�W�L�R�Q 
2.5.1 �)�R�U���W�K�H���S�X�U�S�R�V�H�V���R�I���G�H�P�R�Q�V�W�U�D�W�L�Q�J���W�K�H���G�H�O�L�Y�H�U�D�E�L�O�L�W�\���R�I���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���M�X�Q�F�W�L�R�Q���0�����-��������

�2�S�W�L�R�Q�� ���� �K�D�V�� �E�H�H�Q�� �S�U�R�J�U�H�V�V�H�G�� �W�R�� �S�U�H�O�L�P�L�Q�D�U�\�� �G�H�V�L�J�Q�� �V�W�D�J�H���� �D�Q�G�� �V�X�E�M�H�F�W�� �W�R�� �G�H�W�D�L�O�H�G�� �P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q��
�P�R�G�H�O�O�L�Q�J���� 
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�3�U�H�O�L�P�L�Q�D�U�\���'�H�V�L�J�Q 

2.5.2 �7�K�H���S�U�H�O�L�P�L�Q�D�U�\���G�H�V�L�J�Q���R�I���W�K�H���S�U�H�I�H�U�U�H�G���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���L�V���L�O�O�X�V�W�U�D�W�H�G���D�W���)�L�J�X�U�H�������������*�H�Q�H�U�D�O��
�$�U�U�D�Q�J�H�P�H�Q�W���S�O�D�Q�V���K�D�Y�H���E�H�H�Q���S�U�R�Y�L�G�H�G���D�W���$�S�S�H�Q�G�L�[���&���� 

�)�L�J�X�U�H�������������3�U�H�O�L�P�L�Q�D�U�\���'�H�V�L�J�Q���R�I���W�K�H���3�U�H�I�H�U�U�H�G���*�U�D�G�H���6�H�S�D�U�D�W�H�G���5�R�X�Q�G�D�E�R�X�W�� 

 

2.5.3 �7�K�H�� �V�F�K�H�P�H�� �K�D�V�� �E�H�H�Q�� �S�U�H�S�D�U�H�G���L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �'�H�V�L�J�Q�� �0�D�Q�X�D�O�� �I�R�U�� �5�R�D�G�V�� �D�Q�G�� �%�U�L�G�J�H�V�� ���'�0�5�%����
�V�W�D�Q�G�D�U�G�V1���D�Q�G���E�D�V�H�G���R�Q���2�U�G�Q�D�Q�F�H���6�X�U�Y�H�\�����2�6�����D�Q�G���/�L�G�D�U�����/�L�J�K�W���'�H�W�H�F�W�L�R�Q���D�Q�G���5�D�Q�J�L�Q�J�����P�D�S�S�L�Q�J���G�D�W�D����
�.�H�\���G�H�V�L�J�Q���I�H�D�W�X�U�H�V���D�Q�G���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���D�U�H���D�V���I�R�O�O�R�Z�V���� 

�ƒ �$�Q���,�&�'���R�I���W�K�H���U�R�X�Q�G�D�E�R�X�W���W�R���D�S�S�U�R�[�L�P�D�W�H�O�\���������P�����7�K�L�V���L�V���V�P�D�O�O�H�U���F�R�P�S�D�U�H�G���W�R���W�K�H���������P��
�F�R�Q�V�L�G�H�U�H�G���L�Q���W�K�H�������������V�F�K�H�P�H�����D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������������Z�K�L�F�K���D�O�O�R�Z�V���I�R�U���D���P�R�U�H���F�R�P�S�D�F�W��
�M�X�Q�F�W�L�R�Q���D�U�U�D�Q�J�H�P�H�Q�W�����$�V���G�L�V�F�X�V�V�H�G���O�D�W�H�U���L�Q���W�K�L�V���U�H�S�R�U�W�����P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���K�D�V���F�R�Q�I�L�U�P�H�G��
�W�K�D�W���W�K�H���V�P�D�O�O�H�U���,�&�'���Z�L�O�O���Q�R�W���F�R�P�S�U�R�P�L�V�H���M�X�Q�F�W�L�R�Q���F�D�S�D�F�L�W�\���R�U���S�H�U�I�R�U�P�D�Q�F�H���� 

�ƒ �&�R�Q�V�W�U�X�F�W�L�R�Q���R�I���D���V�L�Q�J�O�H���V�S�D�Q���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�����W�R���W�K�H���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H�����,�W���L�V��
�X�Q�G�H�U�V�W�R�R�G���W�K�D�W���1�+���L�Q�W�H�Q�G�V���W�R���U�H�I�X�U�E�L�V�K���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���D�V���S�D�U�W���R�I���D���V�H�S�D�U�D�W�H���I�X�W�X�U�H���5�R�D�G��
�,�Q�Y�H�V�W�P�H�Q�W���6�F�K�H�P�H���S�U�R�M�H�F�W�����7�K�H���S�U�R�S�R�V�H�G���V�F�K�H�P�H���Q�H�L�W�K�H�U���S�U�H�F�O�X�G�H�V�����Q�R�U���U�H�O�L�H�V���X�S�R�Q�����1�+�¶�V��
�U�H�I�X�U�E�L�V�K�P�H�Q�W���S�U�R�M�H�F�W���� 

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

�ƒ �7�K�H���%�����������:�H�V�W���D�U�P���Z�L�O�O���E�H���G�X�D�O�O�H�G���L�Q���E�R�W�K���G�L�U�H�F�W�L�R�Q�V���W�R���S�U�R�Y�L�G�H���F�D�S�D�F�L�W�\���E�H�W�Z�H�H�Q���W�K�H���0�����D�Q�G��
�$���������7�K�L�V���Z�L�O�O���W�L�H���L�Q�W�R���D�Q���L�P�S�U�R�Y�H�P�H�Q�W���V�F�K�H�P�H���I�R�U���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q�����Z�K�L�F�K���L�V���G�L�V�F�X�V�V�H�G���L�Q��
�I�X�U�W�K�H�U���L�Q���6�H�F�W�L�R�Q������������ 

 
1 CD109 - Highway Link Design. CD116 �± Geometric design of roundabouts. CD122 �± Geometric design of grade separated 
junctions 
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�ƒ �7�K�H���V�R�X�W�K�H�U�Q���R�Q�����D�Q�G���R�I�I���V�O�L�S���U�R�D�G���F�R�Q�Q�H�F�W�L�R�Q�V���K�D�Y�H���E�H�H�Q���U�H�W�D�L�Q�H�G���D�V���S�H�U���W�K�H�L�U���H�[�L�V�W�L�Q�J���S�U�R�Y�L�V�L�R�Q����
�K�R�Z�H�Y�H�U���U�H�D�O�L�J�Q�P�H�Q�W���Z�L�O�O���E�H���U�H�T�X�L�U�H�G���W�R���D�F�K�L�H�Y�H���W�K�H���Q�H�F�H�V�V�D�U�\���H�Q�W�U�\���D�Q�G���H�[�L�W���S�D�W�K���F�X�U�Y�D�W�X�U�H�V������ 

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

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

�ƒ �7�K�H���P�H�U�J�H���D�Q�G���G�L�Y�H�U�J�H���D�U�U�D�Q�J�H�P�H�Q�W�V���I�R�U���W�K�H���R�Q�����D�Q�G���R�I�I���V�O�L�S���U�R�D�G�V���K�D�Y�H���E�H�H�Q���F�R�Q�I�L�U�P�H�G���E�D�V�H�G��
�R�Q���W�K�H���I�R�U�H�F�D�V�W���W�U�D�I�I�L�F���I�O�R�Z�V���D�W���-�������X�S���W�R���W�K�H���H�Q�G���R�I���W�K�H���/�3�5������������������ 

�&�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���7�U�D�I�I�L�F���0�D�Q�D�J�H�P�H�Q�W�� 

2.5.4 �7�K�H�� �G�H�V�L�J�Q�� �R�I�� �W�K�H�� �J�U�D�G�H���V�H�S�D�U�D�W�H�G�� �M�X�Q�F�W�L�R�Q�� �K�D�V�� �W�D�N�H�Q�� �F�R�Q�V�W�U�X�F�W�D�E�L�O�L�W�\�� �D�Q�G�� �W�U�D�I�I�L�F�� �P�D�Q�D�J�H�P�H�Q�W��
�L�P�S�O�L�F�D�W�L�R�Q�V���L�Q�W�R���D�F�F�R�X�Q�W�����7�K�L�V���L�V���D���F�U�X�F�L�D�O���S�D�U�W���R�I���W�K�H���G�H�V�L�J�Q���R�I���D�Q�\���Z�R�U�N�V���W�R���W�K�H���6�5�1���Z�K�H�U�H���W�K�H���Q�H�H�G��
�I�R�U���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���R�U���U�R�D�G���F�O�R�V�X�U�H�V���F�D�Q���K�D�Y�H���D���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W���L�Q���W�H�U�P�V���R�I���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H��
�6�5�1�����D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H���F�R�V�W�V���R�I���L�P�S�O�H�P�H�Q�W�L�Q�J���M�X�Q�F�W�L�R�Q���L�P�S�U�R�Y�H�P�H�Q�W�V������ 

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

�ƒ �3�K�D�V�H�������±���2�I�I���O�L�Q�H���F�R�Q�V�W�U�X�F�W�L�R�Q�����&�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���H�D�U�W�K�Z�R�U�N�V���D�Q�G���F�D�U�U�L�D�J�H�Z�D�\���V�H�F�W�L�R�Q�V���Z�K�L�F�K��
�D�U�H���Q�R�W���R�Q���W�K�H���H�[�L�V�W�L�Q�J���U�R�D�G���D�O�L�J�Q�P�H�Q�W�����L�Q�F�O�X�G�L�Q�J���W�K�H���%�����������:�H�V�W���D�S�S�U�R�D�F�K�����%�����������(�D�V�W��
�D�S�S�U�R�D�F�K���D�Q�G���W�K�H���Q�R�U�W�K�E�R�X�Q�G���R�I�I���V�O�L�S���U�R�D�G�����$�O�O���W�U�D�I�I�L�F���P�R�Y�H�P�H�Q�W�V���D�W���W�K�H���M�X�Q�F�W�L�R�Q���U�H�P�D�L�Q���R�S�H�Q��
�G�X�U�L�Q�J���W�K�L�V���S�K�D�V�H���� 

�ƒ �3�K�D�V�H�������±���1�R�U�W�K�E�R�X�Q�G���V�O�L�S���U�R�D�G���F�O�R�V�X�U�H�V�����&�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���R�Q���O�L�Q�H���H�O�H�P�H�Q�W�V���R�I���W�K�H���Q�R�U�W�K�E�R�X�Q�G��
�V�O�L�S���U�R�D�G�V�����P�H�U�J�H���D�Q�G���G�L�Y�H�U�J�H�������7�K�L�V���Z�L�O�O���U�H�T�X�L�U�H���F�O�R�V�X�U�H���R�I���W�K�H�V�H���V�O�L�S���U�R�D�G�V���D�V���Z�H�O�O���D�V���/�D�Q�H�������R�Q��
�W�K�H���0�����Q�R�U�W�K�E�R�X�Q�G���W�R���H�Q�D�E�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���S�D�U�D�O�O�H�O���P�H�U�J�H���W�D�S�H�U�����7�K�H���V�R�X�W�K�E�R�X�Q�G���V�O�L�S���U�R�D�G�V��
�Z�R�X�O�G���U�H�P�D�L�Q���R�S�H�Q���� 

�ƒ �3�K�D�V�H�������±���%�����������:�H�V�W���W�L�H���L�Q�����&�O�R�V�X�U�H���R�I���W�K�H���%�����������:�H�V�W���W�R���F�R�Q�V�W�U�X�F�W���W�K�H���U�H�P�D�L�Q�L�Q�J���H�O�H�P�H�Q�W�V���R�I��
�W�K�L�V���D�S�S�U�R�D�F�K���W�R���W�K�H���M�X�Q�F�W�L�R�Q���� 

�ƒ �3�K�D�V�H�������±���6�R�X�W�K�E�R�X�Q�G���G�L�Y�H�U�J�H���V�O�L�S���U�R�D�G���F�O�R�V�X�U�H�����&�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���V�R�X�W�K�E�R�X�Q�G���R�I�I���V�O�L�S�����Z�K�L�F�K��
�Z�L�O�O���U�H�T�X�L�U�H���F�O�R�V�X�U�H���R�I���W�K�H���V�O�L�S���U�R�D�G�����D�V���Z�H�O�O���D�V���/�D�Q�H�������R�I���W�K�H���0�����V�R�X�W�K�E�R�X�Q�G�����7�K�L�V���Z�R�X�O�G���D�O�V�R��
�L�Q�Y�R�O�Y�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���S�D�U�D�O�O�H�O���P�H�U�J�H���V�W�U�L�S���I�R�U���W�K�H���V�R�X�W�K�E�R�X�Q�G���R�Q���V�O�L�S�����7�K�H���:�H�V�W�H�U�Q���6�L�G�H���R�I��
�W�K�H���M�X�Q�F�W�L�R�Q���Z�R�X�O�G���E�H���R�S�H�Q���W�R���W�U�D�I�I�L�F���� 

�ƒ �3�K�D�V�H�������±���&�O�R�V�X�U�H���R�I���W�K�H���V�R�X�W�K�E�R�X�Q�G���P�H�U�J�H���V�O�L�S���U�R�D�G���W�R���H�Q�D�E�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���W�L�H���L�Q�W�R���W�K�H��
�M�X�Q�F�W�L�R�Q�����7�K�L�V���Z�R�X�O�G���D�O�V�R���U�H�T�X�L�U�H���F�O�R�V�X�U�H���R�I���W�K�H���/�D�Q�H�������R�I���W�K�H���0�����V�R�X�W�K�E�R�X�Q�G�� 

�ƒ �3�K�D�V�H�������±���%�����������(�D�V�W�H�U�Q���W�L�H���L�Q�����&�O�R�V�X�U�H���R�I���W�K�H���%�����������(�D�V�W���W�R���F�R�Q�V�W�U�X�F�W���W�K�H���U�H�P�D�L�Q�L�Q�J���H�O�H�P�H�Q�W�V��
�R�I���W�K�L�V���D�S�S�U�R�D�F�K���W�R���W�K�H���M�X�Q�F�W�L�R�Q������ 

2.5.6 �,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���D�E�R�Y�H�����W�K�H�U�H���Z�R�X�O�G���Q�H�H�G���W�R���E�H���F�O�R�V�X�U�H���R�I���W�K�H���M�X�Q�F�W�L�R�Q���D�Q�G���0�����P�D�L�Q�O�L�Q�H���F�D�U�U�L�D�J�H�Z�D�\���W�R��
�L�Q�V�W�D�O�O���W�K�H���Q�H�Z���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�������7�K�L�V���F�R�X�O�G���E�H���W�L�P�H�G���V�R���D�V���W�R���P�L�Q�L�P�L�V�H���G�L�V�W�U�L�E�X�W�L�R�Q�����H���J�����R�Y�H�U�Q�L�J�K�W����
�Z�H�H�N�H�Q�G�� �F�O�R�V�X�U�H�V���� �D�Q�G�� �Z�R�X�O�G�� �O�D�V�W�� �I�R�U�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �S�H�U�L�R�G�� �R�I�� �W�L�P�H�����,�W�� �L�V�� �U�H�F�R�J�Q�L�V�H�G�� �W�K�D�W�� �S�D�U�W�L�D�O�� �R�U�� �I�X�O�O��
�F�O�R�V�X�U�H�V���R�I���W�K�H���M�X�Q�F�W�L�R�Q���G�X�U�L�Q�J���F�R�Q�V�W�U�X�F�W�L�R�Q���Z�L�O�O���U�H�T�X�L�U�H���V�L�J�Q�L�I�L�F�D�Q�W���G�L�Y�H�U�V�L�R�Q�V�����8�V�L�Q�J���W�K�H���$�������W�K�L�V���Z�R�X�O�G��
�H�Q�W�D�L�O���X�V�H���R�I���W�K�H���0�����-�X�Q�F�W�L�R�Q���������D�W���6�W�U�R�X�G���W�R���W�K�H���Q�R�U�W�K���D�Q�G���0�����-�X�Q�F�W�L�R�Q���������D�W���%�U�L�V�W�R�O���W�R���W�K�H���V�R�X�W�K�����7�K�H��
�S�U�H�F�L�V�H���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���U�H�T�X�L�U�H�P�H�Q�W�V���Z�L�O�O���E�H���D�J�U�H�H�G���Z�L�W�K���1�+���D�Q�G���R�W�K�H�U���U�H�O�H�Y�D�Q�W���S�D�U�W�L�H�V���D�V�������Z�K�H�Q��
�W�K�H���V�F�K�H�P�H���F�R�P�H�V���I�R�U�Z�D�U�G���D�Q�G���Z�L�O�O���V�H�H�N���W�R���P�L�Q�L�P�L�V�H���G�L�V�U�X�S�W�L�R�Q���Z�K�H�U�H�Y�H�U���S�R�V�V�L�E�O�H�����7�K�H���F�R�V�W���S�O�D�Q���I�R�U���W�K�H��
�S�U�R�S�R�V�H�G���L�P�S�U�R�Y�H�P�H�Q�W�V���L�Q�F�O�X�G�H���D���V�L�J�Q�L�I�L�F�D�Q�W���D�O�O�R�Z�D�Q�F�H���I�R�U���W�U�D�I�I�L�F���P�D�Q�D�J�H�P�H�Q�W���D�F�F�R�U�G�L�Q�J�O�\���� 

2.6 �$�����������%�����������-�X�Q�F�W�L�R�Q�� 
2.6.1 �7�K�H���P�D�L�Q���F�R�Q�V�L�G�H�U�D�W�L�R�Q���Z�L�W�K���U�H�V�S�H�F�W���W�R���G�H�P�R�Q�V�W�U�D�W�L�Q�J���W�K�H���V�R�X�Q�G�Q�H�V�V���R�I���W�K�H���6�'�&���/�3�5���L�V���F�R�Q�V�L�G�H�U�H�G���W�R��

�E�H���W�K�H�� �O�L�N�H�O�L�K�R�R�G�� �R�I�� �G�H�O�L�Y�H�U�L�Q�J�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �W�R�� �0���� �-�������� �+�R�Z�H�Y�H�U���� �D�Q�� �L�P�S�R�U�W�D�Q�W�� �D�V�S�H�F�W�� �W�R�� �W�K�H�� �I�X�W�X�U�H��
�R�S�H�U�D�W�L�R�Q���R�I���W�K�H���0�����-�������Q�H�W�Z�R�U�N���L�V���W�K�H���F�D�S�D�F�L�W�\���R�I���W�K�H���D�G�M�D�F�H�Q�W���$�����������%�����������M�X�Q�F�W�L�R�Q�����L�Q�F�O�X�G�L�Q�J���W�K�H���H�[�W�H�Q�W��
�D�Q�G���Q�D�W�X�U�H���R�I���D�Q�\���L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���W�K�H���M�X�Q�F�W�L�R�Q�V�����I�R�U���H�[�D�P�S�O�H���W�K�H���H�I�I�H�F�W�V���R�I���D�Q�\���T�X�H�X�H�V���U�H�D�F�K�L�Q�J��
�E�D�F�N���I�U�R�P���H�L�W�K�H�U���M�X�Q�F�W�L�R�Q���W�R���W�K�H���R�W�K�H�U�����D�Q�G���W�K�H���H�I�I�H�F�W���R�I���D�Q�\���F�D�S�D�F�L�W�\���F�R�Q�V�W�U�D�L�Q�W���D�W���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q��
�F�R�Q�V�W�U�D�L�Q�L�Q�J���W�K�H���I�O�R�Z���R�I���W�U�D�I�I�L�F���U�H�D�F�K�L�Q�J���W�K�H���0�����M�X�Q�F�W�L�R�Q���D�Q�G���Y�L�F�H���Y�H�U�V�D�� 
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2.6.2 �0�L�F�U�R���V�L�P�X�O�D�W�L�R�Q�� �P�R�G�H�O�O�L�Q�J�� �X�Q�G�H�U�W�D�N�H�Q�� �E�\�� �1�+���V�X�J�J�H�V�W�V���W�K�D�W�� �H�Q�K�D�Q�F�H�P�H�Q�W�� �Z�L�O�O�� �E�H�� �U�H�T�X�L�U�H�G�� �W�R�� �W�K�H��
�F�D�S�D�F�L�W�\���R�I���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q���W�R���D�F�F�R�P�P�R�G�D�W�H���I�X�W�X�U�H���J�U�R�Z�W�K�����(�D�U�O�\���W�H�V�W�L�Q�J���R�I���W�K�H���S�U�H�I�H�U�U�H�G���J�U�D�G�H��
�V�H�S�D�U�D�W�H�G���M�X�Q�F�W�L�R�Q���G�H�V�L�J�Q���K�D�V���D�O�V�R���F�R�Q�I�L�U�P�H�G���W�K�D�W���H�Q�K�D�Q�F�H�P�H�Q�W���W�R���W�K�L�V���M�X�Q�F�W�L�R�Q���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G���� 

2.6.3 �,�P�S�U�R�Y�H�P�H�Q�W���D�W���W�K�L�V���M�X�Q�F�W�L�R�Q���K�D�V���E�H�H�Q���L�G�H�Q�W�L�I�L�H�G���Z�L�W�K�L�Q���W�K�H���,�Q�I�U�D�V�W�U�X�F�W�X�U�H���'�H�O�L�Y�H�U�\���3�O�D�Q���I�R�U���W�K�H���/�3�5�����D�Q�G��
�L�V���D���N�Q�R�Z�Q���U�H�T�X�L�U�H�P�H�Q�W���R�I���G�H�O�L�Y�H�U�L�Q�J���W�K�H���3�O�D�Q�����7�K�L�V���U�H�T�X�L�U�H�P�H�Q�W���F�D�Q���E�H���G�H�I�L�Q�H�G���D�Q�G���D�G�G�U�H�V�V�H�G���W�K�U�R�X�J�K��
�I�X�W�X�U�H�� �S�O�D�Q�Q�L�Q�J�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �D�Q�G�� �L�V�� �Q�R�W�� �D�� �V�S�H�F�L�I�L�F�� �U�H�T�X�L�U�H�P�H�Q�W�� �R�I�� �S�U�R�J�U�H�V�V�L�Q�J�� �W�K�H�� �0���� �-������ �S�U�R�M�H�F�W����
�+�R�Z�H�Y�H�U�����G�X�H���W�R���W�K�H���S�R�W�H�Q�W�L�D�O���L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���W�K�H���M�X�Q�F�W�L�R�Q�V�����H�D�U�O�\���Z�R�U�N���R�Q���W�K�H���V�F�K�H�P�H���K�D�V���E�H�H�Q��
�S�U�R�J�U�H�V�V�H�G���� 

2.6.4 �$���F�R�Q�F�H�S�W���G�H�V�L�J�Q���R�I���D���S�R�W�H�Q�W�L�D�O���L�P�S�U�R�Y�H�P�H�Q�W���W�R���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q���K�D�V���W�K�H�U�H�I�R�U�H���E�H�H�Q���S�U�H�S�D�U�H�G��
�W�R���S�U�R�Y�L�G�H���D���K�R�O�L�V�W�L�F���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���0�����-�������Q�H�W�Z�R�U�N���Z�L�W�K�L�Q���W�K�H���P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J�����7�K�H���R�S�W�L�R�Q��
�K�D�V���E�H�H�Q���G�H�Y�H�O�R�S�H�G���W�R���V�K�R�Z���W�K�D�W���W�K�H�U�H���L�V���D�Q���L�P�S�U�R�Y�H�P�H�Q�W���D�Y�D�L�O�D�E�O�H���I�R�U���W�K�H���M�X�Q�F�W�L�R�Q�����D�O�W�K�R�X�J�K���W�K�L�V���Z�R�X�O�G��
�E�H���V�X�E�M�H�F�W���W�R���D�G�G�L�W�L�R�Q�D�O���G�H�V�L�J�Q���R�S�W�L�R�Q�H�H�U�L�Q�J���D�Q�G���F�R�Q�V�X�O�W�D�W�L�R�Q���S�U�L�R�U���W�R���E�H�L�Q�J���I�L�Q�D�O�L�V�H�G���D�Q�G���G�H�O�L�Y�H�U�H�G���� 

2.6.5 �7�K�H���F�R�Q�F�H�S�W���G�H�V�L�J�Q���I�R�U���W�K�L�V���V�F�K�H�P�H���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����������D�Q�G���L�Q�F�O�X�G�H�G���D�W���$�S�S�H�Q�G�L�[���( �� 

�)�L�J�X�U�H�������������&�R�Q�F�H�S�W���'�H�V�L�J�Q���I�R�U���W�K�H���$���������%�����������-�X�Q�F�W�L�R�Q�� 

 

2.6.6 �7�K�H���N�H�\���G�H�V�L�J�Q���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���D�U�H���D�V���I�R�O�O�R�Z�V���� 

�ƒ �,�Q�W�U�R�G�X�F�W�L�R�Q���R�I���G�X�D�O�O�L�Q�J���R�Q���W�K�H���%�����������D�S�S�U�R�D�F�K���D�Q�G���H�[�L�W���I�U�R�P���W�K�H���M�X�Q�F�W�L�R�Q�����7�K�L�V���W�L�H�V���L�Q�W�R���W�K�H��
�G�H�V�L�J�Q���I�R�U���-�������� 

�ƒ �,�Q�W�U�R�G�X�F�W�L�R�Q���R�I���D�Q���D�G�G�L�W�L�R�Q�D�O���R�I�I���V�L�G�H���I�O�D�U�H���R�Q���W�K�H���%�����������R�Q���D�S�S�U�R�D�F�K���W�R���W�K�H���M�X�Q�F�W�L�R�Q���W�R���H�Q�D�E�O�H���W�Z�R��
�O�D�Q�H�V���I�R�U���W�K�H���U�L�J�K�W���W�X�U�Q���P�R�Y�H�P�H�Q�W���W�R���W�K�H���$�������Q�R�U�W�K�E�R�X�Q�G�����7�K�L�V���Q�H�F�H�V�V�L�W�D�W�H�V���W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���D��
�I�O�D�U�H���R�Q���W�K�H���H�[�L�W���I�R�U���W�K�H���$�������Q�R�U�W�K�E�R�X�Q�G���� 

�ƒ �(�[�W�H�Q�V�L�R�Q���R�I���W�K�H���I�O�D�U�H���O�D�Q�H���R�Q���W�K�H���$�������V�R�X�W�K�E�R�X�Q�G���W�R���������P�����7�K�L�V���Z�R�X�O�G���R�S�H�U�D�W�H���D�V���D���V�H�S�D�U�D�W�H��
�J�U�H�H�Q���S�K�D�V�H���� 

�ƒ �,�Q�W�U�R�G�X�F�W�L�R�Q���R�I���D�Q���,�Q�G�L�F�D�W�L�Y�H���5�L�J�K�W���7�X�U�Q���$�U�U�R�Z���I�R�U���W�K�H���$�������Q�R�U�W�K�E�R�X�Q�G���W�R���%�����������P�R�Y�H�P�H�Q�W�����7�K�L�V��
�D�U�U�D�Q�J�H�P�H�Q�W���H�Q�D�E�O�H�V���U�L�J�K�W���W�X�U�Q�L�Q�J���W�U�D�I�I�L�F���W�R���µ�J�D�S���D�F�F�H�S�W�¶���W�K�H���R�S�S�R�V�L�Q�J���D�K�H�D�G���D�Q�G���O�H�I�W���W�X�U�Q���I�O�R�Z�V��
�I�U�R�P���W�K�H���$�������V�R�X�W�K�E�R�X�Q�G�����E�H�I�R�U�H���J�H�W�W�L�Q�J���D���G�H�G�L�F�D�W�H�G���X�Q�R�S�S�R�V�H�G���P�R�Y�H�P�H�Q�W���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J��
�V�W�D�J�H�����7�K�L�V���L�Q�F�U�H�D�V�H�V���W�K�H���µ�J�U�H�H�Q���W�L�P�H�¶���D�Y�D�L�O�D�E�O�H���I�R�U���W�K�L�V���P�R�Y�H�P�H�Q�W�����Z�K�L�F�K���L�Q���W�X�U�Q���I�U�H�H�V���X�S��
�D�G�G�L�W�L�R�Q�D�O���J�U�H�H�Q���W�L�P�H���D�Q�G���F�D�S�D�F�L�W�\���I�R�U���W�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�H���M�X�Q�F�W�L�R�Q���� 

�ƒ �8�S�J�U�D�G�H���R�I���W�K�H���H�[�L�V�W�L�Q�J���X�Q�F�R�Q�W�U�R�O�O�H�G���S�H�G�H�V�W�U�L�D�Q���F�U�R�V�V�L�Q�J���R�Y�H�U���W�K�H���%�����������W�R���D���W�Z�R���V�W�D�J�H��
�V�L�J�Q�D�O�L�V�H�G���F�U�R�V�V�L�Q�J�����:�K�L�O�V�W���W�K�H���O�H�Y�H�O���R�I���S�H�G�H�V�W�U�L�D�Q���G�H�P�D�Q�G���I�R�U���W�K�L�V���P�R�Y�H�P�H�Q�W���L�V���O�L�N�H�O�\���W�R���E�H���O�R�Z����
�W�K�L�V���X�S�J�U�D�G�H���K�D�V���E�H�H�Q���L�Q�F�O�X�G�H�G���G�X�H���W�R���K�L�J�K���L�Q�F�U�H�D�V�H�V���L�Q���W�U�D�I�I�L�F���I�O�R�Z�V���� 
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2.6.7 �7�K�H���G�H�V�L�J�Q���K�D�V���E�H�H�Q���V�X�E�M�H�F�W���W�R���6�Z�H�S�W���3�D�W�K���$�Q�D�O�\�V�L�V�����³�7�U�D�F�N�L�Q�J�´�����Z�K�L�F�K���F�R�Q�I�L�U�P�V���W�K�D�W���D���P�D�[�L�P�X�P���O�H�Q�J�W�K��
�D�U�W�L�F�X�O�D�W�H�G���Y�H�K�L�F�O�H�� �L�V�� �D�E�O�H�� �W�R���V�X�L�W�D�E�O�\�� �Q�D�Y�L�J�D�W�H�� �W�K�H�� �S�U�R�S�R�V�H�G�� �O�D�\�R�X�W�����7�K�L�V�� �L�V�� �W�R�� �E�H�� �H�[�S�H�F�W�H�G�� �J�L�Y�H�Q�� �W�K�D�W��
�W�K�H�U�H���D�U�H���U�H�O�D�W�L�Y�H�O�\���P�L�Q�R�U���F�K�D�Q�J�H�V���S�U�R�S�R�V�H�G���W�R���W�K�H���M�X�Q�F�W�L�R�Q���O�D�\�R�X�W�����K�R�Z�H�Y�H�U���L�W���L�V���X�Q�G�H�U�V�W�R�R�G���W�K�D�W���W�K�L�V���L�V��
�D���N�H�\���U�H�T�X�L�U�H�P�H�Q�W���R�I���1�+���R�Q���W�K�H���E�D�V�L�V���W�K�D�W���W�K�H���$�������F�R�X�O�G���E�H���X�V�H�G���D�V���D���G�L�Y�H�U�V�L�R�Q���U�R�X�W�H���L�Q���W�K�H���H�Y�H�Q�W���R�I���D�Q��
�0�����P�D�L�Q�O�L�Q�H���F�O�R�V�X�U�H���� 

2.7 �0�L�F�U�R���6�L�P�X�O�D�W�L�R�Q���0�R�G�H�O�O�L�Q�J 
2.7.1 �7�K�H���M�X�Q�F�W�L�R�Q���L�P�S�U�R�Y�H�P�H�Q�W�V���D�W���0�����-�������D�Q�G���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q���K�D�Y�H���E�H�H�Q���D�V�V�H�V�V�H�G���X�V�L�Q�J���P�L�F�U�R��

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

2.7.2 �7�K�H�� �W�U�D�I�I�L�F�� �I�O�R�Z�V�� �X�V�H�G�� �L�Q�� �W�K�H�� �9�L�V�V�L�P�� �P�R�G�H�O�O�L�Q�J�� �K�D�Y�H�� �E�H�H�Q�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �W�K�H�� �V�W�U�D�W�H�J�L�F�� �W�U�D�Q�V�S�R�U�W�� �P�R�G�H�O��
���6�$�7�8�5�1�����Z�K�L�F�K���Z�D�V���X�V�H�G���W�R���L�Q�I�R�U�P���W�K�H���/�3�5�����)�O�R�Z�V���K�D�Y�H���E�H�H�Q���D�V�V�H�V�V�H�G���I�R�U���D���I�R�U�H�F�D�V�W���\�H�D�U���R�I��������������
�Z�K�L�F�K���U�H�I�O�H�F�W�V���W�K�H���H�Q�G���R�I���W�K�H���/�3�5���S�H�U�L�R�G�����7�K�H���D�V�V�H�V�V�P�H�Q�W���K�D�V���F�R�P�S�D�U�H�G���D�������������µ�'�R���0�L�Q�L�P�X�P�¶�����'�0����
�V�F�H�Q�D�U�L�R���D�Q�G���D�������������µ�'�R���6�R�P�H�W�K�L�Q�J�¶�����'�6�����V�F�H�Q�D�U�L�R���I�R�U���W�K�H���$�0���D�Q�G���3�0���S�H�D�N���K�R�X�U�V������ 

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

�ƒ �����������V�F�H�Q�D�U�L�R���L�Q�F�O�X�G�H�V���J�U�R�Z�W�K���L�Q���W�U�D�I�I�L�F���X�S���W�R���������������D�Q�G���D�O�V�R���L�Q�F�O�X�G�H�V���D�G�R�S�W�L�R�Q���R�I���W�K�H���6�'�&���/�3�5����
�7�K�L�V���V�F�H�Q�D�U�L�R���D�V�V�X�P�H�V���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���S�U�R�S�R�V�H�G���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���V�F�K�H�P�H��
�D�W���-���������7�K�H���W�U�D�I�I�L�F���I�O�R�Z�V���I�R�U���W�K�L�V���V�F�H�Q�D�U�L�R���D�O�V�R���D�F�F�R�X�Q�W���I�R�U���W�K�H���H�I�I�H�F�W�V���R�I���L�Q�G�X�F�H�G���G�H�P�D�Q�G���D�W���W�K�H��
�M�X�Q�F�W�L�R�Q�����L���H�����Z�K�H�U�H���W�K�H���F�D�S�D�F�L�W�\���L�P�S�U�R�Y�H�P�H�Q�W�V���P�D�N�H���W�U�D�I�I�L�F���U�R�X�W�H�V���W�K�U�R�X�J�K���W�K�H���M�X�Q�F�W�L�R�Q���T�X�L�F�N�H�U��
�D�Q�G���P�R�U�H���U�H�O�L�D�E�O�H�����Z�K�L�F�K���P�H�D�Q�V���P�R�U�H���W�U�D�I�I�L�F���L�V���G�U�D�Z�Q���W�R�Z�D�U�G�V���W�K�H���M�X�Q�F�W�L�R�Q�������� 

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

�ƒ �7�K�H�U�H���D�U�H���I�R�U�H�F�D�V�W���W�R���E�H���D�F�F�H�S�W�D�E�O�H���O�H�Y�H�O�V���R�I���T�X�H�X�L�Q�J���R�Q���W�K�H���0�����R�I�I���V�O�L�S�V�����7�K�H���9�L�V�V�L�P��
�P�R�G�H�O�O�L�Q�J���F�R�Q�I�L�U�P�V���W�K�D�W���G�X�U�L�Q�J���E�R�W�K���S�H�D�N���K�R�X�U���S�H�U�L�R�G�V�����W�K�H�U�H���D�U�H���I�R�U�H�F�D�V�W���W�R���E�H���P�D�U�J�L�Q�D�O�O�\���Z�R�U�V�H��
�T�X�H�X�H�V���R�Q���W�K�H���0�����R�I�I���V�O�L�S���U�R�D�G���L�Q���W�K�H�������������'�6���F�R�P�S�D�U�H�G���W�R���W�K�H�������������'�0���V�F�H�Q�D�U�L�R�����D�O�W�K�R�X�J�K���W�K�H��
�T�X�H�X�H�V���U�H�P�D�L�Q���Z�H�O�O���Z�L�W�K�L�Q���W�K�H���H�[�W�H�Q�W���R�I���W�K�H���V�O�L�S���U�R�D�G���O�H�Q�J�W�K�����7�K�L�V���P�H�D�Q�V���W�K�H�U�H���D�U�H���Q�R�W���I�R�U�H�F�D�V�W���W�R��
�E�H���T�X�H�X�H�V���E�D�F�N���W�R���W�K�H���0�����P�D�L�Q�O�L�Q�H���F�D�U�U�L�D�J�H�Z�D�\�����Z�K�L�F�K���L�V���D���N�H�\���V�D�I�H�W�\���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���W�K�H��
�R�S�H�U�D�W�L�R�Q���R�I���W�K�H���M�X�Q�F�W�L�R�Q���� 

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

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

�ƒ �$�O�O���G�H�P�D�Q�G���I�O�R�Z�V���D�U�H���D�E�O�H���W�R���S�D�V�V���W�K�U�R�X�J�K���W�K�H���M�X�Q�F�W�L�R�Q���Q�H�W�Z�R�U�N�����7�K�L�V���P�H�D�Q�V���W�K�D�W���W�K�H��
�M�X�Q�F�W�L�R�Q���Q�H�W�Z�R�U�N�����0�����-�������D�Q�G���$�����������%�������������K�D�V���V�X�I�I�L�F�L�H�Q�W���F�D�S�D�F�L�W�\���W�R���S�D�V�V���D�O�O���G�H�P�D�Q�G�H�G���Y�H�K�L�F�O�H�V��
�L�Q���W�K�H�������������'�6���V�F�H�Q�D�U�L�R���W�K�U�R�X�J�K���W�K�H���P�R�G�H�O�����(�I�I�H�F�W�L�Y�H�O�\�����W�K�L�V���P�H�D�Q�V���W�K�D�W���W�K�H���Q�H�W�Z�R�U�N���R�S�H�U�D�W�H�V��
�Z�L�W�K�L�Q���F�D�S�D�F�L�W�\���D�V���D�O�O���Y�H�K�L�F�O�H�V���F�D�Q���J�H�W���W�K�U�R�X�J�K�����7�K�L�V���L�V���D���N�H�\���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�Q���W�H�U�P�V���R�I���W�K�H��
�F�D�S�D�F�L�W�\���D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���M�X�Q�F�W�L�R�Q���Q�H�W�Z�R�U�N���� 

2.7.4 �2�Y�H�U�D�O�O�����W�K�H���P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���K�D�V���F�R�Q�I�L�U�P�H�G���W�K�D�W���W�K�H���S�U�R�S�R�V�H�G���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W��
�Z�L�O�O���E�H���D�E�O�H���W�R���D�F�F�R�P�P�R�G�D�W�H���W�K�H���I�R�U�H�F�D�V�W���O�H�Y�H�O���R�I�� �W�U�D�I�I�L�F���U�H�V�X�O�W�L�Q�J���I�U�R�P���W�K�H���6�'�&���/�3�5���� �L�Q������������ �Z�L�W�K���D�O�O��
�/�R�F�D�O���3�O�D�Q���V�L�W�H�V�����7�K�H���S�U�R�S�R�V�H�G���V�F�K�H�P�H���L�V���W�K�H�U�H�I�R�U�H���H�I�I�H�F�W�L�Y�H���P�L�W�L�J�D�W�L�R�Q���I�R�U���W�K�H���3�O�D�Q�����D�Q�G���W�K�H���U�H�V�L�G�X�D�O��
�F�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W���R�I���W�K�H���3�O�D�Q���D�Q�G���L�W�V���P�L�W�L�J�D�W�L�R�Q���L�V���Q�R�W���V�H�Y�H�U�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�3�3�)����  



M5 Junction 14 Improvement Scheme 
Consultation Report 

  Project number: 60598598 

 
 

 
Prepared for: Stroud District Council AECOM 

17 
 

3. �2�U�G�H�U���R�I���&�R�V�W���(�V�W�L�P�D�W�H 
3.1 �,�Q�W�U�R�G�X�F�W�L�R�Q 
3.1.1 �7�K�L�V���V�H�F�W�L�R�Q���R�I���W�K�H���U�H�S�R�U�W���R�X�W�O�L�Q�H�V���W�K�H���2�U�G�H�U���R�I���&�R�V�W���(�V�W�L�P�D�W�H�����2�&�(�����X�Q�G�H�U�W�D�N�H�Q���I�R�U���W�K�H���S�U�H�I�H�U�U�H�G���0����

�-�������V�F�K�H�P�H�����7�K�H���2�&�(���K�D�V���E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q���E�\���$�(�&�2�0���R�Q���E�H�K�D�O�I���R�I���6�'�&�����K�D�V���E�H�H�Q���X�V�H�G���L�Q���W�K�H���I�R�U�Z�D�U�G��
�F�D�O�F�X�O�D�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���I�X�Q�G�L�Q�J���D�S�S�R�U�W�L�R�Q�P�H�Q�W���D�Q�G���V�W�U�D�W�H�J�\�����7�K�H���2�&�(���K�D�V���E�H�H�Q���S�U�H�S�D�U�H�G���W�R���D���O�H�Y�H�O���R�I��
�G�H�W�D�L�O���D�V���D�S�S�U�R�S�U�L�D�W�H���I�R�U���W�K�H���F�X�U�U�H�Q�W���G�H�V�L�J�Q���V�W�D�J�H�����Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���U�L�V�N�V���D�Q�G���D�O�O�R�Z�D�Q�F�H�V���D�V���V�H�W���R�X�W���L�Q��
�W�K�L�V���V�H�F�W�L�R�Q���� 

3.2 �6�F�K�H�P�H���&�R�V�W�V�� 
3.2.1 �7�K�H���F�R�V�W���G�H�U�L�Y�H�G���I�R�U���W�K�H���G�H�O�L�Y�H�U�\���R�I���W�K�H���S�U�H�I�H�U�U�H�G���R�S�W�L�R�Q���I�R�U���D���J�U�D�G�H���V�H�S�D�U�D�W�H�G���U�R�X�Q�G�D�E�R�X�W���D�W���0�����-���������D�V��

�G�H�W�H�U�P�L�Q�H�G�� �I�U�R�P�� �W�K�H�� �2�&�(�����L�V���V�X�P�P�D�U�L�V�H�G�� �L�Q���7�D�E�O�H�������������7�K�H�� �I�X�O�O�� �2�&�(�� �L�V�� �S�U�R�Y�L�G�H�G���D�W���$�S�S�H�Q�G�L�[���* ���I�R�U��
�U�H�I�H�U�H�Q�F�H���� 

�7�D�E�O�H�������������6�X�P�P�D�U�\���R�I���2�&�(���I�R�U���0�����-�X�Q�F�W�L�R�Q���������,�P�S�U�R�Y�H�P�H�Q�W���6�F�K�H�P�H���� 

Item  Relevant Allowance  Cost  

Civil Engineering  - £25,923,329 

Traffic Management  13.9% £3,605,117 

Main Contractors Preliminaries  35.0% £10,334,956 

Main Contractors Overhead and Profit  10.0% £3,986,340 

Total Works Cost Estimate  - £43,849,743 

Design Team Fees - £13,154,923 

Sub-Total   - £57,004,666 

Other Project Costs2 - £6,317,667 

Base Cost Estimate  - £63,176,666 

Risk Allowance  10.0% £6,317,667 

Cost Limit (excl. optimism bias ) - £69,494,332 

Optimism Bias  59.0% £40,968,573 

Cost Limit (incl. optimism bias)  - £110,462,905 

Notes: Summation Errors are due to rounding. Costs in bold are running totals. 

3.3 �2�&�(���&�D�O�F�X�O�D�W�L�R�Q�V���D�Q�G���$�V�V�X�P�S�W�L�R�Q�V 
3.3.1 �7�K�H���D�V�V�X�P�S�W�L�R�Q�V���X�V�H�G���L�Q���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���R�I���W�K�H���2�&�(���K�D�Y�H���E�H�H�Q���V�X�E�M�H�F�W���W�R���G�L�V�F�X�V�V�L�R�Q���Z�L�W�K���W�K�H���7�:�*����

�D�Q�G�� �K�D�Y�H�� �D�O�V�R�� �E�H�H�Q�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�H�� �P�H�W�K�R�G�R�O�R�J�\�� �X�V�H�G�� �E�\�� �W�K�H�� �F�R�V�W�� �F�R�Q�V�X�O�W�D�Q�W�� �I�R�U�� �W�K�H�� �S�U�R�S�R�V�H�G��
�V�F�K�H�P�H���D�W���0�����-�������W�R���H�Q�V�X�U�H���F�R�Q�V�L�V�W�H�Q�F�\���L�Q���W�K�H���N�H�\���D�V�V�X�P�S�W�L�R�Q�V���D�Q�G���F�D�O�F�X�O�D�W�L�R�Q�V�����7�K�H���N�H�\���F�D�O�F�X�O�D�W�L�R�Q�V��
�D�Q�G���D�V�V�X�P�S�W�L�R�Q�V���Z�K�L�F�K���K�D�Y�H���E�H�H�Q���P�D�G�H���L�Q���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���R�I���W�K�H���2�&�(���D�U�H���R�X�W�O�L�Q�H�G���D�V���I�R�O�O�R�Z�V���� 

�ƒ �%�H�Q�F�K�P�D�U�N�L�Q�J�������W�K�H���2�&�(���K�D�V���E�H�H�Q���E�H�Q�F�K�P�D�U�N�H�G���D�J�D�L�Q�V�W���W�K�H���R�X�W�W�X�U�Q���F�R�V�W�V���R�I���V�L�P�L�O�D�U���V�F�K�H�P�H�V���R�Q��
�W�K�H���6�W�U�D�W�H�J�L�F���5�R�D�G���1�H�W�Z�R�U�N�����6�5�1�������7�K�L�V���L�V���G�H�W�D�L�O�H�G���L�Q���W�K�H���)�X�O�O���2�&�(���L�Q���$�S�S�H�Q�G�L�[���*�� 

�ƒ �/�D�Q�G���&�R�V�W�V���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���R�I���…�����������������I�R�U���W�K�H���R�E�W�D�L�Q�L�Q�J���O�D�Q�G���U�H�T�X�L�U�H�G���W�R��
�G�H�O�L�Y�H�U���W�K�H���V�F�K�H�P�H�����$�W���W�K�L�V���V�W�D�J�H�����W�K�H���D�P�R�X�Q�W���R�I���O�D�Q�G���Z�K�L�F�K���Z�R�X�O�G���Q�H�H�G���W�R���E�H���S�X�U�F�K�D�V�H�G���L�V��
�X�Q�N�Q�R�Z�Q���D�Q�G���W�K�H���Y�D�O�X�H���R�I���W�K�D�W���O�D�Q�G���F�D�Q�Q�R�W���E�H���N�Q�R�Z�Q���X�Q�W�L�O���W�K�H���V�F�K�H�P�H���L�V���I�L�Q�D�O�L�V�H�G���D�Q�G���W�K�H���O�D�Q�G��
�Q�H�J�R�W�L�D�W�L�R�Q�V���D�U�H���S�U�R�J�U�H�V�V�H�G�����7�K�L�V���O�H�Y�H�O���R�I���D�O�O�R�Z�D�Q�F�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���D���U�H�D�V�R�Q�D�E�O�H��
�D�V�V�X�P�S�W�L�R�Q���I�R�U���W�K�H���S�X�U�S�R�V�H�V���R�I���W�K�H���F�X�U�U�H�Q�W���H�[�H�U�F�L�V�H�����,�W���V�K�R�X�O�G���E�H���Q�R�W�H�G���W�K�D�W���W�K�H���V�D�P�H���D�O�O�R�Z�D�Q�F�H��

 
2 Including allowance for commuted sums, land fees and bond. 
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�K�D�V���E�H�H�Q���P�D�G�H���I�R�U���W�K�H���V�F�K�H�P�H���D�W���-���������Z�K�L�F�K���Z�L�O�O���O�L�N�H�O�\���U�H�T�X�L�U�H���D���K�L�J�K�H�U���O�H�Y�H�O���R�I���D�G�G�L�W�L�R�Q�D�O���O�D�Q�G���W�R��
�G�H�O�L�Y�H�U���D���V�F�K�H�P�H���� 

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

�ƒ �5�L�V�N���&�R�Q�W�L�Q�J�H�Q�F�\���D�Q�G���2�S�W�L�P�L�V�P���%�L�D�V���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���R�I�����������R�I���W�K�H���E�D�V�H��
�V�F�K�H�P�H���F�R�V�W�V���I�R�U���F�R�Q�W�L�Q�J�H�Q�F�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���V�F�K�H�P�H���G�H�O�L�Y�H�U�\���U�L�V�N�V�����L�Q���D�G�G�L�W�L�R�Q���W�R���D�Q��
�D�O�O�R�Z�D�Q�F�H���R�I�����������I�R�U���R�S�W�L�P�L�V�P���E�L�D�V�����&�R�P�E�L�Q�H�G�����W�K�L�V���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\���D�����������X�S�O�L�I�W���L�Q���V�F�K�H�P�H��
�F�R�V�W�V���W�R���D�F�F�R�X�Q�W�V���I�R�U���W�K�H���Y�D�U�L�R�X�V���X�Q�F�H�U�W�D�L�Q�W�L�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���H�D�U�O�\���V�W�D�J�H���R�I���V�F�K�H�P�H���G�H�V�L�J�Q�� 

�ƒ �&�R�P�P�X�W�H�G���6�X�P�V���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���R�I���…�����P�L�O�O�L�R�Q���I�R�U���F�R�P�P�X�W�H�G���V�X�P�V���S�D�\�D�E�O�H���W�R��
�1�+���I�R�U���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���R�I���W�K�H���V�F�K�H�P�H���I�R�U���D���V�H�W���S�H�U�L�R�G���R�I���W�L�P�H���S�R�V�W���R�S�H�Q�L�Q�J�����7�K�L�V���L�V���F�R�Q�V�L�V�W�H�Q�W��
�Z�L�W�K���W�K�H���D�V�V�X�P�S�W�L�R�Q���P�D�G�H���I�R�U���-���������,�Q���S�U�D�F�W�L�F�H�����F�R�P�P�X�W�H�G���V�X�P�V���P�D�\���Q�R�W���E�H���U�H�T�X�L�U�H�G�� 

�ƒ �%�R�Q�G���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���R�I���…�����������������I�R�U���D���F�R�Q�W�U�D�F�W�R�U�V���E�R�Q�G�����7�K�L�V���P�R�Q�H�\���L�V��
�S�D�\�D�E�O�H���W�R���1�+���W�R���L�Q�V�X�U�H���D�J�D�L�Q�V�W���W�K�H���U�L�V�N���R�I���W�K�H���V�F�K�H�P�H���F�R�Q�W�U�D�F�W�R�U���Q�R�W���E�H�L�Q�J���D�E�O�H���W�R���F�R�P�S�O�H�W�H���W�K�H��
�Q�H�F�H�V�V�D�U�\���Z�R�U�N�V���W�R���W�K�H���6�5�1�����,�W���Z�R�X�O�G���E�H���U�H�W�X�U�Q�H�G���I�R�O�O�R�Z�L�Q�J���G�H�O�L�Y�H�U�\�����D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H���F�R�V�W���L�V���D�Q��
�D�O�O�R�Z�D�Q�F�H���I�R�U���V�H�U�Y�L�F�L�Q�J���W�K�H���E�R�Q�G�����7�K�L�V���L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���D�V�V�X�P�S�W�L�R�Q���P�D�G�H���I�R�U���-�������� 

�ƒ �8�W�L�O�L�W�L�H�V���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���R�I���…�����������P�L�O�O�L�R�Q���L�V���L�Q�F�O�X�G�H�G���Z�L�W�K�L�Q���W�K�H���&�L�Y�L�O���(�Q�J�L�Q�H�U�U�L�Q�J��
�Z�R�U�N�V���F�R�V�W�����Z�K�L�F�K���H�T�X�D�W�H�V���W�R���D�S�S�U�R�[�L�P�D�W�H�O�\�����������R�I���W�K�H���F�L�Y�L�O�V���F�R�V�W���R�I���W�K�H���V�F�K�H�P�H�����7�K�L�V���L�V���L�Q�F�O�X�G�H�G��
�D�V���D���O�X�P�S���V�X�P���D�Q�G���Q�R�W���D�Q���L�W�H�P�L�V�H�G���D�O�O�R�Z�D�Q�F�H���E�H�F�D�X�V�H���D�W���W�K�L�V���V�W�D�J�H�����W�K�H�U�H���L�V���O�L�W�W�O�H���H�Y�L�G�H�Q�F�H���R�I��
�X�W�L�O�L�W�L�H�V���D�W���0�����-�������D�Q�G���L�I���W�K�H�U�H���D�U�H���D�Q�\�����W�K�H�\���D�U�H���O�L�N�H�O�\���W�R���F�R�Q�W�D�L�Q���Z�L�W�K�L�Q���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���Z�K�L�F�K���L�V��
�O�L�N�H�O�\���W�R���E�H���U�H�W�D�L�Q�H�G�����$�V���V�X�F�K���W�K�H���O�X�P�S���V�X�P���D�O�O�R�Z�D�Q�F�H���W�K�D�W���K�D�V���E�H�H�Q���L�Q�F�O�X�G�H�G���L�V���F�R�Y�H�U���O�R�F�D�O�L�V�H�G��
�P�R�Y�H�P�H�Q�W���R�U���P�L�Q�R�U���D�O�W�H�U�D�W�L�R�Q���R�Q�O�\�����7�K�H���2�&�(���L�Q�F�O�X�G�H�V���V�X�E�V�W�D�Q�W�L�D�O���D�O�O�R�Z�D�Q�F�H���I�R�U���U�L�V�N���D�Q�G��
�F�R�Q�W�L�Q�J�H�Q�F�\���Z�K�L�F�K���Z�R�X�O�G���D�F�F�R�P�P�R�G�D�W�H���W�K�H���Q�H�H�G���W�R���P�L�W�L�J�D�W�H���D�Q�\���L�P�S�D�F�W�V���R�Q���X�W�L�O�L�W�L�H�V���L�I���W�K�L�V���D�U�L�V�H�V��
�W�K�U�R�X�J�K���I�X�W�X�U�H���G�H�V�L�J�Q���D�Q�G���F�R�Q�V�W�U�X�F�W�L�R�Q���V�W�D�J�H�V���� 

�ƒ �'�H�V�L�J�Q���7�H�D�P���)�H�H�V���±���W�K�H���2�&�(���L�Q�F�O�X�G�H�V���D�Q���D�O�O�R�Z�D�Q�F�H���I�R�U���'�H�V�L�J�Q���7�H�D�P���I�H�H�V�����7�K�L�V���D�F�F�R�X�Q�W�V���I�R�U���W�K�H��
�G�H�V�L�J�Q�����S�O�D�Q�Q�L�Q�J�����S�U�R�M�H�F�W���P�D�Q�D�J�H�P�H�Q�W���D�Q�G���V�X�S�H�U�Y�L�V�L�R�Q���R�I���W�K�H���V�F�K�H�P�H�����7�K�L�V���L�Q�F�O�X�G�H�V���F�R�V�W�V��
�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�H�J�X�O�D�W�R�U�\���S�U�R�F�H�V�V�H�V�� 

3.3.2 �7�K�H���I�R�O�O�R�Z�L�Q�J���H�O�H�P�H�Q�W�V���K�D�Y�H���Q�R�W���E�H�H�Q���O�L�V�W�H�G���G�L�U�H�F�W�O�\���Z�L�W�K�L�Q���W�K�H���F�R�V�W�V���2�&�(���I�R�U���W�K�H���I�R�O�O�R�Z�L�Q�J���U�H�D�V�R�Q�V���� 

�ƒ �9�$�7���±���W�K�H���2�&�(���K�D�V���Q�R�W���L�Q�F�O�X�G�H�G���D�Q���D�O�O�R�Z�D�Q�F�H���I�R�U���9�$�7���� 

�ƒ �,�Q�I�O�D�W�L�R�Q���±���W�K�H���2�&�(���K�D�V���S�U�H�V�H�Q�W�H�G���F�R�V�W�V���D�W�������������Y�D�O�X�H�V�����D�Q�G���G�R�H�V���Q�R�W���D�G�G���D�G�G�L�W�L�R�Q�D�O���F�R�V�W�V��
�L�Q�I�O�D�W�L�R�Q�����:�K�L�O�V�W���L�W���L�V���U�H�F�R�J�Q�L�V�H�G���W�K�D�W���E�\���W�K�H���W�L�P�H���R�I���V�F�K�H�P�H���I�X�Q�G�L�Q�J���D�Q�G���G�H�O�L�Y�H�U�\���L�Q�I�O�D�W�L�R�Q���Z�L�O�O���E�H��
�D�S�S�O�L�F�D�E�O�H�����D�W���W�K�L�V���V�W�D�J�H���R�I���W�K�H���G�H�V�L�J�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���\�H�D�U���D�Q�G���W�K�H���L�P�S�D�F�W�V���R�I���L�Q�I�O�D�W�L�R�Q���L�Q���W�K�H��
�L�Q�W�H�U�Y�H�Q�L�Q�J���\�H�D�U�V���F�D�Q�Q�R�W���E�H���G�H�W�H�U�P�L�Q�H�G�����$�G�G�L�W�L�R�Q�D�O�O�\�����D�Q�\���I�X�Q�G�L�Q�J���V�H�F�X�U�H�G���I�R�U���W�K�H���G�H�O�L�Y�H�U�\���R�I���W�K�H��
�V�F�K�H�P�H���Z�L�O�O���D�O�O�R�Z���I�R�U���L�Q�I�O�D�W�L�R�Q���D�W���W�K�H���D�S�S�U�R�S�U�L�D�W�H���W�L�P�H�����$�V���V�X�F�K���H�[�F�O�X�G�L�Q�J���L�Q�I�O�D�W�L�R�Q���I�U�R�P���W�K�H��
�V�F�K�H�P�H���F�R�V�W�V���S�U�R�Y�L�G�H�V���D���O�L�N�H���I�R�U���O�L�N�H���F�R�P�S�D�U�L�V�R�Q���L�Q���W�H�U�P�V���R�I���W�K�H���I�X�Q�G�L�Q�J���W�R���E�H���V�H�F�X�U�H�G���� 

3.3.3 �,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���D�E�R�Y�H�����L�W���V�K�R�X�O�G���E�H���Q�R�W�H�G���W�K�D�W���W�K�H���2�&�(���K�D�V���Q�R�W���L�Q�F�O�X�G�H�G���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���$������
�����%�����������M�X�Q�F�W�L�R�Q���D�V���W�K�L�V���L�V���D���V�H�S�D�U�D�W�H���V�F�K�H�P�H���Z�K�L�F�K���Z�R�X�O�G���E�H���G�H�O�L�Y�H�U�H�G���V�H�S�D�U�D�W�H�O�\�����$�V���Q�R�W�H�G�����W�K�H���Q�H�H�G��
�I�R�U���D���V�F�K�H�P�H���L�Q���W�K�L�V���O�R�F�D�W�L�R�Q���L�V���L�Q�F�O�X�G�H�G���Z�L�W�K�L�Q���W�K�H���,�'�3���� 
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4. �6�X�P�P�D�U�\ 
4.1.1 �$�(�&�2�0���L�V���D�S�S�R�L�Q�W�H�G���E�\���6�W�U�R�X�G���'�L�V�W�U�L�F�W���&�R�X�Q�F�L�O�����6�'�&�����W�R���S�U�R�Y�L�G�H���W�H�F�K�Q�L�F�D�O���W�U�D�Q�V�S�R�U�W���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W��

�S�O�D�Q�Q�L�Q�J���D�G�Y�L�F�H���L�Q���U�H�O�D�W�L�R�Q���W�R���L�W�V���/�R�F�D�O���3�O�D�Q���5�H�Y�L�H�Z�����/�3�5�������7�K�H���/�3�5���V�H�W�V���R�X�W���K�R�Z���6�'�&���K�D�V���S�O�D�Q�Q�H�G���I�R�U��
�J�U�R�Z�W�K���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���D�F�U�R�V�V���L�W�V���G�L�V�W�U�L�F�W���X�S���W�R���������������$���5�H�J�X�O�D�W�L�R�Q���������Y�H�U�V�L�R�Q���R�I���W�K�H���/�3�5���Z�D�V���V�X�E�P�L�W�W�H�G��
�W�R���W�K�H���3�O�D�Q�Q�L�Q�J���,�Q�V�S�H�F�W�R�U�D�W�H�����3�,�1�6�����I�R�U���(�[�D�P�L�Q�D�W�L�R�Q���L�Q���3�X�E�O�L�F�����(�L�3�����L�Q���������������3�,�1�6���K�D�V���D�J�U�H�H�G���D���S�D�X�V�H��
�W�R�� �W�K�H�� �(�L�3�� �S�U�R�J�U�D�P�P�H�� �W�R�� �H�Q�D�E�O�H�� �6�'�&�� �W�R�� �S�U�R�Y�L�G�H�� �I�X�U�W�K�H�U�� �H�Y�L�G�H�Q�F�H�� �D�V�� �W�R�� �W�K�H���G�H�V�L�J�Q���� �F�R�V�W�L�Q�J�� �D�Q�G��
�G�H�O�L�Y�H�U�D�E�L�O�L�W�\���R�I���W�K�H���Q�H�F�H�V�V�D�U�\���F�D�S�D�F�L�W�\���L�P�S�U�R�Y�H�P�H�Q�W�V���I�R�U���0�����-�X�Q�F�W�L�R�Q�����������-���������D�Q�G���-�X�Q�F�W�L�R�Q�����������-���������� 

4.1.2 �7�K�L�V���U�H�S�R�U�W���K�D�V���E�H�H�Q���S�U�H�S�D�U�H�G���W�R���V�H�W���R�X�W���W�K�H���G�H�V�L�J�Q���G�H�Y�H�O�R�S�P�H�Q�W�����P�R�G�H�O�O�L�Q�J�����D�Q�G���F�R�V�W�L�Q�J���H�[�H�U�F�L�V�H���I�R�U��
�-���������$���V�H�S�D�U�D�W�H���H�[�H�U�F�L�V�H���D�Q�G���U�H�S�R�U�W���K�D�V���E�H�H�Q���S�U�R�G�X�F�H�G���I�R�U���-������ �R�Q���E�H�K�D�O�I�� �R�I�� �*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���&�R�X�Q�W�\��
�&�R�X�Q�F�L�O�����*�&�&�����Z�K�L�F�K���K�D�V���E�H�H�Q���V�X�E�P�L�W�W�H�G���W�R���3�,�1�6���V�H�S�D�U�D�W�H�O�\�����$�(�&�2�0���K�D�V���D�O�V�R���S�U�H�S�D�U�H�G���D���I�X�U�W�K�H�U���U�H�S�R�U�W��
�R�Q���W�K�H���I�X�Q�G�L�Q�J���D�S�S�U�R�D�F�K�����Z�K�L�F�K���L�V���D�O�V�R���S�X�E�O�L�V�K�H�G���D�V���S�D�U�W���R�I���W�K�L�V���F�R�Q�V�X�O�W�D�W�L�R�Q���H�[�H�U�F�L�V�H�� 

4.1.3 �7�K�H���Z�R�U�N���X�Q�G�H�U�W�D�N�H�Q���L�Q���U�H�O�D�W�L�R�Q���W�R���0�����-�������K�D�V���E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q���L�Q���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���N�H�\���V�W�D�N�H�K�R�O�G�H�U�V��
�L�Q�F�O�X�G�L�Q�J�� �1�+���� �6�R�X�W�K�� �*�O�R�X�F�H�V�W�H�U�V�K�L�U�H�� �&�R�X�Q�F�L�O�� ���6�*�&������ �*�&�&���� �*�O�R�X�F�H�V�W�H�U�� �&�L�W�\�� �&�R�X�Q�F�L�O�� �D�Q�G�� �:�H�V�W�H�U�Q��
�*�D�W�H�Z�D�\���Z�K�L�F�K���D�U�H���F�R�O�O�H�F�W�L�Y�H�O�\���U�H�I�H�U�U�H�G���W�R���D�V���W�K�H���³�7�U�D�Q�V�S�R�U�W���:�R�U�N�L�Q�J���*�U�R�X�S�´�����7�:�*���� 

4.1.4 �7�K�H���Q�H�H�G���I�R�U�����D�Q�G���E�H�Q�H�I�L�W���R�I�����L�P�S�U�R�Y�L�Q�J���F�D�S�D�F�L�W�\���D�W���0�����-�������K�D�V���E�H�H�Q���P�D�G�H���F�O�H�D�U���W�K�U�R�X�J�K���D���Y�D�U�L�H�W�\���R�I��
�V�W�X�G�L�H�V���X�Q�G�H�U�W�D�N�H�Q���E�\���1�+���D�Q�G���6�'�&�����7�K�H���M�X�Q�F�W�L�R�Q���L�V���I�R�U�H�F�D�V�W���W�R���H�[�F�H�H�G���F�D�S�D�F�L�W�\�����Z�L�W�K���D�V�V�R�F�L�D�W�H�G���G�H�O�D�\��
�D�Q�G���V�D�I�H�W�\���L�P�S�O�L�F�D�W�L�R�Q�V�����R�Z�L�Q�J���W�R���E�D�F�N�J�U�R�X�Q�G���W�U�D�I�I�L�F���J�U�R�Z�W�K���H�Y�H�Q���Z�L�W�K�R�X�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W��
�D�O�O�R�F�D�W�H�G�� �Z�L�W�K�L�Q�� �W�K�H�� �6�'�&�� �/�3�5�����3�U�H�Y�L�R�X�V�� �R�S�W�L�R�Q�H�H�U�L�Q�J�� �H�[�H�U�F�L�V�H�V�� �K�D�Y�H���V�K�R�Z�Q���W�K�D�W�� �W�K�H�U�H�� �D�U�H�� �O�L�P�L�W�H�G��
�D�O�W�H�U�Q�D�W�L�Y�H�V���W�R���G�H�O�L�Y�H�U�\���R�I���P�D�M�R�U���M�X�Q�F�W�L�R�Q���L�P�S�U�R�Y�H�P�H�Q�W���V�F�K�H�P�H�V���W�R���D�G�H�T�X�D�W�H�O�\���S�O�D�Q���I�R�U���J�U�R�Z�W�K����  

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

4.1.6 �,�Q�� �D�G�G�L�W�L�R�Q�� �W�R�� �W�K�H�� �J�U�D�G�H���V�H�S�D�U�D�W�H�G�� �U�R�X�Q�G�D�E�R�X�W�� �D�W�� �-�������� �D�� �G�H�V�L�J�Q�� �I�R�U�� �L�P�S�U�R�Y�H�P�H�Q�W�� �W�R�� �W�K�H���$������ ���� �%����������
�M�X�Q�F�W�L�R�Q���K�D�V���E�H�H�Q���F�R�Q�V�L�G�H�U�H�G���I�R�U���W�K�H���S�X�U�S�R�V�H�V���R�I���G�H�P�R�Q�V�W�U�D�W�L�Q�J���W�K�D�W���W�K�H���H�Q�W�L�U�H���O�R�F�D�O���Q�H�W�Z�R�U�N���F�D�Q���R�S�H�U�D�W�H��
�L�Q���D���V�X�L�W�D�E�O�H���P�D�Q�Q�H�U���D�Q�G���D�F�F�R�P�P�R�G�D�W�H���I�R�U�H�F�D�V�W���O�H�Y�H�O�V���R�I���W�U�D�I�I�L�F�����7�K�H���L�P�S�U�R�Y�H�P�H�Q�W�V���D�W���W�K�L�V���M�X�Q�F�W�L�R�Q���H�Q�W�D�L�O��
�V�R�P�H���D�G�G�L�W�L�R�Q�D�O���O�D�Q�H�V���D�Q�G���D���F�K�D�Q�J�H���W�R���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���W�U�D�I�I�L�F���V�L�J�Q�D�O�V���I�R�U���U�L�J�K�W���W�X�U�Q�L�Q�J���W�U�D�I�I�L�F���I�U�R�P���W�K�H��
�$�������W�R�Z�D�U�G�V���W�K�H���0�������7�K�H���V�F�K�H�P�H���K�D�V���E�H�H�Q���G�H�Y�H�O�R�S�H�G���W�R���V�K�R�Z���W�K�D�W���W�K�H�U�H���L�V���D�Q���L�P�S�U�R�Y�H�P�H�Q�W���D�Y�D�L�O�D�E�O�H��
�I�R�U���W�K�H���M�X�Q�F�W�L�R�Q�����D�O�W�K�R�X�J�K���W�K�L�V���Z�R�X�O�G���E�H���V�X�E�M�H�F�W���W�R���D�G�G�L�W�L�R�Q�D�O���G�H�V�L�J�Q���R�S�W�L�R�Q�H�H�U�L�Q�J���D�Q�G���F�R�Q�V�X�O�W�D�W�L�R�Q���S�U�L�R�U��
�W�R���E�H�L�Q�J���I�L�Q�D�O�L�V�H�G���D�Q�G���G�H�O�L�Y�H�U�H�G�� 

4.1.7 �7�K�H���M�X�Q�F�W�L�R�Q���L�P�S�U�R�Y�H�P�H�Q�W�V���D�W���0�����-�������D�Q�G���W�K�H���$�����������%�����������M�X�Q�F�W�L�R�Q���K�D�Y�H���E�H�H�Q���D�V�V�H�V�V�H�G���X�V�L�Q�J���P�L�F�U�R��
�V�L�P�X�O�D�W�L�R�Q�����9�L�V�V�L�P�����P�R�G�H�O�O�L�Q�J���L�Q���R�U�G�H�U���W�R���F�R�Q�I�L�U�P���W�K�H���I�X�W�X�U�H���\�H�D�U���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���V�F�K�H�P�H�����L�Q�F�O�X�G�L�Q�J��
�W�K�H���H�I�I�H�F�W�V���R�I���D�Q�\���L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���W�K�H���M�X�Q�F�W�L�R�Q�V�����7�K�H���P�L�F�U�R���V�L�P�X�O�D�W�L�R�Q���P�R�G�H�O�O�L�Q�J���K�D�V���F�R�Q�I�L�U�P�H�G���W�K�D�W��
�W�K�H�� �S�U�R�S�R�V�H�G�� �J�U�D�G�H���V�H�S�D�U�D�W�H�G�� �U�R�X�Q�G�D�E�R�X�W�� �Z�L�O�O�� �E�H�� �D�E�O�H�� �W�R�� �D�F�F�R�P�P�R�G�D�W�H�� �W�K�H�� �I�R�U�H�F�D�V�W�� �O�H�Y�H�O�� �R�I�� �W�U�D�I�I�L�F��
�U�H�V�X�O�W�L�Q�J���I�U�R�P���W�K�H���6�'�&���/�3�5�����L�Q�������������Z�L�W�K���D�O�O���/�R�F�D�O���3�O�D�Q���V�L�W�H�V�����7�K�H���S�U�R�S�R�V�H�G���V�F�K�H�P�H���L�V���W�K�H�U�H�I�R�U�H���H�I�I�H�F�W�L�Y�H��
�P�L�W�L�J�D�W�L�R�Q���I�R�U���W�K�H���3�O�D�Q�����D�Q�G���W�K�H���U�H�V�L�G�X�D�O���F�X�P�X�O�D�W�L�Y�H���H�I�I�H�F�W���R�I���W�K�H���3�O�D�Q���D�Q�G���L�W�V���P�L�W�L�J�D�W�L�R�Q���L�V���Q�R�W���V�H�Y�H�U�H���L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�3�3�)�� 

4.1.8 �$�Q���2�U�G�H�U���R�I���&�R�V�W���(�V�W�L�P�D�W�H�����2�&�(�����K�D�V���E�H�H�Q���S�U�H�S�D�U�H�G���I�R�U���W�K�H���S�U�R�S�R�V�H�G���L�P�S�U�R�Y�H�P�H�Q�W�V���W�R���0�����-���������7�K�L�V��
�K�D�V���E�H�H�Q���S�U�H�S�D�U�H�G���S�U�R�S�R�U�W�L�R�Q�D�W�H�O�\���W�R���W�K�H���V�W�D�J�H���R�I���W�K�H���V�F�K�H�P�H���G�H�V�L�J�Q�����D�Q�G���D�V���V�X�F�K���L�Q�F�O�X�G�H�V���K�L�J�K���O�H�Y�H�O�V��
�R�I���F�R�Q�W�L�Q�J�H�Q�F�\���F�R�V�W�V���W�R���D�F�F�R�X�Q�W���I�R�U���W�K�H���Y�D�U�L�R�X�V���X�Q�F�H�U�W�D�L�Q�W�L�H�V���Z�K�L�F�K���D�U�H���S�U�H�V�H�Q�W���D�W���W�K�L�V���H�D�U�O�\���V�W�D�J�H�����7�K�H��
�2�&�(���K�D�V���E�H�H�Q���E�H�Q�F�K�P�D�U�N�H�G���D�J�D�L�Q�V�W���R�X�W�W�X�U�Q���F�R�V�W�V���I�R�U���R�W�K�H�U���M�X�Q�F�W�L�R�Q�V���R�Q���W�K�H���6�5�1�����D�Q�G���K�D�V���E�H�H�Q���F�U�R�V�V��
�U�H�I�H�U�H�Q�F�H�G�� �D�J�D�L�Q�V�W�� �W�K�H�� �V�F�K�H�P�H�� �F�R�V�W�V�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �F�D�O�F�X�O�D�W�H�G�� �I�R�U�� �-������ �D�Q�G�� �K�D�V�� �E�H�H�Q�� �S�U�H�S�D�U�H�G�� �L�Q��
�F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���1�+���� 

4.1.9 �7�K�H�� �2�&�(�� �F�R�Q�I�L�U�P�V�� �W�K�D�W�� �W�K�H�� �F�R�V�W�� �R�I�� �W�K�H�� �J�U�D�G�H���V�H�S�D�U�D�W�H�G�� �U�R�X�Q�G�D�E�R�X�W�� �D�W�� �0���� �-������ �Z�L�O�O�� �E�H���L�Q�� �W�K�H�� �U�H�J�L�R�Q��
�R�I�…�������P�L�O�O�L�R�Q���D�W�������������S�U�L�F�H�V�� 
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AECOM 1 
 

�0�����-�X�Q�F�W�L�R�Q���������(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�V�W�U�D�L�Q�W�V 

�7�R 
�0�D�W�W���3�D�U�N�H�U�����'�D�Y�L�G���&�R�R�N 

�3�U�R�M�H�F�W���Q�X�P�E�H�U 
����������������  

�6�X�E�M�H�F�W 
�0�����-�X�Q�F�W�L�R�Q��������
�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�V�W�U�D�L�Q�W�V 

�'�D�W�H 
�����-�X�Q�H���������� 

�,�V�V�X�H�G���E�\ 
�%�H�W�K�D�Q�\���+�R�U�V�Z�H�O�O 

�3�U�H�S�D�U�H�G���E�\ 
�%�H�W�K�D�Q�\���+�R�U�V�Z�H�O�O 

�&�K�H�F�N�H�G���E�\ 
�$�Q�D�V�W�D�V�L�D���3�R�O�\�D�N�R�Y�D 

�$�S�S�U�R�Y�H�G���E�\ 
�1�H�L�O���7�L�W�O�H�\ 

 

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

2. ���3�U�R�M�H�F�W���'�H�V�F�U�L�S�W�L�R�Q���D�Q�G���6�W�X�G�\���$�U�H�D 
�7�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���L�V���D���Q�H�Z���J�U�D�G�H���V�H�S�D�U�D�W�H�G���M�X�Q�F�W�L�R�Q���D�W���-�X�Q�F�W�L�R�Q���������R�I���W�K�H���0�����P�R�W�R�U�Z�D�\����
�7�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���Z�L�O�O���X�W�L�O�L�V�H���W�K�H���H�[�L�V�W�L�Q�J���E�U�L�G�J�H���R�Y�H�U���W�K�H���0�����D�Q�G���S�U�R�Y�L�G�H���D�Q���D�G�G�L�W�L�R�Q�D�O��
�V�W�U�X�F�W�X�U�H���W�R���W�K�H���Q�R�U�W�K���H�D�V�W�����7�K�H���Q�H�Z���J�U�D�G�H���V�H�S�D�U�D�W�H�G���M�X�Q�F�W�L�R�Q���Z�L�O�O���W�K�H�Q���O�L�Q�N���W�R���W�K�H���H�[�L�V�W�L�Q�J���U�R�D�G�V���W�R��
�W�K�H���H�D�V�W���D�Q�G���Z�H�V�W���D�Q�G���S�U�R�Y�L�G�H���Q�H�Z���V�O�L�S���U�R�D�G���F�R�Q�Q�H�F�W�L�R�Q�V���W�R���W�K�H���0���� 

�7�K�H���D�U�H�D���R�I���O�D�Q�G���U�H�T�X�L�U�H�G���I�R�U���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W�����K�H�U�H�D�I�W�H�U���U�H�I�H�U�U�H�G���W�R���D�V���W�K�H���µ�6�L�W�H�¶�����L�V��
�V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������D�V���Z�H�O�O���D�V���W�K�H���6�W�X�G�\���$�U�H�D���Z�K�L�F�K���H�[�W�H�Q�G�V���W�R�����N�P���I�U�R�P���W�K�H���6�L�W�H���E�R�X�Q�G�D�U�\���I�R�U���W�K�H��
�S�X�U�S�R�V�H���R�I���W�K�L�V���K�L�J�K���O�H�Y�H�O���D�S�S�U�D�L�V�D�O���� 

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

�x �W�K�H���Y�L�O�O�D�J�H���R�I���)�D�O�I�L�H�O�G�����O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���W�K�H���6�L�W�H���W�R���W�K�H���Z�H�V�W���� 

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

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

�x �%�U�R�R�N���)�D�U�P���D�Q�G���+�R�Z�F�U�R�I�W���&�R�W�W�D�J�H�V���O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���W�K�H���6�L�W�H���W�R���W�K�H���H�D�V�W�����D�V���Z�H�O�O���D�V�� 

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

�2�W�K�H�U���U�H�F�H�S�W�R�U�V���L�Q�F�O�X�G�H���%�U�L�V�W�R�O���1�R�U�W�K���7�K�H���*�D�E�O�H�V���+�R�W�H�O���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�������P���Q�R�U�W�K���Z�H�V�W����
�+�0�3���(�D�V�W�Z�R�R�G���3�D�U�N���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������P���V�R�X�W�K���Z�H�V�W���D�Q�G���'�H���9�H�U�H���7�R�U�W�Z�R�U�W�K���&�R�X�U�W���+�R�W�H�O��
�O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������P���V�R�X�W�K���H�D�V�W���� 

3. �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�V�W�U�D�L�Q�W�V 

3.1 �/�D�Q�G�V�F�D�S�H���D�Q�G���9�L�V�X�D�O 

�7�K�H�U�H���D�U�H���Q�R���1�D�W�L�R�Q�D�O���/�D�Q�G�V�F�D�S�H�V�����I�R�U�P�D�O�O�\���N�Q�R�Z�Q���D�V���$�U�H�D�V���R�I���2�X�W�V�W�D�Q�G�L�Q�J���1�D�W�X�U�D�O���%�H�D�X�W�\��
���$�2�1�%�������O�R�F�D�W�H�G���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H�����7�K�H���&�R�W�V�Z�R�O�G�V���1�D�W�L�R�Q�D�O���/�D�Q�G�V�F�D�S�H���L�V���O�R�F�D�W�H�G��
�D�S�S�U�R�[�L�P�D�W�H�O�\���������N�P���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H���D�Q�G���O�R�Q�J�H�U���G�L�V�W�D�Q�F�H���Y�L�H�Z�V���R�I���W�K�H���3�U�R�S�R�V�H�G��
�'�H�Y�H�O�R�S�P�H�Q�W���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���G�X�H���W�R���W�K�H���W�R�S�R�J�U�D�S�K�\���R�I���W�K�H���6�W�X�G�\���$�U�H�D���� 

�7�K�H���6�W�X�G�\���$�U�H�D���L�V���F�R�Y�H�U�H�G���E�\���W�K�H���I�R�O�O�R�Z�L�Q�J���1�D�W�L�R�Q�D�O���&�K�D�U�D�F�W�H�U���$�U�H�D�V�����1�&�$�������D�V���G�H�I�L�Q�H�G���E�\���1�D�W�X�U�D�O��
�(�Q�J�O�D�Q�G�������������%�U�L�V�W�R�O�����$�Y�R�Q���9�D�O�O�H�\�V���D�Q�G���5�L�G�J�H�V1�����7�K�H���D�U�H�D���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D�O�W�H�U�Q�D�W�L�Q�J���U�L�G�J�H�V���D�Q�G��
�E�U�R�D�G���Y�D�O�O�H�\�V�����Z�L�W�K���V�R�P�H���V�W�H�H�S�����Z�R�R�G�H�G���V�O�R�S�H�V���D�Q�G���R�S�H�Q���U�R�O�O�L�Q�J���I�D�U�P�O�D�Q�G�� 

 
1 Natural England. NCA Profile:118: Bristol, Avon Valleys and Ridges - NE400. Available at: 
�K�W�W�S�V�������S�X�E�O�L�F�D�W�L�R�Q�V���Q�D�W�X�U�D�O�H�Q�J�O�D�Q�G���R�U�J���X�N���S�X�E�O�L�F�D�W�L�R�Q�������������������� 
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AECOM 2 
 

�7�K�H���6�W�X�G�\���$�U�H�D���L�V���P�D�L�Q�O�\���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���W�K�H���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���/�D�Q�G�V�F�D�S�H���&�K�D�U�D�F�W�H�U��
�$�V�V�H�V�V�P�H�Q�W���Z�K�L�F�K���G�H�I�L�Q�H�V���H�L�J�K�W���/�D�Q�G�V�F�D�S�H���&�K�D�U�D�F�W�H�U���7�\�S�H�V�����/�&�7�����D�Q�G���������/�D�Q�G�V�F�D�S�H���&�K�D�U�D�F�W�H�U��
�$�U�H�D�V�����/�&�$�������7�K�H���/�&�7���Z�K�L�F�K���F�R�Y�H�U�V���W�K�H���6�W�X�G�\���$�U�H�D���L�V���3�D�U�N�O�D�Q�G���9�D�O�H���D�Q�G���R�Q�O�\���R�Q�H���/�&�$���R�F�F�X�U�V��
�Z�L�W�K�L�Q���3�D�U�N�O�D�Q�G���9�D�O�H���Z�K�L�F�K���L�V���������)�D�O�I�L�H�O�G���9�D�O�H2�����7�K�L�V���D�U�H�D���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D���V�K�D�O�O�R�Z���E�R�Z�O��
�F�R�P�S�U�L�V�L�Q�J���D�J�U�L�F�X�O�W�X�U�D�O���O�D�Q�G���D�Q�G���S�D�U�N�O�D�Q�G�����Z�L�W�K���D���S�U�R�P�L�Q�H�Q�W���P�R�V�D�L�F���R�I���Z�R�R�G�O�D�Q�G�����F�R�S�V�H�V���D�Q�G��
�P�D�W�X�U�H���W�U�H�H�V���R�Q���V�X�U�U�R�X�Q�G�L�Q�J���K�L�J�K�H�U���J�U�R�X�Q�G�����7�K�H���H�O�H�Y�D�W�H�G���W�R�S�R�J�U�D�S�K�\���V�X�U�U�R�X�Q�G�L�Q�J���W�K�H���V�K�D�O�O�R�Z���E�R�Z�O��
�R�I���W�K�H���)�D�O�I�L�H�O�G���9�D�O�H���S�U�R�Y�L�G�H�V���H�[�W�H�Q�V�L�Y�H���Y�L�H�Z�V���D�F�U�R�V�V���W�K�H���D�J�U�L�F�X�O�W�X�U�D�O���O�D�Q�G�V�F�D�S�H�����P�D�N�L�Q�J���S�D�U�W�V���R�I���W�K�L�V��
�D�U�H�D���V�H�Q�V�L�W�L�Y�H���W�R���F�K�D�Q�J�H�����'�D�U�N���V�N�L�H�V���D�U�H���D���N�H�\���I�H�D�W�X�U�H���L�Q���P�D�Q�\���S�D�U�W�V���R�I���W�K�H���/�&�$���� 

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

�$�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������W�K�H�U�H���L�V���D���Q�H�W�Z�R�U�N���R�I���3�X�E�O�L�F���5�L�J�K�W�V���R�I���:�D�\�����3�5�R�:�����D�Q�G���U�H�F�U�H�D�W�L�R�Q�D�O���U�R�X�W�H�V��
�W�K�D�W���W�U�D�Q�V�Y�H�U�V�H���W�K�H���6�W�X�G�\���$�U�H�D���D�Q�G���W�K�H���6�L�W�H�����Z�K�H�U�H���Y�L�H�Z�V���R�I���W�K�H���O�D�Q�G�V�F�D�S�H���D�Q�G���Y�L�V�X�D�O���D�P�H�Q�L�W�\���L�V���D�Q��
�L�P�S�R�U�W�D�Q�W���S�D�U�W���R�I���W�K�H���H�[�S�H�U�L�H�Q�F�H�����7�K�H�U�H���D�U�H���I�R�X�U���3�5�R�:�����F�R�P�S�U�L�V�L�Q�J�������I�R�R�W�S�D�W�K�V���D�Q�G���R�Q�H���E�U�L�G�O�H�Z�D�\��
�Z�K�L�F�K���L�Q�W�H�U�V�H�F�W���W�K�H���6�L�W�H�����7�K�H���O�R�F�D�O���3�5�R�:���Q�H�W�Z�R�U�N���L�V���H�[�S�D�Q�V�L�Y�H�����D�Q�G���D���Q�X�P�E�H�U���R�I���3�5�R�:���P�D�\���E�H��
�G�L�U�H�F�W�O�\���D�I�I�H�F�W�H�G���E�\���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���� 

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

�$���O�D�Q�G�V�F�D�S�H���D�Q�G���Y�L�V�X�D�O���D�S�S�U�D�L�V�D�O���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���L�G�H�Q�W�L�I�\���W�K�H���S�U�H�G�L�F�W�H�G���O�D�Q�G�V�F�D�S�H���D�Q�G���Y�L�V�X�D�O��
�H�I�I�H�F�W�V���R�I���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���D�V���Z�H�O�O���D�V���S�R�W�H�Q�W�L�D�O���P�L�W�L�J�D�W�L�R�Q���P�H�D�V�X�U�H�V���W�R���U�H�G�X�F�H���D�Q�\��
�V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V�����6�F�U�H�H�Q�L�Q�J���G�H�V�L�J�Q���V�K�R�X�O�G���H�[�S�O�R�U�H���W�K�H���R�S�S�R�U�W�X�Q�L�W�L�H�V���W�R���D�O�V�R���P�L�W�L�J�D�W�H���W�K�H���S�R�W�H�Q�W�L�D�O��
�D�L�U���T�X�D�O�L�W�\���D�Q�G���Q�R�L�V�H���L�P�S�D�F�W�V�����D�Q�G���F�R�Q�W�U�L�E�X�W�H���W�R�Z�D�U�G�V���K�D�E�L�W�D�W���F�R�Q�Q�H�F�W�L�Y�L�W�\�� 

3.2 �%�L�R�G�L�Y�H�U�V�L�W�\���D�Q�G���1�D�W�X�U�H���&�R�Q�V�H�U�Y�D�W�L�R�Q 

�'�H�V�L�J�Q�D�W�H�G���6�L�W�H�V 

�7�K�H�U�H���D�U�H���Q�R���6�S�H�F�L�D�O���$�U�H�D�V���R�I���&�R�Q�V�H�U�Y�D�W�L�R�Q�����6�S�H�F�L�D�O���3�U�R�W�H�F�W�L�R�Q���$�U�H�D�V�����/�R�F�D�O���1�D�W�X�U�H���5�H�V�H�U�Y�H�V����
�1�D�W�L�R�Q�D�O���1�D�W�X�U�H���5�H�V�H�U�Y�H�V���R�U���5�D�P�V�D�U���6�L�W�H�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H���� 

�7�K�H�U�H���D�U�H���I�R�X�U���6�L�W�H�V���R�I���6�S�H�F�L�D�O���6�F�L�H�Q�W�L�I�L�F���,�Q�W�H�U�H�V�W�����6�6�6�,�����Z�L�W�K�L�Q�����N�P���L�Q�F�O�X�G�L�Q�J�����U�H�I�H�U���W�R���)�L�J�X�U�H�������� 

�x �'�D�P�H�U�\���5�R�D�G���6�6�6�,���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�����N�P���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H���� 

�x �%�U�L�Q�N�P�D�U�V�K���4�X�D�U�U�\���6�6�6�,���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������N���V�R�X�W�K���Z�H�V�W���� 

�x �6�O�L�F�N�V�W�R�Q�H�V���4�X�D�U�U�\���&�U�R�P�K�D�O�O���6�6�6�,���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������N�P���V�R�X�W�K���H�D�V�W�����D�Q�G�� 

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

�7�K�H���6�L�W�H���L�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q���D���6�6�6�,���,�P�S�D�F�W���5�L�V�N���=�R�Q�H���D�Q�G���W�K�H�U�H�I�R�U�H���F�R�Q�V�X�O�W�D�W�L�R�Q���Z�L�W�K���1�D�W�X�U�D�O��
�(�Q�J�O�D�Q�G���P�D�\���E�H���U�H�T�X�L�U�H�G�� 

�7�K�H�U�H���D�U�H���V�H�Y�H�Q���6�L�W�H�V���R�I���1�D�W�X�U�H���&�R�Q�V�H�U�Y�D�W�L�R�Q���,�Q�W�H�U�H�V�W3���Z�L�W�K�L�Q�����N�P���Z�L�W�K���W�K�H���F�O�R�V�H�V�W���E�H�L�Q�J���'�D�Q�L�H�O�¶�V��
�:�R�R�G���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�������P���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H�� 

�$�U�E�R�U�L�F�X�O�W�X�U�H 

�7�K�H�U�H���D�U�H���������$�Q�F�L�H�Q�W���:�R�R�G�O�D�Q�G�V���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H�����U�H�I�H�U���W�R���)�L�J�X�U�H�����������Z�L�W�K���W�K�H���W�Z�R���F�O�R�V�H�V�W���W�R��
�W�K�H���6�L�W�H���L�Q�F�O�X�G�L�Q�J���� 

�x �'�D�Q�L�H�O�¶�V���:�R�R�G�����$�Q�F�L�H�Q�W���D�Q�G���6�H�P�L���1�D�W�X�U�D�O���:�R�R�G�O�D�Q�G�����O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�������P���Q�R�U�W�K���H�D�V�W���R�I��
�W�K�H���6�L�W�H�����D�Q�G 

 
2 South Gloucestershire Landscape Character Assessment. Area 7 Falfield Vale. Available at: 
https://beta.southglos.gov.uk/static/ca9d209995b02e4b154e03a02d7dc8f6/LCA-Section-2-Area-7.pdf 
3 South Gloucestershire Council Interactive Map. Available at: https://map.n-somerset.gov.uk/southglos.html  
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�x �6�W�U�D�\�V���*�U�R�Y�H�����$�Q�F�L�H�Q�W���5�H�S�O�D�Q�W�H�G���:�R�R�G�O�D�Q�G�����O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�������P���Z�H�V�W���R�I���W�K�H���6�L�W�H�� 

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

�7�K�H�U�H���L�V���D���Y�H�W�H�U�D�Q���W�U�H�H�����W�U�H�H���,�'������������������4���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���6�L�W�H���W�R���W�K�H���Z�H�V�W�����*�U�L�G���U�H�I�H�U�H�Q�F�H����
�6�7���������������� �������)�R�U���Y�H�W�H�U�D�Q���W�U�H�H�V�����W�K�H���E�X�I�I�H�U���]�R�Q�H���V�K�R�X�O�G���E�H���D�W���O�H�D�V�W���������W�L�P�H�V���O�D�U�J�H�U���W�K�D�Q���W�K�H��
�G�L�D�P�H�W�H�U���R�I���W�K�H���W�U�H�H�����7�K�H���E�X�I�I�H�U���]�R�Q�H���V�K�R�X�O�G���E�H�������P�H�W�U�H�V���I�U�R�P���W�K�H���H�G�J�H���R�I���W�K�H���W�U�H�H�¶�V���F�D�Q�R�S�\���L�I���W�K�D�W��
�D�U�H�D���L�V���O�D�U�J�H�U���W�K�D�Q���������W�L�P�H�V���W�K�H���W�U�H�H�¶�V���G�L�D�P�H�W�H�U�����7�K�L�V���Z�L�O�O���F�U�H�D�W�H���D���P�L�Q�L�P�X�P���U�R�R�W���S�U�R�W�H�F�W�L�R�Q���D�U�H�D�� 

�7�K�H���O�R�F�D�W�L�R�Q���R�I���7�U�H�H���3�U�H�V�H�U�Y�D�W�L�R�Q���2�U�G�H�U�V�����7�3�2�����V�K�R�X�O�G���E�H���U�H�T�X�H�V�W�H�G���I�U�R�P���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H��
�&�R�X�Q�F�L�O���W�R���G�H�W�H�U�P�L�Q�H���L�I���D�Q�\���7�3�2���F�R�Q�V�H�Q�W�V���D�U�H���U�H�T�X�L�U�H�G���� 

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

�+�D�E�L�W�D�W�V 

�0�X�O�W�L�S�O�H���3�U�L�R�U�L�W�\���+�D�E�L�W�D�W�V���D�U�H���O�R�F�D�W�H�G���Z�L�W�K�L�Q�����N�P���L�Q�F�O�X�G�L�Q�J���G�H�F�L�G�X�R�X�V���Z�R�R�G�O�D�Q�G�����F�R�D�V�W�D�O���D�Q�G��
�I�O�R�R�G�S�O�D�L�Q���J�U�D�]�L�Q�J���P�D�U�V�K�����O�R�Z�O�D�Q�G���P�H�D�G�R�Z�V�����J�R�R�G���T�X�D�O�L�W�\���V�H�P�L���L�P�S�U�R�Y�H�G���J�U�D�V�V�O�D�Q�G�����W�U�D�G�L�W�L�R�Q�D�O��
�R�U�F�K�D�U�G�V���D�Q�G���Q�R���P�D�L�Q���K�D�E�L�W�D�W���E�X�W���D�G�G�L�W�L�R�Q�D�O���K�D�E�L�W�D�W���H�[�L�V�W�V�����U�H�I�H�U���W�R���)�L�J�X�U�H�����������3�U�L�R�U�L�W�\���K�D�E�L�W�D�W�V��
�O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���6�L�W�H���L�Q�F�O�X�G�H�� 

�x �µ�'�H�F�L�G�X�R�X�V���Z�R�R�G�O�D�Q�G�¶���L�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H�����D�Q�G 

�x �µ�1�R���P�D�L�Q���K�D�E�L�W�D�W���E�X�W���D�G�G�L�W�L�R�Q�D�O���K�D�E�L�W�D�W���H�[�L�V�W�V�¶���L�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���H�D�V�W���R�I���W�K�H���6�L�W�H������ 

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

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

�$���3�U�H�O�L�P�L�Q�D�U�\���(�F�R�O�R�J�L�F�D�O���$�S�S�U�D�L�V�D�O�����3�(�$�����F�R�P�S�U�L�V�L�Q�J���R�I���D���G�H�V�N���E�D�V�H�G���D�V�V�H�V�V�P�H�Q�W���D�Q�G���3�K�D�V�H������
�+�D�E�L�W�D�W���6�X�U�Y�H�\���V�K�R�X�O�G���E�H���X�Q�G�H�U�W�D�N�H�Q���W�R���H�V�W�D�E�O�L�V�K���W�K�H���Y�D�O�X�H���R�I���K�D�E�L�W�D�W�V���R�Q���D�Q�G���D�U�R�X�Q�G���W�K�H���6�L�W�H���D�Q�G��
�W�K�H���Q�H�H�G���I�R�U���D�Q�\���I�X�U�W�K�H�U���S�U�R�W�H�F�W�H�G���V�S�H�F�L�H�V���V�X�U�Y�H�\�V���D�Q�G���V�X�E�V�H�T�X�H�Q�W���P�L�W�L�J�D�W�L�R�Q�V�����'�X�H���W�R���V�H�D�V�R�Q�D�O�L�W�\��
�R�I���H�F�R�O�R�J�L�F�D�O���V�X�U�Y�H�\�V���W�K�H�V�H���V�K�R�X�O�G���E�H���V�F�K�H�G�X�O�H�G���D�V���V�R�R�Q���D�V���S�U�D�F�W�L�F�D�E�O�H���W�R���D�Y�R�L�G���G�H�O�D�\�V���W�R���W�K�H��
�R�Y�H�U�D�O�O���S�U�R�J�U�D�P�P�H���R�I���W�K�H���3�U�R�M�H�F�W�����W�K�H�U�H���P�D�\���E�H���D���Q�H�H�G���I�R�U���V�R�P�H���6�S�U�L�Q�J���W�L�P�H���R�U���6�X�P�P�H�U���W�L�P�H��
�V�S�H�F�L�H�V���V�X�U�Y�H�\�V���W�R���L�Q�I�R�U�P���W�K�H���3�U�R�M�H�F�W�� 

�%�L�R�G�L�Y�H�U�V�L�W�\���1�H�W���*�D�L�Q 

�,�W���L�V���D���O�H�J�D�O���U�H�T�X�L�U�H�P�H�Q�W���I�R�U���Q�H�Z���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W�V���X�Q�G�H�U���D���S�O�D�Q�Q�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q���W�R���D�F�K�L�H�Y�H��
�%�L�R�G�L�Y�H�U�V�L�W�\���1�H�W���* �D�L�Q�����%�1�*�����X�Q�G�H�U���W�K�H���(�Q�Y�L�U�R�Q�P�H�Q�W���$�F�W������������ 

�%�1�*���V�K�R�X�O�G���E�H���D�W���O�H�D�V�W�����������D�E�R�Y�H���H�[�L�V�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���L�V���P�H�D�V�X�U�H�G���X�V�L�Q�J���W�K�H���'�H�I�U�D���0�H�W�U�L�F5����
�7�K�L�V���P�H�W�U�L�F���U�H�Y�L�H�Z�V���W�K�H���W�\�S�H���D�Q�G���F�R�Q�G�L�W�L�R�Q���R�I���K�D�E�L�W�D�W�V���S�U�H�V�H�Q�W���E�R�W�K���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���G�H�Y�H�O�R�S�P�H�Q�W���W�R��
�V�F�R�U�H���W�K�H���R�Y�H�U�D�O�O���F�K�D�Q�J�H���I�R�U���E�L�R�G�L�Y�H�U�V�L�W�\�����7�K�L�V���U�H�T�X�L�U�H�V���F�R�P�P�L�W�P�H�Q�W���W�R���W�K�H���P�D�Q�D�J�H�P�H�Q�W���R�I���K�D�E�L�W�D�W�V��
�Z�L�W�K�L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���I�R�U���W�K�H���E�H�Q�H�I�L�W���R�I���E�L�R�G�L�Y�H�U�V�L�W�\�����:�K�H�U�H���W�K�L�V���F�D�Q�Q�R�W���E�H���D�F�K�L�H�Y�H�G���Z�L�W�K�L�Q���W�K�H��
�6�L�W�H�����W�K�H�Q���V�L�P�L�O�D�U���F�R�P�P�L�W�P�H�Q�W�V���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G���X�V�L�Q�J���R�I�I���V�L�W�H���D�U�H�D�V�����2�S�S�R�U�W�X�Q�L�W�L�H�V���W�R���D�F�K�L�H�Y�H��
�%�1�*���V�K�R�X�O�G���E�H���G�H�Y�H�O�R�S�H�G���L�Q���S�D�U�D�O�O�H�O���Z�L�W�K���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���G�H�V�L�J�Q�� 

�7�K�H�U�H�I�R�U�H�����D���%�1�*���D�V�V�H�V�V�P�H�Q�W���Z�L�O�O���E�H���U�H�T�X�L�U�H�G���D�V���S�D�U�W���R�I���D���S�O�D�Q�Q�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q���I�R�U���W�K�H���3�U�R�M�H�F�W���� 

 
4 Woodland Trust. Ancient Tree Inventory. Available at: https://ati.woodlandtrust.org.uk/tree-search/  
5 �1�D�W�X�U�D�O���(�Q�J�O�D�Q�G�¶�V���%�L�R�G�L�Y�H�U�V�L�W�\���0�H�W�U�L�F�������������$�Y�D�L�O�D�E�O�H���D�W����http://publications.naturalengland.org.uk/publication/6049804846366720  
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3.3 �&�X�O�W�X�U�D�O���+�H�U�L�W�D�J�H 

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

�7�K�H�U�H���D�U�H���W�K�U�H�H���6�F�K�H�G�X�O�H�G���0�R�Q�X�P�H�Q�W�V���Z�L�W�K�L�Q�����N�P�����U�H�I�H�U���W�R���)�L�J�X�U�H�������� 

�x �µ�6�P�D�O�O���P�X�O�W�L�Y�D�O�O�D�W�H���K�L�O�O�I�R�U�W���������P���H�D�V�W���R�I���:�K�L�W�I�L�H�O�G���)�D�U�P�¶���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������P���V�R�X�W�K���H�D�V�W��
�R�I���W�K�H���6�L�W�H�� 

�x �µ�&�U�R�V�V���L�Q���6�W���/�H�R�Q�D�U�G�
�V���F�K�X�U�F�K�\�D�U�G�¶���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�����N�P���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H�����D�Q�G 

�x �µ�'�D�P�H�U�\���F�D�P�S�¶���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������N�P���Q�R�U�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H�� 

�7�K�H�U�H���D�U�H�����������/�L�V�W�H�G���%�X�L�O�G�L�Q�J�V���Z�L�W�K�L�Q�����N�P�����F�R�Q�V�L�V�W�L�Q�J���R�I���R�Q�H���*�U�D�G�H���,���O�L�V�W�H�G�����W�Z�R���*�U�D�G�H���,�,�
���O�L�V�W�H�G���D�Q�G��
���������*�U�D�G�H���,�,���O�L�V�W�H�G�����V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����������7�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H�V�H���O�L�V�W�H�G���E�X�L�O�G�L�Q�J�V���O�L�H���Z�L�W�K�L�Q���W�K�H��
�V�H�W�W�O�H�P�H�Q�W�V���R�I���6�W�R�Q�H���W�R���W�K�H���Q�R�U�W�K���Z�H�V�W�����7�R�U�W�Z�R�U�W�K���W�R���W�K�H���Q�R�U�W�K���H�D�V�W�����&�U�R�P�K�D�O�O���W�R���W�K�H���V�R�X�W�K���H�D�V�W���D�Q�G��
�)�D�O�I�L�H�O�G���W�R���W�K�H���Z�H�V�W�����7�K�H�U�H���D�U�H���D�O�V�R���P�X�O�W�L�S�O�H���O�L�V�W�H�G���E�X�L�O�G�L�Q�J�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���'�H���9�H�U�H���7�R�U�W�Z�R�U�W�K��
�&�R�X�U�W���+�R�W�H�O���W�R���W�K�H���H�D�V�W�����7�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���O�L�V�W�H�G���E�X�L�O�G�L�Q�J�V���O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���W�K�H���Z�H�V�W���R�I���W�K�H���6�L�W�H��
�L�Q�F�O�X�G�L�Q�J���* �U�D�G�H���,�,���O�L�V�W�H�G���E�X�L�O�G�L�Q�J�V���µ�)�D�O�I�L�H�O�G���0�L�O�O�¶�����µ�)�D�O�I�L�H�O�G���0�L�O�O���+�R�X�V�H�¶�����µ�)�D�O�I�L�H�O�G���:�D�U���0�H�P�R�U�L�D�O�¶����
�µ�&�K�X�U�F�K���2�I���6�W���*�H�R�U�J�H�¶���D�Q�G���µ�)�D�O�I�L�H�O�G���/�R�G�J�H�����D�Q�G���*�D�W�H�S�L�H�U�V���D�Q�G���5�D�L�O�L�Q�J�V���W�R���W�K�H���I�U�R�Q�W���J�D�U�G�H�Q���D�Q�G���R�Q��
�W�K�H���Z�H�V�W���V�L�G�H���R�I���&�K�X�U�F�K���$�Y�H�Q�X�H�¶������ 

�7�R�U�W�Z�R�U�W�K���&�R�X�U�W���*�U�D�G�H���,�,�
���5�H�J�L�V�W�H�U�H�G���3�D�U�N���D�Q�G���*�D�U�G�H�Q���L�V���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���6�W�X�G�\���$�U�H�D���D�Q�G��
�R�Y�H�U�O�D�S�V���Z�L�W�K���W�K�H���H�D�V�W���R�I���W�K�H���6�L�W�H�����U�H�I�H�U���W�R���)�L�J�X�U�H�����������,�W���L�V���D���Q�D�W�L�R�Q�D�O���G�H�V�L�J�Q�D�W�L�R�Q�����D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H��
�G�H�V�L�J�Q���V�K�R�X�O�G���D�Y�R�L�G���L�P�S�D�F�W�L�Q�J���W�K�L�V���D�V�V�H�W�������/�L�D�L�V�R�Q���Z�L�W�K���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���&�R�X�Q�F�L�O�¶�V���O�D�Q�G�V�F�D�S�H��
�R�I�I�L�F�H�U���U�H�J�D�U�G�L�Q�J���L�P�S�D�F�W�V���R�Q���W�K�L�V���I�H�D�W�X�U�H���L�V���U�H�F�R�P�P�H�Q�G�H�G���H�D�U�O�\���L�Q���W�K�H���G�H�O�L�Y�H�U�\���S�U�R�J�U�D�P�P�H������ 

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

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

3.4 �:�D�W�H�U���5�H�V�R�X�U�F�H�V���D�Q�G���)�O�R�R�G���5�L�V�N 

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

�3�D�U�W�V���R�I���W�K�H���6�L�W�H���D�U�H���O�R�F�D�W�H�G���Z�L�W�K�L�Q���)�O�R�R�G���=�R�Q�H�V�������D�Q�G�������Z�L�W�K�L�Q���W�K�H���Z�H�V�W���S�R�U�W�L�R�Q���R�I���W�K�H���6�L�W�H���Z�K�L�F�K��
�D�U�H���O�L�N�H�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���R�U�G�L�Q�D�U�\���Z�D�W�H�U�F�R�X�U�V�H���Z�K�L�F�K���F�U�R�V�V�H�V���W�K�H���6�L�W�H���D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H��������
�3�D�U�W�V���R�I���W�K�H���Z�H�V�W���D�Q�G���V�R�X�W�K���H�D�V�W���R�I���W�K�H���6�L�W�H���D�U�H���D�O�V�R���D�W���µ�K�L�J�K���U�L�V�N�¶���D�Q�G���µ�P�H�G�L�X�P���U�L�V�N�¶���R�I���V�X�U�I�D�F�H��
�Z�D�W�H�U���I�O�R�R�G�L�Q�J�����)�O�R�R�G�L�Q�J���I�U�R�P���J�U�R�X�Q�G�Z�D�W�H�U���D�Q�G���U�H�V�H�U�Y�R�L�U�V���L�V���X�Q�O�L�N�H�O�\���L�Q���W�K�L�V���D�U�H�D6�� 

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

�7�K�H���6�L�W�H���L�V���Q�R�W���O�R�F�D�W�H�G���Z�L�W�K�L�Q���D���1�L�W�U�D�W�H���9�X�O�Q�H�U�D�E�O�H���=�R�Q�H�����'�U�L�Q�N�L�Q�J���:�D�W�H�U���6�D�I�H�J�X�D�U�G���=�R�Q�H�����I�R�U��
�V�X�U�I�D�F�H���Z�D�W�H�U���R�U���J�U�R�X�Q�G�Z�D�W�H�U�����R�U���D���6�R�X�U�F�H���3�U�R�W�H�F�W�L�R�Q���=�R�Q�H���� 

�'�X�H���W�R���W�K�H���6�L�W�H���E�H�L�Q�J���O�R�F�D�W�H�G���L�Q���)�O�R�R�G���=�R�Q�H�������D�Q�G���������D�V���Z�H�O�O���D�V���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���E�H�L�Q�J��
�R�Y�H�U�����K�D�����D���)�O�R�R�G���5�L�V�N���$�V�V�H�V�V�P�H�Q�W���Z�L�O�O���E�H���U�H�T�X�L�U�H�G���D�V���S�D�U�W���R�I���D���S�O�D�Q�Q�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�����,�W���L�V���D�O�V�R��
�U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���D�Q���2�X�W�O�L�Q�H���'�U�D�L�Q�D�J�H���6�W�U�D�W�H�J�\���L�V���X�Q�G�H�U�W�D�N�H�Q�� 

 
6 UK Government Data �± Flood Risk. Available at: https://www.gov.uk/check-long-term-flood-risk  
7 �'�H�I�U�D�¶�V���0�X�O�W�L-�$�J�H�Q�F�\���*�H�R�J�U�D�S�K�L�F���,�Q�I�R�U�P�D�W�L�R�Q���I�R�U���W�K�H���&�R�X�Q�W�U�\�V�L�G�H�¶�����0�$�*�,�&�������$�Y�D�L�O�D�E�O�H���D�W����https://magic.defra.gov.uk/MagicMap.aspx  
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3.5 �*�U�R�X�Q�G���&�R�Q�G�L�W�L�R�Q�V 

�7�K�H���6�L�W�H���L�V���X�Q�G�H�U�O�D�L�Q���E�\���µ�%�U�L�Q�N�P�D�U�V�K���%�H�G�V�¶�����/�L�P�H�V�W�R�Q�H��8���Z�K�L�F�K���L�V���F�O�D�V�V�L�I�L�H�G���D�V���D���6�H�F�R�Q�G�D�U�\���$��
�D�T�X�L�I�H�U���D�Q�G���µ�%�U�L�Q�N�P�D�U�V�K���%�H�G�V�¶�����0�X�G�V�W�R�Q�H�����F�D�O�F�D�U�H�R�X�V�����Z�K�L�F�K���L�V���F�O�D�V�V�L�I�L�H�G���D�V���D���6�H�F�R�Q�G�D�U�\���%��
�D�T�X�L�I�H�U�� 

�7�K�H�U�H���L�V���Q�R���V�X�S�H�U�I�L�F�L�D�O���J�H�R�O�R�J�\���U�H�F�R�U�G�H�G���E�H�Q�H�D�W�K���W�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���6�L�W�H�����K�R�Z�H�Y�H�U�����µ�5�L�Y�H�U���7�H�U�U�D�F�H��
�'�H�S�R�V�L�W�V�¶�����F�O�D�\�����V�L�O�W���D�Q�G���V�D�Q�G�����D�Q�G���µ�$�O�O�X�Y�L�X�P�¶�����&�O�D�\�����V�L�O�W�����V�D�Q�G���D�Q�G���J�U�D�Y�H�O�����D�U�H���I�R�X�Q�G���L�Q���V�P�D�O�O���Y�H�U�W�L�F�D�O��
�E�D�Q�G�V���D�F�U�R�V�V���W�K�H���6�L�W�H�����7�K�H�V�H���D�U�H���F�O�D�V�V�L�I�L�H�G���D�V���D���6�H�F�R�Q�G�D�U�\���$���D�T�X�L�I�H�U9���� 

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

�7�K�H�U�H���D�U�H���Q�R���K�L�V�W�R�U�L�F���O�D�Q�G�I�L�O�O�V���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H���E�R�X�Q�G�D�U�\10�� 

�7�R���H�V�W�D�E�O�L�V�K���S�R�W�H�Q�W�L�D�O���V�R�X�U�F�H�V���R�I���F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����D�Q�G���G�H�W�H�U�P�L�Q�H���L�I���I�X�U�W�K�H�U���L�Q�W�U�X�V�L�Y�H���V�D�P�S�O�L�Q�J���L�V��
�U�H�T�X�L�U�H�G�����L�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���D���3�K�D�V�H�������3�U�H�O�L�P�L�Q�D�U�\���5�L�V�N���$�V�V�H�V�V�P�H�Q�W���E�H���X�Q�G�H�U�W�D�N�H�Q�� 

3.6 �$�L�U���4�X�D�O�L�W�\ 

�7�K�H�U�H���D�U�H���Q�R���$�L�U���4�X�D�O�L�W�\���0�D�Q�D�J�H�P�H�Q�W���$�U�H�D�V�����$�4�0�$��11���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H���Z�L�W�K���W�K�H���F�O�R�V�H�V�W���E�H�L�Q�J��
�%�U�L�V�W�R�O���&�L�W�\���$�4�0�$���O�R�F�D�W�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�����������N�P���V�R�X�W�K���Z�H�V�W���� 

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

�*�X�L�G�D�Q�F�H���I�U�R�P���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���3�U�R�W�H�F�W�L�R�Q���8�.���D�Q�G���W�K�H���,�Q�V�W�L�W�X�W�H���R�I���$�L�U���4�X�D�O�L�W�\���0�D�Q�D�J�H�P�H�Q�W�����,�$�4�0��12��
�V�X�J�J�H�V�W�V���L�Q�G�L�F�D�W�L�Y�H���F�U�L�W�H�U�L�D���I�R�U���U�H�T�X�L�U�L�Q�J���D�Q���D�L�U���T�X�D�O�L�W�\���D�V�V�H�V�V�P�H�Q�W�����L�Q�F�O�X�G�L�Q�J���D���F�K�D�Q�J�H���L�Q���D�Q�Q�X�D�O��
�D�Y�H�U�D�J�H���G�D�L�O�\���W�U�D�I�I�L�F�����$�$�'�7�����R�I���P�R�U�H���W�K�D�Q�����������/�L�J�K�W���*�R�R�G�V���9�H�K�L�F�O�H�V�����/�*�9�V�����R�U���P�R�U�H���W�K�D�Q����������
�+�H�D�Y�\���* �R�R�G�V���9�H�K�L�F�O�H�V�����+�*�9�V�����D�W���V�L�W�H�V���R�X�W�V�L�G�H���D�Q���$�4�0�$�� 

�$�Q���$�L�U���4�X�D�O�L�W�\���$�V�V�H�V�V�P�H�Q�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���L�G�H�Q�W�L�I�\���W�K�H���D�L�U���T�X�D�O�L�W�\���L�P�S�D�F�W�V���R�I���E�R�W�K���W�K�H��
�F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�R�Q�D�O���S�K�D�V�H�V���R�I���W�K�H���3�U�R�S�R�V�H�G���'�H�Y�H�O�R�S�P�H�Q�W���R�Q���K�X�P�D�Q���K�H�D�O�W�K���D�Q�G��
�H�F�R�O�R�J�L�F�D�O���U�H�F�H�S�W�R�U�V�� 

3.7 �1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q 

�7�K�H���6�L�W�H���L�V���O�R�F�D�W�H�G���L�Q���S�U�R�[�L�P�L�W�\���W�R���H�[�L�V�W�L�Q�J���Q�R�L�V�H���V�R�X�U�F�H�V�����L�Q�F�O�X�G�L�Q�J���W�U�D�I�I�L�F���R�Q���W�K�H���H�[�L�V�W�L�Q�J���U�R�D�G��
�Q�H�W�Z�R�U�N���V�X�F�K���D�V���W�K�H���0�������$�������D�Q�G���%�������������7�K�H�U�H���D�U�H���Q�R���1�R�L�V�H���,�P�S�R�U�W�D�Q�W���$�U�H�D�V�����1�,�$�V��13���Z�L�W�K�L�Q�����N�P��
�R�I���W�K�H���6�L�W�H�����'�X�H���W�R���W�K�H���D�Q�W�L�F�L�S�D�W�H�G���L�Q�F�U�H�D�V�H���L�Q���W�U�D�I�I�L�F���Y�R�O�X�P�H�V�����S�R�W�H�Q�W�L�D�O���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V��
�V�X�U�U�R�X�Q�G�L�Q�J���W�K�H���6�L�W�H���Z�K�L�F�K���D�U�H���O�L�N�H�O�\���W�R���E�H���V�X�E�M�H�F�W���W�R���Q�R�L�V�H���G�X�U�L�Q�J���F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�R�Q�����7�K�L�V��
�L�Q�F�O�X�G�H�V���U�H�V�L�G�H�Q�W�L�D�O���U�H�F�H�S�W�R�U�V�����D�V���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���6�H�F�W�L�R�Q�������Z�L�W�K���W�K�H���F�O�R�V�H�V�W���O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���W�K�H��
�Z�H�V�W���R�I���W�K�H���6�L�W�H���L�Q���)�D�O�I�L�H�O�G�����7�K�H���W�\�S�H���R�I���U�R�D�G���V�X�U�I�D�F�H���D�V���Z�H�O�O���D�V���W�K�H���S�R�W�H�Q�W�L�D�O���X�V�H���R�I���Q�R�L�V�H���E�D�U�U�L�H�U�V��
�D�Q�G���H�D�U�W�K���E�X�Q�G�V���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���Z�L�W�K�L�Q���W�K�H���G�H�V�L�J�Q���� 

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

3.8 �7�U�D�Q�V�S�R�U�W���D�Q�G���$�F�F�H�V�V 

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

 
8 British Geological Survey �± Geology Viewer. Available at: https://geologyviewer.bgs.ac.uk  
9 �'�H�I�U�D�¶�V���0�X�O�W�L-�$�J�H�Q�F�\���*�H�R�J�U�D�S�K�L�F���,�Q�I�R�U�P�D�W�L�R�Q���I�R�U���W�K�H���&�R�X�Q�W�U�\�V�L�G�H�¶�����0�$�*�,�&�������$�Y�D�L�O�D�E�O�H���D�W����https://magic.defra.gov.uk/MagicMap.aspx  
10 UK Government Data on Historic Landfills. Available at: https://data.gov.uk/data/map-preview  
11 Extrium �± Noise and Air Quality Viewer. Available at: http://www.extrium.co.uk/noiseviewer.html  
12 Environmental Protection UK and IAQM. Guidance on land-use planning and development control: Planning for air quality 2017 v1.2. 
Available at: https://www.iaqm.co.uk/text/guidance/air-quality-planning-guidance.pdf  
13 Extrium �± Noise and Air Quality Viewer. Available at: http://www.extrium.co.uk/noiseviewer.html  
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�7�K�H�U�H���D�U�H���P�X�O�W�L�S�O�H���3�5�R�:14���Z�L�W�K�L�Q�����N�P���R�I���W�K�H���6�L�W�H�����3�5�R�:���Z�K�L�F�K���L�Q�W�H�U�V�H�F�W���W�K�H���6�L�W�H���L�Q�F�O�X�G�H�� 

�x �6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���)�R�R�W�S�D�W�K���������������Z�L�W�K�L�Q���W�K�H���Z�H�V�W���R�I���W�K�H���6�L�W�H�� 

�x �6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���)�R�R�W�S�D�W�K���������������Z�L�W�K�L�Q���W�K�H���Z�H�V�W���D�Q�G���Q�R�U�W�K���R�I���W�K�H���6�L�W�H�� 

�x �6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���)�R�R�W�S�D�W�K�������������Z�L�W�K�L�Q���W�K�H���Q�R�U�W�K���R�I���W�K�H���6�L�W�H�����D�Q�G 

�x �6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���%�U�L�G�O�H�Z�D�\�������������Z�L�W�K�L�Q���W�K�H���H�D�V�W���R�I���W�K�H���6�L�W�H���� 

�,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���W�K�H���G�H�V�L�J�Q���V�K�R�X�O�G���V�H�H�N���W�R���D�Y�R�L�G���D�Q�\���F�O�R�V�X�U�H�V���R�U���G�L�Y�H�U�V�L�R�Q�V���R�I���W�K�H���H�[�L�V�W�L�Q�J��
�3�5�R�:������ 

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

4. �6�X�P�P�D�U�\ 
�7�K�H���6�L�W�H�¶�V���P�D�L�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�V�W�U�D�L�Q�W�V���L�Q�F�O�X�G�H���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W�V���W�R���U�H�V�L�G�H�Q�W�L�D�O���U�H�F�H�S�W�R�U�V���G�X�H���W�R��
�F�K�D�Q�J�H�V���L�Q���D�L�U���T�X�D�O�L�W�\���D�Q�G���Q�R�L�V�H���I�U�R�P���D�V�V�X�P�H�G���L�Q�F�U�H�D�V�H���L�Q���W�U�D�I�I�L�F���Y�R�O�X�P�H�V�����I�O�R�R�G���U�L�V�N�����E�H�L�Q�J���O�R�F�D�W�H�G��
�Z�L�W�K�L�Q���D���6�6�6�,���5�L�V�N���,�P�S�D�F�W���=�R�Q�H���D�V���Z�H�O�O���D�V���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W�V���W�R���W�U�H�H�V�����K�D�E�L�W�D�W�V�����3�5�R�:�����5�H�J�L�V�W�H�U�H�G��
�3�D�U�N���D�Q�G���*�D�U�G�H�Q�V���D�Q�G���O�L�V�W�H�G���E�X�L�O�G�L�Q�J�V�� 

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

�7�D�E�O�H���������6�X�P�P�D�U�\���R�I���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V 

Environmental 
Constraint  

�5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V 

�/�D�Q�G�V�F�D�S�H���D�Q�G��
�9�L�V�X�D�O 

�x �/�D�Q�G�V�F�D�S�H���D�Q�G���9�L�V�X�D�O���$�S�S�U�D�L�V�D�O 
�x �&�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I���Y�L�V�X�D�O���V�F�U�H�H�Q�L�Q�J�����L�Q�F�O�X�G�L�Q�J���R�S�S�R�U�W�X�Q�L�W�L�H�V���W�R���D�O�V�R��

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

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

�%�L�R�G�L�Y�H�U�V�L�W�\���D�Q�G��
�1�D�W�X�U�H��
�&�R�Q�V�H�U�Y�D�W�L�R�Q 

�x �3�U�H�O�L�P�L�Q�D�U�\���(�F�R�O�R�J�L�F�D�O���$�S�S�U�D�L�V�D�O���L�Q�F�O�X�G�L�Q�J���D���3�K�D�V�H�������+�D�E�L�W�D�W���6�X�U�Y�H�\ 
�x �&�R�Q�V�X�O�W�D�W�L�R�Q���Z�L�W�K���1�D�W�X�U�D�O���(�Q�J�O�D�Q�G 
�x �5�H�T�X�H�V�W���W�K�H���O�R�F�D�W�L�R�Q���R�I���D�Q�\���7�3�2�V���I�U�R�P���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H��

�&�R�X�Q�F�L�O 
�x �7�U�H�H���V�X�U�Y�H�\ 
�x �$�Q�F�L�H�Q�W���Z�R�R�G�O�D�Q�G���D�Q�G���Y�H�W�H�U�D�Q���W�U�H�H���E�X�I�I�H�U�V 
�x �%�1�*���$�V�V�H�V�V�P�H�Q�W 

�&�X�O�W�X�U�D�O���+�H�U�L�W�D�J�H �x �&�X�O�W�X�U�D�O���+�H�U�L�W�D�J�H���'�H�V�N���%�D�V�H�G���$�V�V�H�V�V�P�H�Q�W 
�x �/�L�D�L�V�R�Q���Z�L�W�K���6�R�X�W�K���*�O�R�X�F�H�V�W�H�U�V�K�L�U�H���&�R�X�Q�F�L�O�¶�V���O�D�Q�G�V�F�D�S�H���R�I�I�L�F�H�U��

�U�H�J�D�U�G�L�Q�J���L�P�S�D�F�W�V���W�R���7�R�U�W�Z�R�U�W�K���&�R�X�U�W���*�U�D�G�H���,�,�
���5�H�J�L�V�W�H�U�H�G���3�D�U�N���D�Q�G��
�*�D�U�G�H�Q 

�:�D�W�H�U���5�H�V�R�X�U�F�H�V��
�D�Q�G���)�O�R�R�G���5�L�V�N 

�x �)�O�R�R�G���5�L�V�N���$�V�V�H�V�V�P�H�Q�W�� 
�x �2�X�W�O�L�Q�H���'�U�D�L�Q�D�J�H���6�W�U�D�W�H�J�\ 

�*�U�R�X�Q�G��
�&�R�Q�G�L�W�L�R�Q�V 

�x �3�K�D�V�H�������3�U�H�O�L�P�L�Q�D�U�\���5�L�V�N���$�V�V�H�V�V�P�H�Q�W 

�$�L�U���4�X�D�O�L�W�\ �x �$�L�U���4�X�D�O�L�W�\���$�V�V�H�V�V�P�H�Q�W 

 
14 Rowmaps �± Public Rights of Way (PRoW) mapping. Available at: https://www.rowmaps.com/  
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Environmental 
Constraint  

�5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V 

�1�R�L�V�H���D�Q�G��
�9�L�E�U�D�W�L�R�Q 

�x �1�R�L�V�H���6�X�U�Y�H�\���D�Q�G���$�V�V�H�V�V�P�H�Q�W 
�x �&�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I���W�\�S�H�V���R�I���U�R�D�G���V�X�U�I�D�F�L�Q�J�����S�R�W�H�Q�W�L�D�O���X�V�H���R�I���Q�R�L�V�H��

�E�D�U�U�L�H�U�V���D�Q�G���H�D�U�W�K���E�X�Q�G�V 

�7�U�D�Q�V�S�R�U�W���D�Q�G��
�$�F�F�H�V�V 

�x �7�U�D�Q�V�S�R�U�W���0�R�G�H�O�O�L�Q�J�� 
�x �7�U�D�Q�V�S�R�U�W���$�V�V�H�V�V�P�H�Q�W 
�x �&�R�Q�V�W�U�X�F�W�L�R�Q���7�U�D�I�I�L�F���0�D�Q�D�J�H�P�H�Q�W���3�O�D�Q 
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�)�L�J�X�U�H���������(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�V�W�U�D�L�Q�W�V���Z�L�W�K�L�Q�����N�P 
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Introduction��
1.1 Background��
CH2M��has��been��working��with��Highways��England��to��assess��the��impact��of��future��traffic��growth��on��M5��
Junction��14.����This��work��has��identified��that,��without��intervention,��the��impact��of��forecast��traffic��volumes��
generated��by��local��growth��in��housing��and��employment��would��be��severe��and��could��not��be��
accommodated��by��the��existing��junction��layout.����Consequently,��CH2M��has��been��commissioned��by��
Highways��England��to��develop��a��range��of��potential��improvement��options��for��M5��Junction��14��and��to��test��
these��using��the��M5��Junction��14��VISSIM��model.��

1.2 Purpose��of��Report��
The��purpose��of��this��report��is��to��identify��the��scale��and��type��of��junction��improvement��that��would��be��
necessary��to��accommodate��anticipated��future��growth,��although��at��this��time��there��is��no��commitment��or��
programme��to��fund��or��deliver��the��identified��improvement.����The��report��presents��the��results��of��the��testing��
of��these��options��under��forecast��traffic��conditions��reflecting��growth��from��the��Stroud��Local��Plan��allocated��
development��sites.����The��report��also��sets��out��the��work��involved��in��updating��the��VISSIM��model��with��new��
traffic��data��collected��for��the��study,��and��presents��the��results��of��the��re�rcalibration��and��re�rvalidation��of��the��
model.��

1.3 Structure��of��Report��
Following��this��introduction,��the��remainder��of��this��report��is��structured��as��follows:��

�x Section��2:��Model��Update,��which��sets��out��the��steps��involved��in��updating��the��VISSIM��model��and��
presents��the��updated��model��calibration��and��validation��results;��

�x Section��3:��Forecast��Growth,��which��explains��the��assumptions��used��in��forecasting��traffic��growth��at��M5��
Junction��and��the��Stroud��Local��Plan��development��site��assumptions��employed;��

�x Section��4:��Proposed��Improvements,��which��describes��the��three��proposed��improvement��options��
aimed��at��accommodating��traffic��growth��at��the��interchange;��

�x Section��5:��Option��Testing,��which��explains��the��modelling��methodology��used��in��the��testing��and��
presents��the��results��of��the��option��assessment;��

�x Section��6:��Summary��and��Conclusions,��which��summarises��the��report��and��provides��recommendations��
based��on��the��results��of��the��option��testing.��
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Model��Update��
2.1 Model��Background��
CH2M��was��previously��commissioned��by��Highways��England��to��develop��a��VISSIM��model��of��M5��Junction��14��
(see��Figure��2.1)��in��June��2016.����The��purpose��of��this��modelling��was��to��identify��the��point��at��which��the��
impact��of��forecast��traffic��flows��from��planned��development��became��severe��and��an��improvement��would��
be��required��at��the��interchange.����The��base��model��was��completed��in��July��2016��with��the��Local��Model��
Validation��Report��(LMVR),��dated��August��2016��(version��3),��circulated��and��agreed��by��stakeholders.����Full��
details��of��the��model��development��can��be��found��in��that��report.��

��

��
Figure��2.1:��M5��Junction��14��VISSIM��Model��Extents��

��
As��shown��in��Figure��2.1,��the��network��includes��M5��Junction��14,��including��the��intersection��of��the��M5��off�r
slips��and��the��B4509.����The��mainline��M5��is��not��modelled.����The��network��also��includes��the��A38/B4509��signals��
to��the��west.����The��models��have��been��developed��to��simulate��traffic��observed��during��the��weekday��morning��
peak��period��from��7:00��to��9:00am��and��weekday��evening��peak��period��from��4:00��to��6:00pm��with��a��central��
hour��assessment��period��and��30��minute��warm�rup��and��cool�rdown��periods.��

2.2 New��Traffic��Data��
The��VISSIM��model��was��developed��using��the��best��available��traffic��data��at��the��time,��namely��a��combination��
of��MOVA��Assessment��Log��lane��flows��(19th��May��2016),��TRADS��(Monday��to��Thursday��average��from��Mat��
2013��and��September��2014)��and��Automatic��Traffic��Counter��(ATC)��data��(5th��May��2016).����To��provide��a��check��
on��the��previous��model��and��provide��new��data��for��a��model��update��in��conjunction��with��the��improvement��
scheme��testing,��a��full��12��hour��Manual��Classified��Turning��Count��(MCC)��between��7:00am��and��7:00pm��was��
carried��out��by��Tracsis��at��the��interchange��on��the��17th��November��2016.��



��
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The��new��MCC��was��used��to��update��the��VISSIM��model��origin�rdestination��patterns��and��volumes��in��the��trip��
matrices,��as��well��as��the��15��minute��in�rflow��profiles��to��derive��the��15��minute��matrices.����The��count��was��also��
used��to��update��the��modelled��split��between��light��and��heavy��vehicles.����Consistency��checks��with��turning��
count��data��at��the��A38/B4509��signals��showed��a��reasonable��match.����However,��where��there��were��
discrepancies,��the��turning��movements��at��the��A38/B4509��signals��were��adjusted��to��harmonise��with��the��
traffic��volumes��from��the��November��2016��survey��at��M5��Junction��14.��

2.3 Model��Calibration��
The��global��model��parameters��and��calibration��adjustments��from��the��previous��M5��Junction��14��VISSIM��
model��were��largely��retained��with��only��some��minor��tweaking��of��the��gap��acceptance��values��carried��out��in��
order��to��match��throughput��as��indicated��by��the��new��November��2016��MCC.����The��models��were��then��run��
for��10��seed��runs��with��observed��and��modelled��turning��movements��compared��for��each��hour��to��confirm��
satisfactory��model��calibration.��

As��before,��the��GEH��statistic��has��been��adopted��as��the��main��indicator��of��the��extent��to��which��modelled��
flows��match��the��corresponding��observed��values��with��a��GEH��of��five��or��less��indicating��a��good��fit.����
Additionally,��the��DMRB��flow��criteria��of��being��within��100��vehicles��per��hour��(vph)��for��flows��under��700��vph,��
or��being��within��15��per��cent��if��greater��than��700vph��has��been��assessed.��

Table��2.1��summarises��the��results��of��the��turning��count��calibration��checks��for��the��AM��and��PM��peak��hours.����
The��full��results��can��be��found��in��Tables��A1��to��A4��in��Appendix��A.����The��results��indicate��a��good��level��of��fit ��in��
both��modelled��peak��periods��with��all��movements��meeting��both��GEH��and��DMRB��flow��criteria.��

Table��2.1:��Turning��Count��Calibration/Goodness��of��Fit��Summary��

Period�� Total��Turns�� Counts��GEH<5�� Count��DMRB��Flow��

AM��(7:00�r8:00am)�� 16�� 100%�� 100%��

AM��(8:00�r9:00am)�� 16�� 100%�� 100%��

PM��(4:00�r5:00pm)�� 16�� 100%�� 100%��

PM��(5:00�r6:00pm)�� 16�� 100%�� 100%��

��

2.4 Model��Validation��
As��before,��mean��travel��times��from��the��Highways��Analyst��database��have��been��used��to��assess��the��overall��
robustness��of��the��models��and��ensure��that��typical��operational��conditions��within��the��modelled��network��
are��being��simulated��accurately.����An��update��to��the��Highways��Analyst��database��meant��that��travel��time��
data��for��the��whole��of��2015��was��now��available.����This��was��extracted��with��the��data��filtered��for��Tuesday��to��
Thursday��term��time��only��for��the��critical��hours��at��the��site,��namely��7:30�r8:30am��and��4:30�r5:30pm.����This��
combination��of��newer��information��and��change��in��the��time��period��filtering��of��the��Highway��Analyst��travel��
time��data��meant��that��observed��travel��times��were��different��from��those��used��in��the��original��model.��

Travel��time��validation��has��been��carried��out��for��the��M5��off�rslips��at��Junction��14��in��isolation��as��well��as��a��
range��of��routes��criss�rcrossing��the��model��network.����The��travel��time��route��sections��in��VISSIM��have��been��
configured��to��match��the��travel��time��sections��available��in��the��Highways��Analyst��database.����Typically,��the��
routes��seek��to��cover��circa��500��metres��of��the��external��approaches��to��the��model��network.����The��routes��
used��are��shown��in��Appendix��B.��

Acceptability��criteria��set��out��by��Transport��for��London��(TfL)��in��their��latest��micro�rsimulation��best�rpractice��
guidelines��recommend��that��average��modelled��travel��times��be��within��15��per��cent��of��the��corresponding��
observed��values��on��85��per��cent��of��routes.����Further��guidance��provided��in��the��Design��Manual��for��Road��&��
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Bridges��(DMRB)��suggests��a��suitable��overall��fit ��to��have��been��achieved��once��85��per��cent��of��routes��validate��
to��within��15��per��cent��or��one��minute��(if��higher).��

Model��validation��has��been��undertaken��using��10��simulation��seed��runs.����The��travel��time��validation��results��
can��be��seen��in��Tables��2.2��to��2.3.����The��results��show��that��both��AM��and��PM��peak��hour��models��validate��to��
both��DMRB��and��TfL��acceptability��criteria��in��every��hour��modelled��with��every��route��meeting��DMRB��
criteria.����These��validation��results��demonstrate��that��the��models��are��replicating��typical��operational��
conditions��within��the��modelled��network.����Together��with��the��calibration��results,��the��validation��checks��
confirm��that��the��model��is��fit ��for��purpose��of��testing��propose��improvement��options��at��M5��Junction��14.��

Table��2.2:��Travel��Time��(seconds)��Validation��Results,��AM��Peak��Hour��(7:30�r8:30am)��

Route���� Obs�� Mod�� Diff�� Diff%�� DMRB��

Route��1��–��M5��s/b��off�rslip;�� 21�� 17� � � r4� � � r20%�� YES��

Route��2��–��M5��n/b��off�rslip;�� 37�� 41�� 4�� 11%�� YES��

Route��3��–��A38��(N)��to��M5��(S);�� 180�� 206�� 26�� 14%�� YES��

Route��4��–��A38��(S)��to��M5��(N);�� 152�� 124� � � r28� � � r18%�� YES��

Route��5��–��B4509��(E)��to��M5��(N);�� 120�� 106� � � r14� � � r12%�� YES��

Route��6��–��M5��(N)��to��A38��(S);�� 89�� 84� � � r5� � � r5%�� YES��

Route��7��–��B4509��(E)��to��A38��(N);�� 154�� 141� � � r13� � � r8%�� YES��

Route��8��–��M5��(S)��to��B4509��(E);�� 162�� 150� � � r12� � � r7%�� YES��

Route��9��–��A38��(N)��to��A38��(S),��and�� 75�� 66� � � r9� � � r12%�� YES��

Route��10��–��A38��(S)��to��A38��(N)�� 56�� 54� � � r2� � � r4%�� YES��

%��Passing��
� � � � � � � �

100%��

��

Table��2.3:��Travel��Time��(seconds)��Validation��Results,��PM��Peak��Hour��(4:30�r5:30pm)��

Route���� Obs�� Mod�� Diff�� Diff%�� DMRB��

Route��1��–��M5��s/b��off�rslip;�� 39�� 40�� 1�� 3%�� YES��

Route��2��–��M5��n/b��off�rslip;�� 50�� 36� � � r14� � � r28%�� YES��

Route��3��–��A38��(N)��to��M5��(S);�� 136�� 128� � � r8� � � r6%�� YES��

Route��4��–��A38��(S)��to��M5��(N);�� 133�� 119� � � r14� � � r10%�� YES��

Route��5��–��B4509��(E)��to��M5��(N);�� 127�� 131�� 4�� 3%�� YES��

Route��6��–��M5��(N)��to��A38��(S);�� 101�� 102�� 1�� 1%�� YES��

Route��7��–��B4509��(E)��to��A38��(N);�� 191�� 179� � � r12� � � r6%�� YES��

Route��8��–��M5��(S)��to��B4509��(E);�� 79�� 82�� 3�� 4%�� YES��

Route��9��–��A38��(N)��to��A38��(S),��and�� 68�� 66� � � r2� � � r2%�� YES��

Route��10��–��A38��(S)��to��A38��(N)�� 51�� 55�� 4�� 8%�� YES��

%��Passing��
� � � � � � � �

100%��

��

��
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Forecast��Growth��
3.1 Background��Growth��
The��forecast��year��for��the��option��testing��is��2017��plus��full��Stroud��Local��Plan��growth.����Background��growth��
to��this��year��has��been��applied��through��the��application��of��TEMPRO��growth��factors.����TEMPRO��derives��its��
forecasts��from��the��National��Trip��End��Model��(NTEM)��which��is��based��on��household��and��employment��
projections��from��published��sources��with��these��assumptions��subjected��to��further��consultation��with��local��
planning��authorities��and��subsequent��revision,��as��appropriate.����At��the��time��of��writing,��the��NTEM��datasets��
used��in��TEMPRO��are��dated��2011��and,��in��view��of��this,��it��can��be��assumed��that��any��plan��allocations��prior��to��
2011��are��included,��but��any��plan��allocations,��such��as��those��within��the��Stroud��Local��Plan,��are��not.��

In��order��to��maintain��consistency��and��ensure��a��robust��assessment,��the��same��TEMPRO��growth��as��that��
used��in��the��previous��trigger��point��modelling��work��has��been��assumed��at��M5��Junction��14.����This��used��
growth��between��2015��and��2017��for��the��Stroud��District��Council��and��South��Gloucestershire��Council��areas��
with��the��Production��and��Attraction��growth��factors��for��each��averaged��to��establish��unadjusted��growth��
factors��for��the��AM��and��PM��peak��periods.����The��resulting��growth��factors��were��1.0121��in��the��AM��and��
1.0159��in��the��PM.����WebTAG��advises��that��TEMPRO��growth��should��be��subjected��to��income��and��fuel��price��
adjustments��with��the��relevant��factors��given��in��WebTAG��Table��M��4.2.1.����Following��the��application��of��
these��adjustments��the��background��traffic��growth��assumed��is��1.034��in��the��AM��and��1.038��in��the��PM.��

3.2 Stroud��Local��Plan��Sites��
Table��3.1��lists��the��Stroud��Local��Plan��sites��considered��in��this��study��that��are��expected��to��result��in��growth��in��
traffic��at��M5��Junction��14.��

Table��3.1:��Stroud��Local��Plan��Sites��Affecting��M5��Junction��14��

Allocated��Sites�� Plan��Allocation�� Planning��Status��

Hunts��Grove��Extension��(Phase2)�� 750��dwellings�� Planning��Permission��Granted��

Quedgeley��Business��Park��East�� 13��ha��employment���� Live��planning��application��

North��East��of��Draycott,��Cam�� 12.5��ha��employment��plus��450��dwellings.�� Live��planning��application��–��10.7��ha��
employment��and��450��dwellings��

Sharpness�� 17��ha��employment��plus��300��dwellings�� No��planning��application��submitted��

Stroud��Valleys�� 450��dwellings�� No��planning��application��submitted��

Land��West��of��Stonehouse�� 10��ha��employment��plus��1350��housing�� Planning��Permission��Granted��

��

Note:��The��Local��Plan��also��makes��reference��to��a��‘Windfall’��site��of��750��dwellings��and��a��‘Council��Housing��Site’��of��150��dwellings.��
No��information��is��given��on��these��proposals,��and��their��location��is��not��known.������It��has��therefore��not��been��possible��to��take��
account��of��these��sites��within��the��modelling��undertaken.����

3.2.1 Previous��Atkins��Work��
Atkins��considered��developments��impacting��on��M5��J14��in��the��Stroud��District��Council���r��Local��Development��
Plan��Draft��Transport��Impact��Assessment.����This��work��used��generic��trip��rates��for��all��development��sites,��and��
made��assumptions��on��gross��floor��areas��for��employment��sites.����Trip��distribution��and��assignment��was��
identified��by��adopting��a��variety��of��methods,��including��using��2001��journey��to��work��data,��visual��inspection��
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of��the��network��and��the��use��of��a��gravity��model.����Since��planning��applications��for��many��of��these��site��have��
now��been��submitted,��it��is��possible��to��use��the��latest��land��use��mix��and��revise��trips��rates��and��distribution��
using��information��contained��in��the��relevant��Transport��Assessment��accompanying��planning��application��
submissions.��Similarly,��the��distribution��and��assignment��can��now��be��updated��using��2011��journey��to��work��
data.��

3.2.2 Traffic��Generation��
Trip��generation��for��the��Stroud��Local��Plan��allocations��has��been��based��on��trip��rates��provided��within��the��
Transport��Assessment��for��each��site��and��agreed��with��Highways��England.����For��sites��with��no��current��
Transport��Assessment,��such��as��the��Sharpness��and��Stroud��Valley��sites,��trip��rates��utilised��by��Atkins��from��
the��Stroud��Local��Plan��work��have��been��adopted.����Since��most��of��the��Transport��Assessments��focused��on��
the��typical��AM��and��PM��peak��hours��(8:00�r9:00am��and��5:00�r6:00pm)��TRICS��was��also��used��to��estimate��
traffic��generation��in��the��‘warm�rup’��hour��preceding��these��periods,��using��a��trip��rate��profile��for��the��same��
land��use��classifications.��The��resulting��traffic��generation��used��for��each��site��is��summarised��in��Table��3.2.��

Table��3.2:��Stroud��Local��Plan��Sites��Traffic��Generation��

��Site�� 7�r8am�� 8�r9am�� 4�r5pm�� 5�r6pm��

���� Arr�� Dep�� Arr�� Dep�� Arr�� Dep�� Arr�� Dep��

Hunts��Grove��Extension�� 39�� 177�� 68�� 308�� 235�� 105�� 285�� 128��

Quedgeley��Business��Park��East�� 232�� 64�� 440�� 103�� 70�� 415�� 71�� 430��

North��East��of��Draycott,��Cam�� 195�� 164�� 326�� 270�� 153�� 290�� 175�� 306��

Sharpness��Docks�� 61�� 75�� 89�� 125�� 78�� 80�� 92�� 86��

Stroud��Valleys�� 27�� 94�� 47�� 162�� 104�� 60�� 126�� 72��

Land��West��of��Stonehouse�� 197�� 330�� 392�� 600�� 463�� 403�� 556�� 453��

��

3.2.3 Traffic��Distribution��
To��consider��the��impact��of��all��sites��on��the��junction,��2011��journey��to/from��work��Census��information��has��
been��used��to��distribute��the��new��trips��to��and��from��various��destinations��and��origins.����This��was��applied��to��
developments��using��the��distribution��for��the��relevant��2011��Census��Middle��Layer��Supper��Output��Area��
(MSOA).����Trips��were��then��assigned��to��the��network��based��on��the��site��location��and��the��most��logical��route��
to��and��from��their��destination/origin.��

3.2.4 Growth��at��M5��Junction��14��
Appendix��C��contains��four��traffic��flow��diagrams��for��each��modelled��showing��the��resulting��estimated��
increase��in��traffic��flow��at��M5��Junction��14��and��the��nearby��A38/B4509��signals��associated��with��the��Stroud��
Local��Plan��sites.����The��diagrams��show��that��the��growth��in��traffic��at��M5��Junction��14��is��relatively��well��
distributed��across��the��modelled��network��and��that��the��increases��are��not��generally��significant��with��
maximum��increases��of��circa��60��vehicles��per��hour��(vph)��in��any��one��direction.����The��greatest��increases��in��
entry��flows��to��the��network��are��on��the��A38��(north)��and��B4509��arms.��

��
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Proposed��Improvements��
4.1 General��Approach��
The��main��constraint��at��M5��Junction��14��is��the��single��narrow��over�rbridge��with��a��current��width��available��for��
only��three��lanes��across��the��deck.����As��agreed��with��Highways��England��as��part��of��the��study��brief,��banned��or��
restricted��movements��cannot��form��part��of��the��proposed��scheme.����Additionally��it��was��assumed��in��the��
development��of��the��design��options��that��the��improvement��works��are��permitted��to��include:��

�x New��or��widened��bridge��structures��over��the��M5��mainline;��and��

�x Land��outside��the��highway��boundary,��as��well��as��third��party��land��

To��identify��an��appropriate��scale��of��improvement��to��accommodate��forecast��growth,��a��first��option��was��
devised��seeking��to��leave��the��over�rbridge��unchanged��(Option��1��–��see��below).����The��second��option��
considered��widening��of��the��existing��deck��to��provide��four��lanes��(Option��2),��and��the��third��and��final��option��
provided��an��entirely��new��structure��in��addition��to��the��existing��over�rbridge��(Option��3).��

The��resulting��three��proposed��option��layout��designs��are��feasibility/preliminary��design��in��nature,��so��
consider��the��following:��

�x New��highway��alignment��and��standard;��

�x The��revised��position��of��kerb�rlines��and��new��traffic��islands;��

�x Proposed��road��markings;��and��

�x Any��potential��Departures��from��Standard.��

The��proposed��improvement��scheme��drawings,��however,��do��not��show��or��include��consideration��of��the��
following��potential��design��issues:��

�x Revised��street��lighting��layouts;��

�x Relocated��positions��of��gullies��and��connections;����

�x Changes��to��up�rright��signs��and��new��sign�rface��details;��

�x Traffic��signal��detection��and��allied��ducting/chambers;��and��

�x Consideration��of��services��and��buried��utilities.��

4.2 Improvement��Options��
4.2.1 Option��1��
The��proposed��layout��of��Option��1��is��shown��in��Drawing��Number��679475.ST.16.14.05�rOP1�r01��in��Appendix��
D.����It��involves��the��replacement��of��the��existing��intersection��arrangement��at��the��top��of��both��sets��of��slip��
roads��with��roundabouts��to��create��a��standard��dumb�rbell��arrangement.����The��creation��of��the��roundabouts��
would��mean��that��the��bridge��structure��could��be��left��unchanged,��although��this��option��would��require��some��
realignment��of��the��slip��roads,��as��well��as��use��of��land��potentially��outside��of��the��highway��boundary.��

The��proposed��layout��maintains��two��lanes��on��each��approach,��including��the��short��flared��section��on��the��
over�rbridge��and��maintaining��of��the��existing��two�rlane��flared��section��on��the��B4509��approaches��matching��
the��geometry��provided��under��the��current��arrangement.����Whilst��not��shown��on��the��layout��drawing,��each��
lane��would��be��allocated��to��each��turning��movement,��so,��for��instance,��lane��one��of��the��M5��northbound��off�r
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slip��would��be��for��the��left��turn��to��the��B4509��westbound��while��lane��two��would��be��for��the��right��turn��to��the��
B4509��eastbound.��

4.2.2 Option��2��
The��proposed��layout��of��Option��2��is��shown��in��Drawing��Number��679475.ST.16.14.05�rOP2�r01��in��Appendix��
D.����This��option��involves��works��to��the��existing��over�rbridge��to��provide��four��lane��across��the��bridge��deck.����It��
retains��the��existing��intersection��arrangement��with��the��extra��width��used��to��create��long��right��turning��
lanes��for��traffic��turning��onto��the��M5��on�rslips.����This��improvement��in��the��storage��capacity��of��these��right��
turns��could��mean��that��it��may��be��possible��to��run��the��B4509��entry��arms��concurrently��making��the��
operation��of��the��traffic��signals��more��efficient��than��is��currently��the��case.��

To��maximise��the��operational��flexibility��of��the��signals��under��the��new��layout,��the��MOVA��operation��was��
revised��to��reflect��a��dual��stream��arrangement��with��each��intersection��operating��independently��of��the��
other.����IN��loops��were��also��introduced��on��the��new��longer��right��turn��lanes��as��well��as��queue��detection��to��
prevent��right��turn��queue��lengths��from��becoming��critical��and��impeding��other��movements.����With��these��
potential��enhancements,��the��traffic��signals��were��also��assumed��to��be��restored��to��‘full��time’��including��full��
operation��during��the��morning��peak��period.��

4.2.3 Option��3��
The��proposed��layout��of��Option��3��is��shown��in��Drawing��Number��679475.ST.16.14.05�rOP3�r01��to��04��in��
Appendix��D.����This��option��involves��extensive��works��including��the��introduction��of��a��new��structure��and��
significant��realignment��of��the��approaches��to��M5��Junction��14��in��order��to��provide��a��full��junction��
interchange��arrangement��over��two��bridges.����At��present,��it��is��envisaged��that��the��interchange��would��
remain��fully��uncontrolled��but��clearly��there��would��be��scope��in��future��to��introduce��full,��or��partial,��signal��
control��in��order��to��better��manage��queue��lengths��on��the��M5��slip��roads.��

The��introduction��of��a��full��junction��would��require��realignment��of��the��B4509��approaches��to��the��
interchange��most��notably��on��the��westbound��approach.����This��realignment��would��require��the��acquisition��
of��a��large��amount��of��third��party��land.����The��realignment��of��the��B4509��eastbound��approach��would��provide��
the��opportunity��to��upgrade��this��section��from��its��current��single��carriageway��to��a��full��dual��carriageway��
(D2AP)��between��the��A38��and��M5��Junction��14.����This��would��enhance��approach��capacity��to��both��M5��
Junction��14��itself,��as��well��as��the��B4509��approach��to��the��A38��signals.��

��
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Option��Testing��
5.1 Methodology��
As��noted,��the��assessment��of��the��proposed��improvement��options��has��been��carried��out��under��forecast��
2017��traffic��volumes��plus��growth��associated��with��the��full��Stroud��Local��Plan��allocated��sites.����To��provide��a��
basis��for��comparison��the��existing��M5��Junction��14��layout��under��these��growth��conditions��was��run��to��
provide��a��Do�rNothing��scenario.����The��proposed��options��were��then��coded��into��the��network��using��this��
scenario��as��a��starting��point.����The��scenarios��were��each��ran��for��10��seed��runs��in��order��to��smooth��the��impact��
of��the��randomisation��of��the��model.��

The��previous��Atkins��work��at��M5��Junction��14��used��LinSig��which��simple��mathematical��approach��to��
modelling��lends��itself��to��the��production��of��capacity��outputs��such��as��Degrees��of��Saturation��(Dos)��and��
Practical��Reserved��Capacity��(PRC)��that��provide��a��concise��measure��of��whether��a��junction��is��operating��
within��or��over��capacity.����Similar��performance��measures��are��not��readily��available��from��VISSIM.����Instead,��
the��model��was��configured��to��output��network��performance��statistics,��travel��times��and��maximum��queue��
lengths��which��collectively��provide��a��picture��of��the��overall��operational��forecast��conditions.��

Critically,��an��important��measure��of��whether��the��proposed��options��are��functioning��satisfactorily��are��the��
maximum��queue��lengths��on��the��M5��off�rslip��arms��approaching��the��interchange.����DMRB��Volume��6��section��
2��TD��22/06��paragraph��2.41��states��that��“Drivers��leaving��the��mainline��should��have��sufficient��time��to��react��
and��brake��safely��before��the��end��of��any��queues.��The��designer��must��be��ensure��that��the��downstream��
section��and��junctions��do��not��cause��queues��that��approach��the��back��of��the��diverge��nose.“.��

Measurement��of��the��distance��between��the��give�rway/stop��lines��on��the��off�rslip��arms��at��M5��Junction��14��
and��the��nosing��of��the��diverge��provides��a��distance��of��290��metres��between��these��points��on��the��
northbound��off�rslip��and��300��metres��on��the��southbound��off�rslip.����Queue��lengths��exceeding��these��
distances��on��the��slip��road��would��suggest��a��failure��of��the��junction,��or��a��given��option,��to��cope��with��traffic��
and��raise��a��serious��road��safety��hazard��by��causing��slow��moving��or��static��traffic��on��the��slip��road��close��to��
the��M5��mainline.��

5.2 Assessment��Results��
5.2.1 Network��Performance��
Table��5.1��compares��network��performance��outputs��for��the��AM��peak��hour.����The��results��clearly��show��that��
Option��3��performs��the��best,��although��Option��1��also��provides��a��notable��improvement��in��network��
operational��conditions��compared��with��the��Do�rNothing��scenario.����Option��2,��on��the��other��hand,��results��in��
a��fairly��large��deterioration��in��network��conditions��compared��to��the��Do�rNothing��scenario.��

Table��5.1:��M5��Junction��14��Network��Performance��Comparison,��AM��(7:30�r8:30am)��

Scenario�� Avg��Delay��(s)�� Avg��Spd��(mph)�� Tot��Trvl��Time�� Trips��Complete��

Do�rNothing�� 142�� 14�� 851874�� 3394��

Option��1�� 88�� 18�� 697909�� 3512��

Option��2�� 245�� 10�� 1242999�� 3262��

Option��3�� 24�� 28�� 459027�� 3579��

��
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Table��5.2��compares��the��network��performance��statistics��for��the��PM��peak��hour.����The��results��highlight��that��
this��period��the��network��is��much��less��congested��compared��to��the��AM��peak��hour.����All��options��provide��an��
improvement��in��network��conditions��relative��to��the��Do�rNothing��scenario,��although��the��benefits��of��Option��
2��are��marginal.����Options��1��and��3��provide��notable��improvement��in��network��operation,��over��the��Do�r
Nothing��scenario,��with��Option��3��performing��marginally��better��than��Option��1.��

Table��5.2:��M5��Junction��14��Network��Performance��Comparison,��PM��(4:30�r5:30pm)��

Scenario�� Avg��Delay��(s)�� Avg��Spd��(mph)�� Tot��Trvl��Time�� Trips��Complete��

Do�rNothing�� 46�� 25�� 464788�� 3185��

Option��1�� 24�� 28�� 421238�� 3180��

Option��2�� 42�� 26�� 471222�� 3183��

Option��3�� 20�� 30�� 406057�� 3182��

��

5.2.2 Travel��Times��
Figures��5.1��compares��travel��times��(in��seconds)��for��the��Do�rNothing��and��three��options��for��the��four��
approaches��to��M5��Junction��14,��as��well��as��the��B4509��between��M5��Junction��14��and��the��A38/B4509��signals��
for��the��AM��peak��hour.����The��results��show��notable��reduction��in��travel��times��with��Option��3��on��the��
northbound��off�rslip��and��B4509��eastbound��approaches.����Option��1��yields��similar��benefits��but��also��appears��
to��increase��delays��on��the��B4509��westbound��approach��compared��to��the��Do�rNothing��scenario.����Option��2��
increases��travel��times��on��the��B4509��westbound��approach��but��does��provide��benefits��on��the��northbound��
off�rslip.��

��

��
Figure��5.1:��Travel��Time��(s)��Comparison,��AM��Peak��Hour��(7:30�r8:30am)��
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Figures��4.2��compares��travel��times��on��the��same��routes��for��the��PM��peak��hour.����During��this��period,��Options��
1��and��3��provide��similar��benefits��with��similar��lower��travel��times��on��every��approach��to��M5��Junction��14��
than��in��the��Do�rNothing��scenario.����Option��2��also��provide��benefits��across��all��approaches��to��the��
interchange,��although��the��reductions��in��travel��time��are��much��less��than��those��provided��by��Option��1��and��
3.����Travel��times��on��the��route��from��M5��Junction��14��to��the��A38��signals��are��largely��comparable��across��each��
of��the��scenarios��modelled.��

��

��
Figure��5.2:��Travel��Time��(s)��Comparison,��PM��Peak��Hour��(4:30�r5:30pm)��

��

5.2.3 Queue��Lengths��
Appendix��E��contains��graphs��comparing��the��maximum��queue��lengths��in��metres��on��each��arm��of��M5��
Junction��14��and��A38/B4509��junction��under��the��Do�rNothing��and��three��scheme��options.����The��values��
shown��are��the��modelled��maximum��recorded��queue��within��each��five��minute��time��segment.����The��results��
reflect��the��findings��from��the��network��performance��and��travel��time��results��in��that��Option��3��provides��the��
greatest��benefits��in��terms��of��reduced��queuing��at��the��interchange.����Option��1��also��provides��benefits��but��
increases��queuing��on��the��B4509��westbound��approach��to��M5��Junction��14.����Option��2��significantly��
increases��queuing��on��most��approaches��during��the��AM��peak,��including��the��southbound��off�rslip.��

During��the��previous��Stroud��Local��Plan��growth��impact��assessment��work��the��critical��issue��at��M5��Junction��
14��was��the��extent��of��queue��lengths��on��the��M5��northbound��off�rslip��during��the��AM��peak��period.����The��
modelling��showed��that��this��queue��would��exceed��the��storage��capacity��of��the��slip��road��at��50��to��75��per��
cent��of��Stroud��Local��Plan��growth.����Figure��5.3��reproduced��from��Appendix��E��compares��the��maximum��
queue��length��profile��throughout��the��morning��peak��period��under��the��Do�rNothing��and��three��proposed��
improvement��options.����It��shows��that��all��of��the��proposed��improvement��options��for��M5��Junction��14,��in��
particular��Options��1��and��3,��are��effective��at��mitigating��excessive��queuing��on��the��M5��northbound��off�rslip.��
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��
Figure��5.3:��M5��Northbound��Off�rSlip,��Max��Queue��Length��(m)��Profile��Comparison,��AM��Peak��Period��

��

Queue��lengths��at��the��A38/B4509��signals��during��the��AM��peak��period��are��influenced��by��the��extent��of��
queuing��on��the��B4509��eastbound��approach��to��M5��Junction��14.����Consequently,��there��is��extensive��queuing��
at��these��signals��under��the��Do�rNothing��scenario��and��Option��2,��as��congestion��on��the��eastbound��bridge��
deck��propagate��upstream��and��results��in��exit��impedance��at��the��A38/B4509��signals.����This��issue��is��mitigated��
partly��by��Option��1��and��resolved��completely��by��Option��3.����During��the��PM��peak��period,��queue��lengths��at��
this��intersection��are��comparable��across��all��of��the��scenarios��modelled.��
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Summary��and��Conclusions��
6.1 Summary��
This��report��has��presented��the��results��of��VISSIM��microscopic��traffic��modelling��of��a��series��of��potential��
improvement��scheme��options��for��M5��Junction��14.����Previous��modelling��work��has��identified��that��the��
current��intersection��will��be��over�rcapacity��at��50��to��75��per��cent��of��traffic��growth��associated��with��Stroud��
Local��Plan��development��sites.����This��over�rcapacity��situation��during��the��AM��peak��period��is��expected��to��
result��in��queue��lengths��on��the��M5��northbound��off�rslip��exceeding��the��storage��capacity��of��the��slip��road��
with��queues��extending��onto��the��mainline��M5��carriageway.��

The��assessment��has��been��carried��out��using��the��M5��Junction��14��VISSIM��model.����This��model��has��been��
updated��using��recent��MCC��turning��count��data��collected��in��November��2016.����The��model��has��been��
recalibrated��to��turning��flows��from��this��survey��and��revalidated��to��Highway��Analyst��mean��travel��times��
from��2015��(Tuesday��to��Thursday,��term�rtime��only).����The��calibration��and��validation��checks��meet��and��
exceed��the��required��acceptability��criteria��and��demonstrate��that��the��model��is��fit ��for��purpose��of��assessing��
improvement��options��for��M5��Junction��14.��

Three��improvement��options��has��been��devised��with��potentially��increasing��cost��and��land��implications��as��
follows:��

�x Option��1:��replacement��of��the��intersection��arrangement��at��the��top��of��both��slip��road��with��
roundabout��and��the��creation��of��a��dumb�rbell��layout;��

�x Option��2:��widening��of��the��existing��over�rbridge��deck��to��four��lanes��to��provide��longer��right��turning��
lanes��and��potentially��enable��the��two��intersection��to��operate��independently��and��more��efficiently;��

�x Option��3:��construction��of��a��new��M5��over�rbridge��to��create��a��full��interchange��with��realignment��of��
the��B4509��approaches.��

The��modelling��assessment��indicates��that��Option��1��provides��benefits��over��the��current��arrangement��in��
terms��of��general��operational��conditions��and��mitigates��the��impact��that��forecast��traffic��growth��will��have��
on��queue��lengths��on��the��northbound��off�rslip��during��the��AM��peak.����However,��it��is��also��expected��to��lead��
to��notable��increases��in��queuing��and��delay��on��the��B4509��westbound��approach��to��M5��Junction��14.����There��
may��be��design��enhancements��to��resolve��this��impact,��although��any��solutions��are��severely��constrained��by��
the��existing��narrow��over�rbridge.����Its��capacity��to��accommodate��any��further��growth��may��also��be��limited.��

Whilst��it��provides��some��benefits��during��the��PM��peak��period,��Option��2��results��in��significant��increases��in��
congestion��at��the��interchange��during��the��AM.����It��appears��that��the��proposed��increases��in��the��length��of��
the��right��turn��lanes��on��the��over�rbridge��are��not��sufficient��to��accommodate��the��forecast��demand��for��these��
movements.����The��proximity��of��the��two��sets��of��signals��means��that��‘hard’��linking��of��the��signals,��as��at��
present,��is��inefficient��because��of��the��amount��of��lost��time��to��inter�rgreen��time��and��phase��delays,��and��that��
with��soft��linking,��as��tested��in��Option��2,��it��is��hard��to��guarantee��sufficiently��good��coordination.��

Not��surprisingly,��Option��3��provides��significant��benefits��over��the��current��arrangement.��The��modelling��
shows��that��it��is��capable��of��mitigating��excessive��queuing��during��the��AM��peak��on��the��M5��northbound��off�r
slip��whilst��providing��comparable��operational��conditions,��or��better,��on��other��approaches��to��the��
interchange.����Additionally,��the��improvement��in��the��operation��of��M5��Junction��14��under��this��option��does��
not��have��any��detrimental��impact��on��the��operation��of��the��A38/B4509��signals.����Rather,��this��option��ensures��
the��sound��operation��of��these��signals��through��resolving��forecast��exit��blocking��from��M5��Junction��14.��
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6.2 Conclusions��
Whilst��Option��1��offers��some��improvement��over��the��present��layout,��it��simply��relocates��most��of��the��
forecast��congestion��from��one��arm��of��the��B4509��and��the��northbound��off�rslip��and��concentrates��it��on��
another��arm��of��the��B4509��to��the��east.����This��is��unlikely��to��be��acceptable��to��the��local��highway��authority��or��
indeed��users��of��the��interchange.����The��modelling��assessment��also��indicates��that��this��option��is��unlikely��to��
have��much��spare��capacity��for��further��traffic��growth.����The��proposed��layout��also��has��limited��opportunities��
for��further��enhancement��without��works��to��widen��over��the��existing��over�rbridge.����The��introduction��of��
traffic��signal��control��would��also��be��difficult��because��of��the��small��size��of��the��roundabouts.��

Based��on��the��modelling��work��presented��in��this��report,��it��is��clear��that,��all��else��being��equal,��Option��3��
provides��the��only��long�rterm��solution��to��traffic��growth��at��M5��Junction��14.����It��is��the��only��option��that��
provides��benefits��over��the��current��arrangement��whilst��appearing��to��have��spare��capacity��to��
accommodate��further��traffic��growth��beyond��that��associated��with��the��Stroud��Local��Plan,��such��as��that��
from��unallocated��windfall��sites.����This��option��also��has��significant��potential��for��further��enhancement,��as��
required,��such��as��the��introduction��of��full��or��partial��signal��control,��or��minor��works��to��widen��entries��to��the��
roundabout.����However,��it��is��acknowledged��that��this��option��will��be��expensive��and��difficult��to��deliver��
because��of��the��need��for��a��new��motorway��structure��and��large��areas��of��third��party��land��required.��

��

��
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Table��A1:��Turning��Count��Calibration��Results,��AM��Peak��(7:00�r8:00am)��

From�� To�� Obs�� Mod�� Diff�� Diff%�� GEH�� DMRB��

��       
Flow�� GEH��

M5��Junction��19��

M5��N�� B4509��E�� 318�� 310� � � r8� � � r3%�� 0.45�� YES�� YES��

��
B4509��W�� 162�� 157� � � r5� � � r3%�� 0.40�� YES�� YES��

B4509��E�� M5��S�� 486�� 474� � � r12� � � r2%�� 0.55�� YES�� YES��

��
B4509��W�� 172�� 167� � � r5� � � r3%�� 0.38�� YES�� YES��

��
M5��N�� 351�� 350� � � r1�� 0%�� 0.05�� YES�� YES��

M5��S�� B4509��W�� 264�� 257� � � r7� � � r3%�� 0.43�� YES�� YES��

��
B4509��E�� 271�� 255� � � r16� � � r6%�� 0.99�� YES�� YES��

B4509��W�� M5��N�� 176�� 169� � � r7� � � r4%�� 0.53�� YES�� YES��

��
B4509��E�� 177�� 168� � � r9� � � r5%�� 0.69�� YES�� YES��

��
M5��S�� 463�� 452� � � r11� � � r2%�� 0.51�� YES�� YES��

A38/B4509��Junction��

A38��N�� B4509�� 491�� 493�� 2�� 0%�� 0.09�� YES�� YES��

��
A38��S�� 262�� 255� � � r7� � � r3%�� 0.44�� YES�� YES��

B4509�� A38��S�� 359�� 322� � � r37� � � r10%�� 2.01�� YES�� YES��

��
A38��N�� 283�� 253� � � r30� � � r11%�� 1.83�� YES�� YES��

A38��S�� A38��N�� 129�� 125� � � r4� � � r3%�� 0.35�� YES�� YES��

��
B4509�� 336�� 324� � � r12� � � r4%�� 0.66�� YES�� YES��

��

��
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Table��A2:��Turning��Count��Calibration��Results,��AM��Peak��(8:00�r9:00am)��

From�� To�� Obs�� Mod�� Diff�� Diff%�� GEH�� DMRB��

��       
Flow�� GEH��

M5��Junction��19��

M5��N�� B4509��E�� 242�� 241� � � r1�� 0%�� 0.06�� YES�� YES��

��
B4509��W�� 156�� 156�� 0�� 0%�� 0.00�� YES�� YES��

B4509��E�� M5��S�� 435�� 437�� 2�� 0%�� 0.10�� YES�� YES��

��
B4509��W�� 258�� 260�� 2�� 1%�� 0.12�� YES�� YES��

��
M5��N�� 347�� 350�� 3�� 1%�� 0.16�� YES�� YES��

M5��S�� B4509��W�� 264�� 266�� 2�� 1%�� 0.12�� YES�� YES��

��
B4509��E�� 222�� 230�� 8�� 4%�� 0.53�� YES�� YES��

B4509��W�� M5��N�� 145�� 147�� 2�� 1%�� 0.17�� YES�� YES��

��
B4509��E�� 190�� 197�� 7�� 4%�� 0.50�� YES�� YES��

��
M5��S�� 473�� 488�� 15�� 3%�� 0.68�� YES�� YES��

A38/B4509��Junction��

A38��N�� B4509�� 431�� 471�� 40�� 9%�� 1.88�� YES�� YES��

A38��S�� 222�� 223�� 1�� 0%�� 0.07�� YES�� YES��

B4509�� A38��S�� 346�� 392�� 46�� 13%�� 2.39�� YES�� YES��

��
A38��N�� 253�� 289�� 36�� 14%�� 2.19�� YES�� YES��

A38��S�� A38��N�� 141�� 142�� 1�� 1%�� 0.08�� YES�� YES��

��
B4509�� 321�� 347�� 26�� 8%�� 1.42�� YES�� YES��

��

��
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Table��A3:��Turning��Count��Calibration��Results,��PM��Peak��(4:00�r5:00pm)��

From�� To�� Obs�� Mod�� Diff�� Diff%�� GEH�� DMRB��

��       
Flow�� GEH��

M5��Junction��19��

M5��N�� B4509��E�� 306�� 304� � � r2� � � r1%�� 0.11�� YES�� YES��

��
B4509��W�� 132�� 127� � � r5� � � r4%�� 0.44�� YES�� YES��

B4509��E�� M5��S�� 208�� 208�� 0�� 0%�� 0.00�� YES�� YES��

��
B4509��W�� 190�� 192�� 2�� 1%�� 0.14�� YES�� YES��

��
M5��N�� 264�� 255� � � r9� � � r3%�� 0.56�� YES�� YES��

M5��S�� B4509��W�� 332�� 335�� 3�� 1%�� 0.16�� YES�� YES��

��
B4509��E�� 285�� 290�� 5�� 2%�� 0.29�� YES�� YES��

B4509��W�� M5��N�� 141�� 137� � � r4� � � r3%�� 0.34�� YES�� YES��

��
B4509��E�� 200�� 192� � � r8� � � r4%�� 0.57�� YES�� YES��

��
M5��S�� 231�� 221� � � r10� � � r4%�� 0.67�� YES�� YES��

A38/B4509��Junction��

A38��N�� B4509�� 284�� 281� � � r3� � � r1%�� 0.18�� YES�� YES��

A38��S�� 180�� 178� � � r2� � � r1%�� 0.15�� YES�� YES��

B4509�� A38��S�� 285�� 282� � � r3� � � r1%�� 0.18�� YES�� YES��

��
A38��N�� 369�� 362� � � r7� � � r2%�� 0.37�� YES�� YES��

A38��S�� A38��N�� 283�� 278� � � r5� � � r2%�� 0.30�� YES�� YES��

��
B4509�� 288�� 282� � � r6� � � r2%�� 0.36�� YES�� YES��

��

��

��
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Table��A4:��Turning��Count��Calibration��Results,��PM��Peak��(5:00�r6:00pm)��

From�� To�� Obs�� Mod�� Diff�� Diff%�� GEH�� DMRB��

��       
Flow�� GEH��

M5��Junction��19��

M5��N�� B4509��E�� 306�� 306�� 0�� 0%�� 0.00�� YES�� YES��

��
B4509��W�� 187�� 186� � � r1� � � r1%�� 0.07�� YES�� YES��

B4509��E�� M5��S�� 197�� 197�� 0�� 0%�� 0.00�� YES�� YES��

��
B4509��W�� 166�� 165� � � r1� � � r1%�� 0.08�� YES�� YES��

��
M5��N�� 203�� 209�� 6�� 3%�� 0.42�� YES�� YES��

M5��S�� B4509��W�� 367�� 373�� 6�� 2%�� 0.31�� YES�� YES��

��
B4509��E�� 337�� 340�� 3�� 1%�� 0.16�� YES�� YES��

B4509��W�� M5��N�� 198�� 201�� 3�� 2%�� 0.21�� YES�� YES��

��
B4509��E�� 274�� 276�� 2�� 1%�� 0.12�� YES�� YES��

��
M5��S�� 164�� 170�� 6�� 4%�� 0.46�� YES�� YES��

A38/B4509��Junction��

A38��N�� B4509�� 347�� 352�� 5�� 1%�� 0.27�� YES�� YES��

A38��S�� 124�� 126�� 2�� 2%�� 0.18�� YES�� YES��

B4509�� A38��S�� 289�� 290�� 1�� 0%�� 0.06�� YES�� YES��

��
A38��N�� 431�� 435�� 4�� 1%�� 0.19�� YES�� YES��

A38��S�� A38��N�� 216�� 220�� 4�� 2%�� 0.27�� YES�� YES��

��
B4509�� 289�� 295�� 6�� 2%�� 0.35�� YES�� YES��

��

��



��

��

Appendix��B��
Travel��Time��Validation��Routes��

� � � �



��

��

��
Figure��B1:��Travel��Time��Validation��Route��1,��M5��Southbound��Off�rSlip��

��

��

Figure��B2:��Travel��Time��Validation��Route��2,��M5��Northbound��Off�rSlip��
��
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Figure��B3:��Travel��Time��Validation��Route��3,��A38��(North)��to��M5��(South)��
��
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Figure��B4:��Travel��Time��Validation��Route��4,��A38��(South)��to��M5��(North)��
��
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Figure��B5:��Travel��Time��Validation��Route��5,��B4509��(East)��to��M5��(North)��
��
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Figure��B6:��Travel��Time��Validation��Route��6,��M5��(North)��to��A38��(South)��
��
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Figure��B7:��Travel��Time��Validation��Route��7,��B4509��(East)��to��A38��(North)��
��

��

Figure��B8:��Travel��Time��Validation��Route��8,��M5��(South)��to��B4509��(East)��
��
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Figure��B9:��Travel��Time��Validation��Route��9,��A38��(North)��to��A38��(South)��
��

��

Figure��B10:��Travel��Time��Validation��Route��10,��A38��(South)��to��A38��(North)��
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Appendix��C��
Stroud��Local��Plan��Traffic��Growth��
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Figure��C1:��M5��Junction��14,��Stroud��Local��Plan��Traffic��Growth��(7:00�r8:00am)
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Figure��C2:��M5��Junction��14,��Stroud��Local��Plan��Traffic��Growth��(8:00�r9:00am)
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Figure��C3:��M5��Junction��14,��Stroud��Local��Plan��Traffic��Growth��(4:00�r5:00pm)
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Figure��C4:��M5��Junction��14,��Stroud��Local��Plan��Traffic��Growth��(5:00�r6:00pm)
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Appendix��D��
M5��Junction��14��Improvement��Options��
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Appendix��E��
Forecast��Queue��Length��Profiles��
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Figure��E1:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��M5��Southbound��Off�rSlip,��AM��
��
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Figure��E2:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��B4509��Westbound,��AM��
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Figure��E3:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��M5��Northbound��Off�rSlip,��AM��
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Figure��E4:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��B4509��Eastbound,��AM��
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Figure��E5:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��s/b��Left��Turn,��AM��
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Figure��E6:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��s/b��Ahead,��AM��
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Figure��E7:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��B4509��Approach,��AM��
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Figure��E8:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��n/b��Ahead,��AM��
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Figure��E9:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��n/b��Right��Turn,��AM��
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Figure��E10:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��M5��Southbound��Off�rSlip,��PM��
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Figure��E11:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��B4509��Westbound,��PM��
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Figure��E12:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��M5��Northbound��Off�rSlip,��PM��
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Figure��E13:��Max��Queue��Length��(m)��Comparison,��M5��Junction��14,��B4509��Eastbound,��PM��
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Figure��E14:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��s/b��Left��Turn,��PM��
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Figure��E15:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��s/b��Ahead,��PM��
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Figure��E16:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��B4509��Approach,��PM��
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Figure��E17:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��n/b��Ahead,��PM��
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Figure��E18:��Max��Queue��Length��(m)��Comparison,��A38/B4509,��A38��n/b��Right��Turn,��PM��
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