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

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

�U�H�V�X�O�W�H�G�� �L�Q�� �D�� �F�R�O�O�D�S�V�H�� �R�I�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �H�F�R�V�\�V�W�H�P���� �7�K�H�U�H�� �Z�D�V���D�� �G�L�V�F�X�V�V�L�R�Q�� �D�W�� �W�K�D�W�� �W�L�P�H�� �R�Q��

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

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

�W�K�H���F�X�O�Y�H�U�W���L�Q���0�D�U�F�K�������������L�Q���R�U�G�H�U���W�R���F�R�Q�W�U�R�O���W�K�H���V�D�O�W���Z�D�W�H�U���L�Q�S�X�W���W�R���W�K�H���S�R�Q�G������

�,�Q�� �J�H�Q�H�U�D�O���� �Z�D�W�H�U�� �T�X�D�O�L�W�\�� �L�Q�� �2�\�V�W�H�U�� �3�R�Q�G�� �L�V�� �K�R�P�R�J�H�Q�H�R�X�V�� �L�Q�� �W�K�H���K�R�U�L�]�R�Q�W�D�O�� �S�O�D�Q�H�� �E�X�W�� �L�W�� �F�D�Q��

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

�W�K�H���G�L�V�V�R�O�Y�H�G���R�[�\�J�H�Q���G�H�S�O�H�W�L�R�Q����

�7�K�H�U�P�D�O���D�Q�G���G�H�Q�V�L�W�\���V�W�U�D�W�L�I�L�F�D�W�L�R�Q�V���D�U�H���Q�D�W�X�U�D�O�O�\���R�F�F�X�U�U�L�Q�J���S�K�H�Q�R�P�H�Q�D���L�Q���2�\�V�W�H�U���3�R�Q�G�����%�D�V�H�G���R�Q��

�G�D�W�D�� �F�R�O�O�H�F�W�H�G�� �E�\�� �W�K�H�� �)�D�O�P�R�X�W�K�� �3�R�Q�G�� �:�D�W�F�K�H�U�V�� �D�Q�G�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �7�U�X�V�W��

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

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

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

�x�� �3�R�Q�G���O�H�Y�H�O���L�V���K�L�J�K�O�\���G�H�S�H�Q�G�H�Q�W���R�Q���H�O�H�Y�D�W�L�R�Q���R�I���7�U�X�Q�N���5�L�Y�H�U���³�V�L�O�O�´�����L���H�������J�U�D�Y�H�O���D�Q�G���V�D�Q�G����
���(�P�H�U�\�����S�J��������������

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

�x�� �$�� �³�S�R�R�O�� �R�I�� �D�P�P�R�Q�L�X�P�´�� �Z�D�V�� �I�R�X�Q�G�� �L�Q�� �G�H�H�S�� �Z�D�W�H�U�V�� �Z�L�W�K�� �K�L�J�K�� �V�D�O�L�Q�L�W�\���� �7�K�H�� �D�P�P�R�Q�L�X�P��
�O�H�Y�H�O�V�� �U�H�V�X�O�W�� �I�U�R�P�� �W�K�H�� �D�F�F�X�P�X�O�D�W�L�R�Q�� �R�I�� �U�H�P�L�Q�H�U�D�O�L�]�H�G�� �Q�L�W�U�R�J�H�Q�� �I�U�R�P�� �W�K�H�� �G�H�F�D�\�� �R�I��
�S�K�\�W�R�S�O�D�Q�N�W�R�Q���Z�K�L�F�K���V�H�W�W�O�H���W�R���W�K�H���E�D�V�L�Q���V�H�G�L�P�H�Q�W�V�����$�O�P�R�V�W���D�O�O���W�K�H���Q�L�W�U�R�J�H�Q���L�V���L�Q���W�K�H���I�R�U�P��
�R�I�� �D�P�P�R�Q�L�X�P���� �Z�K�L�F�K�� �L�V�� �U�H�D�G�L�O�\�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �X�S�W�D�N�H�� �E�\�� �S�O�D�Q�W�V�� �D�Q�G�� �W�K�H�U�H�I�R�U�H�� �F�D�S�D�E�O�H�� �R�I��
�V�W�L�P�X�O�D�W�L�Q�J���D�O�J�D�O���E�O�R�R�P�V�����7�K�H���Q�L�W�U�R�J�H�Q���O�H�Y�H�O�V���L�Q���W�K�H�V�H���O�D�\�H�U�V���>�D�U�H���Z�H�U�H�@���H�[�F�H�H�G�L�Q�J�O�\���K�L�J�K����
�!���������� �X�0�� �R�U�� ������ �P�J���O���� �,�Q�M�H�F�W�L�R�Q�� �R�I�� �W�K�L�V�� �S�R�R�O�� �L�Q�W�R�� �W�K�H�� �V�X�U�I�D�F�H�� �Z�D�W�H�U�� �O�D�\�H�U�� �L�Q�� �D�� �V�L�Q�J�O�H��
�P�L�[�L�Q�J�� �H�Y�H�Q�W�V�� �Z�R�X�O�G�� �L�Q�F�U�H�D�V�H�� �W�K�H���V�X�U�I�D�F�H�� �Z�D�W�H�U�� �W�R�W�D�O�� �Q�L�W�U�R�J�H�Q�� �O�H�Y�H�O�V�� �I�U�R�P�� �F�D���� ������ �X�0�� �W�R��
�R�Y�H�U�� �������� �X�0�� ���(�P�H�U�\���� �S�J���� ������������[Based on a review of current OPET data, typical 
ammonium values range from 0 to 0.5 mg/l; however, peak values in the bottom waters at 
sample location “OP 1” and “OP 3” range from 1 to 18 mg/l.]��

�x�� �$�Q�� �H�V�W�L�P�D�W�H�G�� ������ �K�R�P�H�V�� �Z�H�U�H�� �S�U�H�V�H�Q�W�� �Z�L�W�K�L�Q�� �������P�� �R�I�� �V�K�R�U�H�� �S�U�L�R�U�� �W�R�� ������������ ���(�P�H�U�\���� �S�J����
�����������2�I���W�K�H���D�S�S�U�R�[�L�P�D�W�H�O�\�����������G�Z�H�O�O�L�Q�J���X�Q�L�W�V���S�U�H�V�H�Q�W���S�U�L�R�U���W�R�������������Z�L�W�K�L�Q���W�K�H���Z�D�W�H�U�V�K�H�G����
�D�O�P�R�V�W���W�Z�R���W�K�L�U�G�V���K�D�Y�H���E�H�H�Q���F�R�Q�V�W�U�X�F�W�H�G���E�H�W�Z�H�H�Q�������������D�Q�G���������������(�P�H�U�\�����S�J����������������[As of 
October 2013, there are 225 dwelling units.]��

�x�� �$�F�F�R�U�G�L�Q�J�� �W�R�� �0�(�3�� �P�R�G�H�O�L�Q�J���� �K�X�P�D�Q�� �D�F�W�L�Y�L�W�L�H�V���K�D�Y�H�� �L�Q�F�U�H�D�V�H�G�� �W�K�H���W�R�W�D�O���Q�L�W�U�R�J�H�Q�� �O�R�D�G�� �W�R��
�W�K�H�� �Z�D�W�H�U�V�K�H�G�� �E�\�� �D�� �I�D�F�W�R�U�� �R�I�� �������� �R�Y�H�U�� �W�K�H�� �S�D�V�W�� �I�H�Z�� �F�H�Q�W�X�U�L�H�V�� ���L���H������ �I�U�R�P�� ������������ �N�J���G�D�\�� �W�R��
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�������� �(�1�9�,�5�2�1�0�(�1�7�$�/�/�<���6�(�1�6�,�7�,�9�(���$�5�(�$�6��

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

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

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

�L�G�H�Q�W�L�I�L�H�G�� �I�R�U�� �)�D�O�P�R�X�W�K�� �E�D�V�H�G�� �R�Q�� �D�� �U�H�Y�L�H�Z�� �R�I�� �D�Y�D�L�O�D�E�O�H�� �0�D�V�V�D�F�K�X�V�H�W�W�V�� �*�H�R�J�U�D�S�K�L�F�� �,�Q�I�R�U�P�D�W�L�R�Q��

�6�\�V�W�H�P�� ���0�D�V�V�*�,�6���� �D�Q�G�� �7�R�Z�Q�� �I�L�O�H�V���� �P�D�S�V���� �D�Q�G�� �U�H�O�H�Y�D�Q�W�� �G�R�F�X�P�H�Q�W�V�����,�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �S�U�R�Y�L�G�H�G�� �L�Q��

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

� � � �
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������������ �)�U�H�V�K�Z�D�W�H�U���3�R�Q�G�V��

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

�V�D�O�L�Q�L�W�\�� �D�Q�G�� �D�S�S�H�D�U�V�� �W�R�� �E�H�� �V�H�Q�V�L�W�L�Y�H�� �W�R�� �S�K�R�V�S�K�R�U�X�V�� �O�R�D�G�L�Q�J�V���� �2�\�V�W�H�U�� �3�R�Q�G�� �V�H�U�Y�H�V�� �D�V�� �K�D�E�L�W�D�W�� �I�R�U��

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

������������ �&�R�D�V�W�D�O���3�R�Q�G�V���	���(�P�E�D�\�P�H�Q�W�V��

�2�\�V�W�H�U���3�R�Q�G���D�Q�G���6�D�O�W���3�R�Q�G���D�U�H���G�H�V�L�J�Q�D�W�H�G���F�R�D�V�W�D�O���S�R�Q�G�V�����7�K�H�\���V�X�S�S�R�U�W���D���G�L�Y�H�U�V�H���J�U�R�X�S���R�I���V�S�H�F�L�H�V��

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

�L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �0�D�V�V�D�F�K�X�V�H�W�W�V�� �(�V�W�X�D�U�L�H�V�� �3�U�R�M�H�F�W���� �7�K�H�� �0�(�3�� �K�D�V�� �F�R�P�S�O�H�W�H�G�� �D�� �7�H�F�K�Q�L�F�D�O�� �5�H�S�R�U�W��

���������������D�Q�G���D���7�R�W�D�O���0�D�[�L�P�X�P���'�D�L�O�\���/�R�D�G�����7�0�'�/�����6�W�X�G�\�����������������I�R�U���2�\�V�W�H�U���3�R�Q�G�����7�K�H���0�(�3���K�D�V��

�F�R�P�S�O�H�W�H�G�� �D�� �7�H�F�K�Q�L�F�D�O�� �5�H�S�R�U�W�� �I�R�U�� �6�D�O�W�� �3�R�Q�G�� ���������������� �$�F�F�R�U�G�L�Q�J�� �W�R�� �S�X�E�O�L�V�K�H�G�� �0�(�3�� �W�H�F�K�Q�L�F�D�O��

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

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

�S�U�L�P�D�U�L�O�\�� �F�R�P�H�V�� �I�U�R�P�� �R�Q���V�L�W�H�� �Z�D�V�W�H�Z�D�W�H�U�� �G�L�V�S�R�V�D�O���� �O�D�Z�Q�� �I�H�U�W�L�O�L�]�D�W�L�R�Q���� �V�W�R�U�P�Z�D�W�H�U�� �G�L�V�S�R�V�D�O����

�D�W�P�R�V�S�K�H�U�L�F���G�H�S�R�V�L�W�L�R�Q�����D�Q�G���U�H�F�\�F�O�L�Q�J���I�U�R�P���E�R�W�W�R�P���V�H�G�L�P�H�Q�W�V�����2�Q���V�L�W�H���Z�D�V�W�H�Z�D�W�H�U���G�L�V�S�R�V�D�O���L�V���E�\��

�I�D�U�� �W�K�H�� �O�D�U�J�H�V�W�� �F�R�Q�W�U�R�O�O�D�E�O�H�� �V�R�X�U�F�H�� �R�I�� �Q�L�W�U�R�J�H�Q�� �W�R�� �L�P�S�D�L�U�H�G�� �H�V�W�X�D�U�L�H�V���� �W�K�H�U�H�I�R�U�H���� �W�K�H�� �7�0�'�/�V�� �Z�L�O�O��

�F�R�Q�V�W�L�W�X�W�H���D���V�L�J�Q�L�I�L�F�D�Q�W���G�U�L�Y�L�Q�J���I�R�U�F�H���I�R�U���Z�D�V�W�H�Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W����

������������ �3�U�R�W�H�F�W�H�G���$�U�H�D�V��

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

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

�'�L�V�W�U�L�F�W�V�� �R�I�� �&�U�L�W�L�F�D�O�� �3�O�D�Q�Q�L�Q�J�� �&�R�Q�F�H�U�Q�� ���'�&�3�&�V������ �Z�H�W�O�D�Q�G�� �U�H�V�R�X�U�F�H�� �D�U�H�D�V���� �R�S�H�Q�� �V�S�D�F�H���� �D�Q�G��

�F�R�Q�V�H�U�Y�D�W�L�R�Q���D�U�H�D�V�����V�K�H�O�O�I�L�V�K�L�Q�J���D�U�H�D�V�����R�X�W�V�W�D�Q�G�L�Q�J���U�H�V�R�X�U�F�H���Z�D�W�H�U�V�����2�5�:�V�������D�Q�G���S�U�R�W�H�F�W�H�G���O�D�Q�G�V����

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

�&�R�G���&�R�P�P�L�V�V�L�R�Q���D�Q�G���D�U�H���G�H�V�F�U�L�E�H�G���E�H�O�R�Z����

2.5.3.1 Areas of Critical Environmental Concern/ Districts of Critical Planning Concern  

�7�K�H�U�H���D�U�H���Q�R���G�H�V�L�J�Q�D�W�H�G���$�U�H�D�V���R�I���&�U�L�W�L�F�D�O���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���&�R�Q�F�H�U�Q�����$�&�(�&�����R�U���'�L�V�W�U�L�F�W�V���R�I���&�U�L�W�L�F�D�O��

�3�O�D�Q�Q�L�Q�J���&�R�Q�F�H�U�Q�����'�&�3�&�����L�Q���W�K�H���V�W�X�G�\���D�U�H�D����
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2.5.3.2 Wetland Resource Areas 

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

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

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

�D�O�V�R���L�Q�F�O�X�G�H���V�D�O�W���P�D�U�V�K�H�V���� �9�H�U�Q�D�O���S�R�R�O�V���D�U�H���W�H�P�S�R�U�D�U�\�� �S�R�R�O�V���R�I���Z�D�W�H�U���Z�K�L�F�K���S�U�R�Y�L�G�H���V�L�J�Q�L�I�L�F�D�Q�W��

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

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

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

2.5.3.3 Conservation Lands 

�&�R�Q�V�H�U�Y�D�W�L�R�Q���O�D�Q�G�V���D�F�F�R�X�Q�W���I�R�U���D�S�S�U�R�[�L�P�D�W�H�O�\�����������R�I���W�K�H���O�D�Q�G���D�U�H�D���L�Q���W�K�H���2�\�V�W�H�U���3�R�Q�G���D�Q�G���6�D�O�W��

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

�S�D�U�F�H�O�V���R�Z�Q�H�G���E�\���W�K�H���2�\�V�W�H�U���3�R�Q�G���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���7�U�X�V�W���D�Q�G���W�K�H���6�D�O�W���3�R�Q�G���%�L�U�G���6�D�Q�F�W�X�D�U�L�H�V���,�Q�F����

�2�S�H�Q���V�S�D�F�H���D�Q�G���F�R�Q�V�H�U�Y�D�W�L�R�Q���O�D�Q�G�V���D�U�H���V�K�R�Z�Q���R�Q���)�L�J�X�U�H������������

2.5.3.4 Shellfishing Areas  

�0�D�V�V�*� ,�6� � �K�D�V�� �D� � �G�D�W�D�� �O�D�\�H�U�� �R�I� � �G�H�V�L�J�Q�D�W�H�G�� �V�K�H�O�O�I�L�V�K�� �J�U�R�Z�L�Q�J�� �D�U�H�D�V���������������� �D�Q�G�� �V�K�H�O�O�I�L�V�K�� �V�X�L�W�D�E�L�O�L�W�\��

�D�U�H�D�V�� ���������������� �7�K�L�V�� �G�D�W�D�� �O�D�\�H�U�� �G�H�S�L�F�W�V�� �D�U�H�D�V�� �R�I�� �S�R�W�H�Q�W�L�D�O�� �V�K�H�O�O�I�L�V�K�� �K�D�E�L�W�D�W�� �D�Q�G�� �W�K�H�L�U�� �U�H�V�S�H�F�W�L�Y�H��

�K�D�U�Y�H�V�W�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�L�V�� �L�Q�I�R�U�P�D�W�L�R�Q���� �E�R�W�K�� �2�\�V�W�H�U�� �3�R�Q�G�� �D�Q�G�� �6�D�O�W�� �3�R�Q�G�� �D�U�H��

�F�O�D�V�V�L�I�L�H�G���D�V���³�S�U�R�K�L�E�L�W�H�G�´�����K�R�Z�H�Y�H�U�����D���V�P�D�O�O���S�R�U�W�L�R�Q���R�I���6�D�O�W���3�R�Q�G���L�V���L�G�H�Q�W�L�I�L�H�G���D�V���S�R�W�H�Q�W�L�D�O���K�D�E�L�W�D�W��

�I�R�U���W�K�H���V�R�I�W���V�K�H�O�O�H�G���F�O�D�P�����7�K�H���6�W�D�W�H���V�W�R�S�S�H�G���V�D�P�S�O�L�Q�J���2�\�V�W�H�U���3�R�Q�G���I�R�U���E�D�F�W�H�U�L�D���L�Q�������������D�I�W�H�U���W�K�H��

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

�)�L�J�X�U�H��������������

2.5.3.5 Outstanding Resource Waters 

�2�X�W�V�W�D�Q�G�L�Q�J���U�H�V�R�X�U�F�H���Z�D�W�H�U�V�����2�5�:�V�����F�R�Q�V�W�L�W�X�W�H���Z�D�W�H�U���E�R�G�L�H�V�����R�U���W�K�H���Z�D�W�H�U�V�K�H�G�V���R�I���Z�D�W�H�U�E�R�G�L�H�V����

�W�K�D�W�� �D�U�H�� �G�H�V�L�J�Q�D�W�H�G�� �I�R�U�� �S�U�R�W�H�F�W�L�R�Q�� �X�Q�G�H�U�� �0�D�V�V�D�F�K�X�V�H�W�W�V�� �V�X�U�I�D�F�H���Z�D�W�H�U�� �T�X�D�O�L�W�\�� �V�W�D�Q�G�D�U�G�V�� �G�X�H�� �W�R��

�K�L�J�K���H�F�R�O�R�J�L�F�D�O�����U�H�F�U�H�D�W�L�R�Q�D�O�����R�U���D�H�V�W�K�H�W�L�F���Y�D�O�X�H�V�����7�K�H�U�H���D�U�H���Q�R���2�5�:�V���L�Q���W�K�H���S�U�R�M�H�F�W���D�U�H�D����

� � � �









��
�����������$���� �������������� �:�U�L�J�K�W���3�L�H�U�F�H��

2.5.3.6 Floodplains 

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

�K�D�]�D�U�G���D�U�H�D�V���E�D�V�H�G���R�Q���D�� �V�W�D�W�L�V�W�L�F�D�O�����������\�H�D�U���D�Q�G�����������\�H�D�U���I�O�R�R�G���U�H�F�X�U�U�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�����7�K�L�V���I�O�R�R�G��

�K�D�]�D�U�G���P�D�S�S�L�Q�J���L�V���E�D�V�H�G���R�Q���)�(�0�$���)�O�R�R�G���,�Q�V�X�U�D�Q�F�H���5�D�W�H���0�D�S�S�L�Q�J�����H�I�I�H�F�W�L�Y�H���-�X�O�\���������������D�Q�G���L�V��

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

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

�R�I���W�K�H���S�D�U�F�H�O�V���L�Q���W�K�H���2�\�V�W�H�U���3�R�Q�G���Z�D�W�H�U�V�K�H�G������

2.5.3.7 Habitat of Rare and Endangered Species 

�7�K�H���1�D�W�X�U�D�O���+�H�U�L�W�D�J�H���D�Q�G���(�Q�G�D�Q�J�H�U�H�G���6�S�H�F�L�H�V���3�U�R�J�U�D�P�����1�+�(�6�3�����D�W���W�K�H���0�D�V�V�D�F�K�X�V�H�W�W�V���'�L�Y�L�V�L�R�Q��

�)�L�V�K�H�U�L�H�V�� �	�� �:�L�O�G�O�L�I�H�� �P�D�L�Q�W�D�L�Q�V�� �P�D�S�S�L�Q�J�� �I�R�U�� �S�U�L�R�U�L�W�\�� �K�D�E�L�W�D�W�� �R�I���U�D�U�H�� �D�Q�G�� �H�Q�G�D�Q�J�H�U�H�G�� �V�S�H�F�L�H�V����

�1�X�P�H�U�R�X�V���V�S�H�F�L�H�V���R�I���V�S�H�F�L�D�O���F�R�Q�F�H�U�Q���D�Q�G���H�Q�G�D�Q�J�H�U�H�G���V�S�H�F�L�H�V���K�D�Y�H���E�H�H�Q���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���2�\�V�W�H�U��

�3�R�Q�G�� �D�Q�G�� �6�D�O�W�� �3�R�Q�G�� �Z�D�W�H�U�V�K�H�G�V�� ���L���H������ �(�D�V�W�H�U�Q�� �%�R�[�� �7�X�U�W�O�H���� �&�R�P�P�R�Q�� �7�H�U�Q���� �/�H�D�V�W�� �7�H�U�P�� �D�Q�G��

�5�R�V�H�D�W�H�� �7�H�U�Q������ �1�+�(�6�3�� �P�D�S�S�L�Q�J�� �I�R�U�� �W�K�H�� �V�W�X�G�\�� �D�U�H�D�� �L�V�� �S�U�H�V�H�Q�W�H�G�� �R�Q���)�L�J�X�U�H�� �������� ���0�D�V�V�*�,�6����

�2�F�W�R�E�H�U����������������

�������� �6�2�,�/�6��

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

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

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

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

�D�� �Z�D�W�H�U�E�R�G�\���� �)�U�R�P�� �W�K�H�� �V�W�D�Q�G�S�R�L�Q�W�� �R�I�� �V�W�R�U�P�Z�D�W�H�U�� �D�Q�G�� �Z�D�V�W�H�Z�D�W�H�U�� �G�L�V�S�R�V�D�O�� �V�\�V�W�H�P�V���� �P�R�V�W�� �R�I�� �W�K�H��

�&�D�S�H���E�H�Q�H�I�L�W�V���I�U�R�P���V�D�Q�G�\���V�R�L�O�V�����L���H�������Z�H�O�O���G�U�D�L�Q�H�G���V�R�L�O�V�������+�R�Z�H�Y�H�U�����W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���'�H�S�D�U�W�P�H�Q�W��

�R�I�� �$�J�U�L�F�X�O�W�X�U�H�
�V�� �6�R�L�O�� �&�R�Q�V�H�U�Y�D�W�L�R�Q�� �6�H�U�Y�L�F�H�� �F�K�D�U�D�F�W�H�U�L�]�H�V�� �D�O�O�� �V�R�L�O�V�� �S�U�H�V�H�Q�W�� �R�Q�� �&�D�S�H�� �&�R�G�� �D�V��

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

�&�R�X�Q�W�\�� �0�$���� �0�D�U�F�K�� ������������ �7�D�E�O�H�� �������� �G�X�H�� �H�L�W�K�H�U�� �W�R�� �S�R�R�U�� �S�H�U�F�R�O�D�W�L�R�Q�� �R�U�� �U�D�S�L�G�� �G�U�D�L�Q�D�J�H���� �,�Q�� �W�K�H��

�S�U�R�M�H�F�W�� �D�U�H�D���� �W�K�H�� �P�D�M�R�U�L�W�\�� �R�I�� �V�R�L�O�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �W�R�� �E�H�� �³�H�[�F�H�V�V�L�Y�H�O�\�� �G�U�D�L�Q�H�G�´�� �W�R�� �³�Z�H�O�O�� �G�U�D�L�Q�H�G���´����

�7�K�H�U�H���D�U�H���V�R�P�H���D�U�H�D�V���R�I���³�S�R�R�U�O�\���G�U�D�L�Q�H�G�´���V�R�L�O�V���W�K�D�W���D�U�H���L�Q���O�R�Z�O�D�Q�G���D�U�H�D�V���Q�H�D�U���Z�H�W�O�D�Q�G�V���R�U���V�K�R�U�H��

�D�U�H�D�V�����)�L�J�X�U�H�����������K�L�J�K�O�L�J�K�W�V���W�K�H���O�R�F�D�W�L�R�Q���R�I���V�R�L�O���W�\�S�H���E�\���W�K�H�V�H���W�K�U�H�H���P�D�M�R�U���F�D�W�H�J�R�U�L�H�V������
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�������� �*�5�2�8�1�'�:�$�7�(�5��

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

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

�7�K�H�U�H���D�U�H���Q�R���S�X�E�O�L�F���Z�D�W�H�U���V�X�S�S�O�\���V�R�X�U�F�H�V���L�Q���W�K�H���2�\�V�W�H�U���3�R�Q�G���R�U���6�D�O�W���3�R�Q�G���Z�D�W�H�U�V�K�H�G�V����

������������ �:�D�W�H�U���6�X�S�S�O�\���,�Q�I�U�D�V�W�U�X�F�W�X�U�H��

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

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

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

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

������������ �:�D�V�W�H�Z�D�W�H�U���,�Q�I�U�D�V�W�U�X�F�W�X�U�H��

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

�I�R�U�F�H�P�D�L�Q�V���� �S�X�P�S�L�Q�J�� �V�W�D�W�L�R�Q�V���� �D�Q�G�� �W�Z�R�� �Z�D�V�W�H�Z�D�W�H�U�� �W�U�H�D�W�P�H�Q�W�� �I�D�F�L�O�L�W�L�H�V�� ���%�O�D�F�N�V�P�L�W�K�� �6�K�R�S�� �5�R�D�G��

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

�G�L�V�F�K�D�U�J�H���S�H�U�P�L�W�V���L�V�V�X�H�G���E�\���W�K�H���0�D�V�V�D�F�K�X�V�H�W�W�V���'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���3�U�R�W�H�F�W�L�R�Q������

�1�R�� �S�U�R�S�H�U�W�L�H�V�� �L�Q�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �Z�D�W�H�U�V�K�H�G�� �D�U�H�� �F�R�Q�Q�H�F�W�H�G�� �W�R�� �W�K�H� � �S�X�E�O�L�F� � �V�H�Z�H�U� � �V� \�V�W�H�P� �� � �7�K�L�U�W�\� �

�H�L�J�K�W���S�U�R�S�H�U�W�L�H�V���L�Q���W�K�H���Q�R�U�W�K�H�U�Q���S�R�U�W�L�R�Q���D�Q�G���W�K�H���V�R�X�W�K�H�D�V�W�H�U�Q���S�R�U�W�L�R�Q���R�I���W�K�H���6�D�O�W���3�R�Q�G���Z�D�W�H�U�V�K�H�G��

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

�Z�D�V�W�H�Z�D�W�H�U�� �W�U�H�D�W�P�H�Q�W�� �I�D�F�L�O�L�W�\�� �R�Q�� �%�O�D�F�N�V�P�L�W�K�� �6�K�R�S�� �5�R�D�G���� �3�X�E�O�L�F�� �Z�D�V�W�H�Z�D�W�H�U�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �L�V��

�V�K�R�Z�Q���R�Q���)�L�J�X�U�H��������������

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

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

�x�� �������U�H�F�R�U�G�V���U�H�Y�L�H�Z�H�G��
�x�� ���������R�I���W�K�H���V�\�V�W�H�P�V���D�U�H���F�H�V�V�S�R�R�O�V�����V�R�P�H���V�L�Q�J�O�H�����V�R�P�H���P�X�O�W�L�S�O�H���X�Q�L�W�V���L�Q���V�H�U�L�H�V����
�x�� ���������R�I���W�K�H���V�\�V�W�H�P�V���D�U�H���V�H�S�W�L�F���W�D�Q�N���Z�L�W�K���O�H�D�F�K�L�Q�J���S�L�W�����R�U���I�R�U�P�H�U���F�H�V�V�S�R�R�O���D�V���O�H�D�F�K�L�Q�J���S�L�W����
�x�� �������R�I���W�K�H���V�\�V�W�H�P�V���D�U�H���V�H�S�W�L�F���W�D�Q�N�V���Z�L�W�K���O�H�D�F�K�L�Q�J���I�L�H�O�G�V��
�x�� �������R�I���W�K�H���V�\�V�W�H�P�V���Z�H�U�H���Q�R�W�H�G���D�V���³�I�D�L�O�H�G�´���E�D�V�H�G���W�K�H���+�H�D�O�W�K���$�J�H�Q�W�¶�V���L�Q�V�S�H�F�W�L�R�Q���D�Q�G���M�X�G�J�P�H�Q�W��
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�����������2�\�V�W�H�U���3�R�Q�G���*�7�����1 ���������������������������������� ���������� ���������������������������������� ���� ����������������������������������
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�����������2�\�V�W�H�U���3�R�Q�G�B�0�D�L�Q ���������������������������������� ���������� ���������������������������������� ���� ����������������������������������
�����������2�\�V�W�H�U���3�R�Q�G�B�6�R�X�W�K ������������������������������������ �Q���D �Q���D �Q���D �Q���D
�������������7�R�W�D�O ��������������������������������
�������������7�R�W�D�O�����H�[�F�O�X�G�L�Q�J���2�3���6�R�X�W�K �������������������������������� ���������������������������������� ����������������������������������

�$�O�O�R�Z�D�E�O�H���6�H�S�W�L�F���1�L�W�U�R�J�H�Q���5�H�P�D�L�Q�L�Q�J���S�H�U���7�D�E�O�H�������������6�F�H�Q�D�U�L�R�������!�! ����������������������������������
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�����������$���� ���������������������������������������������������������������������������������������������������������������������������������������������������������������:�U�L�J�K�W���3�L�H�U�F�H��

���������&�2�1�9�(�1�,�(�1�&�(���$�1�'���$�(�6�7�+�(�7�,�&�6��

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

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

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

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

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

�U�H�V�X�O�W�V���R�I���W�K�H���G�L�V�F�X�V�V�L�R�Q�V���L�Q�G�L�F�D�W�H�G���L�Q��italics����

�x�� �$���U�H�F�R�U�G���R�I���I�U�H�T�X�H�Q�W���V�H�S�W�D�J�H���S�X�P�S�L�Q�J���±��records not maintained by the Town;��

�x�� �$���W�L�J�K�W���W�D�Q�N���±��None identified in the Oyster Pond or Salt Pond watersheds;��

�x�� �$���P�R�X�Q�G�H�G���V�H�S�W�L�F���V�\�V�W�H�P���±��None identified in the Oyster Pond or Salt Pond watersheds;��

�x�� �6�H�S�W�L�F���V�\�V�W�H�P�V���Z�L�W�K���D���K�L�J�K���U�H�S�O�D�F�H�P�H�Q�W���F�R�V�W���±��Kettle Hole Road/Two Ponds Road/Riddle Hill 
Road neighborhood (approximately 90 parcels in Oyster Pond, Salt Pond and the “direct 
discharge” watershed to the west of Oyster Pond watershed).��

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

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

�Q�H�L�J�K�E�R�U�V�����,���$���V�\�V�W�H�P�V���D�O�V�R���F�R�V�W���P�R�U�H���W�R���R�S�H�U�D�W�H���R�Q���D�Q���D�Q�Q�X�D�O���E�D�V�L�V���W�K�D�Q���D���W�\�S�L�F�D�O���V�H�S�W�L�F���V�\�V�W�H�P����

�$�� �O�L�V�W�� �R�I�� �W�K�H�� �O�R�F�D�W�L�R�Q�V�� �R�I�� �,���$�� �V�\�V�W�H�P�V�� �Z�L�W�K�L�Q�� �W�K�H�� �Z�D�W�H�U�V�K�H�G�V�� �Z�D�V�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� �W�K�H�� �%�D�U�Q�V�W�D�E�O�H��

�&�R�X�Q�W�\���'�H�S�D�U�W�P�H�Q�W���R�I���+�H�D�O�W�K���D�Q�G���(�Q�Y�L�U�R�Q�P�H�Q�W���L�Q���6�S�U�L�Q�J���������������)�L�Y�H���V�\�V�W�H�P�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���L�Q��

�2�\�V�W�H�U���3�R�Q�G���Z�D�W�H�U�V�K�H�G���D�Q�G���Q�R�Q�H���L�Q���W�K�H���6�D�O�W���3�R�Q�G���Z�D�W�H�U�V�K�H�G���� �2�I�� �W�K�H���I�L�Y�H���2�\�V�W�H�U���3�R�Q�G���V�\�V�W�H�P�V����

�W�K�U�H�H�� �D�U�H�� �L�Q�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �6�R�X�W�K�� �V�X�E�Z�D�W�H�U�V�K�H�G�� �D�Q�G�� �W�Z�R�� �D�U�H�� �L�Q���W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �0�D�L�Q��

�V�X�E�Z�D�W�H�U�V�K�H�G�����V�H�H���)�L�J�X�U�H��������������

�7�K�H���F�R�Q�Y�H�Q�L�H�Q�F�H���D�Q�G���D�H�V�W�K�H�W�L�F�V���F�D�W�H�J�R�U�\���Z�L�O�O���E�H���F�R�Q�V�L�G�H�U�H�G���³�Q�R�W���D�S�S�O�L�F�D�E�O�H�´���I�R�U���W�K�H���2�\�V�W�H�U���3�R�Q�G��

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

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

���������6�8�6�7�$�,�1�$�%�/�(���(�&�2�1�2�0�,�&���'�(�9�(�/�2�3�0�(�1�7��

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

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

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

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

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

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

�&�R�Q�Y�H�U�V�L�R�Q���W�R���D�I�I�R�U�G�D�E�O�H���K�R�X�V�L�Q�J��
���&�K�D�S�W�H�U�������%����

�����X�Q�L�W�V�� �����X�Q�L�W�V��

��

�/�D�V�W�O�\���� �W�K�H�� �7�R�Z�Q�� �3�O�D�Q�Q�H�U���� �7�R�Z�Q�� �:�D�V�W�H�Z�D�W�H�U�� �6�X�S�H�U�L�Q�W�H�Q�G�H�Q�W�� �D�Q�G�� �:�U�L�J�K�W���3�L�H�U�F�H�� �U�H�Y�L�H�Z�H�G�� �W�K�H��

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

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

�E�X�L�O�G���R�X�W�� �D�V�V�H�V�V�P�H�Q�W�� �W�R�� �E�H�� �X�W�L�O�L�]�H�G�� �I�R�U�� �W�K�H�� �&�:�0�3�� �L�V�� �V�X�P�P�D�U�L�]�H�G���R�Q���7�D�E�O�H�� �������� ���2�\�V�W�H�U�� �3�R�Q�G����

�D�Q�G���7�D�E�O�H�������������6�D�O�W���3�R�Q�G������

� � � �



�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B��

�����������$���� ���������������������������������������������������������������������������������������������������������������������������������������������������������������:�U�L�J�K�W���3�L�H�U�F�H��

�7�$�%�/�(�������������&�:�0�3���%�8�,�/�'���2�8�7���)�2�5���2�<�6�7�(�5���3�2�1�'���:�$�7�(�5�6�+�(�'��

��

� � � �

�)�O�R�Z�����J�S�G �1�R�W�H�V �)�O�R�Z�����J�S�G �1�R�W�H�V �)�O�R�Z�����J�S�G �1�R�W�H�V
�&�X�U�U�H�Q�W���)�O�R�Z�V�����W�K�U�X������������

�5�H�V�L�G�H�Q�W�L�D�O ������������ ������������ ������������
�&�R�P�P�H�U�F�L�D�O �� �� ��
�0�X�Q�L�F�L�S�D�O ������ ������ ������
�7�R�W�D�O ������������ ������������ ������������

�,�Q�F�U�H�D�V�H�V���L�Q���)�O�R�Z�V
�6�H�D�V�R�Q�D�O���F�R�Q�Y�H�U�V�L�R�Q���D�Q�G���K�R�P�H���H�[�S�D�Q�V�L�R�Q ����������10% of Ex. ���������� 25%

�8�Q�G�H�Y�H�O�R�S�H�G���E�X�W���'�H�Y�H�O�R�S�D�E�O�H���/�R�W�V 8 lots 12 lots

�1�H�Z���G�Z�H�O�O�L�Q�J�V���D�Q�G���D�S�D�U�W�P�H�Q�W�V
�1�H�Z���K�R�P�H�V���R�Q���H�[�L�V�W�L�Q�J���Y�D�F�D�Q�W���O�R�W�V ����������8 du ���������� 12 du

�1�H�Z���K�R�P�H�V���R�Q���Q�H�Z���O�R�W�V ��n/a �� n/a

�$�F�F�H�V�V�R�U�\���D�S�W�V���L�Q���U�H�V�L�G�H�Q�W�L�D�O���]�R�Q�H�V ��n/a �� n/a

�$�S�W�V�����R�Y�H�U���F�R�P�P�H�U�F�L�D�O ��n/a �� n/a

�&�R�P�P�����F�R�Q�Y�H�U�V�L�R�Q���W�R���5�H�V�L�G�H�Q�W�L�D�O ��n/a �� n/a

�6�X�E�W�R�W�D�O ���������� ����������
�&�R�P�P�H�U�F�L�D�O

�1�H�Z���F�R�P�P�����V�S�D�F�H���R�Q���Y�D�F�D�Q�W���O�D�Q�G ��n/a �� n/a

�(�[�S�D�Q�V�L�R�Q���R�I���H�[�L�V�W�L�Q�J���X�V�H�V�����1�H�Z���'�R�U�P�V�������������� ������n/a ������ n/a

�&�K�D�Q�J�H���W�R���P�R�U�H���L�Q�W�H�Q�V�L�Y�H���F�R�P�P�����X�V�H ��n/a �� n/a

�&�R�Q�Y�H�U�V�L�R�Q���W�R�������%���K�R�X�V�L�Q�J ��n/a �� n/a

�&�R�P�P�����F�R�Q�Y�H�U�V�L�R�Q���W�R���5�H�V�L�G�H�Q�W�L�D�O ��n/a �� n/a

�6�X�E�W�R�W�D�O ������n/a ������ n/a

�7�R�W�D�O���L�Q�F�U�H�D�V�H ���������� 100% ���������� ����������
�)�X�W�X�U�H���)�O�R�Z�V ������������ ������������ ������������

Percentage Increase over Current Conditions 9% 9% 17%

�:�D�V�W�H�Z�D�W�H�U���)�O�R�Z�V�����J�S�G����������������������������������������
���$�Q�Q�X�D�O���$�Y�H�U�D�J�H��

�2�\�V�W�H�U���3�R�Q�G���:�D�W�H�U�V�K�H�G
�3�O�D�Q�Q�L�Q�J���+�R�U�L�]�R�Q �3�U�D�F�W�L�F�D�O���%�X�L�O�G���R�X�W �7�K�H�R�U�H�W�L�F�D�O���%�X�L�O�G���R�X�W



�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B��

�����������$���� ���������������������������������������������������������������������������������������������������������������������������������������������������������������:�U�L�J�K�W���3�L�H�U�F�H��

�7�$�%�/�(�������������&�:�0�3���%�8�,�/�'���2�8�7���)�2�5���6�$�/�7���3�2�1�'���:�$�7�(�5�6�+�(�'��

��

�)�O�R�Z�����J�S�G �1�R�W�H�V �)�O�R�Z�����J�S�G �1�R�W�H�V �)�O�R�Z�����J�S�G �1�R�W�H�V
�&�X�U�U�H�Q�W���)�O�R�Z�V

�5�H�V�L�G�H�Q�W�L�D�O ������������ ������������ ������������
�&�R�P�P�H�U�F�L�D�O ���������� ���������� ����������
�0�X�Q�L�F�L�S�D�O ������������ ������������ ������������
�7�R�W�D�O ������������ ������������ ������������

�,�Q�F�U�H�D�V�H�V���L�Q���)�O�R�Z�V
�6�H�D�V�R�Q�D�O���F�R�Q�Y�H�U�V�L�R�Q���D�Q�G���K�R�P�H���H�[�S�D�Q�V�L�R�Q ����������10% of Ex. ���������� 25%

�8�Q�G�H�Y�H�O�R�S�H�G���E�X�W���'�H�Y�H�O�R�S�D�E�O�H���/�R�W�V 11 lots 11 lots
�1�H�Z���G�Z�H�O�O�L�Q�J�V���D�Q�G���D�S�D�U�W�P�H�Q�W�V

�1�H�Z���K�R�P�H�V���R�Q���H�[�L�V�W�L�Q�J���Y�D�F�D�Q�W���O�R�W�V ����������75% of TBO ���������� 15 du
�1�H�Z���K�R�P�H�V���R�Q���Q�H�Z���O�R�W�V�����V�H�Z�H�U�H�G�� ����������50% of TBO ���������� 19 du
�1�H�Z���K�R�P�H�V���R�Q���Q�H�Z���O�R�W�V�����X�Q�V�H�Z�H�U�H�G�� ����������50% of TBO ���������� 26 du
�$�F�F�H�V�V�R�U�\���D�S�W�V���L�Q���U�H�V�L�G�H�Q�W�L�D�O���]�R�Q�H�V ��n/a ��  0 apt
�$�S�W�V�����R�Y�H�U���F�R�P�P�H�U�F�L�D�O ��n/a ��  0 apt
�&�R�P�P�����F�R�Q�Y�H�U�V�L�R�Q���W�R���5�H�V�L�G�H�Q�W�L�D�O ��n/a �� n/a

�6�X�E�W�R�W�D�O ���������� ����������
�&�R�P�P�H�U�F�L�D�O

�1�H�Z���F�R�P�P�����V�S�D�F�H���R�Q���Y�D�F�D�Q�W���O�D�Q�G ����������50% ���������� 66,280 sf
�(�[�S�D�Q�V�L�R�Q���R�I���H�[�L�V�W�L�Q�J���F�R�P�P�����X�V�H�V ����������50% ������������105,720 sf
�&�K�D�Q�J�H���W�R���P�R�U�H���L�Q�W�H�Q�V�L�Y�H���F�R�P�P�����X�V�H ����������50% ���������� 50,000 sf
�&�R�Q�Y�H�U�V�L�R�Q���W�R�������%���K�R�X�V�L�Q�J ��n/a �� n/a
�&�R�P�P�����F�R�Q�Y�H�U�V�L�R�Q���W�R���5�H�V�L�G�H�Q�W�L�D�O ��n/a �� n/a

�6�X�E�W�R�W�D�O ���������� ������������
�7�R�W�D�O���L�Q�F�U�H�D�V�H ������������ 100% ������������ ������������

�)�X�W�X�U�H���)�O�R�Z�V ������������ ������������ ��������������
Percentage Increase over Current Conditions 19% 19% 45%

�:�D�V�W�H�Z�D�W�H�U���)�O�R�Z�V�����J�S�G����������������������������������������
���$�Q�Q�X�D�O���$�Y�H�U�D�J�H��

�6�D�O�W���3�R�Q�G���:�D�W�H�U�V�K�H�G
�3�O�D�Q�Q�L�Q�J���+�R�U�L�]�R�Q �3�U�D�F�W�L�F�D�O���%�X�L�O�G���R�X�W �7�K�H�R�U�H�W�L�F�D�O���%�X�L�O�G���R�X�W



�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B��

�����������$���� ���������������������������������������������������������������������������������������������������������������������������������������������������������������:�U�L�J�K�W���3�L�H�U�F�H��

������������ �6�X�P�P�D�U�\���R�I���&�:�0�3���%�X�L�O�G���2�X�W���$�V�V�H�V�V�P�H�Q�W����

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

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

�D�Q�G�����������W�K�U�R�X�J�K���W�K�H�R�U�H�W�L�F�D�O���E�X�L�O�G���R�X�W�����5�H�G�H�Y�H�O�R�S�P�H�Q�W�����L���H�������D�V���R�S�S�R�V�H�G���W�R���Q�H�Z���G�H�Y�H�O�R�S�P�H�Q�W���R�Q��

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

�&�:�0�3�� �E�X�L�O�G���R�X�W�� �D�V�V�H�V�V�P�H�Q�W�� �G�R�H�V�� �Q�R�W�� �D�O�O�R�Z�� �I�R�U�� �P�R�U�H�� �Z�D�V�W�H�Z�D�W�H�U�� �I�O�R�Z�� �W�K�D�Q�� �Z�R�X�O�G�� �E�H�� �D�O�O�R�Z�H�G��

�X�Q�G�H�U���7�L�W�O�H�������D�Q�G���R�W�K�H�U���7�R�Z�Q���]�R�Q�L�Q�J�����O�D�Q�G���X�V�H�����R�U�G�L�Q�D�Q�F�H�V�����D�Q�G���E�\���O�D�Z�V����

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

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

�F�R�P�P�R�Q���R�I���Z�K�L�F�K���D�U�H���G�L�V�F�X�V�V�H�G���E�H�O�R�Z����

�x�� Submersible Pump Lift Stations�� ���� �*�H�Q�H�U�D�O�O�\�� �X�V�H�G�� �I�R�U�� �I�O�R�Z�� �U�D�W�H�V�� �E�H�W�Z�H�H�Q�� ������ �J�D�O�O�R�Q�V�� �S�H�U��

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

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

�Z�D�V�W�H�Z�D�W�H�U���I�U�R�P���W�K�H���J�U�D�Y�L�W�\���V�H�Z�H�U������

�x�� Suction Lift Pump Lift Stations������ �*�H�Q�H�U�D�O�O�\�� �X�V�H�G���I�R�U���I�O�R�Z�� �U�D�W�H�V���E�H�W�Z�H�H�Q���������� �J�S�P�� �D�Q�G����������

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

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

�Z�H�W�Z�H�O�O����

�x�� Custom Built Wetwell/Drywell Lift stations�� ���� �*�H�Q�H�U�D�O�O�\�� �X�V�H�G�� �I�R�U�� �K�L�J�K�H�U�� �I�O�R�Z�� �U�D�W�H�V�� �R�U�� �L�Q��

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

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

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

������������ �/�R�Z���3�U�H�V�V�X�U�H���6�H�Z�H�U�V����

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

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

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

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

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

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

�D�Q�G���G�H�O�L�Q�H�D�W�L�R�Q���R�I���2�	�0���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�����,�Q�G�L�Y�L�G�X�D�O���S�U�R�S�H�U�W�\���R�Z�Q�H�U�V���W�\�S�L�F�D�O�O�\���R�Z�Q�����R�S�H�U�D�W�H���D�Q�G��

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

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

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

�P�D�L�Q�W�D�L�Q����

������������ �6�H�S�W�L�F���7�D�Q�N���D�Q�G���(�I�I�O�X�H�Q�W���3�X�P�S�����6�7�(�3�����R�U���*�U�D�Y�L�W�\�����6�7�(�*�����6�\�V�W�H�P�V����

� 6� 7� (� 3� � � V� \� V� W� H� P� V� � � D� U� H� � � D� � � Y� D� U� L� D� W� L� R� Q� � � R� I� � � W�K�H�� �O�R�Z���S�U�H�V�V�X�U�H�� �F�R�O�O�H�F�W�L�R�Q�� �V�\�V�W�H�P�� �W�K�D�W�� �L�Q�F�O�X�G�H�V�� �V�H�S�W�L�F�� �W�D�Q�N��

�S�U�H�W�U�H�D�W�P�H�Q�W�����2�Q���H�D�F�K���S�U�R�S�H�U�W�\�����W�K�H�U�H���L�V���D���V�H�S�W�L�F���W�D�Q�N���D�Q�G���V�H�S�W�L�F���W�D�Q�N���H�I�I�O�X�H�Q�W���S�X�P�S�����7�K�H���V�H�S�W�L�F��

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

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

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

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

�X�Q�L�Q�W�H�U�U�X�S�W�H�G���V�H�U�Y�L�F�H���G�X�U�L�Q�J���D���S�R�Z�H�U���R�X�W�D�J�H����

�6�7�(�*���V�\�V�W�H�P�V���D�U�H���O�L�N�H���6�7�(�3���V�\�V�W�H�P�V�����L�Q���W�K�D�W���D���V�H�S�W�L�F���W�D�Q�N���L�V���X�W�L�O�L�]�H�G���D�V���S�U�H�W�U�H�D�W�P�H�Q�W�����K�R�Z�H�Y�H�U����

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

�W�\�S�L�F�D�O�O�\�� �V�P�D�O�O�H�U�� �G�L�D�P�H�W�H�U�� �W�K�D�Q���D�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �J�U�D�Y�L�W�\�� �V�\�V�W�H�P�����2�W�K�H�U�� �W�K�D�Q�� �S�L�S�H�� �V�L�]�H���� �W�K�H�V�H��

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

�E�H�W�Z�H�H�Q�� �P�D�Q�K�R�O�H�V�� �D�Q�G�� �O�L�I�W�� �V�W�D�W�L�R�Q�V�� �D�W�� �O�R�Z�� �S�R�L�Q�W�V���� �6�R�O�L�G�V�� �V�H�W�W�O�H�P�H�Q�W�� �L�V�� �O�H�V�V�� �R�I�� �D�� �F�R�Q�F�H�U�Q�� �D�V��

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

�x�� �3�O�D�Q���L�Q�F�O�X�G�H�V���V�W�U�D�W�H�J�L�H�V���W�R���P�D�Q�D�J�H���Q�L�W�U�R�J�H�Q���O�R�D�G�L�Q�J���I�U�R�P���Q�H�Z���J�U�R�Z�W�K����– Included��

�x�� �3�O�D�Q���L�Q�F�O�X�G�H�V���D�G�D�S�W�L�Y�H���P�D�Q�D�J�H�P�H�Q�W���S�O�D�Q�V��– Included��

�x�� �3�O�D�Q���L�Q�F�O�X�G�H�V���D���S�U�H�����D�Q�G���S�R�V�W���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���P�R�Q�L�W�R�U�L�Q�J���S�U�R�J�U�D�P��– Included��

�x�� �3�O�D�Q���L�Q�F�O�X�G�H�V���D���G�H�V�F�U�L�S�W�L�R�Q���D�Q�G���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���W�R�Z�Q�¶�V���S�U�R�S�R�V�H�G���I�X�Q�G�L�Q�J���V�W�U�D�W�H�J�\��– Included��

�x�� �:�0�$�� �F�R�P�P�L�W�V�� �W�R�� �U�H�J�X�O�D�U�� �������� �8�S�G�D�W�H�� �&�R�Q�V�L�V�W�H�Q�F�\�� �U�H�Y�L�H�Z�V�� �X�Q�W�L�O�� �Z�D�W�H�U�� �T�X�D�O�L�W�\�� �J�R�D�O�V�� �D�U�H��

�D�F�K�L�H�Y�H�G�����J�H�Q�H�U�D�O�O�\���U�H�Y�L�H�Z�H�G���D�W���O�H�D�V�W���H�Y�H�U�\���I�L�Y�H���\�H�D�U�V����– Confirmed��

�x�� �,�Q���V�K�D�U�H�G���Z�D�W�H�U�V�K�H�G�V�����:�0�$���V�H�H�N�L�Q�J�����������&�R�Q�V�L�V�W�H�Q�F�\���5�H�Y�L�H�Z���F�R�O�O�D�E�R�U�D�W�H�V���Z�L�W�K���Q�H�L�J�K�E�R�U�L�Q�J��

�:�0�$���V�����R�Q���Q�L�W�U�R�J�H�Q���D�O�O�R�F�D�W�L�R�Q�����V�K�D�U�H�G���V�R�O�X�W�L�R�Q�V���D�Q�G���F�R�V�W���V�D�Y�L�Q�J���P�H�D�V�X�U�H�V�����±��Not applicable��
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�����������$���� �������������� �:�U�L�J�K�W���3�L�H�U�F�H��

�������� �,�0�3�/�(�0�(�1�7�$�7�,�2�1���3�/�$�1��

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

�S�X�U�F�K�D�V�H�� �R�I�� �W�K�H�� �O�D�U�J�H�� �:�+�2�,�� �S�D�U�F�H�O�� �E�\�� �2�3�(�7�� ���S�D�U�F�H�O�� �³�5�%�´�� �R�Q�� �)�L�J�X�U�H�� ���������� �L�Q�� ���������� �D�Q�G�� �W�K�H��

�F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�I�� �W�K�H�� �:�+�2�,�� �J�U�D�G�X�D�W�H�� �G�R�U�P�V�� �R�I�I�� �$�O�O�H�Q�E�\�� �5�R�D�G�� �Z�L�W�K�L�Q�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �0�D�L�Q��

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

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

�%�D�U�Q�V�W�D�E�O�H�� �&�R�X�Q�W�\�� �'�H�S�D�U�W�P�H�Q�W�� �R�I�� �+�H�D�O�W�K�� �D�Q�G�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �D�U�H�� �V�K�R�Z�Q�� �R�Q�� �W�K�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q��

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

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

�E�H�O�R�Z����

������������ �2�Y�H�U�D�O�O���$�S�S�U�R�D�F�K���W�R���7�0�'�/���&�R�P�S�O�L�D�Q�F�H��

�7�K�H���7�0�'�/���G�R�H�V���Q�R�W���G�L�F�W�D�W�H���W�K�H���P�H�W�K�R�G�R�O�R�J�\���R�U���D�S�S�U�R�D�F�K���W�R���D�F�K�L�H�Y�L�Q�J���7�0�'�/���F�R�P�S�O�L�D�Q�F�H�������$�V��

�G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q���������W�K�H���7�R�Z�Q���F�R�Q�V�L�G�H�U�H�G���V�H�Y�H�U�D�O���V�F�H�Q�D�U�L�R�V���W�R���D�F�K�L�H�Y�H���W�K�H���7�0�'�/�����L���H�������U�D�Q�J�L�Q�J��

�I�U�R�P���D�G�G�U�H�V�V�L�Q�J��only���V�H�S�W�L�F���V�\�V�W�H�P�V���O�R�D�G�V���W�R���D�G�G�U�H�V�V�L�Q�J���H�D�F�K���R�I���W�K�H���P�D�M�R�U���V�R�X�U�F�H�V���R�I���Q�L�W�U�R�J�H�Q���W�R��

�W�K�H���2�\�V�W�H�U���3�R�Q�G���Z�D�W�H�U�V�K�H�G���������7�K�H���7�R�Z�Q���V�H�O�H�F�W�H�G���6�F�H�Q�D�U�L�R���������Z�K�L�F�K���D�G�G�U�H�V�V�H�V���H�D�F�K���R�I���W�K�H���P�D�M�R�U��

�V�R�X�U�F�H�V�� �R�I�� �Q�L�W�U�R�J�H�Q�� �W�R�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �Z�D�W�H�U�V�K�H�G���� �Z�K�L�F�K�� �X�W�L�O�L�]�H�V�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �Z�D�W�H�U�V�K�H�G�� �O�R�D�G��

�U�H�G�X�F�W�L�R�Q�V���E�\���V�R�X�U�F�H���F�D�W�H�J�R�U�\����

�x�� �������� �U�H�G�X�F�W�L�R�Q���L�Q���Z�D�V�W�H�Z�D�W�H�U���O�R�D�G�V���W�K�D�W���H�[�L�V�W�H�G���D�W���W�K�H���W�L�P�H���R�I�� �W�K�H���0�(�3���Z�R�U�N�����0�(�3���S�U�H�V�H�Q�W��

�Z�D�V�W�H�Z�D�W�H�U���O�R�D�G�V�������������N�J���\�U������

�x�� �����������U�H�G�X�F�W�L�R�Q���L�Q���W�K�H���Z�D�V�W�H�Z�D�W�H�U���O�R�D�G�V���W�K�D�W���Z�H�U�H���D�G�G�H�G���D�I�W�H�U���W�K�H���0�(�3�����L�Q�F�O�X�G�L�Q�J���I�X�W�X�U�H���O�R�D�G�V����

�x�� ���������U�H�G�X�F�W�L�R�Q���L�Q���Q�L�W�U�R�J�H�Q���O�R�D�G�V���I�U�R�P���I�H�U�W�L�O�L�]�H�U���X�V�H�����0�(�3���S�U�H�V�H�Q�W���I�H�U�W�L�O�L�]�H�U���O�R�D�G�V���������N�J���\�U������

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

�E�H�V�W���P�D�Q�D�J�H�P�H�Q�W���S�U�D�F�W�L�F�H�V�����0�(�3���S�U�H�V�H�Q�W���L�P�S�H�U�Y�L�R�X�V���D�Q�G���Q�D�W�X�U�D�O���V�X�U�I�D�F�H���O�R�D�G�V�����������N�J���\�U������

�x�� �������� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �Q�L�W�U�R�J�H�Q�� �O�R�D�G�� �I�U�R�P�� ���������� �D�W�P�R�V�S�K�H�U�L�F�� �G�H�S�R�V�L�W�L�R�Q�� �O�H�Y�H�O�V�� ���0�(�3�� �S�U�H�V�H�Q�W��

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

�x�� �&�K�D�Q�J�H�V���L�Q���E�H�Q�W�K�L�F���I�O�X�[���D�V���S�U�H�G�L�F�W�H�G���E�\���0�(�3����

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

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



��
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�D�Q�G���I�X�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V���G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q�������R�I���W�K�L�V���U�H�S�R�U�W�������1�R�W�H���W�K�D�W���S�D�U�F�H�O�V���O�R�F�D�W�H�G���L�Q���W�K�H���2�\�V�W�H�U��

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

�Q�L�W�U�R�J�H�Q���I�U�R�P���W�K�R�V�H���S�D�U�F�H�O�V���F�R�Q�W�U�L�E�X�W�H�V���W�R���2�\�V�W�H�U���3�R�Q�G�������5�H�I�H�U���W�R���6�H�F�W�L�R�Q���������������E�H�O�R�Z���I�R�U���P�R�U�H��

�L�Q�I�R�U�P�D�W�L�R�Q���U�H�J�D�U�G�L�Q�J���$�G�Y�D�Q�F�H�G���,���$���6�\�V�W�H�P�V������

�,�Q���'�(�3���D�Q�G���&�&�&���S�D�U�O�D�Q�F�H�����W�K�L�V���V�H�O�H�F�W�H�G���S�O�D�Q���F�R�Q�V�L�V�W�V���R�I���³�Q�R�Q���W�U�D�G�L�W�L�R�Q�D�O���P�H�D�V�X�U�H�V���´�����,�Q���V�X�F�K���F�D�V�H�V����

�'�(�3�� �U�H�T�X�L�U�H�V�� �W�K�D�W�� �W�K�H�� �³�:�D�V�W�H�� �0�D�Q�D�J�H�P�H�Q�W�� �$�J�H�Q�F�\�´�� ���L���H������ �W�K�H�� �7�R�Z�Q�� �R�I�� �)�D�O�P�R�X�W�K�� �L�Q�� �W�K�L�V�� �F�D�V�H����

�V�H�F�X�U�H���D���:�D�W�H�U�V�K�H�G���3�H�U�P�L�W���W�R���S�U�R�Y�L�G�H���D���I�U�D�P�H�Z�R�U�N���I�R�U���O�R�Q�J���W�H�U�P���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���W�R�Z�D�U�G�V���7�0�'�/��

�F�R�P�S�O�L�D�Q�F�H���L�Q���W�K�H���2�\�V�W�H�U���3�R�Q�G���Z�D�W�H�U�V�K�H�G�������$�V���D���S�D�U�W���R�I���W�K�H���:�D�W�H�U�V�K�H�G���3�H�U�P�L�W�����'�(�3���Z�L�O�O���U�H�T�X�L�U�H���D��

�³�W�U�D�G�L�W�L�R�Q�D�O���E�D�F�N�X�S���S�O�D�Q�´���L�Q���W�K�H���H�Y�H�Q�W���V�R�P�H���R�U���D�O�O���W�K�H���Q�R�Q���W�U�D�G�L�W�L�R�Q�D�O���P�H�D�V�X�U�H�V���G�R���Q�R�W���Z�R�U�N���R�X�W���D�V��

�Z�H�O�O���D�V���S�O�D�Q�Q�H�G�����7�K�H���F�R�P�S�R�Q�H�Q�W�V���R�I���D���:�D�W�H�U�V�K�H�G���3�H�U�P�L�W���D�U�H���G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q���������������E�H�O�R�Z������

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

�2�\�V�W�H�U�� �3�R�Q�G���� �6�L�Q�F�H�� �W�K�H�U�H�� �L�V�� �Q�R�� �3�K�R�V�S�K�R�U�X�V�� �7�0�'�/�� �R�U�� �³�0�(�3�� �7�H�F�K�Q�L�F�D�O�� �5�H�S�R�U�W�� �H�T�X�L�Y�D�O�H�Q�W�´�� �I�R�U��

�S�K�R�V�S�K�R�U�X�V�� �I�R�U�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �Z�D�W�H�U�V�K�H�G���� �W�K�H�U�H�� �D�U�H�� �Q�R�� �G�D�W�D�� �U�H�J�D�U�G�L�Q�J�� �Z�D�W�H�U�V�K�H�G�� �S�K�R�V�S�K�R�U�X�V��

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

�H�Q�Y�L�U�R�Q�P�H�Q�W�����D�W�W�H�Q�X�D�W�L�R�Q���P�H�F�K�D�Q�L�V�P�V�����R�U���E�H�Q�W�K�L�F���V�R�X�U�F�H�V���V�L�Q�N�V�������$�F�F�R�U�G�L�Q�J�O�\�����L�W���L�V���Q�R�W���S�R�V�V�L�E�O�H���W�R��
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Attenuated TN Removal from Groundwater (lb./d) = Qw * (1-CU) * (TNb – TNact) * 8.34 * NA 
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�L�Q�W�H�U�H�V�W���O�R�D�Q�V���I�R�U���H�O�L�J�L�E�O�H���S�U�R�M�H�F�W�V�����Z�K�L�F�K���L�Q�F�O�X�G�H�V���W�U�D�G�L�W�L�R�Q�D�O���Z�D�V�W�H�Z�D�W�H�U���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���D�V���Z�H�O�O���D�V��

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

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

�F�D�Q�� �E�H�� �R�E�W�D�L�Q�H�G������ �$�G�G�L�W�L�R�Q�D�O�� �I�X�Q�G�V�� �D�U�H�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �G�H�V�L�J�Q�D�W�H�G�� �³�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �M�X�V�W�L�F�H�´��

�F�R�P�P�X�Q�L�W�L�H�V�����D�S�S�O�L�F�D�E�O�H���W�R���V�P�D�O�O���S�R�U�W�L�R�Q�V���R�I���)�D�O�P�R�X�W�K���D�Q�G���%�D�U�Q�V�W�D�E�O�H�������7�K�H���6�5�)���S�U�R�J�U�D�P���K�D�V���D��

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

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

�3�O�D�Q

�&�$�3�,�7�$�/���&�2�6�7�6

�����&�R�Q�V�W�U�X�F�W�L�R�Q�����L�Q�F�O�X�G�L�Q�J���&�R�Q�W�L�Q�J�H�Q�F�\�������������������� ��������������������

�����'�H�V�L�J�Q ���� �L�Q���D�E�R�Y�H������ ����������������

�����6�X�U�Y�H�\���D�Q�G���%�R�U�L�Q�J�V���$�O�O�R�Z�D�Q�F�H���� �L�Q���D�E�R�Y�H ���� ����������������

�����&�R�Q�V�W�U�X�F�W�L�R�Q���(�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���,�Q�V�S�H�F�W�L�R�Q���� ���������������� ������ ����������������

�����)�L�V�F�D�O�����/�H�J�D�O�����$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�����3�R�O�L�F�H���'�H�W�D�L�O���� ���������������� ���� ����������������

�����/�D�Q�G���D�Q�G���(�D�V�H�P�H�Q�W���$�F�T�X�L�V�L�W�L�R�Q ���� ����������������

     Total Project Costs (2019 dollars, ENR CCI 11228) $5,525,000 $10,210,000

     Total Project Costs (2026 dollars) $6,800,000 $12,560,000

�$�1�1�8�$�/���2�3�(�5�$�7�,�1�*���&�2�6�7�6

�����$�G�Y�D�Q�F�H�G���,���$���6�\�V�W�H�P ������ ���������������� ������ ����

�����6�H�Z�H�U���8�V�H�U���5�D�W�H�V ������ ���� ������ ��������������

�����/�R�Z���3�U�H�V�V�X�U�H���6�H�Z�H�U���/�L�I�W���6�W�D�W�L�R�Q���2�S�H�U�D�W�L�Q�J���&�R�V�W�V������ ���� ������ ��������������

�����2�\�V�W�H�U���3�R�Q�G���5�0�(�������$�G�Y�D�Q�F�H�G���,���$���7�U�D�F�N�L�Q�J�������������� ����

�����2�\�V�W�H�U���3�R�Q�G���5�0�(�������5�H�S�R�U�W�L�Q�J �������������� ��������������

�����2�\�V�W�H�U���3�R�Q�G���5�0�(�������'�U�H�G�J�L�Q�J���7�U�X�Q�N���5�L�Y�H�U�L�Q���'�3�:���%�X�G�J�H�W �L�Q���'�3�:���%�X�G�J�H�W

�����2�\�V�W�H�U���3�R�Q�G���5�0�(�������(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���0�R�Q�L�W�R�U�L�Q�J�������������� ��������������

     Total Annual Operating Costs (2019 dollars) $436,000 $202,000

     Total Annual Operating Costs (2026 dollars) $536,000 $248,000

�1�R�W�H�V��

���������6�H�Z�H�U���X�V�H�U���U�D�W�H�V���D�V�V�X�P�H�G���D�W�������������\�H�D�U���D�Q�G���/�3�6���S�X�P�S���V�W�D�W�L�R�Q���F�R�V�W�V���D�V�V�X�P�H�G���D�W�������������\�H�D�U���I�R�U���U�H�V�L�G�H�Q�W�L�D�O���X�V�H�U�V��

���������&�R�V�W�V���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���$�S�U�L�O�������������G�R�O�O�D�U�V�����(�1�5���&�R�Q�V�W�U�X�F�W�L�R�Q���&�R�V�W���,�Q�G�H�[�������������������H�[�F�H�S�W���Z�K�H�U�H���Q�R�W�H�G��
���������&�R�V�W�V���L�Q�G�L�F�D�W�H�G���D�V�������������G�R�O�O�D�U�V���D�V�V�X�P�H���������S�H�U���\�H�D�U���L�Q�I�O�D�W�L�R�Q���W�R���W�K�H���\�H�D�U������������

���������2�S�H�U�D�W�L�Q�J���F�R�V�W�V���I�R�U���$�G�Y�D�Q�F�H�G���,���$���3�O�D�Q���D�U�H���E�D�V�H�G���R�Q���W�K�H�����&�R�Q�V�H�U�Y�D�W�L�Y�H���2�	�0���$�V�V�X�P�S�W�L�R�Q�V�����G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q�������D�Q�G��

�7�$�%�/�(���������������(�6�7�,�0�$�7�(�'���&�$�3�,�7�$�/���$�1�'���2�3�(�5�$�7�,�1�*���&�2�6�7�6�����3�+�$�6�(������

���������5�H�I�H�U���W�R���$�S�S�H�Q�G�L�[���$���I�R�U���D�G�G�L�W�L�R�Q�D�O���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���F�D�S�L�W�D�O���D�Q�G���D�Q�Q�X�D�O���R�S�H�U�D�W�L�Q�J���F�R�V�W�V��
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�'�(�3���D�O�V�R���K�D�V���D�Q���³�H�Q�K�D�Q�F�H�G���6�5�)���O�R�D�Q���S�U�R�J�U�D�P�´���W�R���L�Q�F�O�X�G�H���������\�H�D�U���O�R�D�Q�V���D�W���������L�Q�W�H�U�H�V�W���I�R�U���Q�X�W�U�L�H�Q�W��

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

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

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

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

�D�� �&�R�P�S�U�H�K�H�Q�V�L�Y�H�� �:�D�V�W�H�Z�D�W�H�U�� �0�D�Q�D�J�H�P�H�Q�W�� �3�O�D�Q�� ���&�:�0�3���� �D�S�S�U�R�Y�H�G�� �S�X�U�V�X�D�Q�W�� �W�R�� �U�H�J�X�O�D�W�L�R�Q�V��

�D�G�R�S�W�H�G���E�\���0�D�V�V�'�(�3���� ������ �U�H�F�H�L�Y�H���D���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I�� �F�R�Q�V�L�V�W�H�Q�F�\�� �Z�L�W�K���W�K�H���U�H�J�L�R�Q�D�O���P�D�Q�D�J�H�P�H�Q�W��

�S�O�D�Q�����L���H�������L�Q���W�K�L�V���F�D�V�H���W�K�H���&�&�&�����������3�O�D�Q���8�S�G�D�W�H�������D�Q�G���������D�G�R�S�W���O�D�Q�G���X�V�H���F�R�Q�W�U�R�O�V���W�R���J�R�Y�H�U�Q���L�Q�F�U�H�D�V�H�V��

�L�Q���Q�X�W�U�L�H�Q�W���O�R�D�G�V���G�X�H���W�R���J�U�R�Z�W�K�����³�I�O�R�Z���Q�H�X�W�U�D�O�´������

�3�R�U�W�L�R�Q�V�� �R�I�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �S�O�D�Q�� �F�R�X�O�G�� �E�H�� �I�X�Q�G�H�G�� �Y�L�D�� �6�5�)�� �O�R�D�Q���� �)�D�O�P�R�X�W�K�� �K�D�V��

�S�U�H�Y�L�R�X�V�O�\���P�H�W���W�K�H���F�U�L�W�H�U�L�D���I�R�U���(�Q�K�D�Q�F�H�G���6�5�)���O�R�D�Q�V���I�U�R�P���'�(�3����

������������ �%�D�U�Q�V�W�D�E�O�H���&�R�X�Q�W�\���6�H�S�W�L�F���0�D�Q�D�J�H�P�H�Q�W���/�R�D�Q���3�U�R�J�U�D�P��

�%�D�U�Q�V�W�D�E�O�H���&�R�X�Q�W�\���K�D�V���D���&�R�P�P�X�Q�L�W�\���6�H�S�W�L�F���0�D�Q�D�J�H�P�H�Q�W���/�R�D�Q���3�U�R�J�U�D�P���W�K�D�W���F�D�Q���E�H���X�W�L�O�L�]�H�G���E�\��

�U�H�V�L�G�H�Q�W�L�D�O�� �S�U�R�S�H�U�W�\�� �R�Z�Q�H�U�V�� �W�R���I�L�Q�D�Q�F�H�� �V�H�S�W�L�F�� �V�\�V�W�H�P�� �X�S�J�U�D�G�H�V�� �R�Q�� �³�I�D�L�O�H�G�� �V�H�S�W�L�F�� �V�\�V�W�H�P�V�´���� �� �,�I��

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

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

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

�$�G�Y�D�Q�F�H�G���,���$���3�O�D�Q����

������������ �*�H�Q�H�U�D�O���7�D�[�D�W�L�R�Q��

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

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

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

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

�P�X�Q�L�F�L�S�D�O���G�H�P�D�Q�G�V�������7�K�H���J�H�Q�H�U�D�O���I�X�Q�G���L�V���D�O�V�R���V�X�E�M�H�F�W���W�R���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���0�D�V�V�D�F�K�X�V�H�W�W�V���*�H�Q�H�U�D�O��

�/�D�Z�V�� �&�K�D�S�W�H�U�� ������ �†�� �����&�� ���L���H������ �³�3�U�R�S�R�V�L�W�L�R�Q�� ���ò�´������ �� �&�H�U�W�D�L�Q�� �D�F�W�L�Y�L�W�L�H�V�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �2�\�V�W�H�U�� �3�R�Q�G��

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

�&�K�D�S�W�H�U�������������6�H�F�W�L�R�Q���������R�I���W�K�H���$�F�W�V���R�I�������������D�X�W�K�R�U�L�]�H�V���P�X�Q�L�F�L�S�D�O�L�W�L�H�V���W�R���L�P�S�R�V�H���D���V�X�U�F�K�D�U�J�H���R�Q��
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Oyster Pond Embayment 
Total Maximum Daily Loads 

For Total Nitrogen 

Key Feature: Total Nitrogen TMDL for Falmouth
Location: EPA Region 1
Land Type: New England Coastal
303d Listing: The waterbody segments impaired and on the Category 5 list includes 

Oyster Pond.

   Data Sources: University of Massachusetts – Dartmouth/School for Marine Science and 
Technology; US Geological Survey; Applied Coastal Research and 
Engineering, Inc.; Cape Cod Commission, Town of Falmouth 

Data Mechanism: Massachusetts Surface Water Quality Standards, Ambient Data, and 
Linked Watershed Model

Monitoring Plan: Town of Falmouth monitoring program (possible assistance from 
SMAST)

Control Measures: Sewering, Storm Water Management, Attenuation by Impoundments 
and Wetlands, Fertilizer Use By-laws 

   Oyster Pond Embayment System 
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EXECUTIVE SUMMARY 

Problem Statement 

Excessive nitrogen (N) originating primarily from on-site wastewater disposal (both conventional 
septic systems and innovative/alternative systems) has led to significant decreases in the 
environmental quality of coastal rivers, ponds, and harbors in many communities in southeastern 
Massachusetts. In the coastal waters of Massachusetts the problems include: 

Loss of eelgrass beds, which are critical habitats for macroinvertebrates and fish 
Undesirable increases in macro algae, which are much less beneficial than eelgrass 
Periodic extreme decreases in dissolved oxygen concentrations that threaten aquatic 
life  
Reductions in the diversity of benthic animal populations  
Periodic algae blooms     

With proper management of nitrogen inputs these trends can be reversed. Without proper 
management more severe problems might develop, including: 

Periodic fish kills 
Unpleasant odors and scum  
Benthic communities reduced to the most stress-tolerant species, or in the worst cases, 
near loss of the benthic animal communities  

Coastal communities, including Falmouth, rely on clean, productive, and aesthetically pleasing 
marine and estuarine waters for tourism, recreational swimming, fishing, and boating, as well as for 
commercial fin fishing and shellfishing.  Failure to reduce and control N loadings will result in 
complete replacement of eelgrass by macro-algae, a higher frequency of extreme decreases in 
dissolved oxygen concentrations and fish kills, widespread occurrence of unpleasant odors and 
visible scum, and a complete loss of benthic macroinvertebrates throughout most of the embayment.  
As a result of these environmental impacts, commercial and recreational uses of Oyster Pond 
Embayment System coastal waters will be greatly reduced, and could cease altogether. 

Sources of nitrogen 

Nitrogen enters the waters of coastal embayments from the following sources: 

The watershed 
On-site subsurface wastewater disposal systems  
Natural background 
Runoff
Fertilizers 
Wastewater treatment facilities  

Atmospheric deposition 
Nutrient-rich bottom sediments in the embayments 

Most of the present controllable N load originates from individual subsurface wastewater disposal 
(septic) systems, primarily serving individual residences, as seen in the following figure. 



iii

     

56.30

22.79

12.51
8.40

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Septic
Systems

Fertilizers &
Runoff

Atmosphere Background

Figure 1 Oyster Pond Nutrient Loading

Target Threshold Nitrogen Concentrations and Loadings
The N loadings (the quantity of nitrogen) to this embayment system range from 0.12 kg/day in 
Mosquito Creek, to 4.07 kg/day in Oyster Pond. The resultant concentrations of N in this embayment 
range from 0.67 mg/L (milligrams per liter of nitrogen) in the middle of Oyster Pond to 0.71 mg/L in 
the lower section of Oyster Pond.

In order to restore and protect this embayment system, N loadings, and subsequently the 
concentrations of N in the water, must be reduced to levels below the thresholds that cause the 
observed environmental impacts. This concentration will be referred to as the target threshold 
concentration. It is the goal of the TMDL to reach this target threshold concentration, as it has been 
determined for each impaired waterbody segment.  The Massachusetts Estuaries Project (MEP) has 
determined that, for this embayment system, an N concentration of 0.55 mg/L is protective of water 
quality standards. The mechanism for achieving these target threshold N concentrations is to reduce 
the N loadings to the embayment.  Based on the MEP work and their resulting Technical Report, the 
MassDEP has determined that the Total Maximum Daily Load (TMDL) of N that will meet the target 
threshold concentration is 1.44 kg/day.  This document presents the TMDL for this water body 
segment and provides guidance to Falmouth on possible ways to reduce the nitrogen loadings to 
within the recommended TMDL, and protect the waters for this embayment. 

Implementation
The primary goal of implementation will be lowering the concentrations of N by greatly reducing the 
loadings from on-site subsurface wastewater disposal systems through a variety of centralized or 
decentralized methods such as sewering and treatment with nitrogen removal technology, advanced 
treatment of septage, and/or installation of N-reducing on-site systems. 

 These strategies, plus ways to reduce N loadings from stormwater runoff and fertilizers, are 
explained in detail in the “MEP Embayment Restoration Guidance for Implementation Strategies”, 
that is available on the MassDEP website (http://www.mass.gov/dep/water/resources/coastalr.htm
The appropriateness of any of the alternatives will depend on local conditions, and will have to be 
determined on a case-by-case basis, using an adaptive management approach. 

Finally, growth within the community of Falmouth that would exacerbate the problems associated 
with N loadings, should be guided by considerations of water quality-associated impacts. 
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Executive Summary 
 
1.  Background  
 
  This report presents the results generated from the implementation of the Massachusetts 
Estuaries Project’s Linked Watershed-Embayment Approach to the Oyster Pond embayment 
system, a coastal embayment within the Town of Falmouth, Massachusetts.  Analyses of the 
Oyster Pond embayment system was performed to assist the Town with up-coming nitrogen 
management decisions associated with the Towns’ current and future wastewater planning 
efforts, as well as wetland restoration, anadromous fish runs, shell fishery, open-space, and 
harbor maintenance programs.  As part of the MEP approach, habitat assessment was 
conducted on the embayment based upon available water quality monitoring data, historical 
changes in eelgrass distribution, time-series water column oxygen measurements, and benthic 
community structure.  Nitrogen loading thresholds for use as goals for watershed nitrogen 
management are the major product of the MEP effort.  In this way, the MEP offers a science-
based management approach to support the Town of Falmouth resource planning and decision-
making process.  The primary products of this effort are: (1) a current quantitative assessment 
of the nutrient related health of the Oyster Pond embayment, (2) identification of all nitrogen 
sources (and their respective N loads) to embayment waters, (3) nitrogen threshold levels for 
maintaining Massachusetts Water Quality Standards within embayment waters, (4) analysis of 
watershed nitrogen loading reduction to achieve the N threshold concentrations in embayment 
waters, and (5) a functional calibrated and validated Linked Watershed-Embayment modeling 
tool that can be readily used for evaluation of nitrogen management alternatives (to be 
developed by the Town) for the restoration of the Oyster Pond embayment system. 
 
 Wastewater Planning:   As increasing numbers of people occupy coastal watersheds, the 
associated coastal waters receive increasing pollutant loads.  Coastal embayments throughout 
the Commonwealth of Massachusetts (and along the U.S. eastern seaboard) are becoming 
nutrient enriched. The elevated nutrients levels are primarily related to the land use impacts 
associated with the increasing population within the coastal zone over the past half-century.  
 

Massachusetts 
Department of 
Environmental 
Protection 
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 The regional effects of both nutrient loading and bacterial contamination span the 
spectrum from environmental to socio-economic impacts and have direct consequences to the 
culture, economy, and tax base of Massachusetts’s coastal communities.  The primary nutrient 
causing the increasing impairment of our coastal embayments is nitrogen, with its primary 
sources being wastewater disposal, and nonpoint source runoff that carries nitrogen (e.g. 
fertilizers) from a range of other sources.  Nitrogen related water quality decline represents one 
of the most serious threats to the ecological health of the nearshore coastal waters.  Coastal 
embayments, because of their shallow nature and large shoreline area, are generally the first 
coastal systems to show the effect of nutrient pollution from terrestrial sources. 
 
 In particular, the Oyster Pond embayment system within the Town of Falmouth is at risk of 
eutrophication (over enrichment) from enhanced nitrogen loads entering through groundwater 
and surface water from the increasingly developed watersheds to these coastal salt ponds.  
Eutrophication is a process that occurs naturally and gradually over a period of tens or hundreds 
of years.  However, human-related (anthropogenic) sources of nitrogen may be introduced into 
ecosystems at an accelerated rate that cannot be easily absorbed, resulting in a phenomenon 
known as cultural eutrophication.  In both marine and freshwater systems, cultural 
eutrophication results in degraded water quality, adverse impacts to ecosystems, and limits on 
the use of water resources.   
 
 The Town of Falmouth has recognized the severity of the problem of eutrophication and 
the need for watershed nutrient management and is currently developing a Comprehensive 
Wastewater Management Plan, which it plans to rapidly implement.  The Town of Falmouth has 
also completed and implemented wastewater planning in other regions of the Town not 
associated with the Oyster Pond embayment system.  The Town has nutrient management 
activities related to their tidal embayments, which have been associated with the MEP effort in 
Great/Perch Pond, Green Pond and Bournes Pond embayment systems as well as other 
embayments in the Town of Falmouth such as Little Pond and West Falmouth Harbor. The 
Town of Falmouth and work groups have recognized that a rigorous scientific approach yielding 
site-specific nitrogen loading targets was required for decision-making and alternatives analysis.  
The completion of this multi-step process has taken place under the programmatic umbrella of 
the Massachusetts Estuaries Project, which is a partnership effort between all MEP 
collaborators and the Town.  The modeling tools developed as part of this program provide the 
quantitative information necessary for the Towns’ nutrient management groups to predict the 
impacts on water quality from a variety of proposed management scenarios. 
 
 Nitrogen Loading Thresholds and Watershed Nitrogen Management:   Realizing the 
need for scientifically defensible management tools has resulted in a focus on determining the 
aquatic system’s assimilative capacity for nitrogen.  The highest-level approach is to directly link 
the watershed nitrogen inputs with embayment hydrodynamics to produce water quality results 
that can be validated by water quality monitoring programs.  This approach when linked to state-
of-the-art habitat assessments yields accurate determination of the “allowable N concentration 
increase” or “threshold nitrogen concentration”.  These determined nitrogen concentrations are 
then directly relatable to the watershed nitrogen loading, which also accounts for the spatial 
distribution of the nitrogen sources, not just the total load.   As such, changes in nitrogen load 
from differing parts of the embayment watershed can be evaluated relative to the degree to 
which those load changes drive embayment water column nitrogen concentrations toward the 
“threshold” for the embayment system. To increase certainty, the “Linked” Model is 
independently calibrated and validated for each embayment.   
 



Executive Summary 3 

 Massachusetts Estuaries Project Approach:  The Massachusetts Department of 
Environmental Protection (DEP), the University of Massachusetts – Dartmouth School of Marine 
Science and Technology (SMAST), and others including the Cape Cod Commission (CCC) 
have undertaken the task of providing a quantitative tool to communities throughout 
southeastern Massachusetts (the Linked Watershed-Embayment Management Model) for 
nutrient management in their coastal embayment systems.  Ultimately, use of the Linked 
Watershed-Embayment Management Model tool by municipalities in the region results in 
effective screening of nitrogen reduction approaches and eventual restoration and protection of 
valuable coastal resources.  The MEP provides technical guidance in support of policies on 
nitrogen loading to embayments, wastewater management decisions, and establishment of 
nitrogen Total Maximum Daily Loads (TMDLs).  A TMDL represents the greatest amount of a 
pollutant that a waterbody can accept and still meet water quality standards for protecting public 
health and maintaining the designated beneficial uses of those waters for drinking, swimming, 
recreation and fishing.  The MEP modeling approach assesses   available options for meeting 
selected nitrogen goals that are protective of embayment health and achieve water quality 
standards. 
 
 The core of the Massachusetts Estuaries Project analytical method is the Linked 
Watershed-Embayment Management Modeling Approach, which links watershed inputs with 
embayment circulation and nitrogen characteristics. 
 
 The Linked Model builds on well-accepted basic watershed nitrogen loading approaches 
such as those used in the Buzzards Bay Project, the CCC models, and other relevant models.  
However, the Linked Model differs from other nitrogen management models in that it: 

 
�x requires site-specific measurements within each watershed and embayment; 
�x uses realistic “best-estimates” of nitrogen loads from each land-use (as opposed to loads 

with built-in “safety factors” like Title 5 design loads); 
�x spatially distributes the watershed nitrogen loading to the embayment; 
�x accounts for nitrogen attenuation during transport to the embayment; 
�x includes a 2D or 3D embayment circulation model depending on embayment structure; 
�x accounts for basin structure, tidal variations, and dispersion within the embayment; 
�x includes nitrogen regenerated within the embayment; 
�x is validated by both independent hydrodynamic, nitrogen concentration, and ecological data; 
�x is calibrated and validated with field data prior to generation of “what if” scenarios. 
 
 The Linked Model Approach’s greatest assets are its ability to be clearly calibrated and 
validated, and its utility as a management tool for testing “what if” scenarios for evaluating 
watershed nitrogen management options. 
 
 For a comprehensive description of the Linked Model, please refer to the Full Report: 
Nitrogen Modeling to Support Watershed Management: Comparison of Approaches and 
Sensitivity Analysis, available for download at http://www.state.ma.us/dep/smerp/smerp.htm.   A 
more basic discussion of the Linked Model is also provided in Appendix F of the Massachusetts 
Estuaries Project Embayment Restoration Guidance for Implementation Strategies, available for 
download at http://www.state.ma.us/dep/smerp/smerp.htm.  The Linked Model suggests which 
management solutions will adequately protect or restore embayment water quality by enabling 
towns to test specific management scenarios and weigh the resulting water quality impact 
against the cost of that approach.  In addition to the management scenarios modeled for this 
report, the Linked Model can be used to evaluate additional management scenarios and may be 
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updated to reflect future changes in land-use within an embayment watershed or changing 
embayment characteristics.  In addition, since the Model uses a holistic approach (the entire 
watershed, embayment and tidal source waters), it can be used to evaluate all projects as they 
relate directly or indirectly to water quality conditions within its geographic boundaries.  Unlike 
many approaches, the Linked Model accounts for nutrient sources, attenuation, and recycling 
and variations in tidal hydrodynamics and accommodates the spatial distribution of these 
processes.  For an overview of several management scenarios that may be employed to restore 
embayment water quality, see Massachusetts Estuaries Project Embayment Restoration 
Guidance for Implementation Strategies, available for download at  
http://www.state.ma.us/dep/smerp/smerp.htm. 
 
 Application of MEP Approach: The Linked Model was applied to the Oyster Pond 
embayment system by using site-specific data collected by the MEP and water quality data from 
the Falmouth PondWatch Program (see Chapter 2).  Evaluation of upland nitrogen loading was 
conducted by the MEP, data was provided by the Town of Falmouth Planning Department, and 
watershed boundaries delineated by USGS.  This land-use data was used to determine 
watershed nitrogen loads within the Oyster Pond embayment system and each systems sub-
embayments as appropriate (current and build-out loads are summarized in Table IV-3).  Water 
quality within a sub-embayment is the integration of nitrogen loads with the site-specific 
estuarine circulation.  Therefore, water quality modeling of this controlled estuary included a 
thorough evaluation of the hydrodynamics of the estuarine system.  Estuarine hydrodynamics 
control a variety of coastal processes including tidal flushing, pollutant dispersion, tidal currents, 
sedimentation, erosion, and water levels. In Oyster Pond, the hydrodynamic regime is 
dominated by freshwater inputs to the system from groundwater recharge, surface flow run-off 
from the watershed, and direct precipitation to the pond’s surface.  Though tides in Vineyard 
Sound are only occasionally high enough to cause seawater flows into the pond, tidal flushing is 
still important to the stability and health of this estuary, mostly by its effect on salinity in the 
pond.  Once the hydrodynamics of the system was quantified, transport of nitrogen was 
evaluated from current information developed by the numerical models. 
 
 A two-dimensional depth-averaged hydrodynamic model based upon the tidal currents 
and water elevations was employed for the Oyster Pond embayment system.  The 
hydrodynamic modeling effort for Oyster Pond was similar to other estuarine systems modeled 
as part of the MEP, though the tidally restricted nature of this system required modifications to 
the modeling and analysis techniques that have been applied to simpler embayments.  From the 
perspective of hydrodynamics, the most important difference between the Oyster Pond system 
and other estuaries in Falmouth is the adjustable salinity control/fish weir in the inlet channel to 
the Pond.   
 
 Once the hydrodynamic properties of the estuarine system were computed, two-
dimensional water quality model simulations were used to predict the dispersion of the nitrogen 
at current loading rates. Using standard dispersion relationships for estuarine systems of this 
type, the water quality model and the hydrodynamic model was then integrated in order to 
generate estimates regarding the spread of total nitrogen from the site-specific hydrodynamic 
properties.  The distributions of nitrogen loads from watershed sources were determined from 
land-use analysis while nitrogen entering Falmouth’s coastal embayment was quantified by 
direct measurement of stream nutrient concentrations and freshwater flow, predominantly 
groundwater, in streams discharging directly to the embayment.  Boundary nutrient 
concentrations in Vineyard Sound source waters were taken from water quality monitoring data.  
Measurements of current salinity distributions throughout the estuarine waters of the Oyster 
Pond embayment system was used to calibrate the water quality model, with validation using 
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measured nitrogen concentrations (under existing loading conditions).  The underlying 
hydrodynamic model was calibrated and validated independently using water elevations 
measured in time series throughout the embayments. 
 
 MEP Nitrogen Thresholds Analysis:  The approach for determining nitrogen loading 
rates, which will maintain acceptable habitat quality throughout an embayment system, is to first 
identify a sentinel location within the embayment and second, to determine the nitrogen 
concentration within the water column which will restore that location to the desired habitat 
quality.  The sentinel location is selected such that the restoration of that one site will 
necessarily bring the other regions of the system to acceptable habitat quality levels.  Once the 
sentinel site and its target nitrogen level are determined, the Linked Watershed-Embayment 
Model is used to sequentially adjust nitrogen loads until the targeted nitrogen concentration is 
achieved. 
 
 Oyster Pond differs from most other estuaries in its lack of horizontal gradients in salinity, 
nitrogen, and nitrogen related parameters (chlorophyll a, D.O., transparency, etc.).  Therefore, 
selection of the sentinel station was not based on horizontal gradients and their response to 
changing nitrogen loads.  Instead, the sentinel station was selected to best capture the overall 
conditions of the Pond waters. 
 
 The nitrogen thresholds developed in Section VIII-2 were used to determine the amount of 
total nitrogen mass loading reduction required for restoration of Oyster Pond to a series of 
dissolved oxygen values.  Due to the existing salinity levels in the Pond (historically between 0 
and 4 ppt), eelgrass cannot be established within this brackish water body.  Instead, 
development of an appropriate threshold to restore infaunal habitat was based on minimum 
dissolved oxygen within the lower basin of Oyster Pond.  It was determined that a linear 
relationship was appropriate to assess the expected changes in dissolved oxygen relative to 
total nitrogen for the site-specific conditions within the main basin of the Pond.   Minimum 
dissolved oxygen thresholds derived in Section VIII.1 were used to adjust the calibrated 
constituent transport model developed in Section VI.  It is important to note that load reductions 
can be produced by reduction of any or all sources or by increasing the natural attenuation of 
nitrogen within the freshwater systems to the embayment.  The load reductions presented in the 
report represent only one of a suite of potential reduction approaches that need to be evaluated 
by the community.  The presentation in this report of load reductions aims to establish the 
general degree and spatial pattern of reduction that will be required for restoration of this 
nitrogen impaired embayment. 
 
 The Massachusetts Estuaries Project’s thresholds analysis, as presented in this technical 
report, provides the site-specific nitrogen reduction guidelines for nitrogen management of the 
Oyster Pond embayment system in the Town of Falmouth.  Future water quality modeling 
scenarios should be run which incorporate the spectrum of strategies that result in nitrogen 
loading reduction to the embayment.  The MEP analysis has initially focused upon nitrogen 
loads from on-site septic systems as a test of the potential for achieving the level of total 
nitrogen reduction for restoration of each embayment system.  The concept was that since 
septic system nitrogen loads generally represent 75%-85% of the watershed load to the Oyster 
Pond embayment system and are more manageable than other of the nitrogen sources, the 
ability to achieve needed reductions through this source is a good gauge of the feasibility for 
restoration of these systems. 
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2.  Problem Assessment (Current Conditions)  
 
 A habitat assessment was conducted throughout Oyster Pond based upon available water 
quality monitoring data, macroalgae distribution, time-series water column oxygen 
measurements, and benthic community structure. At present the bulk of the Oyster Pond is 
showing moderately to significantly impaired habitat quality.  All of the indicators show a 
consistent pattern of moderate to significant impairment throughout the basins of Oyster Pond.  
While the Pond does not show strong gradients in salinity or water quality parameters, the 
enclosed nature of the northern basin appears to increase the duration of stratification and 
subsequent hypoxia.  The deep southern basin (~6 m) is salinity stratified for months to years at 
a time and is generally anoxic as a result of this natural process.  Based primarily on the 
infaunal communities and the bottom water hypoxia,  it was concluded that Oyster Pond habitat 
is presently moderately to significantly impaired.  Since the ultimate cause of the low dissolved 
oxygen (<4m) results from nitrogen enrichment, it can also be concluded that the system is 
nitrogen overloaded at present.   
 
 The following is a brief synopsis of the present habitat quality within the salt pond.  The 
underlying quantitative data is presented on nitrogen (Section VI.1.3), oxygen and chlorophyll a 
(Section VII.2), eelgrass (Section VII.3), and benthic infauna (Section VII.4). 
 
 The effect of nitrogen enrichment is to cause oxygen depletion; however, with increased 
phytoplankton (or epibenthic algae) production, oxygen levels will rise in daylight to above 
atmospheric equilibration levels in shallow systems (generally ~7-8 mg L-1 at the mooring sites).  
The clear evidence of oxygen levels above atmospheric equilibration indicates that the upper 
tidal reach of the Oyster Pond System is eutrophic. 
 
 Unlike many of the other embayments in southeastern Massachusetts, Oyster Pond 
showed a relatively consistent pattern of low oxygen in its bottom waters throughout its basins. 
The deep, southern basin (6 meters) is consistently anoxic during summer months due to its 
salinity stratification which persists for months to years.  However, this represents only ~10% of 
the pond bottom.  The remaining areas, <4 meters depth are only periodically anoxic or hypoxic.  
The northern basin was periodically anoxic between1998-2004.  However, this basin is 
enclosed and this anoxia is driven mainly by stratification.  The majority of the sediments in the 
pond (~80%) are represented by the oxygen levels observed in the upper and lower main basin 
(OP-2 3.25 m, OP-3 4 m).  These regions are more open to wind-driven mixing and showed 
oxygen levels 3 mg/L or above in 96% of samplings and 2 mg/L as a minimum level.  
Restoration of this system will require an improvement of oxygen levels in this lower basin, 
which represents most of the benthic habitat and which does not appear to support long periods 
of stratification shallower than 4 meters depth (as opposed to the northern basin)..    
 
 The low salinity waters of Oyster Pond are not supportive of eelgrass bed formation.  The 
DEP Eelgrass Mapping Program has conducted no surveys in Oyster Pond.  However, 
observations have been made by PondWatch from 1987 to present which support the lack of 
eelgrass in this system.  Similarly, a complete system data collection and analysis effort 
conducted in the 1960’s throughout the main basin of Oyster Pond did not indicate the presence 
of eelgrass (Emery, 1997).  This latter effort included a census of submerged aquatic 
vegetation, which did not indicate eelgrass, but did indicate that the dominant SAV in 2004, 
Ceratophyllum demersum, was also dominant in the 1960’s.  Therefore, the most likely reason 
for the absence of eelgrass in the main basin of Oyster Pond is the low salinity.  This indicates 
that eelgrass cannot be used as a habitat restoration indicator for this system.  
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 The Benthic Infaunal Study indicated that Oyster Pond is not presently supportive of either 
diverse (H’ 0-1.12, mean 0.65) or evenly distributed (mean E = 0.46) benthic infauna.  More 
telling is the low number of species (0-6, mean=3) compared to nearby healthy estuarine areas 
(~30 species per sample).  Due to its brackish waters, Oyster Pond sediments supported both 
freshwater and estuarine invertebrate populations.  The freshwater species were generally 
insect larvae and these tended to dominate the community.  Also notable was that almost half of 
the samples (5 of 11) had only 0-84 individuals, indicative of an impoverished community.  
Although the remaining samples had dense populations, they were distributed among a very 
few species, 6 or less, indicating a stressed community.  Overall, the infauna community was 
consistent with the low dissolved oxygen and organic matter deposition observed in this 
relatively closed estuarine basin.   
 
3.  Conclusions of the Analysis  
 
 The threshold nitrogen level for an embayment represents the average watercolumn 
concentration of nitrogen that will support the habitat quality or dissolved oxygen conditions 
being sought.  The watercolumn nitrogen level is ultimately controlled by the integration of the 
watershed nitrogen load, the nitrogen concentration in the inflowing tidal waters (boundary 
condition) and dilution due to ground or surface water flows and (in the case of Oyster pond 
limited flushing via tidal flows.  The water column nitrogen concentration is modified by the 
extent of sediment regeneration and by direct atmospheric deposition.  
 
 The nitrogen threshold for Oyster Pond is based upon restoring benthic habitat for 
infaunal animals.  Given the natural stratification of Pond waters, sediments < 4 meters depth 
representing ~80% of the pond bottom were targeted.  This depth is based upon the depth 
distribution of the bottom and the depth of the mixed layer.  Since the present nitrogen levels 
result in periodic hypoxia at 4 meters depth, the nitrogen threshold was set to improve and 
maintain oxygen levels >6 mg/L at 4 meters depth in the main basin (OP-3).  At present, the 
minimum dissolved oxygen at this station is most likely 3 mg/L, although a single reading of 2 
mg/L was recorded.  Given the uncertainties in determining minimum D.O. in any estuary, the 
nitrogen threshold was set using 2 mg/L as the current minimum D.O. level.  
 

Watershed nitrogen loads (Tables ES-1 and ES-2) for the Town of Falmouth Oyster 
Pond embayment system was comprised primarily of wastewater nitrogen.  Land-use and 
wastewater analysis found that generally about 75%-85% of the watershed nitrogen load to the 
embayment was from wastewater.  
 
 The threshold nitrogen levels for the Oyster Pond embayment system in Falmouth were 
determined as follows: 
 
Oyster Pond Threshold Criteria 
 

�x Since at summer temperatures (25oC) and salinities (2 ppt), dissolved oxygen saturation 
is 8.2 mg/L and current oxygen minimum is 2 mg/L then raising the minimum oxygen 
level to 6 mg/L would require 4/6.2 or 65% reduction in the rate of oxygen uptake during 
stratification.  This assumes that the present duration and frequency of stratification of 
waters overlying sediments 4 meters or less deep will remain as at present.  This is a 
safe assumption as long as the management plan does not allow the pond salinity levels 
to climb above target 2-4 ppt range.  Given the link between nitrogen load and oxygen 
uptake rate, this 65% reduction in oxygen uptake would require a 65% reduction in 
nitrogen loading to Oyster Pond.  Using a similar analysis, raising the periodic minimum 
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dissolved oxygen to 3.8 mg/L (Chesapeake Bay value) or the SB criteria of 5 mg/L would 
require reductions in nitrogen loading  of 29% and 48%, respectively. 

 
�x As shown in Table VIII-2, the nitrogen load reductions within the system necessary to 

achieve the threshold dissolved oxygen concentrations were higher for higher minimum 
dissolved oxygen levels.  Since the nitrogen concentrations are generally uniform across 
the entire surface of Oyster Pond (i.e. there is virtually no spatial gradient in nitrogen 
concentration), the nitrogen load was removed uniformly.  Distributions of tidally-
averaged nitrogen concentrations associated with the threshold analysis are shown in 
Section VIII.   

 
�x To achieve the threshold dissolved oxygen concentrations at the sentinel stations, a 

reduction in TN concentration  of approximately 9%, 15%, and 21% is required for 
dissolved oxygen concentrations of 3.8 mg/l (based on the EPA’s Chesapeake Bay 
limit), 5.0 mg/l (Massachusetts SB waters), and 6.0 mg/l (Massachusetts SA waters), 
respectively.  Although the above modeling results provide one manner of achieving the 
selected threshold levels within the Oyster Pond system, the specific examples do not 
represent the only method for achieving this goal.  However, the thresholds analysis 
provides general guidelines needed for the nitrogen management of this embayment 

 
 
 It is important to note that the analysis of future nitrogen loading to the Oyster Pond 
estuarine systems focuses upon additional shifts in land-use from forest/grasslands to 
residential and commercial development.  However, the MEP analysis indicates that significant 
increases in nitrogen loading can occur under present land-uses, due to shifts in occupancy, 
shifts from seasonal to year-round usage and increasing use of fertilizers (presently less than 
half of the parcels use lawn fertilizers).  Therefore, watershed-estuarine nitrogen management 
must include management approaches to prevent increased nitrogen loading from both shifts in 
land-uses (new sources) and from loading increases of current land-uses.  The overarching 
conclusion of the MEP analysis of the Oyster Pond estuarine system is that restoration will 
necessitate a reduction in the present (2002) nitrogen inputs and management options to 
negate additional future nitrogen inputs.
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Massachusetts Estuaries Project

Linked Watershed-Embayment Approach
to Determine Critical Nitrogen Loading

Thresholds for the Salt Pond Embayment
System, Falmouth, Massachusetts

Executive Summary
1.  Background

 This report presents the results generated from the implementation of the Massachusetts
Estuaries Project’s Linked Watershed-Embayment Approach to the Salt Pond embayment
system, a coastal embayment within the Town of Falmouth, Massachusetts.  Analyses of the
Salt Pond embayment system was performed to assist the Town of Falmouth with up-coming
nitrogen management decisions associated with the current and future wastewater planning
efforts of the Town, as well as wetland restoration, anadromous fish runs, shell fishery, open-
space, and harbor maintenance programs.  As part of the MEP approach, habitat assessment
was conducted on the embayment based upon available water quality monitoring data, historical
changes in eelgrass distribution, time-series water column oxygen measurements, and benthic
community structure.  Nitrogen loading thresholds for use as goals for watershed nitrogen
management are the major product of the MEP effort.  In this way, the MEP offers a science-
based management approach to support the Town of Falmouth resource planning and decision-
making process.  The primary products of this effort are: (1) a current quantitative assessment
of the nutrient related health of the Salt Pond embayment, (2) identification of all nitrogen
sources (and their respective N loads) to embayment waters, (3) nitrogen threshold levels for
maintaining Massachusetts Water Quality Standards within embayment waters, (4) analysis of
watershed nitrogen loading reduction to achieve the N threshold concentrations in embayment
waters, and (5) a functional calibrated and validated Linked Watershed-Embayment modeling
tool that can be readily used for evaluation of nitrogen management alternatives (to be
developed by the Town) for the restoration of the Salt Pond embayment system.

 Wastewater Planning:  As increasing numbers of people occupy coastal watersheds, the
associated coastal waters receive increasing pollutant loads.  Coastal embayments throughout
the Commonwealth of Massachusetts (and along the U.S. eastern seaboard) are becoming
nutrient enriched. The elevated nutrients levels are primarily related to the land use impacts
associated with the increasing population within the coastal zone over the past half-century.

Massachusetts
Department of
Environmental
Protection
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 The regional effects of both nutrient loading and bacterial contamination span the
spectrum from environmental to socio-economic impacts and have direct consequences to the
culture, economy, and tax base of Massachusetts’s coastal communities.  The primary nutrient
causing the increasing impairment of our coastal embayments is nitrogen, with its primary
sources being wastewater disposal, and nonpoint source runoff that carries nitrogen (e.g.
fertilizers) from a range of other sources.  Nitrogen related water quality decline represents one
of the most serious threats to the ecological health of the nearshore coastal waters.  Coastal
embayments, because of their shallow nature and large shoreline area, are generally the first
coastal systems to show the effect of nutrient pollution from terrestrial sources.

 In particular, the Salt Pond embayment system within the Town of Falmouth is at risk of
eutrophication (over enrichment) from enhanced nitrogen loads entering through groundwater
from the increasingly developed watershed to this coastal system.  Eutrophication is a process
that occurs naturally and gradually over a period of tens or hundreds of years.  However,
human-related (anthropogenic) sources of nitrogen may be introduced into ecosystems at an
accelerated rate that cannot be easily absorbed, resulting in a phenomenon known as cultural
eutrophication.  In both marine and freshwater systems, cultural eutrophication results in
degraded water quality, adverse impacts to ecosystems, and limits on the use of water
resources.

 The Town of Falmouth has recognized the severity of the problem of eutrophication and
the need for watershed nutrient management and is currently developing a Comprehensive
Wastewater Management Plan which the Town plans to implement upon its completion.  The
Town of Falmouth has been working with the Town of Mashpee that has also completed and
implemented wastewater planning in other nearby regions not associated with the Salt Pond
system, specifically the Waquoit Bay embayment system.  In this manner, this analysis of the
Salt Pond system is yielding results which can be utilized by the Town of Falmouth along with
MEP results developed for the other estuaries of the town (specifically, Rands Harbor, Fiddlers
Cove, Wild Harbor, West Falmouth Harbor, Falmouth Inner Harbor, Little Pond, Quissett Harbor,
Oyster Pond, Great Pond, Green Pond, Bournes Pond, Eel Pond/Childs River and Waquoit
Bay) in order to give the Town of Falmouth the necessary results to plan out and implement a
unified town-wide approach to nutrient management.  The Town of Falmouth with associated
working groups has recognized that a rigorous scientific approach yielding site-specific nitrogen
loading targets was required for decision-making and alternatives analysis.  The completion of
this multi-step process has taken place under the programmatic umbrella of the Massachusetts
Estuaries Project, which is a partnership effort between all MEP collaborators and the Towns.
The modeling tools developed as part of this program provide the quantitative information
necessary for the Towns’ nutrient management groups to predict the impacts on water quality
from a variety of proposed management scenarios.

 Nitrogen Loading Thresholds and Watershed Nitrogen Management:  Realizing the
need for scientifically defensible management tools has resulted in a focus on determining the
aquatic system’s assimilative capacity for nitrogen.  The highest-level approach is to directly link
the watershed nitrogen inputs with embayment hydrodynamics to produce water quality results
that can be validated by water quality monitoring programs.  This approach when linked to state-
of-the-art habitat assessments yields accurate determination of the “allowable N concentration
increase” or “threshold nitrogen concentration”.  These determined nitrogen concentrations are
then directly relatable to the watershed nitrogen loading, which also accounts for the spatial
distribution of the nitrogen sources, not just the total load.   As such, changes in nitrogen load
from differing parts of the embayment watershed can be evaluated relative to the degree to
which those load changes drive embayment water column nitrogen concentrations toward the
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“threshold” for the embayment system. To increase certainty, the “Linked” Model is
independently calibrated and validated for each embayment.

 Massachusetts Estuaries Project Approach: The Massachusetts Department of
Environmental Protection (DEP), the University of Massachusetts – Dartmouth School of Marine
Science and Technology (SMAST), and others including the Cape Cod Commission (CCC)
have undertaken the task of providing a quantitative tool to communities throughout
southeastern Massachusetts (the Linked Watershed-Embayment Management Model) for
nutrient management in their coastal embayment systems.  Ultimately, use of the Linked
Watershed-Embayment Management Model tool by municipalities in the region results in
effective screening of nitrogen reduction approaches and eventual restoration and protection of
valuable coastal resources.  The MEP provides technical guidance in support of policies on
nitrogen loading to embayments, wastewater management decisions, and establishment of
nitrogen Total Maximum Daily Loads (TMDLs).  A TMDL represents the greatest amount of a
pollutant that a waterbody can accept and still meet water quality standards for protecting public
health and maintaining the designated beneficial uses of those waters for drinking, swimming,
recreation and fishing.  The MEP modeling approach assesses   available options for meeting
selected nitrogen goals that are protective of embayment health and achieve water quality
standards.

 The core of the Massachusetts Estuaries Project analytical method is the Linked
Watershed-Embayment Management Modeling Approach, which links watershed inputs with
embayment circulation and nitrogen characteristics.

 The Linked Model builds on well-accepted basic watershed nitrogen loading approaches
such as those used in the Buzzards Bay Project, the CCC models, and other relevant models.
However, the Linked Model differs from other nitrogen management models in that it:

 requires site-specific measurements within each watershed and embayment;
 uses realistic “best-estimates” of nitrogen loads from each land-use (as opposed to loads

with built-in “safety factors” like Title 5 design loads);
 spatially distributes the watershed nitrogen loading to the embayment;
 accounts for nitrogen attenuation during transport to the embayment;
 includes a 2D or 3D embayment circulation model depending on embayment structure;
 accounts for basin structure, tidal variations, and dispersion within the embayment;
 includes nitrogen regenerated within the embayment;
 is validated by both independent hydrodynamic, nitrogen concentration, and ecological data;
 is calibrated and validated with field data prior to generation of “what if” scenarios.

 The greatest assets of the Linked Model Approach are its ability to be clearly calibrated
and validated, and its utility as a management tool for testing “what if” scenarios for evaluating
watershed nitrogen management options.

 For a comprehensive description of the Linked Model, please refer to the Full Report:
Nitrogen Modeling to Support Watershed Management: Comparison of Approaches and
Sensitivity Analysis, available for download at http://www.state.ma.us/dep/smerp/smerp.htm.   A
more basic discussion of the Linked Model is also provided in Appendix F of the Massachusetts
Estuaries Project Embayment Restoration Guidance for Implementation Strategies, available for
download at http://www.state.ma.us/dep/smerp/smerp.htm.  The Linked Model suggests which
management solutions will adequately protect or restore embayment water quality by enabling
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towns to test specific management scenarios and weigh the resulting water quality impact
against the cost of that approach.  In addition to the management scenarios modeled for this
report, the Linked Model can be used to evaluate additional management scenarios and may be
updated to reflect future changes in land-use within an embayment watershed or changing
embayment characteristics.  In addition, since the Model uses a holistic approach (the entire
watershed, embayment and tidal source waters), it can be used to evaluate all projects as they
relate directly or indirectly to water quality conditions within its geographic boundaries.  Unlike
many approaches, the Linked Model accounts for nutrient sources, attenuation, and recycling
and variations in tidal hydrodynamics and accommodates the spatial distribution of these
processes.  For an overview of several management scenarios that may be employed to restore
embayment water quality, see Massachusetts Estuaries Project Embayment Restoration
Guidance for Implementation Strategies, available for download at
http://www.state.ma.us/dep/smerp/smerp.htm.

 Application of MEP Approach: The Linked Model was applied to the Salt Pond
embayment system by using site-specific data collected by the MEP and water quality data from
the volunteer efforts of scientists and graduate researchers within the Coastal Systems
Program-SMAST.  CSP staff and students undertook the collection of the necessary minimum
three years baseline data in order to support entry of Salt Pond into the MEP.  These "research
volunteers" at CSP-SMAST initiated data collection in summer 2006 and created a 7 year
baseline of summer water quality for the pond (2006-2012).  Evaluation of upland nitrogen
loading was conducted by the MEP, data were provided by the Town of Falmouth Planning
Department, and watershed boundaries delineated by USGS.  These land-use data were used
to determine watershed nitrogen loads within the Salt Pond embayment system (current and
build-out loads are summarized in Table IV-3).  Water quality within an embayment is the
integration of nitrogen loads with the site-specific estuarine circulation.  Therefore, water quality
modeling of this tidally influenced estuary included a thorough evaluation of the hydrodynamics
of the estuarine system.  Estuarine hydrodynamics control a variety of coastal processes
including tidal flushing, pollutant dispersion, tidal currents, sedimentation, erosion, and water
levels. Once the hydrodynamics of the system was quantified, transport of nitrogen was
evaluated from tidal current information developed by the numerical models.

 A two-dimensional depth-averaged hydrodynamic model based upon the tidal currents
and water elevations was employed for the Salt Pond embayment system.  Once the
hydrodynamic properties of the estuarine system were computed, two-dimensional water quality
model simulations were used to predict the dispersion of the nitrogen at current loading rates.
Using standard dispersion relationships for estuarine systems of this type, the water quality
model and the hydrodynamic model were then integrated in order to generate estimates
regarding the spread of total nitrogen from the site-specific hydrodynamic properties.  The
distributions of nitrogen loads from watershed sources were determined from land-use analysis.
Boundary nutrient concentrations in Vineyard Sound source waters were taken from water
quality monitoring data.  Measurements of current salinity distributions throughout the estuarine
waters of the Salt Pond embayment system were used to calibrate the water quality model, with
validation using measured nitrogen concentrations (under existing loading conditions).  The
underlying hydrodynamic model was calibrated and validated independently using water
elevations measured in time series throughout the embayment.

 MEP Nitrogen Thresholds Analysis: The threshold nitrogen level for an embayment
represents the average water column concentration of nitrogen that will support the habitat
quality being sought.  The water column nitrogen level is ultimately controlled by the watershed
nitrogen load and the nitrogen concentration in the inflowing tidal waters (boundary condition).
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The water column nitrogen concentration is modified by the extent of sediment regeneration.
Threshold nitrogen levels for the embayment systems in this study were developed to restore or
maintain SA waters or high habitat quality. High habitat quality was defined as supportive of
eelgrass and infaunal communities.  Dissolved oxygen and chlorophyll-a were also considered
in the assessment.

 The nitrogen thresholds developed in Section VIII-2 were used to determine the amount of
total nitrogen mass loading reduction required for restoration of infaunal habitats (no
documented historical eelgrass but for one observation of very limited eelgrass by the inlet in
2007, see Section VII for detail) in the Salt Pond system.  Tidally averaged total nitrogen
thresholds derived in Section VIII.1 were used to adjust the calibrated constituent transport
model developed in Section VI.  Watershed nitrogen loads were sequentially lowered, using
reductions in septic effluent discharges only, until the nitrogen levels reached the threshold level
at the sentinel station chosen for the Salt Pond system.  It is important to note that load
reductions can be produced by reduction of any or all sources, enhancing flushing of the system
or by increasing the natural attenuation of nitrogen within the freshwater systems to the
embayment.  The load reductions presented in Section VIII represent only one of a suite of
potential reduction approaches that need to be evaluated by the community.  The presentation
is to establish the general degree and spatial pattern of reduction that will be required for
restoration of this nitrogen impaired embayment.

 The Massachusetts Estuaries Project’s thresholds analysis, as presented in this technical
report, provides the site-specific nitrogen reduction guidelines for nitrogen management of the
Salt Pond embayment system in the Town of Falmouth.  Future water quality modeling
scenarios should be run which incorporate the spectrum of strategies that result in nitrogen
loading reduction to the embayment.  For Illustrative purposes, the MEP analysis has initially
focused upon nitrogen loads from on-site septic systems as a test of the potential for achieving
the level of total nitrogen reduction for restoration of the embayment system.  The concept was
that since nitrogen loads associated with wastewater generally represent 76% of the
controllable watershed load to the Salt Pond embayment system and are more manageable
than other of the nitrogen sources, the ability to achieve needed reductions through this source
is a good gauge of the feasibility for restoration of the system.

2.  Problem Assessment (Current Conditions)

 A habitat assessment was conducted throughout the Salt Pond embayment system based
upon available water quality monitoring data, time-series water column oxygen measurements
of dissolved oxygen and chlorophyll, and benthic community structure (changes in eelgrass
distribution could not be used as a metric due to lack of historical eelgrass presence).  Salt
Pond is currently functioning as a typical coastal embayment with restricted tidal exchange with
the waters of Vineyard Sound.  Each of type of functional component to an estuary (salt marsh
basin, embayment, tidal river, deep basin {sometimes drown kettles}, shallow basin, etc.) has a
different natural sensitivity to nitrogen enrichment and organic matter loading.  Evaluation of
eelgrass and infaunal habitat quality must consider the natural structure of the specific basin
and its ability to support eelgrass beds and infaunal communities.  At present, the Salt Pond
Estuary is beyond its ability to assimilate nitrogen without further impairment.  The system is
showing a high level of nitrogen enrichment, with no eelgrass habitat and moderate to
significantly impaired benthic animal habitats (depending on location in the pond), regions of
periodic hypoxia and phytoplankton blooms and a stratified deep basin with prolonged anoxia
(Table VIII-1), these findings indicate that nitrogen management of this system will be for
restoration rather than for protection or maintenance of an unimpaired system.
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The measured levels of oxygen depletion and enhanced chlorophyll-a levels follows the spatial
pattern of total nitrogen levels in this system (Chapter VI), and the parallel variation in these
water quality parameters is consistent with watershed based nitrogen enrichment and restriction
of tidal flows.  The spatial pattern indicated that the magnitude of oxygen depletion,
enhancement of chlorophyll-a levels and total nitrogen concentrations were affected by the
watercolumn stratification stemming from the basin geomorphology and reduced tidal action
such that waters and sediments below 3 meters depth are subjected to prolonged anoxia and
potential infaunal habitat is only in the shallow margins of the main basin and in the region of the
tidal channel.

The level of oxygen depletion and the magnitude of daily oxygen excursion and chlorophyll-a
levels indicate moderate to high nutrient enriched waters within the margins of the main basin
and tidal channel region of Salt Pond, respectively.  The oxygen data is consistent with organic
matter enrichment, primarily from phytoplankton production as seen from the parallel
measurements of chlorophyll-a and in the tidal channel, which also has patchy accumulations of
macroalgae. The measured levels of oxygen depletion and enhanced chlorophyll-a levels
follows the spatial pattern of total nitrogen levels in this system (Section VI), and the parallel
variation in these water quality parameters is consistent with watershed based nitrogen
enrichment  of the Salt Pond Estuary.

Salt Pond is functionally a basin with very limited fringing wetland habitat along its shoreline to
the main basin.  The sediments are currently soft muds rich in organic matter in the center deep
portion of the pond, which has had periods of prolonged anoxia since at least the 1970's.  The
primary factor in the oxygen depletion of the deep waters is the strong salinity stratification of
the deep basin, which restricts ventilation with the atmosphere.  It is the shallower (<3m)
margins of the basin that support some sandy areas and compacted muds with oxidized surface
layers.  All of the available information related to eelgrass within the Salt Pond Estuary,
including the 2007 survey,  indicate that no eelgrass is present within Salt Pond and eelgrass
beds have not been observed historically, although small sparse patches of Ruppia occur in
some shoreline areas. The absence of eelgrass beds is expected in this system given the high
chlorophyll-a (averages 14-15 ug L-1) and periodic low dissolved oxygen levels and high water
column nitrogen concentrations.  Given the absence of eelgrass at present and the lack of
evidence of prior eelgrass habitat within this system, management should focus on benthic
animal habitat, primarily within the marginal areas.

Overall, the infauna survey indicated that the shallow margin (<3 m) around the deep kettle
"hole" is supportive of the moderate quality infaunal habitat within Salt Pond, showing areas that
are moderately and significantly impaired.  The sediments within the deep basin (>3 m) are
overlain by anoxic bottom water and are devoid of benthic animals.  Intermediate to these 2
regions, the tidal channel is depositional, with significant oxygen declines and significantly
impaired benthic habitat.

Classification of habitat quality necessarily included the structure of the estuarine basin,
specifically that it is fully representative of a tidal embayment, as opposed to a tidal river or salt
marsh basin and if a basin is structurally impaired or impaired by nitrogen enrichment..
Integration of all of the metrics clearly indicates that the shallow areas of Salt Pond are
generally supporting benthic animal habitat that is moderately or significantly impaired.  The
proximate cause of impairment is organic matter enrichment and oxygen depletion, stemming
ultimately from nitrogen enrichment.   Total nitrogen levels within the estuary at present are
>0.90 mg TN L-1, a level generally found associated with a significant level of impairment of
benthic animal habitat in southeastern Massachusetts estuaries.  The lack of historical eelgrass
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beds in Salt Pond and the present impairment to benthic animal habitat from nitrogen
enrichment makes restoration of infauna habitat resource the primary focus for nitrogen
management.

3.  Conclusions of the Analysis

 The threshold nitrogen level for an embayment represents the average water column
concentration of nitrogen that will support the habitat quality being sought.  The water column
nitrogen level is ultimately controlled by the integration of the watershed nitrogen load, the
nitrogen concentration in the inflowing tidal waters (boundary condition) and dilution and
flushing via tidal flows.  The water column nitrogen concentration is modified by the extent of
sediment regeneration and by direct atmospheric deposition.

 Threshold nitrogen levels for this embayment system were developed to restore or
maintain SA waters consistent with the recreational use of this water body.  In this system, high
habitat quality was defined as supportive of  diverse benthic animal communities.  Dissolved
oxygen and chlorophyll-a were also considered in the assessment.

Watershed nitrogen loads (Tables ES-1 and ES-2) for the Town of Falmouth Salt Pond
embayment system was comprised primarily of wastewater nitrogen.  Land-use and wastewater
analysis found that generally about 76% of the controllable watershed nitrogen load to the
embayment was from wastewater (septic and WWTF).

 A major finding of the MEP clearly indicates that a single total nitrogen threshold can not
be applied to Massachusetts’ estuaries, based upon the results of the Fiddlers Cove, Rands
Harbor, Wild Harbor, Little Pond, Falmouth Inner Harbor, Great, Green and Bournes Pond
Systems, Popponesset Bay System, and the nearby Eel Pond and Hamblin / Jehu Pond /
Quashnet River analysis in eastern Waquoit Bay, among many other systems analyzed by the
MEP.  This is almost certainly going to be true for the other embayments within the MEP area,
as well, inclusive of Salt Pond.

 The threshold nitrogen levels for the Salt Pond embayment system in Falmouth were
determined as follows:

Salt Pond Threshold Nitrogen Concentrations

 Following the MEP protocol, the restoration target for the Salt Pond Embayment system
should reflect both recent pre-degradation habitat quality and be reasonably achievable.
The approach for determining nitrogen loading rates, which will maintain acceptable
habitat quality throughout and embayment system, is to identify a sentinel location within
the embayment or sub-embayment (as necessary) and second, to determine the
nitrogen concentration within the water column which will restore that location to the
desired habitat quality.  Within the Salt Pond Estuary the most appropriate sentinel
"station" was to use the average of the 3 long-term monitoring stations (<3 m) in Figure
VI-1. This average approach has been used in other open single basin estuaries
throughout the MEP region.  The average was selected because of the heterogeneity in
the benthic animal habitat in this stratified basin and the need to meet acceptable quality
conditions throughout the basin.

 Following the MEP protocol, since eelgrass has not been documented in Salt Pond,
restoration of infaunal habitat is the restoration goal.  Infaunal animal habitat is a critical
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resource to the Salt Pond Estuary and estuaries in general.  Since there are no
unimpaired infaunal animal habitat areas remaining in the Salt Pond system,
comparisons to the soft bottom basins of other nearby estuarine systems were relied
upon for setting the nitrogen threshold for healthy infaunal habitat at a nitrogen level of
TN <0.5 mg TN L-1.  This level was found for Popponesset Bay where based upon the
infaunal analysis coupled with the nitrogen data (measured and modeled), nitrogen
levels on the order of 0.4 to 0.5 mg TN L-1 were found to be supportive of high infaunal
habitat quality in this system.  Similarly, in the Three Bays System, healthy infaunal
areas are found at nitrogen levels of TN <0.42 mg TN L-1 (Cotuit Bay and West Bay),
with impairment in areas where nitrogen levels of TN >0.5 mg TN L-1 (North Bay), and
severe degradation at nitrogen levels of TN >0.6 mg TN L-1.  Present TN levels within
the Salt Pond mixed layer during summer are ~0.90 mg TN L-1, consistent with the
observed lack of eelgrass beds and impaired benthic animal habitat.

 It is important to note that the analysis of future nitrogen loading to the Salt Pond
estuarine system focuses upon additional shifts in land-use from forest/grasslands to
residential and commercial development.  However, the MEP analysis indicates that
significant increases in nitrogen loading can occur under present land-uses, due to shifts in
occupancy, shifts from seasonal to year-round usage and increasing use of fertilizers.
Therefore, watershed-estuarine nitrogen management must include management
approaches to prevent increased nitrogen loading from both shifts in land-uses (new
sources) and from loading increases of current land-uses.  The overarching conclusion of
the MEP analysis of the Salt Pond system is that given the relatively low watershed nitrogen
load to Salt Pond, it will be difficult to lower TN levels by ~0.4 mg L-1 to meet the threshold.
The nitrogen load reductions within the system necessary to achieve the threshold nitrogen
concentrations were not attainable even with 100% removal of septic load (associated with
direct groundwater discharge to the embayment) for the systems watershed.  The limited
circulation within the system prevents the threshold goals from being achieved.  This is
consistent with the MEP measurements of significantly restricted tidal flows between Salt
Pond and Vineyard Sound.  This has been found in other estuaries with similar restrictions
(e.g. Rushy Marsh Pond, Farm Pond).  In such cases a reduction of the tidal restriction is
needed to lower the level of nitrogen enrichment and restore the impaired habitats.  This will
likely be the case for Salt Pond, as well.
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�L�E�C� �h�a�s� �p�r�e�p�a�r�e�d� �t�h�i�s� �M�e�m�o� �t�o� �r�e�v�i�e�w� �p�o�t�e�n�t�i�a�l� �s�t�a�t�e�-�l�i�s�t�e�d� �r�a�r�e� �s�p�e�c�i�e�s� �r�e�g�u�l�a�t�o�r�y� �i�m�p�l�i�c�a�t�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h
�p�r�e�l�i�m�i�n�a�r�y� �p�l�a�n�n�i�n�g� �o�f� �t�h�e� �O�y�s�t�e�r� �P�o�n�d� �C�o�m�p�r�e�h�e�n�s�i�v�e� �W�a�s�t�e�w�a�t�e�r� �M�a�n�a�g�e�m�e�n�t� �P�l�a�n� �(�C�W�M�P�)�.

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �1�3�t�h�e�d�i�t�i�o�n� �o�f� �t�h�e�M�a�s�s�a�c�h�u�s�e�t�t�s� �N�a�t�u�r�a�l� �H�e�r�i�t�a�g�e� �A�t�l�a�s�(�e�f�f�e�c�t�i�v�e� �O�c�t�o�b�e�r� �1�,� �2�0�0�8�)� �p�u�b�l�i�s�h�e�d
�b�y� �t�h�e� �M�a�s�s�a�c�h�u�s�e�t�t�s�N�a�t�u�r�a�l� �H�e�r�i�t�a�g�e� �a�n�d� �E�n�d�a�n�g�e�r�e�d� �S�p�e�c�i�e�s� �P�r�o�g�r�a�m� �(�N�H�E�S�P�)�,�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �O�y�s�t�e�r� �P�o�n�d
�W�a�t�e�r�s�h�e�d� �a�r�e� �l�o�c�a�t�e�d� �w�i�t�h�i�n� �a� �P�r�i�o�r�i�t�y� �H�a�b�i�t�a�t� �o�f� �R�a�r�e� �S�p�e�c�i�e�s� �a�n�d�/�o�r� �E�s�t�i�m�a�t�e�d� �H�a�b�i�t�a�t� �o�f� �R�a�r�e� �W�i�l�d�l�i�f�e�(�s�e�e
�4�/�8�/�1�3� �A�e�r�i�a�l� �O�r�t�h�o�p�h�o�t�o� �a�n�d� �F�i�g�u�r�e� �2�-�1�0�)�.� � �I�n� �r�e�s�p�o�n�s�e� �t�o� �a� �M�E�S�A� �I�n�f�o�r�m�a�t�i�o�n� �R�e�q�u�e�s�t�,� �N�H�E�S�P� �c�o�n�f�i�r�m�e�d
�t�h�a�t� �n�o�r�t�h�e�r�n� �p�o�r�t�i�o�n� �o�f� �t�h�e� �W�a�t�e�r�s�h�e�d� �e�x�t�e�n�d�s� �i�n�t�o� �P�r�i�o�r�i�t�y� �H�a�b�i�t�a�t� �1�5� �(�P�H�1�5�)�/�E�s�t�i�m�a�t�e�d� �H�a�b�i�t�a�t� �1�1�5� �(�E�H� �1�1�5�)�,
�m�a�p�p�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �E�a�s�t�e�r�n� �B�o�x� �T�u�r�t�l�e� �(�T�e�r�r�a�p�e�n�e� �c�a�r�o�l�i�n�a�)�.�T�h�e� �s�o�u�t�h�w�e�s�t�e�r�l�y� �t�i�p� �o�f� �t�h�e
�W�a�t�e�r�s�h�e�d� �a�l�s�o� �m�i�n�i�m�a�l�l�y� �e�x�t�e�n�d�s� �i�n�t�o� �P�H� �3�8�5�,� �m�a�p�p�e�d� �f�o�r� �t�h�e� �C�o�m�m�o�n� �T�e�r�n� �(�S�t�e�r�n�a� �h�i�r�u�n�d�o�)�,� �L�e�a�s�t� �T�e�r�n
�(�S�t�e�r�n�a� �a�n�t�i�l�l�a�r�u�m�)�,� �a�n�d� �R�o�s�e�a�t�e� �T�e�r�n� �(�S�t�e�r�n�a� �d�o�u�g�a�l�l�i�i�)�.� � �R�o�s�e�a�t�e� �T�e�r�n� �i�s�p�r�o�t�e�c�t�e�d� �a�s� �a�n ��E�n�d�a�n�g�e�r�e�d ��s�p�e�c�i�e�s
�u�n�d�e�r� �t�h�e�M�a�s�s�a�c�h�u�s�e�t�t�s� �E�n�d�a�n�g�e�r�e�d� �S�p�e�c�i�e�s� �A�c�t�(�M�E�S�A�,� �M�.�G�.�L�.� �c�.� �1�3�1�A�)� �a�n�d� �i�t�s� �i�m�p�l�e�m�e�n�t�i�n�g�R�e�g�u�l�a�t�i�o�n�s
�(�3�2�1� �C�M�R� �1�0�.�0�0�)�,� �w�h�i�l�e� �t�h�e� �t�h�r�e�e� �(�3�)� �r�e�m�a�i�n�i�n�g� �a�r�e�s�p�e�c�i�e�s� �o�f�  ��S�p�e�c�i�a�l� �C�o�n�c�e�r�n ��.� � �T�h�e�R�o�s�e�a�t�e� �T�e�r�n� �i�s� �a�l�s�o
�p�r�o�t�e�c�t�e�d� �u�n�d�e�r� �t�h�e� �f�e�d�e�r�a�l� �E�n�d�a�n�g�e�r�e�d� �S�p�e�c�i�e�s� �A�c�t� �(�1�6� �U�.�S�.�C�.� �1�5�3�1�-�1�5�4�4�,� �8�7� �S�t�a�t�.� �8�8�4�)�,� �a�s� �a�m�e�n�d�e�d�.

�L�E�C� �u�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �f�o�l�l�o�w�i�n�g� �a� �r�e�v�i�e�w� �o�f� �B�a�s�e�l�i�n�e� �C�o�n�d�i�t�i�o�n�s� �a�n�d� �a� �N�e�e�d�s� �A�s�s�e�s�s�m�e�n�t�,� �a�l�t�e�r�n�a�t�i�v�e�t�r�a�d�i�t�i�o�n�a�l
�a�n�d� �n�o�n�-�t�r�a�d�i�t�i�o�n�a�l� �t�e�c�h�n�o�l�o�g�i�e�s� �a�n�d� �a�p�p�r�o�a�c�h�e�s�w�i�l�l� �b�e�e�x�p�l�o�r�e�d�.� � �T�e�c�h�n�o�l�o�g�y� �o�p�t�i�o�n�s� �m�a�y� �i�n�c�l�u�d�e� �t�r�a�d�i�t�i�o�n�a�l
�a�n�d� �n�o�n�t�r�a�d�i�t�i�o�n�a�l� �s�e�w�e�r� �s�y�s�t�e�m�s� �(�e�.�g�.� �g�r�a�v�i�t�y�,� �v�a�c�u�u�m�,� �l�o�w� �p�r�e�s�s�u�r�e�,� �s�t�e�p�/�s�t�e�g�)�,� �a�s� �w�e�l�l� �a�s� �t�r�a�n�s�p�o�r�t� �t�o� �e�x�i�s�t�i�n�g
�c�o�n�v�e�y�a�n�c�e� �s�y�s�t�e�m�s� �a�n�d� �t�h�e� �m�a�i�n� �w�a�s�t�e�w�a�t�e�r� �t�r�e�a�t�m�e�n�t� �p�l�a�n�t�.�O�n�-�s�i�t�e� �t�e�c�h�n�o�l�o�g�i�e�s�,� �s�u�c�h� �a�s� �d�e�n�i�t�r�i�f�y�i�n�g
�s�y�s�t�e�m�s� �a�n�d� �c�l�u�s�t�e�r� �s�y�s�t�e�m�s�w�i�l�l� �a�l�s�o� �b�e� �e�v�a�l�u�a�t�e�d�.�T�h�e� �g�o�a�l� �o�f�t�h�e� �p�r�o�j�e�c�t� �i�s� �a� �C�W�M�P� �t�h�a�t� �d�e�m�o�n�s�t�r�a�t�e�s� �a
�d�e�t�a�i�l�e�d� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �m�o�s�t� �c�o�s�t� �e�f�f�e�c�t�i�v�e� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �s�o�u�n�d� �m�e�a�n�s� �o�f� �m�e�e�t�i�n�g� �t�h�e�n�i�t�r�o�g�e�n� �r�e�d�u�c�t�i�o�n
�r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �T�o�t�a�l� �M�a�x�i�m�u�m� �D�a�i�l�y� �L�o�a�d� �(�T�M�D�L�)� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �M�A� �D�E�P�.

�I�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �e�l�e�m�e�n�t�s�o�f� �p�o�t�e�n�t�i�a�l�C�W�M�P�w�o�r�k� �a�c�t�i�v�i�t�i�e�s�w�i�t�h�i�n� �P�r�i�o�r�i�t�y� �H�a�b�i�t�a�t� �w�i�l�l� �b�e� �e�x�e�m�p�t� �f�r�o�m�M�E�S�A
�P�r�o�j�e�c�t� �R�e�v�i�e�w�.�P�o�t�e�n�t�i�a�l� �a�p�p�l�i�c�a�b�l�e� �e�x�e�m�p�t� �a�c�t�i�v�i�t�i�e�s� �u�n�d�e�r� �3�2�1� �C�M�R� �1�0�.�1�4�m�a�y� �i�n�c�l�u�d�e�:

�(�6�)� �c�o�n�s�t�r�u�c�t�i�o�n�,� �r�e�p�a�i�r�,� �r�e�p�l�a�c�e�m�e�n�t� �o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �s�e�p�t�i�c� �s�y�s�t�e�m�s�,� �p�r�i�v�a�t�e� �s�e�w�a�g�e� �t�r�e�a�t�m�e�n�t� �f�a�c�i�l�i�t�i�e�s�,
�u�t�i�l�i�t�y� �l�i�n�e�s�,� �s�e�w�e�r� �l�i�n�e�s�,� �o�r� �r�e�s�i�d�e�n�t�i�a�l� �w�a�t�e�r� �s�u�p�p�l�y� �w�e�l�l�s� �w�i�t�h�i�n� �e�x�i�s�t�i�n�g� �p�a�v�e�d� �a�r�e�a�s� �a�n�d� �l�a�w�f�u�l�l�y� �d�e�v�e�l�o�p�e�d
�a�n�d� �m�a�i�n�t�a�i�n�e�d� �l�a�w�n�s� �o�r� �l�a�n�d�s�c�a�p�e�d� �a�r�e�a�s�,� �p�r�o�v�i�d�e�d� �t�h�e�r�e� �i�s� �n�o� �e�x�p�a�n�s�i�o�n� �o�f� �s�u�c�h� �e�x�i�s�t�i�n�g� �p�a�v�e�d�,� �l�a�w�n� �a�n�d
�l�a�n�d�s�c�a�p�e�d� �a�r�e�a�s�;



�P�L�Y�M�O�U�T�H �W�A�K�E�F�I�E�L�D �W�O�R�C�E�S�T�E�R �R�I�N�D�G�E�,� �N�H
�5�0�8�-�7�4�6�-�9�4�9�1 �7�8�1�-�2�4�5�-�2�5�0�0 �5�0�8�-�7�5�3�-�3�0�7�7 �6�0�3�-�8�9�9�-�6�7�2�6

�W �E �T �L �A �N �D �S � � � � �W �I �L �D �L �I �F �E � � � � �W �A �T �E �R �W �A �Y �S

�(�7�)� �r�e�p�a�i�r�,� �r�e�p�l�a�c�e�m�e�n�t� �o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �e�x�i�s�t�i�n�g�,� �p�r�o�p�e�r�l�y� �m�a�i�n�t�a�i�n�e�d� �s�t�o�r�m�w�a�t�e�r� �d�e�t�e�n�t�i�o�n� �b�a�s�i�n�s� �o�r� �o�t�h�e�r
�s�t�o�r�m�w�a�t�e�r� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s�;

�(�8�)� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �n�e�w� �s�t�o�r�m�w�a�t�e�r� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �t�h�a�t� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �i�m�p�r�o�v�e� �s�t�o�r�m�w�a�t�e�r� �m�a�n�a�g�e�m�e�n�t
�a�t� �p�r�e�v�i�o�u�s�l�y� �d�e�v�e�l�o�p�e�d� �s�i�t�e�s�,� �p�r�o�v�i�d�e�d� �t�h�a�t� �t�h�e� �p�l�a�n�s� �f�o�r� �t�h�e� �s�y�s�t�e�m� �a�r�e� �s�u�b�m�i�t�t�e�d� �t�o� �t�h�e� �D�i�v�i�s�i�o�n� �f�o�r� �p�r�i�o�r
�r�e�v�i�e�w�,� �a�n�d� �t�h�e� �D�i�v�i�s�i�o�n� �m�a�k�e�s� �a� �w�r�i�t�t�e�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �t�h�a�t� �s�u�c�h� �s�y�s�t�e�m�s� �w�i�l�l� �n�o�t� �h�a�v�e� �a�n� �a�d�v�e�r�s�e� �i�m�p�a�c�t� �o�n
�s�t�a�t�e�-�l�i�s�t�e�d� �s�p�e�c�i�e�s� �o�r� �t�h�e�i�r� �h�a�b�i�t�a�t�s�;

�(�9�)� �r�e�p�a�i�r�,� �r�e�p�l�a�c�e�m�e�n�t� �o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �e�x�i�s�t�i�n�g�,� �p�r�o�p�e�r�l�y� �m�a�i�n�t�a�i�n�e�d� �d�r�y� �h�y�d�r�a�n�t� �p�i�p�e� �s�y�s�t�e�m�s�;�o�r

�(�1�0�)� �i�n�s�t�a�l�l�a�t�i�o�n�,� �r�e�p�a�i�r�,� �r�e�p�l�a�c�e�m�e�n�t�,� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �u�t�i�l�i�t�y� �l�i�n�e�s� �(�g�a�s�,� �w�a�t�e�r�,� �s�e�w�e�r�,� �p�h�o�n�e�,� �e�l�e�c�t�r�i�c�a�l�)� �f�o�r
�w�h�i�c�h� �a�l�l� �a�s�s�o�c�i�a�t�e�d� �w�o�r�k� �i�s� �w�i�t�h�i�n� �t�e�n� �f�e�e�t� �f�r�o�m� �t�h�e� �e�d�g�e� �o�f� �e�x�i�s�t�i�n�g� �p�a�v�e�d� �r�o�a�d�s�,� �a�n�d� �t�h�e� �r�e�p�a�i�r� �a�n�d
�m�a�i�n�t�e�n�a�n�c�e� �o�f� �o�v�e�r�h�e�a�d� �u�t�i�l�i�t�y� �l�i�n�e�s� �(�p�h�o�n�e�,� �e�l�e�c�t�r�i�c�a�l�)� �f�o�r� �w�h�i�c�h� �a�l�l� �a�s�s�o�c�i�a�t�e�d� �w�o�r�k� �i�s� �w�i�t�h�i�n� �t�e�n� �f�e�e�t� �f�r�o�m� �t�h�e
�e�d�g�e� �o�f� �e�x�i�s�t�i�n�g� �u�n�p�a�v�e�d� �r�o�a�d�s�,� �p�r�o�v�i�d�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �u�n�p�a�v�e�d� �u�t�i�l�i�t�y� �a�c�c�e�s�s� �r�o�a�d�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�x�e�m�p�t
�a�c�t�i�v�i�t�i�e�s� �u�n�d�e�r� �3�2�1� �C�M�R� �1�0�.�1�4�(�1�1�)� �s�h�a�l�l� �b�e� �a�d�d�r�e�s�s�e�d� �i�n� �a�n�d� �s�u�b�j�e�c�t� �t�o� �t�h�e� �D�i�v�i�s�i�o�n�-�a�p�p�r�o�v�e�d� �o�p�e�r�a�t�i�o�n� �a�n�d
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CMR 10.37, 10.58(4)(b) & 10.59).  In such a case, the project proponent may request a consultation with the 
Division to discuss potential project design modifications that would avoid adverse effects to rare wildlife 
habitat.  
 
A streamlined joint MESA/WPA review process is available.  When filing a Notice of Intent (NOI), the 
applicant may file concurrently under the MESA on the same NOI form and qualify for a 30-day 
streamlined joint review.  For a copy of the NOI form, please visit the MA Department of Environmental 
Protection’s website:  http://www.mass.gov/dep/water/approvals/wpaform3.doc. 
 
MA Endangered Species Act (MESA) 
If the proposed project is located within Priority Habitat and is not exempt from review (see 321 CMR 
10.14), then project plans, a fee, and other required materials must be sent to Natural Heritage Regulatory 
Review to determine whether a probable “take” under the MA Endangered Species Act would occur (321 
CMR 10.18).  Please note that all proposed and anticipated development must be disclosed, as MESA 
does not allow project segmentation (321 CMR 10.16).  For a MESA filing checklist and additional 
information please see our website: www.nhesp.org (“Regulatory Review” tab).   
 
We recommend that rare species habitat concerns be addressed during the project design phase prior to 
submission of a formal MESA filing, as avoidance and minimization of impacts to rare species and their 
habitats is likely to expedite endangered species regulatory review.   
 
This evaluation is based on the most recent information available in the Natural Heritage database, which 
is constantly being expanded and updated through ongoing research and inventory.  If you have any 
questions regarding this letter please contact Amy Coman-Hoenig, Endangered Species Review 
Assistant, at (508) 389-6364. 
 
 
Sincerely, 

 
         
Thomas W. French, Ph.D. 
Assistant Director 
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1.0 INTRODUCTION/BACKGROUND 

The purpose of this technical memo is to summarize changes in the conditions of water 
quality, or other environmental conditions, in Oyster Pond (Falmouth, MA) since the 
baseline studies were conducted and reported by UMASS Dartmouth’s School of Marine 
Science and Technology (SMAST) in 2006.  The monitoring work that supported the 
associated Massachusetts Estuary Project (MEP) report, and subsequent Oyster Pond 
Total Maximum Daily Load (TMDL), took place from 1997 through 2004.  The 
monitoring effort was a combination of long-term monitoring through the Falmouth Pond 
Watchers organization, a non-profit community group with ties to Woods Hole Sea 
Grant, and the SMAST department of UMASS Dartmouth. 

Oyster Pond is unique in character due to its physical and hydrodynamic setting.  
Physical characteristics include two distinct bathymetric features located in both the 
northern and southern portions of the pond.  These are composed of two deep basins that 
contribute to the commonly observed stratified condition in the pond where roughly 3 to 
4 meters of the surface water “floats” over the remaining bottom water (at between 3 to 6 
meters depth) and exchange between the two layers is only periodic when temperature 
and wind conditions allow mixing.  These deep basins typically hold cooler, saltier water 
that is not significantly mixed through tidal action or wind. 

The nature of tidal communication with Vineyard Sound water is limited through a 
constructed water control system at its connection with a small tidal lagoon.  There is a 
relatively small outlet, the Trunk River that connects this lagoon to Vineyard Sound.  
Seawater from Vineyard Sound is delivered to the pond from occasional wash over 
events during storms and periodic extreme astronomical tides. 

These physical characteristics have resulted in the pond’s surface waters having salinities 
typically between 2 and 4 parts per thousand (ppt).  The bottom waters (about 20% of 
total pond volume) are typically more saline (4 ppt to 13 ppt) and, as described above, 
only mix with surface waters on a periodic basis. 

The MEP report concluded that Oyster Pond is impaired from excessive nutrient loads 
from its contributing watershed.  The nutrient of importance is nitrogen (determined 
through nutrient limitation studies).  Unlike most other south Cape estuarine systems 
studied under the MEP, Oyster Pond does not support eelgrass (Zostera marina) habitat 
due to low salinities within the photic zone.  Therefore, dissolved oxygen (DO) was 
selected as the ecological endpoint to base nitrogen load reductions on in order to support 
Oyster Pond’s benthic community.  The target reduction was associated with sustaining a 
minimum DO concentration of 6.0 mg/l at the base of the surface water column layer (4.0 
m depth) where salinity ranges between 2 to 4 ppt.  The load reduction was calculated as 
a linear (1:1) relationship with the percent increase in minimum DO concentrations 
required to get to the target concentration of 6.0 mg/l.   

The Falmouth Pond Watchers have continued to monitor water quality in Oyster Pond 
since the MEP report was released in 2006.  This memo summarizes these subsequent 
data (2005 through 2012) in context with the historical conditions described by SMAST 
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in the MEP report.  Oyster Pond is a unique estuarine system and the job of determining 
critical nitrogen loads is certainly challenging given the physical nature of this system.  
The additional Pond Watcher data, along with the documentation of changes in the 
watershed and Trunk River allow further study of the system’s variability and current 
water quality and ecological conditions. 

2.0 OYSTER POND 

2.1 OYSTER POND CHANGE SUMMARY 

This section provides a summary of important changes in conditions within Oyster Pond 
since the MEP field assessment was completed (data applied from 1997 through 2004).   

Nitrogen Data Review 

The MEP process involves a two-step modeling approach to establish nitrogen reductions 
(from watershed sources) necessary to achieve a specified condition at points that are 
identified as “sentinel” stations.  Watershed loads to Oyster Pond are based on a 
watershed loading model that uses inputs from land use and land parcel data to derive 
estimates of total nitrogen (TN) that Oyster Pond receives on an annual basis.  Field 
monitoring for a minimum period of 3 years produces data to (1) characterize existing 
conditions and (2) help calibrate (tune) a hydrodynamic/water quality model.  The 
hydrodynamic model is used to simulate physical flushing within the estuary and the 
expected mean TN concentrations at various sections of the system.  Typically, the MEP 
process is to average the observed TN data, calibrate the hydrodynamic model to fit these 
observed data (by station) through changing some physical parameters within the model 
(e.g., dispersion coefficient).  Once calibrated, the model is used to predict the TN 
loading rate from the watershed (while recognizing the tidal flux of offshore nitrogen) 
that corresponds to a TN target concentration. 

This process was conducted on Oyster Pond using field data collected from 1997 through 
2004.  Although the raw data have not been made available for this review exercise, the 
TN concentrations are summarized, by station, in the MEP report.  The following is a 
summary of findings. 

The MEP report used measured TN concentrations from 3 sampling stations1: OP1, OP2, 
and OP3 (Figure 1).   The concentrations are summarized and compared to modeled 
concentrations in Table VI-1 on page 82 of the MEP report (Table 1, below).  The report 
shows TN concentrations in the surface layer (<4 m depth) ranging very little from 0.70 
mg/l.  The model was calibrated to within a very small difference of reported mean TN 
values.   

                                                
1 Additional stations were monitored by Falmouth Pond Watchers; however, these three stations form the 
basis of model calibration and the subsequent TMDL. 
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Figure 1. Oyster Pond MEP sampling locations. 

 

Table 1. Oyster Pond MEP summary of TN concentrations and model 
performance. 

 
The number of samples shown in Table 1 corresponds to a collection period of 1997 
through 2004; however, at this time we do not have access to the raw data so the timing 
and frequency of sampling within this period is unknown.  It is assumed that sampling 
occurred on at least a monthly basis from April through October, with occasional winter 
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sampling, each year.  The MEP report states that the model was calibrated with average 
summer season TN concentrations. 

The results of subsequent OPET sampling depict inter-annual variability in total 
dissolved nitrogen (TDN) trends in Oyster Pond.  The difference between TN and TDN is 
the amount of particulate organic nitrogen (PON) present in the water.  Therefore, the 
OPET data cannot be directly compared with the TN summary of means that have been 
reported in the MEP report.  Having the full suite of water quality data that supported the 
MEP work would offer the possibility for comparisons of TDN and specific species of N 
(NO3, NH4, and dissolved organic N). In a review of limited historical data published in 
the 1998 annual Pond Watchers summary report of 1997 data, PON composed between 
12% and 43% of TN.  At the old site OP3, PON comprised 16% of TN.  At this time 
information is insufficient to accurately characterize the relationship between TN and 
TDN in Oyster Pond.  Furthermore, without the entire suite of water quality data 
associated with the MEP report, and subsequent TMDL, it is difficult to assess the extent 
to which changes in TDN and subspecies of nitrogen have occurred since the period 
covering the MEP assessment.  However, the following is a summary of the OPET data 
covering the period 2005 through 2012. 

Figure 2 shows the average surface mixed layer (OP1, OP2, and OP3) TDN 
concentrations throughout the entire Falmouth Pond Watcher monitoring program from 
2005 through 2012.  The summer values of TDN are consistently lower than the means 
reported by the MEP (Figure 1, Table 1) which is due to the omission of PON in these 
surveys. 
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Figure 2. Average surface mixed layer total dissolved nitrogen concentrations in 

Oyster Pond from 2005 through 2012.  Average of surface 
observations from stations OP1, OP2, and OP3. 

 
For comparison, Figure 3 shows the summer, or growing season, averaged TDN 
concentrations for all 7 years of the recent monitoring period (2005 through 2012).  
Corresponding values (mean and standard deviation) are shown in Table 2 and compared 
with the MEP values. 
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Figure 3. Mean summer (May through September) surface layer TDN 

concentrations for Oyster Pond sampling stations OP1, OP2, and 
OP3. 

 

Table 2. Summary and comparison of TDN and estimated TN concentration 
data from two different sampling periods.  Estimated TN values for 
2005 through 2012 shown in parentheses. 

Monitoring 
Station 

2005 – 
2012 
mean 

s.d. N 
1997 – 
2004 
mean 

s.d. N 

OP1 0.360 
(0.537) 0.087 25 0.695 0.026 50 

OP2 0.353 
(0.527)  0.101 25 0.669 0.018 81 

OP3 0.347 
(0.518) 0.103 25 0.705 0.157 84 

All 
Combined 

0.35 
(n/a) 0.09 75 - - 215 

 
The MEP TN means are not directly comparable to the OPET TDN data because PON is 
not accounted for.  The limited historical data show a range of 12% and 43% of PON in 
TN and a review of other pond data (Little Pond, Green Pond) resulted in a mean of 33% 
PON in TN.  A graphical summary of nitrogen species within the water column in K.O. 
Emery’s A Coastal Pond reports PON as approximately 35% of the pond’s surface water 
TN concentration.  The estimate that PON is 33% of TN applied to the values shown in 
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Table 12 suggest a possible improvement in water quality since the MEP report data set 
(shown in parentheses).  Historically, there was a trend of decreasing TN at OP2 where it 
dropped from about 1.2 to 0.6 mg/l in the 1990s (Figure 4).  The Pond Watchers report 
attributes this to the successful restoration of the salinity structure of the pond (surface 
maintained at 2 to 4 ppt) – a condition that allows the separation of the surface and 
bottom layers of water and the maintenance of higher water quality in the surface mixed 
layer. 

There have also been documented changes to the Oyster Pond watershed and the Trunk 
River inlet throughout this more recent time frame.  These are summarized in Table 3.  
Note that tidal exchange was more frequently maintained throughout this period (1998 
through 2012) despite some significant storm events that temporarily closed the inlet or 
resulted in overwash. 

 

 
Figure 4. From the 1998 annual Falmouth Pond Watchers report: summary of 

TN concentrations in Oyster Pond from 1993 through 1997. 
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Table 3. Relevant changes to Oyster Pond and environs (1979 through 2012).  
Source: OPET. 

Date/Year Relevant Changes to Oyster Pond and Environs 
1979-1980 Treetops built 
1987 – 
Present 

Pond Watchers monitoring of Oyster Pond. 

1989/1990 Culvert collapses and forms blockage for several months. 
1990 Culvert replaced roughly 3 times larger than previous one. 
TBD Woods Hole Rd. stormwater improvements. 
1998 Weir is constructed to control the amount of sea water entering the pond. 
2001 Trunk River dredged, the bottom lined, and jetties repaired and rebuilt. 
2004 Trunk River dredged due to severe algal growth in the lagoon. 
2005, 
2006, 
2007 

Additional hand dredging of Trunk River to maintain outflow. 

2005 OPET initiates independent water quality sampling program. 
2010 Major dredging of Trunk River and lagoon. 
2010 A second major dredging of Trunk river after storm event. 
2010 Ransom Rd. drainage and paving completed. 
2010 Final drain adjustments made to Ransom Rd. improvements. 
2011 Treetops Condos begins transition to an organic landscaping regime. 
2011 More dredging of lagoon by OPET due to buildup of dead eelgrass. 
2011 Tropical Storm Irene. (August 2011) 
2012 Hurricane Sandy. (October 2012) 
 
The activities associated with increasing drainage from the pond, stabilizing the salinity 
regime, and controlling stormwater and fertilizer delivery to the pond appear to have 
contributed to lower nitrogen concentrations that have been observed in Oyster Pond 
since the late 1990s. 

Phosphorus Data Review 

OPET includes phosphorus in their monitoring program.  Initially, total phosphorus (TP) 
was reported from 2005 through April 2006.  From April 2006 to the present OPET 
reports total dissolved phosphorus (TDP) and/or dissolved inorganic phosphorus (DIP, 
reported as phosphate) at varying frequencies (i.e., sometimes one or the other, or both).   

Trends of TP, TDP, and phosphate (PO4) concentrations in the surface waters of Oyster 
Pond are shown in Figures 5, 6, and 7. 
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Figure 5. Total phosphorus (TP) concentrations in the surface layer of Oyster 

Pond. 
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Figure 6. Total dissolved phosphorus (TDP) concentrations in the surface layer 
of Oyster Pond. 

 

 
Figure 7. Phosphate (PO4) concentrations in the surface layer of Oyster Pond. 

 
N:P and Nutrient Limitation 

The phosphorus concentration in the surface layer (to 4 meters in depth) is important with 
regard to determining which nutrient, N or P, limits growth of algae and macrophytes 
within Oyster Pond.  In general, marine systems are nitrogen limited and freshwater 
systems are phosphorus limited.  This has to do, primarily, with the nature of how 
phosphorus is cycled within each type of environment.  Typically, when the N:P falls 
below 10 then nitrogen is considered limiting.  If N:P is greater than 17 then phosphorus 
is considered limiting.  Previous unpublished studies on Oyster Pond have suggested that 
both N and P limit phytoplankton production.  In an enrichment study conducted by 
Erlitz et al. (unpublished) the results suggested that phytoplankton growth increased with 
the addition of both N and P rather than from either one alone.  The authors cite Dixon et 
al. (2002) as reporting that the “current” N:P ratio in Oyster Pond is 6:1. A review of the 
OPET nutrient data suggest that nutrient limitation can shift from nitrogen to phosphorus 
and can be considered equally limited (N:P between 10 and 17) (Figure 8) 
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Figure 8. N:P ratio in Oyster Pond’s surface layers.  Dashed lines indicate 

approximate limitation thresholds (10 and 17) for nitrogen and 
phosphorus, respectively. 

 
The mean and median values of N:P in Oyster Ponds surface layer, not including three 
extremely high values reported in the data set2, are 22 and 15, respectively.  This suggests 
that the pond may be more limited by phosphorus than nitrogen at times.  Therefore, 
management of both nutrients is warranted. 

Dissolved Oxygen and Stratification 

As described above, the MEP report concluded that a desired sustainable target of at least 
6.0 mg/l DO concentration at 4 m depth at sampling station OP3 would serve to improve 
water quality to the extent that the surface mixed layer would be relatively healthy and 
support a healthy benthic habitat. The nitrogen load reduction necessary to achieve this, 
based on MEP modeling, was estimated with the application of the following equation: 

 
%N Reduction = (Target DO – Min. Observed DO)/(Max. Saturation – Min. Obs. DO) *100 
 

                                                
2 Values were 392, 2,468, and 1,507. 
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Figure 9. Depths of summer pyncnoclines at station OP3 between 2005 and 

2012 (defined as depth where salinity< 4 ppt). 

 
The data reveal that DO concentrations do vary with salinity and that the depth of the 
division between the pond’s surface and bottom layers can vary significantly.  This 
suggests that the variability of the location of the pyncnocline and corresponding DO 
concentrations should be more closely evaluated in the attempt to characterize the ability 
to (1) determine nitrogen concentration thresholds and (2) sufficiently determine the 
degree of compliance to these thresholds.  In other words, without a probabilistic 
approach that integrates observed variability, there is a chance that low DO events could 
occur at the 4 m depth at any rate of nitrogen loading.  Figure 6 shows the relationship 
between the location of the 4 ppt salinity pyncnocline and the corresponding observed 
DO values.  It suggests that DO concentrations decline with depth of the 4 ppt salinity 
boundary and that DO varies widely at each boundary depth. 
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Figure 10. The relationship between Oyster Pond surface layer depth (4 ppt 

salinity) and corresponding DO concentrations. 

 
The mean summertime DO value at 4 m depth from this period is 5.07 mg/l.  The 
Massachusetts regulations are based on a minimum value, not the mean, which makes the 
timing of monitoring very important in determining whether Oyster Pond is below the 
Class SA designated use threshold of 6.0 mg/L.  Oyster Pond, like most coastal aquatic 
systems, exhibits variability in DO concentrations.  Figure 10 provides one example of 
the variability in DO concentrations based on discrete samplings.  DO can also vary 
considerably throughout the daily (diel) period; very low DO can occur just before 
sunrise while supersaturating conditions can occur during the mid-afternoon.  Although 
the MEP report does not report diel DO conditions in the pond, recent continuous 
measurements in the surface layer of Salt Pond depict this characteristic cycle (Figure 
11).  Therefore, the timing of sampling can have a significant impact on the 
understanding of DO dynamics in Oyster Pond.  Certainly, with enough samples over the 
years it is possible that the mean conditions can be determined with some level of 
certainty.  However, this should be demonstrated in Oyster Pond and the variability of 
DO in this water body should be better understood toward assessing the level of 
ecological impairment and the subsequent development of management plans.   

Other states have integrated time-dependent variability in developing ecological 
thresholds associated with DO levels.  For example, the DO criteria for Chesapeake Bay 
are based on five separate designated uses that are associated with defined geographical 
and bathymetrical features.  The criteria also integrate frequency and duration such that 
variability in DO is accounted for.  They also have temporal periods (e.g., migratory fish 
spawning periods) that are protective of specific ecological endpoints (Figure 12). 
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Figure 11. Diel DO values at two shallow locations in Salt Pond, Falmouth.  

These are continuous observations (every 15 minutes) for a period of 
about 10 days in June 2013. 

 
Some measure of system variability should be considered with DO rather than random 
discrete values.  DO concentrations can vary rapidly over time a space (on an hourly 
scale).  This suggests that an approach to integrate frequency and duration of low DO 
events should be considered, such as a percentile approach.  The effective boundary of 
the surface water layer in Oyster Pond varies vertically and, therefore, directly influences 
its horizontal (areal) extent. 
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Figure 12. Chesapeake Bay dissolved oxygen criteria. 
 
The mathematical relationship between mean DO and surface layer depth at station OP-3 
is shown in Figure 13.  Class SA and SB thresholds are shown for comparative purposes.  
The relatively steep slope of the curve suggests that mean DO is very sensitive (drops 
rapidly) with depth and that the 3.0 m value exceeds the threshold by a large margin 
(only one observation was below 6 mg/L, see Figure 10 above).  Based on the variability 
in the summer salinity profile shown in Figure 9, it may be worthwhile for decision 
makers to consider a probabilistic approach to managing nitrogen load reductions.  This 
could result in a more definitive and consistent approach to determining compliance of 
future load reductions to TMDL targets and overall water quality goals. 
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Figure 15. The interannual variation of monthly mean sea level and the 5-month 

running average. The average seasonal cycle and linear sea level trend 
have been removed. Interannual variation is caused by irregular 
fluctuations in coastal ocean temperatures, salinities, winds, 
atmospheric pressures, and ocean currents. The interannual variation 
for some stations is closely related to the El Niño Southern Oscillation 
(ENSO). 

 
The management of thermal stress and related ecological changes is somewhat limited 
because it is due to external environmental conditions.  Increasing the flushing rate of 
Oyster Pond could ameliorate thermal stress events, but this would also alter the salinity 
of the surface waters and be contrary to current management of the pond.  Sea level rise 
can be managed through engineering solutions (barrier dunes, reconstruction of the weir) 
to some extent and preparations for these types of responses could be explored now. 

2.4 THERMAL AND DENSITY-INDUCED STRATIFICATION 

The current conditions of summer stratification effectively segregates Oyster Pond’s 
water column into two classes: relatively good surface water and organic-rich hypoxic 
and anoxic bottom waters.  The margin between the surface and bottom can vary 
significantly (based on a review of OPET data) and each layer may influence each other 
depending upon their extent of physical or diffusive exchange.  The current management 
of the pond allows for the preservation of the surface layer habitat (across up to 80% of 
the pond) at the cost of enhancing deleterious effects within the bottom layer.  Preserving 
this salinity regime, as much as possible, will limit the exchange of hypoxic and anoxic 
bottom waters from the deeper regions of the pond to the surface.  However, periodic 
turnovers or exchange events may result in temporary summer and seasonal declines in 
Oyster Pond’s surface layer water quality.  The nitrogen load reductions necessary to 
achieve improved water quality in the pond’s surface waters will always depend upon the 
frequency and extent of surface and bottom mixing (note that ammonium concentration 
in the deeper regions of the pond can be quite high).  Load reductions should also be 
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practical to avoid unnecessary capital projects.  To avoid this, a probabilistic approach 
that incorporates natural variability, pond-specific designated uses, and monitoring 
sufficient to have some acceptable level of confidence in the pond’s conditions is 
recommended. 

2.5 MONITORING METHODS 

The monitoring methods employed by the MEP and OPET work are sufficient to 
characterize mean conditions and some of the variability along depth intervals in the 
pond.  If dissolved oxygen continues to be the indicator of water quality, and benthic 
habitat quality, then continuous logging of DO should be applied to understand and 
quantify diel and event-driven influences on DO.  Continued monitoring at the designated 
stations will allow comparisons to historical data and trends.  The OPET database doesn’t 
included PON which is an important nitrogen constituent in the MEP work.  The 
dissolved nitrogen data from the MEP work, if made available, could be compared to the 
more recent OPET data in, perhaps, a more effective effort to track changes in the pond. 

2.6 CONSEQUENCES OF NO ACTION FOR OYSTER POND 

The consequences of not abating nutrient inputs to Oyster Pond likely include the 
continuation of good, but marginal, water quality.  Benthic habitat will be marginal and 
may decrease over time with the accumulation of organic matter.  Periodic nuisance 
macroalgal blooms are likely to continue due to the existing level of nutrient enrichment 
in the pond’s surface waters.  The bottom waters will continue to exhibit hypoxic and 
anoxic conditions even with modest to significant nutrient reductions due to the nature of 
this unique system.  This persistent condition, due to the stratification of the water 
column, will continue to support periodic enrichment events because the pyncnocline is 
variable by nature and some exchange along the boundary of surface and bottom waters 
is likely. 

2.7 SUGGESTED MONITORING PROGRAM 

The monitoring program should be based on one or more hypotheses and planned 
through a rigorous statistical approach.  In recent work in Little Pond, the Town has been 
encouraged to determine the minimum level of samples to collect over time to 
sufficiently determine whether the data will detect significant changes in water quality 
(e.g., TN concentration).  Inter-annual differences in TN (and other important water 
quality indicators) occur frequently (see Figures 2, 3, and 4). The confidence in detecting 
independent and measurable changes in water quality is dependent upon the number of 
samples from Oyster Pond, and other environmental data (meteorological).  This can be 
done by analyzing the variability in the MEP and OPET data.  This requires the raw data 
such as reported online by OPET. 



�$�3�3�(�1�'�,�;���'��
�7�0�'�/���&�R�P�S�O�L�D�Q�F�H���&�D�O�F�X�O�D�W�L�R�Q�V���D�Q�G���&�R�V�W���0�R�G�H�O���%�D�F�N�X�S��

�:�U�L�J�K�W���3�L�H�U�F�H��
� � � �





�0�(�0�2�5�$�1�'�8�0

�7�2�� �)�L�O�H �'�$�7�(�� ����������������

�)�5�2�0�� �(�G���/�H�R�Q�D�U�G �3�5�2�-�(�&�7���1�2���� �����������&

�6�8�%�-�(�&�7���2�\�V�W�H�U���3�R�Q�G���&�:�0�3���±���$�S�S�H�Q�G�L�[���'���0�D�W�H�U�L�D�O

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

�x �'�����6�H�S�W�L�F���/�R�D�G���5�H�P�R�Y�D�O�V���I�R�U���7�0�'�/���&�R�P�S�O�L�D�Q�F�H���E�\���6�X�E�Z�D�W�H�U�V�K�H�G���������S�D�J�H��
�x �'�����$�O�W�H�U�Q�D�W�L�Y�H�V���$�Q�D�O�\�V�L�V�����&�R�V�W�V���I�R�U���9�D�U�L�R�X�V���:�D�V�W�H�Z�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W���$�O�W�H�U�Q�D�W�L�Y�H�V���������S�D�J�H�V��
�x �'�����(�V�W�L�P�D�W�H�G���$�Q�Q�X�D�O���&�R�V�W�V���I�R�U���7�L�W�O�H���������,���$���6�\�V�W�H�P�V���D�Q�G���/�R�Z���3�U�H�V�V�X�U�H���/�L�I�W���6�W�D�W�L�R�Q�V���������S�D�J�H��
�x �'�����4�X�D�Q�W�L�W�L�H�V���D�Q�G���&�R�V�W�V���I�R�U���$�G�Y�D�Q�F�H�G���,���$���3�O�D�Q�����3�K�D�V�H�������2�Q�O�\���������S�D�J�H��
�x �'�����4�X�D�Q�W�L�W�L�H�V���D�Q�G���&�R�V�W�V���I�R�U���7�U�D�G�L�W�L�R�Q�D�O���%�D�F�N�X�S���3�O�D�Q�����3�K�D�V�H�������2�Q�O�\���������S�D�J�H�V��
�x �'�����(�V�W�L�P�D�W�H�G���$�Q�Q�X�D�O���&�R�V�W�V���I�R�U���5�H�V�S�R�Q�V�L�E�O�H���0�D�Q�D�J�H�P�H�Q�W���(�Q�W�L�W�\���������S�D�J�H��
�x �'�����(�V�W�L�P�D�W�H�G���$�Q�Q�X�D�O���&�R�V�W�V���I�R�U���6�H�Z�H�U���8�V�H�U���)�H�H�V���������S�D�J�H��
�x �'�����7�U�D�G�L�W�L�R�Q�D�O���%�D�F�N�X�S���3�O�D�Q�����(���2�Q�H���/�L�I�W���6�W�D�W�L�R�Q���3�O�D�Q�Q�L�Q�J���/�H�Y�H�O���$�Q�D�O�\�V�L�V�����������S�D�J�H�V��
�x �'�����3�R�W�H�Q�W�L�D�O���3�U�R�M�H�F�W���)�L�Q�D�Q�F�L�Q�J���6�F�H�Q�D�U�L�R���������S�D�J�H�V��





�)
�$

�/�
0�

2�
8�

7�
+

���
���

�2
�<

�6
�7

�(
�5

���
3�

2�
1�

'��
�&

�:�
0�

3
W

rig
ht

-P
ie

rc
e,

 6
 N

ov
 2

0
13

, r
ev

 7
 A

pr
 2

0
19

, r
ev

 2
8 

Ju
ne

 2
0

19

�6
�(

�3
�7

�,�
&

���
/�2

�$
�'�

��5
�(

�0
�2

�9
�$

�/�
6�

��)
�2

�5
���

7�
0�

'�/
���

&
�2

�0
�3

�/�
,�$

�1
�&

�(

�2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

(�
P

�E
�D

�\�
P

�H
�Q

�W
���

(�
[�L

�V
�W

�L
�Q

�J
�0

�(
�3

���
:�:

�/�
R

�D
�G

��
�8

�Q
�D

�W
�W

�H
�Q

�X
�D

�W
�H

�G
���

N
�J

���
\�U

��

���
1�

H
�Z

���
:�:

�/�
R

�D
�G

�%
�H

�W
�Z

�H
�H

�Q
���

���
���

��W
�R

���
���

���
�

���
N

�J
���

\�U
��

���
)�

X
�W

�X
�U

�H
���

:�:
�/�

R
�D

�G
���

R
�Y

�H
�U

�3
�O

�D
�Q

�Q
�L

�Q
�J

�+
�R

�U
�L

�]�
R

�Q
���

N
�J

���
\�U

��

�5
�H

�P
�R

�Y
�D

�O
���

R
�I

�(
�[�

L�
V

�W
�L

�Q
�J

�0
�(

�3
���

:�:
�/�

R
�D

�G

�5
�H

�P
�R

�Y
�D

�O
���

R
�I

�1
�H

�Z
���

D
�Q

�G
�)�

X
�W

�X
�U

�H
���

:�:
�/�

R
�D

�G

���
5�

H
�P

�D
�L

�Q
�L

�Q
�J

�/�
R

�D
�G

��
�8

�Q
�D

�W
�W

�H
�Q

�X
�D

�W
�H

�G
���

N
�J

���
\�U

��

�1
�D

�W
�X

�U
�D

�O
�$

�W
�W

�H
�Q

�X
�D

�W
�L

�R
�Q

���
5�

H
�P

�D
�L

�Q
�L

�Q
�J

�/�
R

�D
�G

��
�$

�W
�W

�H
�Q

�X
�D

�W
�H

�G
���

N
�J

���
\�U

��

�1
�R

���
��R

�I
�'�

H
�Y

�H
�O

�R
�S

�H
�G

�3
�D

�U
�F

�H
�O

�V
���

���
���

���

�1
�R

���
��R

�I
�'�

H
�Y

�H
�O

�R
�S

�H
�G

�3
�D

�U
�F

�H
�O

�V
���

W
�K

�U
�X

�3
�O

�D
�Q

�Q
�L

�Q
�J

�+
�R

�U
�L

�]�
R

�Q

�7
�R

�W
�D

�O
�'�

H
�Y

�H
�O

�R
�S

�H
�G

�3
�D

�U
�F

�H
�O

�V
���

D
�W

�3
�O

�D
�Q

�Q
�L

�Q
�J

�+
�R

�U
�L

�]�
R

�Q�7
�R

�W
�D

�O
���

3�
D

�U
�F

�H
�O

�V
�&

�X
�U

�U
�H

�Q
�W

�'�
Z

�H
�O

�O
�L

�Q
�J

�8
�Q

�L
�W

�V

�)�
X

�W
�X

�U
�H

�'�
Z

�H
�O

�O
�L

�Q
�J

�8
�Q

�L
�W

�V
���

D
�W

�3
�O

�D
�Q

�Q
�L

�Q
�J

�+
�R

�U
�L

�]�
R

�Q

�&
�X

�U
�U

�H
�Q

�W
�'�

Z
�H

�O
�O

�L
�Q

�J
�8

�Q
�L

�W
�V

�0
�D

�Q
�D

�J
�H

�G

�)�
X

�W
�X

�U
�H

�'�
Z

�H
�O

�O
�L

�Q
�J

�8
�Q

�L
�W

�V
�0

�D
�Q

�D
�J

�H
�G

�)�
X

�W
�X

�U
�H

�'�
H

�Y
�H

�O
�R

�S
�H

�G
�3

�D
�U

�F
�H

�O
�V

�0
�D

�Q
�D

�J
�H

�G
���

D
�W

�3
�O

�D
�Q

�Q
�L

�Q
�J

�+
�R

�U
�L

�]�
R

�Q

�3
�O

�D
�Q

���
���

���
3�

O
�D

�Q
���

���
���

��%
�6

�5
���

:�:
�7

�)
���

R
�U

���
:�+

�2
�,�

��4
�X

�L
�V

�V
�H

�W
���

:�:
�7

�)�
��Z

�L
�W

�K
���

2�
X

�W
���

R
�I�

��:
�D

�W
�H

�U
�V

�K
�H

�G
���

'�L
�V

�S
�R

�V
�D

�O
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

*�
7�

���
�1

���
���

���
���

��
���

���
���

�
���

�
���

���
���

���
���

���
���

�
���

���
���

���
���

�
��

���
�

���
�

���
�

��
�

�
�

�
�

�
�

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

*�
7�

���
�:

���
���

���
�

��
���

���
���

�
���

���
��

���
���

��
��

���
�

��
���

�
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
���

���
��0

�R
�V

�T
�X

�L
�W

�R
���

&
�U

�H
�H

�N
�B

�2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

���
���

�
��

���
���

��
���

���
��

���
���

��
��

���
���

��
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
�B

�0
�D

�L
�Q

���
���

���
���

���
���

���
�

���
���

���
�

���
���

��
���

���
��

��
���

�
��

���
�

��
���

�
���

���
���

���
���

���
���

���
���

���
���

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
�B

�6
�R

�X
�W

�K
���

���
���

�
���

���
���

�
���

���
���

�
�Q

���
D

�Q
���

D
�Q

���
D

�Q
���

D
�Q

���
D

���
�

��
���

�
���

�
���

�
���

�
��

�
�

�
�

���
���

���
���

�7
�R

�W
�D

�O
���

���
���

���
���

�
���

���
���

�
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�7
�R

�W
�D

�O
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

���
���

���
���

�
���

���
���

�
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
� �H�

S
�W

�L
�F

���
1�

L�
W

�U
�R

�J
�H

�Q
���

5�
H

�P
�D

�L
�Q

�L
�Q

�J
���

S
�H

�U
���

7�
D

�E
�O

�H
���

���
���

���
�6

�F
�H

�Q
�D

�U
�L

�R
���

���
�!

�!
���

���
���

���
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
3�

D
�U

�F
�H

�O
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

���
!�!

���
���

�5
�H

�P
�R

�Y
�H

�G
�!�

!
���

���
���

���
���

�
�N

�J
���

\�U
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
3�

D
�U

�F
�H

�O
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

��
�+

�R
�U

�L
�]�

R
�Q

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
!�!

���
���

���
���

���
���

���
�

�O
�E

�V
���

\�U
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
'�Z

�H
�O

�O
�L

�Q
�J

���
8�

Q
�L

�W
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
!�!

���
���

�3
�O

�D
�Q

���
���

���
��6

�D
�W

�H
�O

�O
�L

�W
�H

���
3�

O
�D

�Q
�W

���
Z

�L
�W

�K
���

,�Q
���

:�D
�W

�H
�U

�V
�K

�H
�G

���
'�L

�V
�S

�R
�V

�D
�O

�2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

(�
P

�E
�D

�\�
P

�H
�Q

�W
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

*�
7�

���
�1

���
���

���
���

��
���

���
���

�
���

���
���

�
���

���
���

���
���

���
���

���
���

�
���

���
���

���
���

�
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
*�

7�
���

�:
���

���
���

�
��

���
���

���
�

���
���

���
���

���
���

���
���

��
���

�
��

���
�

��
���

�
���

�
���

�
���

�
���

�
��

�
�

�
��

�
���

���
���

��0
�R

�V
�T

�X
�L

�W
�R

���
&

�U
�H

�H
�N

�B
�2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
���

���
�

��
���

���
��

���
���

���
���

���
���

���
���

��
���

���
��

��
��

��
��

��
�

�
�

�
�

�
�

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
�B

�0
�D

�L
�Q

���
���

���
���

���
���

���
�

���
���

���
�

���
���

���
���

���
���

���
���

��
���

�
��

���
�

��
���

�
���

���
���

�
��

���
���

���
���

���
���

���
�

���
���

���
���

���
1�

H
�Z

���
H

�I�
I�O

�X
�H

�Q
�W

���
I�U

�R
�P

���
:�:

�7
�)

���
���

���
���

���
���

��
���

���
��

���
���

���
���

���
�

���
���

���
���

��
��

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

�B
�6

�R
�X

�W
�K

���
���

���
�

���
���

���
�

���
���

���
�

�Q
���

D
�Q

���
D

�Q
���

D
�Q

���
D

�Q
���

D
���

�
��

���
�

���
�

���
�

���
�

���
���

��
��

���
���

���
���

�7
�R

�W
�D

�O
���

���
���

���
���

�
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��7

�R
�W

�D
�O

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
���

���
���

���
�

���
���

���
�

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

� �H�
S

�W
�L

�F
���

1�
L�

W
�U

�R
�J

�H
�Q

���
5�

H
�P

�D
�L

�Q
�L

�Q
�J

���
S

�H
�U

���
7�

D
�E

�O
�H

���
���

���
���

�6
�F

�H
�Q

�D
�U

�L
�R

���
���

�!
�!

���
���

���
���

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

3�
D

�U
�F

�H
�O

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
���

+
�R

�U
�L

�]�
R

�Q
���

!�!
���

���
�5

�H
�P

�R
�Y

�H
�G

�!�
!

���
���

���
���

���
�

�N
�J

���
\�U

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

3�
D

�U
�F

�H
�O

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
��

�+
�R

�U
�L

�]�
R

�Q
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

!�!
���

���
���

���
���

���
���

�
�O

�E
�V

���
\�U

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

'�Z
�H

�O
�O

�L
�Q

�J
���

8�
Q

�L
�W

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
���

+
�R

�U
�L

�]�
R

�Q
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

!�!
���

���
�3

�O
�D

�Q
���

���
���

��(
�Q

�K
�D

�Q
�F

�H
�G

���
,��

�$
�2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
(�

P
�E

�D
�\�

P
�H

�Q
�W

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
*�

7�
���

�1
���

���
���

���
��

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
���

���
�

���
���

���
���

���
�

��
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

*�
7�

���
�:

���
���

���
�

��
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

�
���

���
���

�
���

�
��

���
�

���
�

��
�

�
�

��
�

�
��

�
�

��
�

�
��

�
���

���
���

��0
�R

�V
�T

�X
�L

�W
�R

���
&

�U
�H

�H
�N

�B
�2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
���

���
�

��
���

���
��

���
���

���
�

���
���

���
�

���
���

��
���

���
���

���
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
�B

�0
�D

�L
�Q

���
���

���
���

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
���

���
�

���
���

���
���

���
�

��
���

�
���

���
���

���
���

���
���

���
���

���
���

�
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
�B

�6
�R

�X
�W

�K
���

���
���

�
���

���
���

�
���

���
���

�
�Q

���
D

�Q
���

D
�Q

���
D

�Q
���

D
�Q

���
D

���
�

��
���

�
���

�
���

�
���

�
��

���
���

���
���

�7
�R

�W
�D

�O
���

���
���

���
���

�
���

���
���

�
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��7

�R
�W

�D
�O

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
���

���
���

���
�

���
���

���
�

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

� �H�
S

�W
�L

�F
���

1�
L�

W
�U

�R
�J

�H
�Q

���
5�

H
�P

�D
�L

�Q
�L

�Q
�J

���
S

�H
�U

���
7�

D
�E

�O
�H

���
���

���
���

�6
�F

�H
�Q

�D
�U

�L
�R

���
���

�!
�!

���
���

���
���

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

3�
D

�U
�F

�H
�O

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
���

+
�R

�U
�L

�]�
R

�Q
���

!�!
���

���
�5

�H
�P

�R
�Y

�H
�G

�!�
!

���
���

���
���

�N
�J

���
\�U

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

3�
D

�U
�F

�H
�O

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
���

+
�R

�U
�L

�]�
R

�Q
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

!�!
���

���
���

���
���

���
���

�
�O

�E
�V

���
\�U

���
��R

�I�
��7

�R
�W

�D
�O

���
'�H

�Y
�H

�O
�R

�S
�H

�G
���

'�Z
�H

�O
�O

�L
�Q

�J
���

8�
Q

�L
�W

�V
���

D
�W

���
3�

O
�D

�Q
�Q

�L
�Q

�J
���

+
�R

�U
�L

�]�
R

�Q
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

!�!
���

���
��

�3
�O

�D
�Q

���
���

���
��$

�G
�Y

�D
�Q

�F
�H

�G
���

,��
�$

�2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

(�
P

�E
�D

�\�
P

�H
�Q

�W
���

���
���

��2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

*�
7�

���
�1

���
���

���
���

��
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

���
���

�
���

���
���

���
���

�
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
*�

7�
���

�:
���

���
���

�
��

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
�

���
���

���
�

���
�

��
���

�
���

�
��

�
�

�
��

�
�

��
�

�
��

�
�

��
�

���
���

���
��0

�R
�V

�T
�X

�L
�W

�R
���

&
�U

�H
�H

�N
�B

�2
�\�

V
�W

�H
�U

���
3�

R
�Q

�G
���

���
���

�
��

���
���

��
���

���
���

�
���

���
���

�
���

���
��

���
���

���
���

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

�B
�0

�D
�L

�Q
���

���
���

���
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

���
���

�
���

���
���

���
���

�
��

���
�

���
���

���
���

���
���

���
���

���
���

���
�

���
���

���
��2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

�B
�6

�R
�X

�W
�K

���
���

���
�

���
���

���
�

���
���

���
�

�Q
���

D
�Q

���
D

�Q
���

D
�Q

���
D

�Q
���

D
���

�
��

���
�

���
�

���
�

���
�

��
�

�
�

�
���

���
���

���
�7

�R
�W

�D
�O

���
���

���
���

���
�

���
���

���
�

���
���

���
���

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��7
�R

�W
�D

�O
���

��H
�[�

F
�O

�X
�G

�L
�Q

�J
���

2�
3�

��6
�R

�X
�W

�K
���

���
���

���
���

�
���

���
���

�
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
� �H�

S
�W

�L
�F

���
1�

L�
W

�U
�R

�J
�H

�Q
���

5�
H

�P
�D

�L
�Q

�L
�Q

�J
���

S
�H

�U
���

7�
D

�E
�O

�H
���

���
���

���
�6

�F
�H

�Q
�D

�U
�L

�R
���

���
�!

�!
���

���
���

���
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
3�

D
�U

�F
�H

�O
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

���
!�!

���
���

�5
�H

�P
�R

�Y
�H

�G
�!�

!
���

���
���

���
���

�
�N

�J
���

\�U
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
3�

D
�U

�F
�H

�O
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

��
�+

�R
�U

�L
�]�

R
�Q

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
!�!

���
���

���
���

���
���

���
�

�O
�E

�V
���

\�U
���

��R
�I�

��7
�R

�W
�D

�O
���

'�H
�Y

�H
�O

�R
�S

�H
�G

���
'�Z

�H
�O

�O
�L

�Q
�J

���
8�

Q
�L

�W
�V

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

���
��H

�[�
F

�O
�X

�G
�L

�Q
�J

���
2�

3�
��6

�R
�X

�W
�K

���
!�!

���
���

��





�)
�$

�/�
0�

2�
8�

7�
+

���
���

�2
�<

�6
�7

�(
�5

���
3�

2�
1�

'��
�&

�:�
0�

3
W

rig
ht

-P
ie

rc
e,

 2
0 

D
ec

 2
01

3
�(

�1
�5

���
&

�&
�,

���
���

��
���

���
���

���
���

�
�$

�/�
7�

(�
5�

1�
$�

7�
,�9

�(
�6

���
$�

1�
$�

/�<
�6

�,�
6

R
ev

is
ed

 1
8 

F
eb

 2
01

4,
 7

 J
ul

y 
20

14
�(

�1
�5

���
&

�&
�,

���
���

���
�

���
���

���
���

���
�

R
ev

is
ed

 J
un

e 
20

17
, A

pr
 2

01
9,

 J
ul

y 
20

19
�&

�2
�6

�7
�6

���
)�

2�
5�

��9
�$

�5
�,�

2�
8�

6�
��:

�$
�6

�7
�(

�:�
$�

7�
(�

5�
��0

�$
�1

�$
�*

�(
�0

�(
�1

�7
���

$�
/�7

�(
�5

�1
�$

�7
�,�

9�
(�

6�
���

�6
�(

�&
�7

�,�
2�

1�
���

���
2�

)�
��5

�(
�3

�2
�5

�7
��

�0
�R

�G
�H

�O
���

G
�H

�Y
�H

�O
�R

�S
�H

�G
���

E
�D

�V
�H

�G
���

R
�Q

���
%

�D
�U

�Q
�V

�W
�D

�E
�O

�H
���

&
�R

�X
�Q

�W
�\�

��&
�R

�V
�W

���
5�

H
�S

�R
�U

�W
���

��$
�S

�U
�L

�O
���

�
���

���
�3

�U
�R

�M
�H

�F
�W

�H
�G

���
W

�R
���

$�
S

�U
���

���
���

���
�G

�R
�O

�O
�D

�U
�V

�0
�H

�H
�W

���
7�

0�
'�/

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

�&
�R

�Q
�V

�H
�U

�Y
�2

�S
�W

�L
�P

���
$

�2
�S

�W
�L

�P
���

%
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
���

&
�8

�3
�O

�D
�Q

���
�

�%
�6

�5
�%

�6
�5

�:
�+

�2
�,

�2
�3

�(
�7

�(
�1

�+
���

,��
�$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�1
�R

���
$�

F
�W

�L
�R

�Q
�:�

D
�V

�W
�H

�Z
�D

�W
�H

�U
���

&
�R

�Q
�Q

�H
�F

�W
�L

�R
�Q

�V
���

	��
�)

�O
�R

�Z
�V

���
��&

�X
�U

�U
�H

�Q
�W

���
	��

�)
�X

�W
�X

�U
�H

�/�
3�

6
�/�

3�
6

�/�
3�

6
�/�

3�
6

�&
�2

�1
�2

�3
�7

�2
�3

�7
�1

�X
�P

�E
�H

�U
���

R
�I�

��'
�Z

�H
�O

�O
�L

�Q
�J

���
8�

Q
�L

�W
�V

���
��7

�R
�W

�D
�O

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�1
�X

�P
�E

�H
�U

���
R

�I�
��'

�Z
�H

�O
�O

�L
�Q

�J
���

8�
Q

�L
�W

�V
���

L�
Q

�Y
�R

�O
�Y

�H
�G

���
L�

Q
���

S
�O

�D
�Q

��
�2

�I�
I��

�6
�L

�W
�H

���
0�

D
�Q

�D
�J

�H
�P

�H
�Q

�W
���

���
�&

�R
�Q

�Q
�H

�F
�W

�L
�R

�Q
�V

�
��

��
�

�
��

��
�

�
��

��
�

�
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�2
�Q

���
6�

L�
W

�H
���

��,
���

$�
��R

�U
���

$�
O

�W
���

7�
R

�L
�O

�H
�W

�V
���

���
���

6�
\�V

�W
�H

�P
�V

��
��

��
��

���
���

���
���

���
���

���
���

���
���

��
�7

�R
�W

�D
�O

���
���

�L
�Q

�Y
�R

�O
�Y

�H
�G

���
L�

Q
���

S
�O

�D
�Q

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�

7�
R

�
W

�
D

�
O

�
��

��
��

V
�

W
�

D
�

\�
��

Z
�

L�
W

�
K

�
��

7�
L�

W
�

O
�

H
�

��
�

�
��

�
�

��
�

�
��

�
�

��
�

�
��

�
�

��
�

�
��

�
�

��
�

�
��

�
�

��
��

�
�*

�D
�O

�O
�R

�Q
�V

���
I�R

�U
��

�2
�I�

I��
�6

�L
�W

�H
���

0�
D

�Q
�D

�J
�H

�P
�H

�Q
�W

�
��

��
��

��
��

�
�

��
��

��
��

��
�

�
��

��
��

��
��

�
�

��
��

��
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�,�
Q

�I�
L�

O
�W

�U
�D

�W
�L

�R
�Q

���
,�Q

�I�
O

�R
�Z

�
��

��
��

��
�

�
��

��
��

��
�

�
��

��
��

��
�

�
��

��
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�7
�R

�W
�D

�O
���

*�
D

�O
�O

�R
�Q

�V
���

���
�$

�Y
�H

�U
�D

�J
�H

���
I�O

�R
�Z

���
��J

�S
�G

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�

�
�

�
�

�
�

�
�

�
�

�
�

$�
Y

�
J�

��
I�

O
�

R
�

Z
�

��
S

�
H

�
U

�
��

F
�

R
�

Q
�

Q
�

H
�

F
�

W
�

L�
R

�
Q

�
��

��
J�

S
�

G
�

��
��

�
�

��
��

�
�

��
��

�
�

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
���

���
���

3�
H

�D
�N

�L
�Q

�J
���

)�
D

�F
�W

�R
�U

���
��$

�Y
�J

���
W

�R
���

6�
K

�R
�U

�W
���

W
�H

�U
�P

���
S

�H
�D

�N
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�6

�K
�R

�U
�W

���
W

�H
�U

�P
���

S
�H

�D
�N

���
I�O

�R
�Z

���
��R

�I�
I��

�V
�L

�W
�H

���
G

�L
�V

�S
�R

�V
�D

�O
���

��P
�J

�G
���

���
���

�
���

���
���

�
���

���
���

�
���

���
��

��
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
�3

�H
�D

�N
�L

�Q
�J

���
)�

D
�F

�W
�R

�U
���

��$
�Y

�J
���

W
�R

���
3�

H
�D

�N
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�

3�
X

�
P

�
S

�
��

6�
W

�
D

�
W

�
L�

R
�

Q
�

��
6�

L�
]�

L�
Q

�
J�

��
��

J�
S

�
P

�
��

��
2�

\�
V

�
W

�
H

�
U

�
��

3�
R

�
Q

�
G

�
��

I�
O

�
R

�
Z

�
V

�
�

�
��

�
�

��
�

�
��

�
�

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�

�&
�D

�S
�L

�W
�D

�O
���

&
�R

�V
�W

�V
���

I�R
�U

���
&

�R
�O

�O
�H

�F
�W

�L
�R

�Q
���

��7
�U

�H
�D

�W
�P

�H
�Q

�W
���

D
�Q

�G
���

'�L
�V

�S
�R

�V
�D

�O
�6

�H
�Z

�H
�U

�V
���

��6
�W

�D
�W

�H
���

D
�Q

�G
���

7�
R

�Z
�Q

���
U

�R
�D

�G
��

�'�
L�

V
�W

�D
�Q

�F
�H

���
���

���
���

���
I�W

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

�&
�R

�V
�W

���
S

�H
�U

���
I�R

�R
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�
&

�
R

�
Q

�
V

�
W

�
U

�
X

�
F

�
W

�
L�

R
�

Q
�

��
F

�
R

�
V

�
W

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�/�
R

�Z
���

3�
U

�H
�V

�V
�X

�U
�H

���
6�

H
�Z

�H
�U

�V
���

��$
�O

�O
���

/�D
�W

�H
�U

�D
�O

�V
���

���
�3

�U
�L

�Y
�D

�W
�H

��
�'�

L�
V

�W
�D

�Q
�F

�H
���

���
���

���
���

I�W
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
�&

�R
�V

�W
���

S
�H

�U
���

I�R
�R

�W
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�
�

�
�

�
�

�
�

�
�

�
�

�/�
R

�Z
���

3�
U

�H
�V

�V
�X

�U
�H

���
6�

H
�Z

�H
�U

�V
���

��0
�D

�L
�Q

�V
���

���
�7

�U
�H

�H
�W

�R
�S

�V
���

3�
U

�R
�S

�H
�U

�W
�\�

�
�'�

L�
V

�W
�D

�Q
�F

�H
���

���
���

���
���

I�W
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
�&

�R
�V

�W
���

S
�H

�U
���

I�R
�R

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

��
��

��
��

��
��

�/�
R

�Z
���

3�
U

�H
�V

�V
�X

�U
�H

���
6�

H
�Z

�H
�U

�V
���

��0
�D

�L
�Q

�V
���

���
�7

�R
�Z

�Q
���

D
�Q

�G
���

3�
U

�L
�Y

�D
�W

�H
���

5�
R

�D
�G

�V
��

�'�
L�

V
�W

�D
�Q

�F
�H

���
���

���
���

���
I�W

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

�&
�R

�V
�W

���
S

�H
�U

���
I�R

�R
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�&
�R

�Q
�V

�W
�U

�X
�F

�W
�L

�R
�Q

���
F

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�

�
�

�
�

�
�

�
�

�
�

�
�3

�X
�P

�S
���

6�
W

�D
�W

�L
�R

�Q
�V

�/�
R

�Z
���

3�
U

�H
�V

�V
�X

�U
�H

���
/�L

�I�
W

���
6�

W
�D

�W
�L

�R
�Q

���
��3

�U
�L

�Y
�D

�W
�H

���
��7

�U
�H

�H
�W

�R
�S

�V
�

��
��

��
�

�
��

�
�

��
�

�
��

�
�

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�8
�Q

�L
�W

���
&

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�/�

R
�Z

���
3�

U
�H

�V
�V

�X
�U

�H
���

/�L
�I�

W
���

6�
W

�D
�W

�L
�R

�Q
���

��3
�U

�L
�Y

�D
�W

�H
���

��2
�W

�K
�H

�U
�V

��
�

��
��

��
�

�
��

��
�

�
��

��
�

�
��

��
�

�
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�8
�Q

�L
�W

���
&

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�6

�P
�D

�O
�O

���
3�

6�
���

���
���

���
���

���
��J

�S
�P

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�8

�Q
�L

�W
���

&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�0
�H

�G
�L

�X
�P

���
3�

6�
���

���
���

���
���

���
��J

�S
�P

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�8

�Q
�L

�W
���

&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�/�
D

�U
�J

�H
���

3�
6�

���
���

���
���

��J
�S

�P
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�8
�Q

�L
�W

���
&

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

���
��S

�X
�P

�S
���

V
�W

�D
�W

�L
�R

�Q
�V

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�

��
��

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�7

�U
�D

�Q
�V

�S
�R

�U
�W

���
W

�R
���

2�
I�I

���
6�

L�
W

�H
���

7�
U

�H
�D

�W
�P

�H
�Q

�W
���

��6
�W

�D
�W

�H
���

U
�R

�D
�G

�V
��

�'�
L�

V
�W

�D
�Q

�F
�H

���
���

���
���

���
I�W

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

�&
�R

�V
�W

���
S

�H
�U

���
I�R

�R
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�&
�R

�Q
�V

�W
�U

�X
�F

�W
�L

�R
�Q

���
F

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

��
�

�
�

�
�

�
�

�
�

�
�

�
�7

�U
�H

�D
�W

�P
�H

�Q
�W

���
���

�2
�Q

���
6�

L�
W

�H
���

��7
�L

�W
�O

�H
���

���
���

,��
�$

���
R

�U
���

(�
F

�R
���

7�
R

�L
�O

�H
�W

�V
��

�1
�R

���
R

�I�
��'

�Z
�H

�O
�O

�L
�Q

�J
���

8�
Q

�L
�W

�V
���

D
�W

���
7�

U
�H

�H
�W

�R
�S

�V
���

�
���

�
���

�
���

�
���

�
�1

�R
���

R
�I�

��'
�Z

�H
�O

�O
�L

�Q
�J

���
8�

Q
�L

�W
�V

���
D

�W
���

:�
+

�2
�,�

��'
�R

�U
�P

�V
���

�
���

�
���

�
���

�
���

�



�)
�$

�/�
0�

2�
8�

7�
+

���
���

�2
�<

�6
�7

�(
�5

���
3�

2�
1�

'��
�&

�:�
0�

3
W

rig
ht

-P
ie

rc
e,

 2
0 

D
ec

 2
01

3
�(

�1
�5

���
&

�&
�,

���
���

��
���

���
���

���
���

�
�$

�/�
7�

(�
5�

1�
$�

7�
,�9

�(
�6

���
$�

1�
$�

/�<
�6

�,�
6

R
ev

is
ed

 1
8 

F
eb

 2
01

4,
 7

 J
ul

y 
20

14
�(

�1
�5

���
&

�&
�,

���
���

���
�

���
���

���
���

���
�

R
ev

is
ed

 J
un

e 
20

17
, A

pr
 2

01
9,

 J
ul

y 
20

19
�&

�2
�6

�7
�6

���
)�

2�
5�

��9
�$

�5
�,�

2�
8�

6�
��:

�$
�6

�7
�(

�:�
$�

7�
(�

5�
��0

�$
�1

�$
�*

�(
�0

�(
�1

�7
���

$�
/�7

�(
�5

�1
�$

�7
�,�

9�
(�

6�
���

�6
�(

�&
�7

�,�
2�

1�
���

���
2�

)�
��5

�(
�3

�2
�5

�7
��

�0
�R

�G
�H

�O
���

G
�H

�Y
�H

�O
�R

�S
�H

�G
���

E
�D

�V
�H

�G
���

R
�Q

���
%

�D
�U

�Q
�V

�W
�D

�E
�O

�H
���

&
�R

�X
�Q

�W
�\�

��&
�R

�V
�W

���
5�

H
�S

�R
�U

�W
���

��$
�S

�U
�L

�O
���

�
���

���
�3

�U
�R

�M
�H

�F
�W

�H
�G

���
W

�R
���

$�
S

�U
���

���
���

���
�G

�R
�O

�O
�D

�U
�V

�0
�H

�H
�W

���
7�

0�
'�/

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

�&
�R

�Q
�V

�H
�U

�Y
�2

�S
�W

�L
�P

���
$

�2
�S

�W
�L

�P
���

%
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
���

&
�8

�3
�O

�D
�Q

���
�

�%
�6

�5
�%

�6
�5

�:
�+

�2
�,

�2
�3

�(
�7

�(
�1

�+
���

,��
�$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�1
�R

���
$�

F
�W

�L
�R

�Q
�1

�R
���

R
�I�

��5
�H

�P
�D

�L
�Q

�L
�Q

�J
���

6�
)�

��0
�)

���
'�Z

�H
�O

�O
�L

�Q
�J

���
8�

Q
�L

�W
�V

�
�

�
�

�
�

�
�

���
���

���
���

���
���

���
���

���
���

��
�&

�R
�V

�W
���

S
�H

�U
���

6�
)�

��0
�)

���
F

�R
�Q

�Q
�H

�F
�W

�L
�R

�Q
���

��%
�&

�&
�5

���
��$

�S
�U

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�&
�R

�V
�W

���
S

�H
�U

���
6�

)�
��0

�)
���

F
�R

�Q
�Q

�H
�F

�W
�L

�R
�Q

���
��&

�X
�U

�U
�H

�Q
�W

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�V

�W
���

I�R
�U

���
6�

)�
��0

�)
���

6�
\�V

�W
�H

�P
�V

��
��

��
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
���

���
���

���
���

�
��

�&
�R

�V
�W

���
S

�H
�U

���
7�

U
�H

�H
�W

�R
�S

�V
���

F
�R

�Q
�Q

�H
�F

�W
�L

�R
�Q

���
��&

�X
�U

�U
�H

�Q
�W

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�V

�W
���

I�R
�U

���
7�

U
�H

�H
�W

�R
�S

�V
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�V

�W
���

I�R
�U

���
:�

+
�2

�,
�

�
�

�
�

�
�

�
�

�
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

��
��

��
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�7

�U
�H

�D
�W

�P
�H

�Q
�W

���
���

�2
�I�

I��
�6

�L
�W

�H
���

%
�D

�V
�L

�V
���

��I
�O

�R
�Z

���
U

�D
�W

�H
���

��P
�J

�G
��

���
���

��
���

���
��

���
���

���
�

���
���

���
�

�&
�R

�V
�W

���
S

�H
�U

���
X

�Q
�L

�W
���

I�O
�R

�Z
���

��%
�&

�&
�5

���
��$

�S
�U

�L
�O

���
���

���
���

���
���

��
���

���
��

���
���

���
�

���
���

���
�

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

�&
�R

�V
�W

���
S

�H
�U

���
X

�Q
�L

�W
���

I�O
�R

�Z
���

��&
�R

�U
�U

�H
�F

�W
�H

�G
���

W
�R

���
&

�X
�U

�U
�H

�Q
�W

��
���

���
��

���
���

��
���

���
���

�
���

���
���

�
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
�)

�O
�R

�Z
���

��P
�J

�G
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

��
��

���
���

���
���

���
���

���
���

���
���

���
���

�
�

�
�

�
�

�
�

�
�

�
�

�7
�U

�D
�Q

�V
�S

�R
�U

�W
���

W
�R

���
'�L

�V
�S

�R
�V

�D
�O

�'�
L�

V
�W

�D
�Q

�F
�H

���
���

���
���

���
I�W

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

�&
�R

�V
�W

���
S

�H
�U

���
I�R

�R
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�&
�R

�Q
�V

�W
�U

�X
�F

�W
�L

�R
�Q

���
F

�R
�V

�W
��

��
���

���
���

���
��

���
���

���
���

��
�

�
�

�
�

�
�

�
�

�
�

�
�'�

L�
V

�S
�R

�V
�D

�O
�&

�R
�V

�W
���

S
�H

�U
���

X
�Q

�L
�W

���
I�O

�R
�Z

���
��E

�D
�V

�H
�G

���
R

�Q
���

V
�K

�R
�U

�W
���

W
�H

�U
�P

���
S

�H
�D

�N
���

I�O
�R

�Z
��

���
���

��
���

���
��

���
���

���
�

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
���

���
��

���
���

��
�

)�
O

�
R

�
Z

�
��

��
J�

S
�

G
�

��
��

��
6�

K
�

R
�

U
�

W
�

��
7�

H
�

U
�

P
�

��
3�

H
�

D
�

N
�

��
)�

O
�

R
�

Z
�

�
�

��
��

��
��

��
�

�
��

��
��

��
��

�
�

��
��

��
��

��
�

�
��

��
��

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�6

�X
�E

�W
�R

�W
�D

�O
���

��'
�L

�V
�S

�R
�V

�D
�O

���
F

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

F
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�(

�I�
I�O

�X
�H

�Q
�W

���
U

�H
�X

�V
�H

���
���

���
3�

U
�H

�P
�L

�X
�P

���
��R

�Q
���

W
�U

�H
�D

�W
�P

�H
�Q

�W
���

F
�R

�V
�W

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�,�

Q
�F

�U
�H

�D
�V

�H
���

I�R
�U

���
'�L

�V
�S

�R
�V

�D
�O

���
&

�R
�V

�W
��

��
��

���
���

���
���

��
�

�
�

�
�

�
�

�
�

�
�

�
�&

�R
�Q

�V
�W

�U
�X

�F
�W

�L
�R

�Q
���

&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�
�

�
�

�
�

�
�

�
�

�
�

�7
�R

�W
�D

�O
���

&
�R

�Q
�V

�W
�U

�X
�F

�W
�L

�R
�Q

���
&

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�&

�R
�Q

�W
�L

�Q
�J

�H
�Q

�F
�L

�H
�V

���
��$

�G
�P

�L
�Q

���
���

�/�
H

�J
�D

�O
���

��	
���

7�
H

�F
�K

�Q
�L

�F
�D

�O
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
��

�&
�R

�V
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
���

���
���

���
���

���
���

���
���

�
���

���
���

���
��

��
�/�

D
�Q

�G
�7

�R
�W

�D
�O

���
D

�U
�H

�D
���

��D
�F

�U
�H

�V
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�V

�W
���

S
�H

�U
���

D
�F

�U
�H

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

�
�

�
�

�
�

�
�

�
�

�
�

�&
�R

�V
�W

�V
���

R
�Q

���
3�

U
�L

�Y
�D

�W
�H

���
3�

U
�R

�S
�H

�U
�W

�\
�$

�O
�O

�R
�Z

�D
�Q

�F
�H

���
I�R

�U
���

V
�L

�W
�H

���
U

�H
�V

�W
�R

�U
�D

�W
�L

�R
�Q

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

��
�$

�O
�O

�R
�Z

�D
�Q

�F
�H

���
I�R

�U
���

V
�H

�S
�W

�L
�F

���
V

�\�
V

�W
�H

�P
���

D
�E

�D
�Q

�G
�R

�Q
�P

�H
�Q

�W
�

��
��

��
��

�
�

��
��

��
��

�
�

��
��

��
��

�
�

��
��

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�&

�R
�Q

�Q
�H

�F
�W

�L
�R

�Q
���

I�H
�H

�
��

�
�

��
�

�
��

�
�

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
������

���
��

��
�3

�R
�Q

�G
���

0�
L�

[�L
�Q

�J
���

���
�$

�O
�O

�R
�Z

�D
�Q

�F
�H

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�3
�K

�\�
W

�R
�L

�U
�U

�L
�J

�D
�W

�L
�R

�Q
���

)�
H

�U
�W

�L
�J

�D
�W

�L
�R

�Q
���

���
�$

�O
�O

�R
�Z

�D
�Q

�F
�H

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�7
�R

�W
�D

�O
���

&
�D

�S
�L

�W
�D

�O
���

&
�R

�V
�W

���
���

���
���

���
���

��
���

���
���

���
���

���
��

���
���

���
���

���
���

��
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�&

�R
�V

�W
���

U
�H

�G
�X

�F
�W

�L
�R

�Q
���

I�R
�U

���
I�X

�W
�X

�U
�H

���
W

�H
�F

�K
�Q

�R
�O

�R
�J

�\
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�&

�$
�3

�,�
7�

$�
/��

�&
�2

�6
�7

���
6�

8�
0�

0�
$�

5�
<

���
���

���
���

���
���

��
���

���
���

���
���

���
��

���
���

���
���

���
���

��
���

���
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��

�$
�1

�1
�8

�$
�/�

��2
�3

�(
�5

�$
�7

�,�
1�

*�
��&

�2
�6

�7
�6

�:�
D

�V
�W

�H
�Z

�D
�W

�H
�U

���
&

�R
�O

�O
�H

�F
�W

�L
�R

�Q
���

��7
�U

�H
�D

�W
�P

�H
�Q

�W
���

	��
�'�

L�
V

�S
�R

�V
�D

�O
���

%
�D

�V
�L

�V
���

��I
�O

�R
�Z

���
U

�D
�W

�H
���

��J
�S

�G
��

���
���

���
���

���
���

���
���

���
���

�8
�Q

�L
�W

���
F

�R
�V

�W
���

���
���

\�U
���

S
�H

�U
���

J�
S

�G
���

��%
�&

�&
�5

���
��$

�S
�U

���
���

���
���

�
��

��
��

�
�

��
��

��
�

�
�

�
�

�
�

�
�

�
�

�
�

���
���

�8
�Q

�L
�W

���
F

�R
�V

�W
���

���
���

\�U
���

S
�H

�U
���

J�
S

�G
���

��&
�X

�U
�U

�H
�Q

�W
���

���
��

���
���

���
�

���
���

���
�

��
�

�
�

�
�

�
�

�
�

�
���

���
�$

�Q
�Q

�X
�D

�O
���

D
�Y

�H
�U

�D
�J

�H
���

I�O
�R

�Z
���

��J
�S

�G
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�

�
�

�
�

�
�

�
�

�
�

�
���

���
�8

�Q
�L

�W
���

F
�R

�V
�W

���
I�R

�U
���

%
�6

�5
���

:�
:�

7�
)�

��6
�H

�Z
�H

�U
���

8�
V

�H
�U

���
5�

D
�W

�H
���

���
���

\�U
�

��
��

�
�

��
��

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
��

���
���

�2
�	�

0�
��F

�R
�V

�W
���

I�R
�U

���
%

�6
�5

���
:�

:�
7�

)�
���

���
��\

�U
���

���
���

���
���

���
���

���
���

�
�

�
�

�
�

�
�

�
�

�
�

�
���

���
�2

�	�
0�

��F
�R

�V
�W

���
I�R

�U
���

3�
X

�E
�O

�L
�F

���
&

���
7�

��'
���

���
���

\�U
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

��
��

��
��

�
�

�
�

�
�

���
���

�8
�Q

�L
�W

���
F

�R
�V

�W
���

I�R
�U

���
3�

U
�L

�Y
�D

�W
�H

���
/�3

�6
���

3�
6�

���
���

��\
�U�

��
��

�
�

��
��

�
�

��
��

�
�

��
��

�
�

�
�

�
�

�
�

�
�

�
��



�)
�$

�/�
0�

2�
8�

7�
+

���
���

�2
�<

�6
�7

�(
�5

���
3�

2�
1�

'��
�&

�:�
0�

3
W

rig
ht

-P
ie

rc
e,

 2
0 

D
ec

 2
01

3
�(

�1
�5

���
&

�&
�,

���
���

��
���

���
���

���
���

�
�$

�/�
7�

(�
5�

1�
$�

7�
,�9

�(
�6

���
$�

1�
$�

/�<
�6

�,�
6

R
ev

is
ed

 1
8 

F
eb

 2
01

4,
 7

 J
ul

y 
20

14
�(

�1
�5

���
&

�&
�,

���
���

���
�

���
���

���
���

���
�

R
ev

is
ed

 J
un

e 
20

17
, A

pr
 2

01
9,

 J
ul

y 
20

19
�&

�2
�6

�7
�6

���
)�

2�
5�

��9
�$

�5
�,�

2�
8�

6�
��:

�$
�6

�7
�(

�:�
$�

7�
(�

5�
��0

�$
�1

�$
�*

�(
�0

�(
�1

�7
���

$�
/�7

�(
�5

�1
�$

�7
�,�

9�
(�

6�
���

�6
�(

�&
�7

�,�
2�

1�
���

���
2�

)�
��5

�(
�3

�2
�5

�7
��

�0
�R

�G
�H

�O
���

G
�H

�Y
�H

�O
�R

�S
�H

�G
���

E
�D

�V
�H

�G
���

R
�Q

���
%

�D
�U

�Q
�V

�W
�D

�E
�O

�H
���

&
�R

�X
�Q

�W
�\�

��&
�R

�V
�W

���
5�

H
�S

�R
�U

�W
���

��$
�S

�U
�L

�O
���

�
���

���
�3

�U
�R

�M
�H

�F
�W

�H
�G

���
W

�R
���

$�
S

�U
���

���
���

���
�G

�R
�O

�O
�D

�U
�V

�0
�H

�H
�W

���
7�

0�
'�/

���
D

�W
���

3�
O

�D
�Q

�Q
�L

�Q
�J

���
+

�R
�U

�L
�]�

R
�Q

�&
�R

�Q
�V

�H
�U

�Y
�2

�S
�W

�L
�P

���
$

�2
�S

�W
�L

�P
���

%
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

�
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

���
�&

�8
�3

�O
�D

�Q
���

�
���

&
�8

�3
�O

�D
�Q

���
�

�%
�6

�5
�%

�6
�5

�:
�+

�2
�,

�2
�3

�(
�7

�(
�1

�+
���

,��
�$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�$
�'�

9�
��,

���
$

�1
�R

���
$�

F
�W

�L
�R

�Q
���

���
�2

�	�
0�

��F
�R

�V
�W

���
I�R

�U
���

3�
U

�L
�Y

�D
�W

�H
���

/�3
�6

���
3�

6�
���

���
��\

�U
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

��
��

�
�

�
�

�
�

���
���

�2
�	�

0�
��F

�R
�V

�W
���

I�R
�U

���
2�

Y
�H

�U
�D

�O
�O

���
&

���
7�

��'
���

���
���

\�U
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
�

�
�

�
�

�
�

�
�

�
�

�
�,�

��$
���

6�
\�V

�W
�H

�P
���

D
�Q

�G
���

(�
F

�R
���

7�
R

�L
�O

�H
�W

���
+

�R
�X

�V
�H

�K
�R

�O
�G

�V
���

���
�1

�X
�P

�E
�H

�U
���

��7
�R

�W
�D

�O
��

��
��

��
���

���
���

���
���

���
���

���
���

���
��

���
���

�1
�X

�P
�E

�H
�U

���
��,

���
$�

��6
�\�

V
�W

�H
�P

���
K

�R
�X

�V
�H

�K
�R

�O
�G

�V
���

���
��

��
��

��
���

���
���

���
���

���
���

���
���

���
��

���
���

�8
�Q

�L
�W

���
F

�R
�V

�W
���

���
���

\�U
���

S
�H

�U
���

J�
S

�G
���

��&
�X

�U
�U

�H
�Q

�W
���

���
��

��
��

��
��

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

��
���

���
�2

�	�
0�

��F
�R

�V
�W

���
���

���
\�U

��
��

��
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
��

���
���

�1
�X

�P
�E

�H
�U

���
��(

�F
�R

���
W

�R
�L

�O
�H

�W
���

K
�R

�X
�V

�H
�K

�R
�O

�G
�V

���
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

���
���

�8
�Q

�L
�W

���
F

�R
�V

�W
���

���
���

\�U
���

S
�H

�U
���

X
�Q

�L
�W

���
��%

�&
�&

�5
���

��$
�S

�U
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�8

�Q
�L

�W
���

F
�R

�V
�W

���
���

���
\�U

���
S

�H
�U

���
J�

S
�G

���
��&

�X
�U

�U
�H

�Q
�W

���
���

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�2

�	�
0�

��F
�R

�V
�W

���
���

���
\�U

��
��

��
��

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

��
�6

�H
�S

�W
�L

�F
���

6�
\�V

�W
�H

�P
���

3�
X

�P
�S

�L
�Q

�J
���

��I
�R

�U
���

7�
L�

W
�O

�H
���

���
���

,��
�$

���
D

�Q
�G

���
(�

F
�R

�W
�R

�L
�O

�H
�W

���
L�

Q
�F

�O
�X

�G
�L

�Q
�J

���
L�

Q
���

D
�E

�R
�Y

�H
��

�1
�X

�P
�E

�H
�U

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
���

�)
�U

�H
�T

�X
�H

�Q
�F

�\�
���

�H
�Y

�H
�U

�\�
��;

�;�
��\

�H
�D

�U
�V

��
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�8

�Q
�L

�W
���

F
�R

�V
�W

���
���

���
S

�X
�P

�S
�L

�Q
�J

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�$
�Q

�Q
�X

�D
�O

�L
�]�

H
�G

���
&

�R
�V

�W
���

��V
�L

�P
�S

�O
�H

��
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
��

��
���

���
���

�
���

���
���

���
�6

�H
�S

�W
�L

�F
���

6�
\�V

�W
�H

�P
���

)�
X

�W
�X

�U
�H

���
5�

H
�S

�O
�D

�F
�H

�P
�H

�Q
�W

���
���

�$
�Q

�Q
�X

�D
�O

�L
�]�

H
�G

�1
�X

�P
�E

�H
�U

���
�

���
�

���
�

���
�

���
���

���
���

���
���

���
���

���
���

���
���

�)
�U

�H
�T

�X
�H

�Q
�F

�\�
���

�H
�Y

�H
�U

�\�
��;

�;�
��\

�H
�D

�U
�V

��
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
�8

�Q
�L

�W
���

F
�R

�V
�W

���
���

���
U

�H
�S

�O
�D

�F
�H

�P
�H

�Q
�W

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�$
�Q

�Q
�X

�D
�O

�L
�]�

H
�G

���
&

�R
�V

�W
���

��V
�L

�P
�S

�O
�H

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

��
��

���
���

���
���

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
�2

�\�
V

�W
�H

�U
���

3�
R

�Q
�G

���
5�

H
�V

�S
�R

�Q
�V

�L
�E

�O
�H

���
0�

D
�Q

�D
�J

�H
�P

�H
�Q

�W
���

(�
Q

�W
�L

�W
�\�

���
�5

�0
�(

��
�&

�R
�V

�W
���

I�R
�U

���
$�

O
�O

���
2�

S
�W

�L
�R

�Q
�V

���
��H

���
J�

���
���

(�
Q

�Y
���

0�
R

�Q
�L

�W
�R

�U
�L

�Q
�J

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�$

�G
�G

�L
�W

�L
�R

�Q
�D

�O
���

&
�R

�V
�W

�V
���

I�R
�U

���
,��

�$
���

2�
S

�W
�L

�R
�Q

�V
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�&

�R
�V

�W
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

�2
�	�

0�
��&

�R
�V

�W
���

V
�X

�P
�P

�D
�U

�\
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

�
���

�
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

�(
�T

�X
�L

�Y
�D

�O
�H

�Q
�W

���
$�

Q
�Q

�X
�D

�O
���

&
�R

�V
�W

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�3
�H

�U
�L

�R
�G

���
��\

�U
���

���
�/�

R
�D

�Q
���

7�
R

�Z
�Q

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

�,�
Q

�W
�H

�U
�H

�V
�W

���
U

�D
�W

�H
���

���
���

���
�/�

R
�D

�Q
���

7�
R

�Z
�Q

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�3
�:

���
)�

D
�F

�W
�R

�U
���

���
�/�

R
�D

�Q
���

7�
R

�Z
�Q

���
&

�R
�V

�W
�V

���
R

�Q
���

3�
X

�E
�O

�L
�F

���
3�

U
�R

�S
�H

�U
�W

�\
���

���
���

�
���

���
���

�
���

���
���

�
���

�
���

���
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
�3

�H
�U

�L
�R

�G
���

��\
�U

���
���

�/�
R

�D
�Q

���
7�

R
�Z

�Q
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
���

�
�,�

Q
�W

�H
�U

�H
�V

�W
���

U
�D

�W
�H

���
���

���
���

�/�
R

�D
�Q

���
7�

R
�Z

�Q
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�3

�:
���

)�
D

�F
�W

�R
�U

���
���

�/�
R

�D
�Q

���
7�

R
�Z

�Q
���

&
�R

�V
�W

�V
���

R
�Q

���
3�

U
�L

�Y
�D

�W
�H

���
3�

U
�R

�S
�H

�U
�W

�\
���

���
���

�
���

���
���

�
���

���
���

�
��

���
���

��
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
���

���
���

�
�3

�H
�U

�L
�R

�G
���

��\
�U

���
���

�/�
R

�D
�Q

���
3�

U
�L

�Y
�D

�W
�H

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

�,�
Q

�W
�H

�U
�H

�V
�W

���
U

�D
�W

�H
���

���
���

���
�/�

R
�D

�Q
���

3�
U

�L
�Y

�D
�W

�H
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�3

�:
���

)�
D

�F
�W

�R
�U

���
���

�/�
R

�D
�Q

���
3�

U
�L

�Y
�D

�W
�H

���
R

�Q
���

3�
U

�L
�Y

�D
�W

�H
���

3�
U

�R
�S

�H
�U

�W
�\

���
���

���
�

���
���

���
�

���
���

���
�

���
���

��
��

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

���
���

���
�

�&
�D

�S
�L

�W
�D

�O
���

F
�R

�V
�W

���
���

�/�
R

�D
�Q

���
7�

R
�Z

�Q
���

��&
�R

�V
�W

���
R

�Q
���

3�
X

�E
�O

�L
�F

���
3�

U
�R

�S
�H

�U
�W

�\
���

���
���

���
���

���
��

���
���

��
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

���
���

��
���

���
���

���
��

�
�

�
�

�
�

�
�

�
�

�&
�D

�S
�L

�W
�D

�O
���

F
�R

�V
�W

���
���

�/�
R

�D
�Q

���
7�

R
�Z

�Q
���

��&
�R

�V
�W

���
R

�Q
���

3�
U

�L
�Y

�D
�W

�H
���

3�
U

�R
�S

�H
�U

�W
�\

��
��

��
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��
�&

�D
�S

�L
�W

�D
�O

���
F

�R
�V

�W
���

���
�/�

R
�D

�Q
���

3�
U

�L
�Y

�D
�W

�H
��

��
��

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

�
���

���
��

���
���

���
���

���
���

��
�2

�	�
0�

��F
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

�����
���

���
���

���
��

���
���

���
���

��
�(�

T
�X

�L
�Y

�D
�O

�H
�Q

�W
���

$�
Q

�Q
�X

�D
�O

���
&

�R
�V

�W
���

R
�I�

�
�&

�D
�S

�L
�W

�D
�O

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
���

���
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
�

���
�

���
���

���
���

��
��

�7
�R

�W
�D

�O
���

(�
T

�X
�L

�Y
�D

�O
�H

�Q
�W

���
$�

Q
�Q

�X
�D

�O
���

&
�R

�V
�W

���
���

���
���

��
���

���
���

���
��

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

��





�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��r
���

K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

^�
d�

/�D
���

d�
���

���
��E

�E
�h

���
>

���
��K

�^
�d

�^
���

&
�K

�Z
���

d�
/�d

�>
���

��ñ
�U

���
/�l

���
��^

�z
�^

�d
���

D
�^

���
��E

���
��>

�K
�t�

r�
W

�Z
���

^�
^�

h�
Z

���
��>

�/�
&

�d
���

^�
d�

��d
�/�

K
�E

�^
�t�

Œ
�]�

P
�Z

�š
�r�

W
�]�

��Œ
���

��U
���

:�µ
�v

���
��î

�ì�
í�ó

�U
���

Œ
���

À
���

��‰
�Œ

�]�
o�

��î
�ì�

í�õ
�U

���
Œ

���
À

���
:�µ

�o
�Ç

���
î�ì

�í�
õ

���
E

�Z
���

���
�/�

��í
�í�

î�î
�ô

���
~

���
W

�Z
�/�

>
���

î�ì
�í�

õ�
•

�/�
š�

��u
�•

�d
�]�

š�
o�

���
�ñ

�E
���

Z
���

u�
}�

À
�]�

v�
P

���
µ�

Œ
�Œ

���
v�

š�
��W

�Œ
���

��š
�]�

���
�E

���
Z

���
u�

}�
À

�]�
v�

P
���

v�
Z

���
v�

���
��

�W
�Œ

���
��š

�]�
���

�E
���

Z
���

u�
}�

À
�]�

v�
P

���
v�

Z
���

v�
���

��
�W

�Œ
���

��š
�]�

���
���

(�
}�

Œ
�d

�D
���

>
���

}�
u�

‰
�o

�]�
��v

���
�

�d
�]�

š�
o�

���
�ñ

���
��À

���
v�

���
���

��/
�l�

�
�d

�D
���

>
���

}�
u�

‰
�o

�]�
��v

���
�

�~
�&

�]�
Œ

�•
�š

���
z�

Œ
�•

���
��À

���
v�

���
���

��/
�l�

�
�d

�D
���

>
���

}�
u�

‰
�o

�]�
��v

���
�

�~
�Z

���
u�

��]
�v

�]�
v�

P
���

z�
Œ

�•

���
��À

���
v�

���
���

��/
�l�

�
�d

�D
���

>
���

}�
u�

‰
�o

�]�
��v

���
�

�~
�Z

���
u�

��]
�v

�]�
v�

P
���

z�
Œ

�•
�K

�‰
�š

�]�
u�

]�•
�š

�]�
��>
�W

�^
���

>
�]�

(�š
���

^�
š�

��š
�]�

}�
v

�š
�}

���
^�

��Á
���

Œ
�~

���
v�

v�
µ�

��o
�•

�W
�µ

�u
�‰

�]�
v�

P
���

&
�Œ

���
‹�

µ�
��v

���
Ç

�ð
���

Ç
�Œ

�•
�ï�

��Ç
�Œ

�•
�ï�

��Ç
�Œ

�•
�ï�

��Ç
�Œ

�•
�ñ

���
Ç

�Œ
�•

�ñ
���

Ç
�Œ

�•
�ï�

��Ç
�Œ

�•
�ñ

���
Ç

�Œ
�•

�v
�l�

�
�^

���
‰

�š
���

P
��

�¨
�í�

í�ì
�¨

�í�
î�ñ

�¨
�í�

î�ñ
�¨

�í�
î�ñ

�¨
�ó

�ñ
�¨

�ó
�ñ

�¨
�í�

î�ñ
�¨

�ó
�ñ

�v
�l�

�
���

o�
���

�š
�Œ

�]�
��]

�š
�Ç

�¨
�ì

�¨
�ï�

ì�ì
�¨

�ï�
ñ�

ì
�¨

�ï�
ñ�

ì
�¨

�ì
�¨

�í�
î�ñ

�¨
�í�

î�ñ
�¨

�í�
î�ñ

�¨
�ñ

�ì
�

��
Z

�
��

u�
]�

��
��

o�
•

�
¨�

ì
�

¨�
ì

�
¨�

ì
�

¨�
ì

�
¨�

ì
�

¨�
ì

�
¨�

ì
�

¨�
ì

�
¨�

ì
�

D
�

��
]�

v�
š�

��
v�

��
v�

��
��

l�
��

/�
v�

•�
‰

�
��

��
š�

]�
}�

v�
•

�
¨�

ì
�

¨�
î�

ì�
ì

�
¨�

ð�
ì�

ì
�

¨�
ð�

ì�
ì

�
r

�
r

�
r

�
r

�
r

�
Z

�
��

‰
�

��
]�

Œ
�

•�
��

��
v�

��
��

^�
µ�

‰
�

‰
�

o�
]�

��
•

�
¨�

ì
�

¨�
í�

ì�
ì

�
¨�

î�
ì�

ì
�

¨�
î�

ì�
ì

�
r

�
r

�
r

�
r

�
r

�
D

�
��

]�
v�

š�
��

v�
��

v�
��

��
l�

W
�

��
Œ

�
š�

•
�

r
�

r
�

r
�

r
�

¨�
ì

�
¨�

ï�
ì�

ì
�

¨�
ï�

ì�
ì

�
¨�

ï�
ì�

ì
�

¨�
ï�

ì�
ì

�
/�

v�
•�

‰
�

��
��

š�
]�

}�
v�

•
�

r
�

r
�

r
�

r
�

¨�
ì

�
¨�

ó�
ì�

ì
�

¨�
ï�

ñ�
ì

�
¨�

í�
ó�

ñ
�

v�
l�

�
�D

�}
�v

�]�
š�

}�
Œ

�]�
v�

P
�l�

^�
��u

�‰
�o

�]�
v�

P
�l�

>
���

�
�¨

�ì
�¨

�ð
�î�

ñ
�¨

�ó
�ì�

ì
�¨

�ó
�ì�

ì
�¨

�ì
�¨

�õ
�ì�

ì
�¨

�ð
�ñ

�ì
�¨

�í�
ñ�

ì
�v

�l�
�

���
v�

P
�]�

v�
���

�Œ
�]�

v�
P

�¨
�ì

�¨
�ì

�¨
�í�

î�ñ
�¨

�í�
î�ñ

�
r

�
r

�
r

�
r

�
r

�
��

��
u�

]�
v�

��
~

�
/�

v�
•�

µ�
Œ

�
��

v�
��

��
U

�
��

��
š�

��
X

�
•

�
¨�

ì
�

¨�
í�

ì�
ì

�
¨�

í�
ì�

ì
�

¨�
í�

ì�
ì

�
r

�
r

�
r

�
r

�
r

�Z
���

š�
µ�

Œ
�v

���
s�

]�•
�]�

š�
•�

l�D
�}

�v
�]�

š�
}�

Œ
�]�

v�
P

���
˜�

��&
�]�

v�
���

�d
�µ

�v
�]�

v�
P

�r
�r

�¨
�í�

U
�î�

ì�ì
�¨

�ì
�¨

�ñ
�ì�

ì
�¨

�î�
ì�ì

�¨
�ï�

ï
�v

�l�
�

���
}�

µ�
v�

š�
Ç

���
r�

���
�v

�v
�µ

���
o�

��&
���

��l
���

Z
���

��}
�Œ

���
•

�
r

�
r

�
r

�
r

�
¨�

ñ�
ì

�
¨�

ñ�
ì

�
¨�

ñ�
ì

�
v�

l�
�

�
��

��
��

d�
}�

š�
��

o�
��

~
�

��
��

��
Z

�
r�

¨�
¨�

î�
ì�

í�
ì�

•
�

¨�
í�

í�
ì

�
¨�

í�
U

�
î�

ñ�
ì

�
¨�

î�
U

�
ì�

ì�
ì

�
¨�

ï�
U

�
î�

ì�
ì

�
r

�
r

�
r

�
r

�
r

���
���

�d
�}

�š
���

o�
��~

�¨
�¨

�î�
ì�í

�ð
�•

�¨
�í�

ò�
ñ

�¨
�í�

U
�ï�

ó�
ñ

�v
�}

�š
���

]�v
���

o�
X

�¨
�ï�

U
�ô

�ñ
�ì

�¨
�ó

�ñ
�¨

�î�
U

�ò
�ñ

�ì
�¨

�í�
U

�ò
�ì�

ì
�¨

�õ
�ì�

ô
�¨

�ï
�ñ

�ì
���

���
�d

�}
�š

���
o�

��~
�¨

�¨
�î�

ì�í
�õ

�•
�¨

�î�
ì�ì

�¨
�í�

U
�ñ

�ì�
ì

�v
�}

�š
���

]�v
���

o�
X

�¨
�ð

�U
�ï�

ì�ì�
¨�

í�ì
�ì

�¨
�ï�

U
�ì�

ì�ì
�¨

�í�
U

�ô
�ì�

ì
�¨

�í�
U

�ì�
ì�ì

�¨
�ð

�ì�
ì

�E
�}

�š
���

•�
��í

�U
�î

�E
�}

�š
���

•�
��í

�U
�ð

�U
�ò

�E
�}

�š
���

•�
��í

�U
�ï�

U
�ñ

�E
�}

�š
���

•
�í�

•�
���

�•
�•

�µ
�u

���
•�

��Á
���

š�
��Œ

�•
�Z

���
���

�u
�}

�v
�]�

š�
}�

Œ
�]�

v�
P

���
‰

�Œ
�}

�P
�Œ

���
u�

��u
���

v�
��P

���
���

���
Ç

���
š�

Z
���

��d
�}

�Á
�v

���
}�

Œ
��

�Á
���

š�
��Œ

�•
�Z

���
���

�}
�Œ

�P
���

v�
]�Ì

���
š�

]�}
�v

�X
�î�

•�
���

�•
�•

�µ
�u

���
•�

��ò
���

•�
��u

�‰
�o

���
•�

��(
�}

�Œ
���

��K
���

U
���

d�
^�

^�
U

���
d�

E
�U

���
E

�]�
š�

Œ
���

š�
��U

���
��o

�l�
��o

�]�
v�

]�š
�Ç

�U
���

‰
�,�

�
�(

�}
�Œ

���
(�

]�Œ
�•

�š
���

Ç
���

��Œ
���

}�
Œ

���
]�(

���
•�

Ç
�•

�š
���

u�
��(

���
]�o

�•
���

š�
}�

��u
���

��š
���

d�
E

���
o�

]�u
�]�

š�
•�

X
���

���
���

���
�•

�•
�µ

�u
���

•�
��ð

���
K

�˜
�D

���
À

�]�
•�

]�š
�•

���
(�

}�
Œ

���
(�

]�Œ
�•

�š
���

Ç
���

��Œ
���

}�
Œ

���
]�(

���
•�

Ç
�•

�š
���

u�
��(

���
]�o

�•
���

š�
}�

�
�u

���
��š

���
d�

E
���

o�
]�u

�]�
š�

•�
X

�ï�
•�

���
�•

�•
�µ

�u
���

•�
��í

���
•�

��u
�‰

�o
���

•�
��‰

���
Œ

���
Ç

���
��Œ

���
(�

}�
Œ

���
��K

���
U

���
d�

^�
^�

U
���

d�
E

�U
���

E
�]�

š�
Œ

���
š�

��U
���

��o
�l�

��o
�]

�v
�]�

š�
Ç

�U
���

‰
�,�

��(
�}

�Œ
���

Œ
�}

�µ
�š

�]�
v�

���
�•

���
u�

‰
�o

�]�
v�

P
�X

���
���

���
���

�•
�•

�µ
�u

���
•�

��í
���

K
�˜

�D
���

À
�]�

•�
]�š

���
(�

}�
Œ

���
Œ

�}
�µ

�š
�]�

v�
���

�Ç
���

��Œ
�•

�X
�ð

�•
���

��•
�•

�µ
�u

���
•�

��ï
���

•�
��u

�‰
�o

���
•�

��‰
���

Œ
���

Ç
���

��Œ
���

(�
}�

Œ
���

��K
���

U
���

d�
^�

^�
U

���
d�

E
�U

���
E

�]�
š�

Œ
���

š�
��U

���
��o

�l�
��o

�]
�v

�]�
š�

Ç
�U

���
‰

�,�
��(

�}
�Œ

���
Œ

�}
�µ

�š
�]�

v�
���

�•
���

u�
‰

�o
�]�

v�
P

���
(�

}�
Œ

���
��}

�v
�•

���
Œ

�À
���

š�
]�À

���
X

���
���

���
���

�•
�•

�µ
�u

���
•�

��î
���

K
�˜

�D
���

À
�]�

•�
]�š

�•
���

(�
}�

Œ
���

Œ
�}

�µ
�š

�]�
v�

���
�Ç

���
��Œ

�•
���

~
���

}�
v�

•�
��Œ

�À
���

š�
]�À

���
•�

���
�v

���
�

�í�
��K

�˜
�D

���
À

�]�
•�

]�š
���

(�
}�

Œ
���

Œ
�}

�µ
�š

�]�
v�

���
�Ç

���
��Œ

�•
�X

�ñ
�•

���
��•

�•
�µ

�u
���

•�
��š

�Z
���

š�
��í

�ì�
9�

��}
�(

���
•�

Ç
�•

�š
���

u�
•�

��(
���

]�o
���

š�
}�

��u
���

��š
���

d�
E

���
~

�À
���

o�
µ�

���
�•

�Z
�}

�Á
�v

���
]�•

��
�í�

ì�9
���

}�
(�

��]
�v

�•
�‰

���
��š

�]�
}�

v�
���

�v
���

��u
�}

�v
�]�

š�
}�

Œ
�]�

v�
P

�l�
•�

��u
�‰

�o
�]�

v�
P

�l�
o�

���
�•

�X
�ò

�•
���

��•
�•

�µ
�u

���
•�

��š
�Z

���
š�

��î
�ñ

�9
���

}�
(�

��•
�Ç

�•
�š

���
u�

•�
��(

���
]�o

���
š�

}�
��u

���
��š

���
d�

E
���

~
�À

���
o�

µ�
���

�•
�Z

�}
�Á

�v
���

]�•
��

�î�
ñ�

9�
��}

�(
���

]�v
�•

�‰
���

��š
�]�

}�
v�

���
�v

���
��u

�}
�v

�]�
š�

}�
Œ

�]�
v�

P
�l�

•�
��u

�‰
�o

�]�
v�

P
�l�

o�
���

�•
�X

���
Z

���
��<

���
K

�t�
E

���
K

�&
���

��K
�^

�d
�^

���
&

�Z
�K

�D
���

���
�Z

�E
�^

�d
���

��>
���

���
�d

�z
���

��K
�^

�d
���

Z
���

W
�K

�Z
�d

���
~

�î�
ì�í

�ì�
•

���
Z

���
��<

��
�K

�t�
E

���
K

�&
���

��K
�^

�d
�^

���
&

�K
�Z

���
K

�z
�^

�d
���

Z
���

W
�K

�E
���

���
�t�

D
�W

���
~

�î�
ì�í

�ð
�•





���
t��

�>
�>

�/�
E

�'
�h

�E
�/�

d�
^

�Y
�h

���
E

�d
�/�

d�
z

�h
�E

�/�
d

���
��^

�/�
^�

��&
�>

�K
�t

�~
�d

�ñ
���

'�W
���

•
�/�

E
�^

�d
���

>
�>

���
���

�h
�E

�/�
d�

���
�K

�^
�d

���
y�

d�
��E

���
���

���
K

�^
�d

�^
�h

���
d�

K
�d

���
>

�^�9
���

W
���

/��
���

��z
�d

�K
�t�

E
�d

�Z
���

��d
�D

���
E

�d
���

^�
z�

^�
d�

��D
�^

�^
�]�

v�
P

�o
���

��&
���

u�
]�o

�Ç
�í�

ì�ñ
�í�

ì�ñ
���

�
�ð

�ð
�ì

�¨
�í�

ì�U
�ì�

ì�ì
�¨

�í�
U

�ì�
ñ�

ì�U
�ì�

ì�ì
�D

�µ
�o

�š
�]�

��&
���

u�
]�o

�Ç
�î

�í
���

�
�ñ

�ñ
�ì

�¨
�í�

î�U
�ì�

ì�ì
�¨

�í�
î�U

�ì�
ì�ì

�t�
,�K

�/�
���

�}
�Œ

�u
�•

���
~

�E
�}

�š
���

��í
�•

�î�
ì

�í
���

�
�î�

U
�ò

�ì�
ì

�¨
�ì

�¨
�ì

�d
�Œ

���
��š

�}
�‰

�•
���

~
�E

�}
�š

���
��î

�•
�ò

�î
�í�

ò
���

�
�í�

ñ�
U

�ñ
�ì�

ì
�¨

�î�
ì�U

�ì�
ì�ì

�¨
�ï�

î�ì
�U

�ì�
ì�ì

�í�
ô�

õ
�í�

î�ï
�^

�µ
���

š�
}�

š�
��o

���
d�

Œ
���

��š
�u

���
v�

š�
W

�¨
�í�

U
�ï�

ô�
î�U

�ì�
ì�ì

�í�
ì�ì

�9
�W

�Z
�/�

s�
��d

���
��W

�Z
�K

�W
���

Z
�d

�z
���

^�
/�d

���
��t

�K
�Z

�<
���

r�
��^

�/�
E

�'�
>

���
��&

���
D

�/�
>�

z�
l��

�D
�h

�>
�d

�/�
��&

���
D

�/�
>

�z
���

���
���

Z
���

&
�K

�Z
���

d�
/�d

�>
���

��ñ
���

^�
z�

^�
d�

��D
���

��^
���

E
���

���
���

���
�r

���
��>

�>
�K

�t�
��E

���
���

�~
�E

�}
�š

���
��ï

�•
�î�

ó
���

�
�E

�l�
�

�¨
�í�

ì�U
�ì�

ì�ì
�¨

�î�
ó�

ì�U
�ì�

ì�ì
�^

�z
�^

�d
���

D
���

/�E
�^

�d
���

>
�>

���
d�

/�K
�E

�í�
ì�ò

���
�

�E
�l�

�
�¨

�í�
ô�

U
�ì�

ì�ì
�¨

�í�
U

�õ
�ì�

ô�
U

�ì�
ì�ì

�^
�/�

d�
���

�Z
���

^�
d�

K
�Z

���
d�

/�K
�E

�í�
ì�ò

���
�

�E
�l�

�
�¨

�î�
U

�ì�
ì�ì

�¨
�î�

í�î
�U

�ì�
ì�ì

�¨
�î�

U
�ï�

õ�
ì�U

�ì�
ì�ì

�ì�
9

�W
�Z

�/�
s�

��d
���

��W
�Z

�K
�W

���
Z

�d
�z

���
r�

��d
�Z

���
��d

�K
�W

�^
���

���
���

Z
���

&
�K

�Z
���

d�
/�d

�>
���

��ñ
���

^�
z�

^�
d�

��D
���

��^
���

E
���

���
���

���
�r

���
��>

�>
�K

�t�
��E

���
���

�~
�E

�}
�š

���
��ï

�•
�í�

ò
���

�
�E

�l�
�

�¨
�î�

ì�U
�ì�

ì�ì
�¨

�ï�
î�ì

�U
�ì�

ì�ì
�^

�z
�^

�d
���

D
���

/�E
�^

�d
���

>
�>

���
d�

/�K
�E

�í�
ò

���
�

�E
�l�

�
�¨

�ï�
ò�

U
�ì�

ì�ì
�¨

�ñ
�ó

�ò
�U

�ì�
ì�ì

�^
�/�

d�
���

�Z
���

^�
d�

K
�Z

���
d�

/�K
�E

�í�
ò

���
�

�E
�l�

�
�¨

�ð
�U

�ì�
ì�ì

�¨
�ò

�ð
�U

�ì�
ì�ì

�W
���

s�
/�E

�'
�í

���
>

�E
�l�

�
�¨

�í�
ì�ì

�U
�ì�

ì�ì
�¨

�í�
ì�ì

�U
�ì�

ì�ì
�^

�µ
���

š�
}�

š�
��o

���
W

�Œ
�]�

À
���

š�
���

�W
�Œ

�}
�‰

���
Œ

�š
�Ç

���
^�

]�š
���

��t
�}

�Œ
�l�

W
�¨

�í�
U

�ì�
ò�

ì�U
�ì�

ì�ì
�ì�

9

�^
�µ

���
š�

}�
š�

��o
���

��o
�o

�W
�¨

�ð
�U

�ô
�ï�

ì�U
�ì�

ì�ì
�¨

�ð
�U

�ô
�ï�

ì�U
�ì�

ì�ì
�ì�

9
�'�

���
�'�

��v
���

Œ
���

o�
���

�}
�v

���
]�š

�]�
}�

v�
•�

W
�¨

�ì
�^

�µ
���

š�
}�

š�
��o

���
��}

�v
�•

�š
�Œ

�µ
���

š�
]�}

�v
���

��}
�•

�š
�W

�¨
�ð

�U
�ô

�ï�
ì�U

�ì�
ì�ì

�í�
ì�9

���
}�

v�
š�

]�v
�P

���
v�

��Ç
�W

�¨
�ð

�ô
�ï�

U
�ì�

ì�ì
�E

�}
�š

���
•�

W
�d

�}
�š

���
o�

���
�}

�v
�•

�š
�Œ

�µ
���

š�
]�}

�v
���

��}
�•

�š
�W

�¨
�ñ

�U
�ï�

í�ï
�U

�ì�
ì�ì

�í�
•�

��t
�,�

K
�/�

���
�}

�Œ
�u

�•
���

r�
��Z

���
��]

�Œ
���

µ�
o�

��š
�]�

v�
P

���
^�

��v
���

��&
�]�

o�
š�

��Œ
�U

���
,�}

�o
�u

���
•�

��˜
���

D
���

'�Œ
���

š�
Z

�U
���

��•
�r

���
µ�

]�o
�š

���
D

���
Ç

���
î�ì

�í�
ò�

X
���

���
���

��À
���

Œ
���

P
���

��Á
���

š�
��Œ

���
µ�

•�
���

�î�
ð�

ð�
��P

�‰
���

���
�v

���
���

�À
�P

���
��(

�(
���

d�
E

���
í�ì

�X
�ò

���
u�

P
�l�

o�
��~

���
u�

��]
�o

���
î

�l�
ò�

l�î
�ì�

í�õ
�U

���
:�}

���
o�

��<
�µ

���
]��

�l�
•

�î�
•�

��h
�v

�]�
š�

���
�}

�•
�š

���
(�}

�Œ
���

š�
Œ

���
��š

�u
���

v�
š�

���
�Œ

���
���

�•
�š

�]�
u�

��š
���

���
���

š�
��¨

�í�
ì�U

�ì�
ì�ì

�U
���

¨�
í�î

�U
�ì�

ì�ì
���

��v
���

��¨
�î�

ì�U
�ì�

ì�ì
���

(�
}�

Œ
���

•�
]�v

�P
�o

���
��(

���
u�

]�o
�Ç

�U
���

u�
µ�

o�
š�

]�r
�(

���
u�

]�o
�Ç

���
��v

���
��d

�Œ
���

��š
�}

�‰
�•

���
��µ

�]�
o�

��]
�v

�P
�•

�U
���

Œ
���

•�
‰

���
��š

�]�
À

���
o�

Ç
�X

�ï�
•�

���
���

���
�Œ

���
(�

}�
Œ

���
���

�•
���

o�
]�v

���
��d

�]�
š�

o�
���

�ñ
���

•�
Ç

�•
�š

���
u�

•�
���

�v
���

���
�}

�•
�š

���
(�

}�
Œ

���
•�

]�v
�P

�o
���

l�u
�µ

�o
�š

�]
���

(�
��u

�]�
o�

Ç
���

š�
Œ

���
��š

�u
���

v�
š�

���
���

•�
���

���
}�

v�
���

�µ
�Ì�

Ì��
�Œ

���
•�

���
���

Ç
���

��}
���

o�
]�š

�]�
}�

v�
��‰

�Œ
���

•�
��v

�š
���

š�
]�}

�v
��

���
š�

���
���

‰
���

���
�}

���
•�

š�
��o

���
��}

�v
�(

���
Œ

���
v�

���
�U

���
���

���
��î

�ì�
í�ô

�X
���

���
���

���
�•

�•
�µ

�u
���

��î
�ñ

�9
���

}�
(�

��š
�}

�š
���

o�
��•

�]�
v�

P
�o

���
��(

���
u�

]�o
�Ç

���
��v

���
��u

�µ
�o

�š
�]�

r�
(�

��u
�]�

o�
Ç

���
v�

���
���

��v
��

�Á
���

d�
]�š

�o
���

��ñ
���

•�
Ç

�•
�š

���
u�

X
���

���
�•

�•
�µ

�u
���

��í
�ì�

ì�9
���

}�
(�

��d
�Œ

���
��š

�}
�‰

�•
���

v�
���

���
��v

���
Á

���
d�

]�š
�o

���
��ñ

���
•�

Ç
�•

�š
���

u�
X

�ð
�•

���
/�v

�•
�š

���
o�

o�
��š

�]�
}�

v�
���

�}
�•

�š
�•

���
]�v

���
o�

µ�
���

���
��v

�P
�]�

v�
���

�Œ
�]�

v�
P

���
~

���
��•

�]�
P

�v
�U

���
š�

��•
�š

���
‰

�]�
š�

š�
]�v

�P
�U

���
‰

���
Œ

�u
�]�

š�
š�

]�v
�P

�U
���

]�v
�•

�‰
���

��š
�]�

}�
v�

U
���

��•
�r

���
µ�

]�o
�š

�•
�•

�U
���

��o
���

��š
�Œ

�]�
���

�o
���

��v
���

��(
�]�

Œ
�•

�š
���

Ç
���

��Œ
���

u�
}�

v�
]�š

�}
�Œ

�]�
v�

P
�X

�/�
d�

��D

�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

~
�í�

î�ó
�î�

ó�
��•

���
r�

��/
�D

�W
�>

���
D

���
E

�d
���

d�
/�K

�E
���

W
�>

���
E

���
^�

d�
/�D

���
d�

���
���

Y
�h

���
E

�d
�/�

d�
/��

�^
���

��E
���

���
�K

�^
�d

�^
���

&
�K

�Z
���

���
�s

���
E

���
���

���
/�l

���
��W

�>
���

E
���

r�
��W

�,�
��^

���
��í

��
�K

�E
�>

�z
���

~
���

E
�Z

���
���

�/�
��í

�í�
î�î

�ô
�U

���
��W

�Z
�/�

>
���

î�ì
�í�

õ�
•

�t�
Œ

�]�
P

�Z
�š

�r
�W

�]�
��Œ

���
��U

���
��‰

�Œ
�]�

o�
��î

�ì�
í�õ

�U
���

Œ
���

À
���

^�
��‰

�š
���

î�ì
�í�

õ



�W
�/�

W
���

��^
�/�

•�
�

�~
�/�

E
�•

�W
�/�

W
��

�D
���

d�
��Z

�/�
��>

�W
�/�

W
���

��W
���

Z
�W

�Z
�K

�W
���

Z
�d

�z�Y
�h

���
E

�d
�/�

d�
z

�h
�E

�/�
d

�Z
�K

���
���

�d
�z

�W
��

�Z
�K

���
���

�E
���

D
��

�h
�E

�/�
d�

���
�K

�^
�d

���
y�

d�
��E

���
���

���
K

�^
�d

�^
�h

���
d�

K
�d

���
>

�^�9
���

W
���

/��
���

��z
�d

�K
�t�

E
�>

���
d�

��Z
���

>
�^

���
~

���
K

�E
���

��>
�^

���
d�

K
���

^�
��t

���
Z

���
D

���
/�E

�•
���

o�
µ�

���
�•

�}
�v

���
��r

���
î�ô

�í�
X

�î�
ñ

�,�
��W

��
�ñ

�ì
�í�

ð�
ì�ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï�

ò
�¨

�ñ
�ì�

U
�ð

�ì�
ì

�Z
���

���
�•

�}
�v

���
��r

���
í�î

�í�
X

�î�
ñ

�,�
��W

��
�í�

î�ì
�í�

ð�
ð�

ì
�&

�d
�W

�Œ
�]�

À
���

š�
���

�W
�Œ

�}
�‰

���
Œ

�š
�Ç

�E
�l�

�
�¨

�ï�
ò

�¨
�ñ

�í�
U

�ô
�ð

�ì
�W

�µ
�Œ

�‰
�o

���
��•

�}
�v

���
��r

���
ð�

ï
�í�

X
�î�

ñ
�,�

��W
��

�ò
�ì

�î�
ñ�

ô�
ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï�

ò
�¨

�õ
�î�

U
�ô

�ô
�ì

�K
�Œ

���
v�

P
���

��•
�}

�v
���

��~
�d

�Œ
���

��š
�}

�‰
�•

���
r�

��í
�ò

�í�
X

�î�
ñ

�,�
��W

��
�ò

�ñ
�í�

ì�ð
�ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï

�ò
�¨

�ï�
ó�

U
�ð

�ð
�ì

�'�
Œ

���
��v

���
•�

}�
v�

���
�r

���
ð

�í�
X

�î�
ñ

�,�
��W

��
�õ

�ñ
�ï�

ô�
ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï�

ò
�¨

�í�
ï�U

�ò
�ô

�ì
�z

���
o�

o�
}�

Á
���

•�
}�

v�
���

�r
�í

�í�
X

�î�
ñ

�,�
��W

��
�ï�

ì�ì
�ï�

ì�ì
�&

�d
�W

�Œ
�]�

À
���

š�
���

�W
�Œ

�}
�‰

���
Œ

�š
�Ç

�E
�l�

�
�¨

�ï�
ò

�¨
�í�

ì�U
�ô

�ì�
ì

���
‹�

µ�
���

�•
�}

�v
���

��r
���

ï
�í�

X
�î�

ñ
�,�

��W
��

�í�
õ�

ì
�ñ

�ó
�ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï�

ò
�¨

�î�
ì�U

�ñ
�î�

ì
���

o�
���

�l�
��r

���
í�ï

�í�
X

�î�
ñ

�,�
��W

��
�ð

�ì
�ñ

�î�
ì

�&
�d

�W
�Œ

�]�
À

���
š�

���
�W

�Œ
�}

�‰
���

Œ
�š

�Ç
�E

�l�
�

�¨
�ï�

ò
�¨

�í�
ô�

U
�ó

�î�
ì

�'�
Œ

���
Ç

���
r�

��î
�í�

X
�î�

ñ
�,�

��W
��

�î�
ì�ì

�ð
�ì�

ì
�&

�d
�W

�Œ
�]�

À
���

š�
���

�W
�Œ

�}
�‰

���
Œ

�š
�Ç

�E
�l�

�
�¨

�ï�
ò

�¨
�í�

ð�
U

�ð
�ì�

ì
�¨

�ï�
í�ì

�U
�ò

�ô
�ì

�ì�
9

�^
���

t��
�Z

���
D

���
/�E

�^
���

r�
��s

�î�
��~

�>
�W

�^
���

•�
K

�E
���

^�
•�

��r
���

/�E
���

W
�Z

�/�
s�

��d
���

���
�E

���
��d

�K
�t�

E
���

Z
�K

���
��^

�í
�î

�,�
��W

��
�ô

�í�
ì

�ô
�í�

ì
�&

�d
�d

�}
�Á

�v
�K

�Ç
�•

�š
���

Œ
���

W
�}

�v
���

��Z
��

�¨
�ï�

ò
�¨

�î�
õ�

U
�í�

ò�
ì

�î
�î

�,�
��W

��
�í�

ñ�
ó

�í�
ñ�

ó
�&

�d
�d

�}
�Á

�v
�K

�Ç
�•

�š
���

Œ
���

W
�}

�v
���

��Z
��

�¨
�ï�

ò
�¨

�ñ
�U

�ò
�ñ

�ì
�ï

�î
�,�

��W
��

�ï�
ô�

í
�ï�

ô�
í

�&
�d

�d
�}

�Á
�v

�K
�Ç

�•
�š

���
Œ

���
W

�}
�v

���
��Z

��
�¨

�ï�
ò

�¨
�í�

ï�U
�ó

�î�
ì

�ð
�ï

�,�
��W

��
�õ

�ò
�ò

�õ
�ò

�ò
�&

�d
�d

�}
�Á

�v
�K

�Ç
�•

�š
���

Œ
���

W
�}

�v
���

��Z
��

�¨
�ï�

ô
�¨

�ï�
ò�

U
�ó

�í�
ì

�ñ
�ï

�,�
��W

��
�ò

�ì�
í

�ò
�ì�

í
�&

�d
�d

�}
�Á

�v
�&

���
o�

o�
•�

��Z
��

�¨
�ï�

ô
�¨

�î�
î�U

�ô
�ð

�ì
�ò

�ï
�,�

��W
��

�î�
ì�ó

�î
�î�

ì�ó
�î

�&
�d

�d
�}

�Á
�v

�&
���

o�
o�

•�
��Z

���
U

���
Z

���
v�

•�
}�

u�
��Z

��
�¨

�ï�
ô

�¨
�ó

�ô
�U

�ó
�ð

�ì
�ò

�ï
�,�

��W
��

�ð
�ó

�ì
�ð

�ó
�ì

�&
�d

���
��•

���
u�

��v
�š

�E
�l�

�
�¨

�ï�
î

�¨
�í�

ñ�
U

�ì�
ð�

ì
�ó

�î
�,�

��W
��

�î�
ð�

ô
�î�

ð�
ô

�&
�d

�d
�}

�Á
�v

�Z
���

v�
•�

}�
u�

��Z
��

�¨
�ï�

ò
�¨

�ô
�U

�õ
�ï�

ì
�ó

�X
�í

�î
�,�

��W
��

�ï�
ò�

ì
�ï�

ò�
ì

�&
�d

�d
�}

�Á
�v

�Z
���

v�
•�

}�
u�

��Z
��

�¨
�ï�

ò
�¨

�í�
î�U

�õ
�ò

�ì
�ô

�ð
�,�

��W
��

�ñ
�ñ

�ñ
�ñ

�ñ
�ñ

�&
�d

���
��•

���
u�

��v
�š

�E
�l�

�
�¨

�ï�
ð

�¨
�í�

ô�
U

�ô
�ó

�ì
�d

�Z
���

��d
�K

�W
�õ

�î
�,�

��W
��

�ï�
ô�

ì
�ï�

ô�
ì

�&
�d

�W
�Œ

�]�
À

���
š�

�
�>

���
v�

��(
���

o�
o�

��Z
��

�¨
�ï�

ò
�¨

�í�
ï�U

�ò
�ô

�ì
�d

�Z
���

��d
�K

�W
�í�

ì
�î

�,�
��W

��
�ï�

ò�
ò

�ï�
ò�

ò
�&

�d
�W

�Œ
�]�

À
���

š�
�

�>
���

v�
��(

���
o�

o�
��Z

��
�¨

�ï�
ò

�¨
�í�

ï�U
�í�

ô�
ì

�d
�Z

���
��d

�K
�W

�í�
í

�ð
�,�

��W
��

�ï�
õ�

õ
�ï�

õ�
õ

�&
�d

�W
�Œ

�]�
À

���
š�

�
�>

���
v�

��(
���

o�
o�

��Z
��

�¨
�ð

�õ
�¨

�í�
õ�

U
�ñ

�ñ
�ì

�d
�Z

���
��d

�K
�W

�í�
î

�î
�,�

��W
��

�ñ
�ð

�ñ
�ñ

�ð
�ñ

�&
�d

�W
�Œ

�]�
À

���
š�

�
�^

�Z
�]�

‰
�•

�Á
���

š�
��Z

���
Z

��
�¨

�ï�
ò

�¨
�í�

õ�
U

�ò
�î�

ì
�d

�Z
���

��d
�K

�W
�í�

î�X
�í

�î
�,�

��W
��

�ó
�ô

�ñ
�ó

�ô
�ñ

�&
�d

�W
�Œ

�]�
À

���
š�

�
�^

�Z
�]�

‰
�•

�Á
���

š�
��Z

���
Z

��
�¨

�ï�
ò

�¨
�î�

ô�
U

�î�
ò�

ì
�d

�Z
���

��d
�K

�W
�í�

î�X
�î

�ð
�,�

��W
��

�ñ
�ò

�ì
�ñ

�ò
�ì

�&
�d

���
��•

���
u�

��v
�š

�E
�l�

�
�¨

�ï�
ð

�¨
�í�

õ�
U

�ì�
ð�

ì
�í�

ð
�î

�,�
��W

��
�ó

�ï
�ó

�ï
�&

�d
�d

�}
�Á

�v
�^

���
l�}

�v
���

š�
��Z

��
�¨

�ï�
ò

�¨
�î�

U
�ò

�ï�
ì

�í�
ñ

�î
�,�

��W
��

�í�
ì�ó

�ï
�í�

ì�ó
�ï

�&
�d

�d
�}

�Á
�v

���
o�

u�
��Z

��
�¨

�ï�
ò

�¨
�ï�

ô�
U

�ò
�ï�

ì
�í�

ò
�ï

�,�
��W

��
�ï�

õ�
î

�ï�
õ�

î
�&

�d
�d

�}
�Á

�v
���

o�
u�

��Z
��

�¨
�ï�

ô
�¨

�í�
ð�

U
�õ

�ì�
ì

�í�
ó

�î
�,�

��W
��

�í�
ô�

õ
�í�

ô�
õ

�&
�d

�d
�}

�Á
�v

�Y
�µ

�}
�v

�•
���

š�
��Z

��
�¨

�ï�
ò

�¨
�ò

�U
�ô

�ì�
ì

�í�
ô

�î
�,�

��W
��

�ï�
î�í

�ï�
î�í

�&
�d

�d
�}

�Á
�v

�Y
�µ

�}
�v

�•
���

š�
��Z

��
�¨

�ï�
ò

�¨
�í�

í�U
�ñ

�ò
�ì

�í�
õ

�ï
�,�

��W
��

�î�
ð�

ï
�î�

ð�
ï

�&
�d

�d
�}

�Á
�v

�Y
�µ

�}
�v

�•
���

š�
��Z

��
�¨

�ï�
ô

�¨
�õ

�U
�î�

ï�ì
�î�

ì
�ï

�,�
��W

��
�ï�

ó�
õ

�ï�
ó�

õ
�&

�d
�d

�}
�Á

�v
���

o�
u�

��Z
��

�¨
�ï�

ô
�¨

�í�
ð�

U
�ð

�ì�
ì

�î�
í

�î
�,�

��W
��

�î�
ï�ò

�î�
ï�ò

�&
�d

�d
�}

�Á
�v

���
o�

u�
��Z

��
�¨

�ï�
ò

�¨
�ô

�U
�ñ

�ì�
ì

�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

~
�í�

î�ó
�î�

ó�
��•

���
r�

��/
�D

�W
�>

���
D

���
E

�d
���

d�
/�K

�E
���

W
�>

���
E

���
^�

d�
/�D

���
d�

���
���

Y
�h

���
E

�d
�/�

d�
/��

�^
���

��E
���

���
�K

�^
�d

�^
���

&
�K

�Z
���

d�
Z

���
��/

�d
�/�

K
�E

���
>

���
���

���
<

�h
�W

���
W

�>
���

E
���

r�
��W

�,
���

^�
���

�í�
U

���
s�

��Z
�^

�/�
K

�E
���

î��
�~

���
E

�Z
���

���
�/�

��í
�í�

î�î
�ô

�U
���

��W
�Z

�/�
>

���
î�ì

�í�
õ�

•
�t�

Œ
�]�

P
�Z

�š
�r

�W
�]�

��Œ
���

��U
���

��‰
�Œ

�]�
o�

��î
�ì�

í�õ
�U

���
Œ

���
À

���
^�

��‰
�š

���
î�ì

�í�
õ

�/�
d�

��D

�^
�µ

���
š�

}�š
���

o�
��^

���
Á

���
Œ

���
>

���
š�

��Œ
���

o�
•�

���
�}

�•
�š

�W



�W
�/�

W
���

��^
�/�

•�
�

�~
�/�

E
�•

�W
�/�

W
��

�D
���

d�
��Z

�/�
��>

�W
�/�

W
���

��W
���

Z
�W

�Z
�K

�W
���

Z
�d

�z�Y
�h

���
E

�d
�/�

d�
z

�h
�E

�/�
d

�Z
�K

���
���

�d
�z

�W
��

�Z
�K

���
���

�E
���

D
��

�h
�E

�/�
d�

���
�K

�^
�d

���
y�

d�
��E

���
���

���
K

�^
�d

�^
�h

���
d�

K
�d

���
>

�^�9
���

W
���

/��
���

��z
�d

�K
�t�

E

�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

~
�í�

î�ó
�î�

ó�
��•

���
r�

��/
�D

�W
�>

���
D

���
E

�d
���

d�
/�K

�E
���

W
�>

���
E

���
^�

d�
/�D

���
d�

���
���

Y
�h

���
E

�d
�/�

d�
/��

�^
���

��E
���

���
�K

�^
�d

�^
���

&
�K

�Z
���

d�
Z

���
��/

�d
�/�

K
�E

���
>

���
���

���
<

�h
�W

���
W

�>
���

E
���

r�
��W

�,
���

^�
���

�í�
U

���
s�

��Z
�^

�/�
K

�E
���

î��
�~

���
E

�Z
���

���
�/�

��í
�í�

î�î
�ô

�U
���

��W
�Z

�/�
>

���
î�ì

�í�
õ�

•
�t�

Œ
�]�

P
�Z

�š
�r

�W
�]�

��Œ
���

��U
���

��‰
�Œ

�]�
o�

��î
�ì�

í�õ
�U

���
Œ

���
À

���
^�

��‰
�š

���
î�ì

�í�
õ

�/�
d�

��D
�î�

î
�ï

�,�
��W

��
�õ

�î
�õ

�î
�&

�d
�d

�}
�Á

�v
���

o�
u�

��Z
��

�¨
�ï�

ô
�¨

�ï�
U

�ñ
�ì�

ì
�î�

ð
�î

�,�
��W

��
�ï�

ñ�
ô

�ï�
ñ�

ô
�&

�d
�d

�}
�Á

�v
�D

�}
�}

�Œ
�o

���
v�

���
�Z

��
�¨

�ï�
ò

�¨
�í�

î�U
�ô

�õ
�ì

�î�
ñ

�ï
�,�

��W
��

�ò
�õ

�ò
�ò

�õ
�ò

�&
�d

���
��•

���
u�

��v
�š

�E
�l�

�
�¨

�ï�
î

�¨
�î�

î�U
�î�

ó�
ì

�î�
ò

�î
�,�

��W
��

�ó
�ð

�ñ
�ó

�ð
�ñ

�&
�d

�W
�Œ

�]�
À

���
š�

�
���

µ�
u�

o�
}�

���
�v

���
��Œ

�¨
�ï�

ò
�¨

�î�
ò�

U
�ô

�î�
ì

�î�
ò�

X
�í

�ð
�,�

��W
��

�ñ
�ñ

�ñ
�ñ

�ñ
�ñ

�&
�d

�W
�Œ

�]�
À

���
š�

�
���

µ�
u�

o�
}�

���
�v

���
��Œ

�¨
�ð

�õ
�¨

�î�
ó�

U
�î�

ì�ì
�î�

ó
�ð

�,�
��W

��
�í�

í�ì
�ó

�í�
í�ì

�ó
�&

�d
�W

�Œ
�]�

À
���

š�
�

���
µ�

u�
o�

}�
���

�v
���

��Œ
�¨

�ð
�õ

�¨
�ñ

�ð
�U

�î�
ð�

ì
�î�

ô
�î

�,�
��W

��
�ï�

ô�
ò

�ï�
ô�

ò
�&

�d
�W

�Œ
�]�

À
���

š�
�

���
��u

�}
�v

���
Z

��
�¨

�ï�
ò

�¨
�í�

ï�U
�õ

�ì�
ì

�î�
õ

�î
�,�

��W
��

�í�
ì�ð

�ò
�í�

ì�ð
�ò

�&
�d

�W
�Œ

�]�
À

���
š�

�
���

��u
�}

�v
���

Z
��

�¨
�ï�

ò
�¨

�ï�
ó�

U
�ò

�ò
�ì

�ï�
ì

�ð
�,�

��W
��

�ò
�ð

�ñ
�ò

�ð
�ñ

�&
�d

�W
�Œ

�]�
À

���
š�

�
���

µ�
u�

o�
}�

���
�v

���
��Œ

�¨
�ð

�õ
�¨

�ï�
í�U

�ò
�í�

ì
�¨

�ò
�õ

�î�
U

�ò
�õ

�ì
�ï�

ì�9
�^

���
t��

�Z
���

D
���

/�E
�^

���
r�

��s
�î�

��~
�>

�W
�^

���
•�

K
�E

���
^�

•�
��r

���
/�E

���
^�

d�
��d

���
��Z

�K
�h

�d
���

^
�ï�

í
�ð

�,�
��W

��
�ô

�ð
�ð

�ô
�ð

�ð
�&

�d
�^

�š
���

š�
�

�t�
}�

}�
��•

���
,�}

�o
���

��Z
��

�¨
�ñ

�ì
�¨

�ð
�î�

U
�î�

ì�ì
�ï�

õ
�ð

�,�
��W

��
�ï�

í�î
�ï

�ï�
í�î

�ï
�&

�d
�^

�š
���

š�
�

�t�
}�

}�
��•

���
,�}

�o
���

��Z
���

U
���

>
�}

���
µ�

•�
š�

��^
�š

�¨
�ñ

�ì
�¨

�í�
ñ�

ò�
U

�í�
ñ�

ì
�ï�

õ
�ð

�,�
��W

��
�í�

ñ�
õ�

ï
�í�

ñ�
õ�

ï
�&

�d
�d

�}
�Á

�v
�t�

��D
���

]�v
���

^�
š�

U
���

W
�}

�•
�š

���
K

�(
�(

�]�
���

���
Z

��
�¨

�ï�
ô

�¨
�ò

�ì�
U

�ñ
�ï�

ì
���

W
���

Œ
�l�

]�v
�P

���
>

�}
�š

�¨
�î�

ñ�
ô�

U
�ô

�ô
�ì

�í�
ì�ì

�9
���

K
�E

���
���

�W
�W

�h
�Z

�d
���

E
���

E
���

��^
���

r�
���

�Y
�h

�/�
W

�D
���

E
�d

���
��E

���
��/

�E
�^

�d
���

>
�>

���
d�

/�K
�E

���
/�Z

���
Z

���
>

���
��^

���
��s

���
>

�s
��

�ô
���

�
�¨

�î�
U

�ô
�ô

�ì
�¨

�î�
ï�U

�ì�
ð�

ì
���

>
���

��E
���

K
�h

�d
���

s�
��>

�s
��

�ï�
ï

���
�

�¨
�í�

î�U
�ì�

ì�ì
�¨

�ï�
õ�

ò�
U

�ì�
ì�ì

���
K

�Z
�W

���
^�

d�
K

�W
�í�

î�ï
���

�
�¨

�î�
ï�î

�¨
�î�

ô�
U

�ñ
�ð

�ì
���

��>
�>

���
��E

���
���

�,�
���

�<
���

s�
��>

�s
���

���
�^

�^
���

D
���

>
�z

�í�
î�ï

���
�

�¨
�ð

�ó
�î

�¨
�ñ

�ô
�U

�ì�
ò�

ì
�s

���
>

�s
���

��^
�d

�Z
�h

���
d�

h�
Z

���
^

�ð
�í

���
�

�¨
�ó

�U
�ñ

�ì�
ì

�¨
�ï�

ì�ó
�U

�ñ
�ì�

ì
�¨

�ô
�í�

ï�U
�í�

ð�
ì

�ï�
ì�9

���
K

�E
���

��>
�/�

&
�d

���
^�

d�
��d

�/�
K

�E
�^

���
r�

���
�Y

�h
�/�

W
�D

���
E

�d
���

K
�E

���
��>

�/�
&

�d
���

^�
d�

��d
�/�

K
�E

���
^�

/�•
���

^
�d

�z
�W

���
��í

���
r�

��^
�/�

E
�'�

>
���

��&
���

D
�/�

>
�z

�í�
ì�ñ

���
�

�¨
�ð

�U
�ì�

ì�ì
�¨

�ð
�î�

ì�U
�ì�

ì�ì
�d

�z
�W

���
��î

���
r�

��D
�h

�>
�d

�/�
��&

���
D

�/�
>

�z
�í

���
�

�¨
�ð

�U
�ñ

�ì�
ì

�¨
�ð

�U
�ñ

�ì�
ì

�d
�z

�W
���

��ï
���

r�
��d

�Z
���

��d
�K

�W
�í�

ò
���

�
�¨

�ð
�U

�ñ
�ì�

ì
�¨

�ó
�î�

U
�ì�

ì�ì
�d

�z
�W

���
��ð

���
r�

���
�K

�Z
�D

�í
���

�
�¨

�ð
�U

�ñ
�ì�

ì
�¨

�ð
�U

�ñ
�ì�

ì
�d

�z
�W

���
��ñ

���
r�

��/
�E

�d
���

Z
�D

���
��/

���
d�

�
�í

���
�

�¨
�ð

�U
�ì�

ì�ì
�¨

�ð
�U

�ì�
ì�ì

�^
���

E
�d

�Z
�z

���
���

�s
�/�

^�
K

�Z
���

D
�K

�E
�/�

d�
K

�Z
�/�

E
�'�

��^
�z

�^
�d

���
D

�í�
î�ï

���
�

�¨
�ð

�ì�
ì

�¨
�ð

�õ
�U

�î�
ì�ì

�ì
�¨

�ñ
�ñ

�ð
�U

�î�
ì�ì

�í�
ì�ì

�9
���

K
�E

���
��>

�/�
&

�d
���

^�
d�

��d
�/�

K
�E

�^
���

r�
��/

�E
�^

�d
���

>
�>

���
d�

/�K
�E

���
K

�E
���

��>
�/�

&
�d

���
^�

d�
��d

�/�
K

�E
���

^�
/�•

���
^

�d
�z

�W
���

��í
���

r�
��^

�/�
E

�'�
>

���
��&

���
D

�/�
>

�z
�í�

ì�ñ
���

�
�¨

�ò
�U

�ì�
ì�ì

�¨
�ò

�ï�
ì�U

�ì�
ì�ì

�d
�z

�W
���

��î
���

r�
��D

�h
�>

�d
�/�

��&
���

D
�/�

>
�z

�í
���

�
�¨

�ò
�U

�ì�
ì�ì

�¨
�ò

�U
�ì�

ì�ì

�^
�µ

���
š�

}�š
���

o�
��^

���
Á

���
Œ

���
D

���
]�v

�•
���

��}
�•

�š
�W

�^
�µ

���
š�

}�š
���

o�
���

�K
�E

���
��>

�]�
(�

š�
��^

�š
���

š�
]�}

�v
�•

���
��v

���
���

�‰
�‰

�µ
�Œ

�š
���

v�
��v

���
��•

�W

�^
�µ

���
š�

}�š
���

o�
��^

���
Á

���
Œ

���
D

���
]�v

�•
���

��}
�•

�š
�W

�^
�µ

���
š�

}�š
���

o�
���

�K
�E

���
��>

�]�
(�

š�
��^

�š
���

š�
]�}

�v
�•

���
��v

���
���

�‰
�‰

�µ
�Œ

�š
���

v�
��v

���
��•

�W



�W
�/�

W
���

��^
�/�

•�
�

�~
�/�

E
�•

�W
�/�

W
��

�D
���

d�
��Z

�/�
��>

�W
�/�

W
���

��W
���

Z
�W

�Z
�K

�W
���

Z
�d

�z�Y
�h

���
E

�d
�/�

d�
z

�h
�E

�/�
d

�Z
�K

���
���

�d
�z

�W
��

�Z
�K

���
���

�E
���

D
��

�h
�E

�/�
d�

���
�K

�^
�d

���
y�

d�
��E

���
���

���
K

�^
�d

�^
�h

���
d�

K
�d

���
>

�^�9
���

W
���

/��
���

��z
�d

�K
�t�

E

�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

~
�í�

î�ó
�î�

ó�
��•

���
r�

��/
�D

�W
�>

���
D

���
E

�d
���

d�
/�K

�E
���

W
�>

���
E

���
^�

d�
/�D

���
d�

���
���

Y
�h

���
E

�d
�/�

d�
/��

�^
���

��E
���

���
�K

�^
�d

�^
���

&
�K

�Z
���

d�
Z

���
��/

�d
�/�

K
�E

���
>

���
���

���
<

�h
�W

���
W

�>
���

E
���

r�
��W

�,
���

^�
���

�í�
U

���
s�

��Z
�^

�/�
K

�E
���

î��
�~

���
E

�Z
���

���
�/�

��í
�í�

î�î
�ô

�U
���

��W
�Z

�/�
>

���
î�ì

�í�
õ�

•
�t�

Œ
�]�

P
�Z

�š
�r

�W
�]�

��Œ
���

��U
���

��‰
�Œ

�]�
o�

��î
�ì�

í�õ
�U

���
Œ

���
À

���
^�

��‰
�š

���
î�ì

�í�
õ

�/�
d�

��D
�d

�z
�W

���
��ï

���
r�

��d
�Z

���
��d

�K
�W

�í�
ò

���
�

�¨
�ò

�U
�ì�

ì�ì
�¨

�õ
�ò

�U
�ì�

ì�ì
�d

�z
�W

���
��ð

���
r�

���
�K

�Z
�D

�í
���

�
�¨

�ò
�U

�ì�
ì�ì

�¨
�ò

�U
�ì�

ì�ì
�d

�z
�W

���
��ñ

���
r�

��/
�E

�d
���

Z
�D

���
��/

���
d�

�
�í

���
�

�¨
�ò

�U
�ì�

ì�ì
�¨

�ò
�U

�ì�
ì�ì

�^
���

E
�d

�Z
�z

���
���

�s
�/�

^�
K

�Z
���

D
�K

�E
�/�

d�
K

�Z
�/�

E
�'�

��^
�z

�^
�d

���
D

�í�
î�ï

���
�

�¨
�ñ

�ì�
ì

�¨
�ò

�í�
U

�ñ
�ì�

ì
���

��D
�K

�>
�/�

d�
/�K

�E
���

K
�&

���
��y

�/�
^�

d�
/�E

�'�
��^

���
W

�d
�/�

���
�^

�z
�^

�d
���

D
�U

���
W

�/�
W

�/�
E

�'�
U

���
��d

��
�í�

î�ï
���

�
�¨

�í�
U

�ì�
ì�ì

�¨
�í�

î�ï
�U

�ì�
ì�ì

�^
�/�

d�
���

�Z
���

^�
d�

K
�Z

���
d�

/�K
�E

�í�
î�ï

���
�

�¨
�î�

U
�ì�

ì�ì
�¨

�î�
ð�

ò�
U

�ì�
ì�ì

�¨
�í�

U
�í�

ó�
ð�

U
�ñ

�ì�
ì

�ì�
9

�W
���

s�
/�E

�'�
��r

���
W

�Z
�/�

s�
��d

���
���

�E
���

��d
�K

�t�
E

���
Z

�K
���

��^
�W

�Z
�/�

s�
��d

���
��Z

�K
���

��^
���

r�
��>

���
d�

��Z
���

>
�^

�E
�l�

�
�^

�z
�E

�l�
�

�¨
�ì

�W
�Z

�/�
s�

��d
���

��Z
�K

���
��^

���
r�

��D
���

/�E
�^

���
~

�d
�Z

���
E

���
,��

���
/�E

���
��Z

�U
���

í�X
�ñ

�—
�•

�ì
�^

�z
�¨

�î�
ì

�¨
�ì

�W
�Z

�/�
s�

��d
���

��Z
�K

���
��^

���
r�

��D
���

/�E
�^

���
~

�,�
��>

�&
���

t�/
���

d�
,��

�K
�s

���
Z

�>
���

z�
U

���
í�—

�•
�ì

�^
�z

�¨
�ô

�¨
�ì

�d
�K

�t�
E

���
Z

�K
���

��^
���

~
�d

�Z
���

E
���

,��
���

/�E
���

��Z
�U

���
í�X

�ñ
�—

�•
�í�

ò�
U

�ï�
õ�

ð
�^

�z
�¨

�î�
ñ

�¨
�ð

�ì�
õ�

U
�ô

�ò
�ì

�d
�K

�t�
E

���
Z

�K
���

��^
���

~
�,�

��>
�&

���
t�/

���
d�

,��
�K

�s
���

Z
�>

���
z�

U
���

í�—
�•

�ï�
ì�U

�ï�
í�ô

�^
�z

�¨
�í�

ì
�¨

�ï�
ì�ï

�U
�í�

ô�
ì

�¨
�ó

�í�
ï�U

�ì�
ð�

ì
�ï�

ì�9
�W

���
s�

/�E
�'�

��r
���

^�
d�

��d
���

��Z
�K

���
��^

�^
�d

���
d�

���
�Z

�K
���

��^
���

~
�d

�Z
���

E
���

,��
���

/�E
���

��Z
�U

���
î�—

�•
�ñ

�U
�ì�

í�í
�^

�z
�¨

�ï�
ï

�¨
�í�

ò�
ñ�

U
�ï�

ò�
ì

�^
�d

���
d�

���
�Z

�K
���

��^
���

~
�&

�h
�>

�>
���

t�/
���

d�
,��

�K
�s

���
Z

�>
���

z�
U

���
í�X

�ñ
�—

�•
�î�

í�U
�ò

�î�
î

�^
�z

�¨
�ð

�ì
�¨

�ô
�ò

�ð
�U

�ô
�õ

�ì
�¨

�í�
U

�ì�
ï�ì

�U
�î�

ñ�
ì

�í�
ì�ì

�9

�d
�Z

���
��d

�D
���

E
�d

���
��E

���
���

�/�
^�

W
�K

�^
��

�>
�d

�Z
���

��d
�D

���
E

�d
�¨

�ì
���

/�^
�W

�K
�^

���
>

�¨
�ï�

ï�ì
�U

�ì�
ì�ì

�¨
�ï�

ï�ì
�U

�ì�
ì�ì

�í�
ì�ì

�9

�^
�µ

���
š�

}�š
���

o�
���

�o
�o

�W
�¨

�ñ
�U

�ô
�ô

�ì�
U

�ì�
ì�ì

�¨
�ñ

�U
�ô

�ô
�ì�

U
�ì�

ì�ì
�ì�

9
�'�

���
�'�

��v
���

Œ
���

o�
���

�}
�v

���
]�š

�]�
}�

v�
•�

W
�¨

�ì
�W

�]�
‰

���
��>

���
v�

P
�š

�Z
���

��Ç
���

W
�]�

‰
���

��^
�]�

Ì��
���

~
�>

�&
�•

�W
�^

�µ
���

š�
}�

š�
��o

���
��}

�v
�•

�š
�Œ

�µ
���

š�
]�}

�v
���

��}
�•

�š
�W

�¨
�ñ

�U
�ô

�ô
�ì�

U
�ì�

ì�ì
�í�

X
�î�

ñ�
—

���
~

�o
���

š�
��Œ

���
o�

•�
•

�ô
�U

�ò
�ï�

ì
�ï�

ì�9
���

}�
v�

š�
]�v

�P
���

v�
��Ç

�W
�¨

�í�
U

�ó
�ò

�ì�
U

�ì�
ì�ì

�î�
—

�ô
�U

�ð
�ñ

�õ
�d

�}
�š

���
o�

���
�}

�v
�•

�š
�Œ

�µ
���

š�
]�}

�v
���

��}
�•

�š
�W

�¨
�ó

�U
�ò

�ð
�ì�

U
�ì�

ì�ì
�ï�

—
�ñ

�U
�õ

�í�
í

�ð
�—

�ó
�U

�ó
�ô

�ô

�W
�]�

‰
���

��>
���

v�
P

�š
�Z

���
��Ç

���
Z

�}
���

���
�d

�Ç
�‰

���
��~

�>
�&

�•
�W

�W
�Œ

�]�
À

���
š�

���
�>

���
š�

��Œ
���

o�
•

�ô
�U

�ò
�ï�

ì
�K

�š
�Z

���
Œ

���
d�

}�
Á

�v
���

˜�
��W

�Œ
�]�

À
���

š�
���

�Z
���

•
�í�

ñ�
í�ñ

�ò
�d

�}
�Á

�v
���

˜�
��W

�Œ
�]�

À
���

š�
�

�í�
ô�

U
�í�

õ�
í

�E
�E

�E
�d

�Œ
���

��š
�}

�‰
�•

���
Z

���
•

�ï�
ì�ï

�ñ
�^

�š
���

š�
�

�ñ
�U

�ñ
�ò

�ì

�^
�µ

���
š�

}�š
���

o�
��d

�Œ
���

��š
�u

���
v�

š�
��˜

���
��]

�•
�‰

�}
�•

���
o�

W

�^
�µ

���
š�

}�š
���

o�
���

�K
�E

���
��>

�]�
(�

š�
��^

�š
���

š�
]�}

�v
�•

���
��v

���
���

�‰
�‰

�µ
�Œ

�š
���

v�
��v

���
��•

�W

�^
�µ

���
š�

}�š
���

o�
��W

���
À

�]�
v�

P
���

r�
��^

�š
���

š�
���

�Z
�}

���
��•

�W

�^
�µ

���
š�

}�š
���

o�
��W

���
À

�]�
v�

P
���

r�
��W

�Œ
�]�

À
���

š�
���

���
v�

���
�d

�}
�Á

�v
���

Z
�}

���
��•

�W



�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��r
���

K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

^�
d�

/�D
���

d�
���

���
��E

�E
�h

���
>

���
��K

�^
�d

�^
���

&
�K

�Z
���

Z
���

^�
W

�K
�E

�^
�/�

��>
���

��D
���

E
���

'��
�D

���
E

�d
���

��E
�d

�/�
d�

z
�t�

Œ
�]�

P
�Z

�š
�r�

W
�]�

��Œ
���

��U
���

D
���

Œ
���

Z
���

î�ì
�í�

õ�
U

���
Œ

���
À

���
:�µ

�o
�Ç

���
î�ì

�í�
õ

���
E

�Z
���

���
�/�

��í
�í�

î�î
�ô

���
~

���
W

�Z
�/�

>
���

î�ì
�í�

õ�
•

���
E

�E
�h

���
>

���
^�

d�
��&

�&
���

d�
/�D

���
���

�^
�d

�/�
D

���
d�

�
�Y

�µ
���

v
�h

�v
�]�

š
�,�

Œ
�•

�l�
h�

v�
]�š

�,�
Œ

�•
���

}�
u�

u�
��v

�š
�•

���
}�

o�
o�

���
�š

���
��v

���
��}

�Œ
�P

���
v�

]�Ì
���

���
�•

�r
���

µ�
]�o

�š
���

Œ
���

��}
�Œ

���
•

�î�
ï�ï

���
h

�ì
�ì�

X
�ì

�}
�v

���
��š

�]�
u�

���
���

(�
(�

}�
Œ

�š
�U

��
�v

�}
�š

���
]�v

���
o�

µ�
���

��
���

}�
o�

o�
���

�š
���

��v
���

��}
�Œ

�P
���

v�
]�Ì

���
��Á

���
š�

��Œ
���

Œ
���

���
�]�

v�
P

�•
�î�

ï�ï
���

h
�ì�

X
�ñ

�í�
í�ò

�X
�ñ

���
��š

���
��(

�Œ
�}

�u
���

t��
�š

���
Œ

���
���

�‰
���

Œ
�š

�u
���

v�
š�

U
���

}�
Œ

�P
���

v�
]�Ì

���
l�u

���
v�

]�‰
�µ

�o
���

š�
���

�(
�}�

Œ
���

Œ
���

‰
�}

�Œ
�š

�]�
v�

P
���

}�
o�

o�
���

�š
���

��v
���

��š
���

��µ
�o

���
š�

���
�/�

l��
���

u�
}�

v�
]�š

�}
�Œ

�]�
v�

P
���

Œ
���

•�
µ�

o�
š�

•
�î�

ï�ï
���

h
�í

�î�
ï�ï

�X
�ì

���
��š

���
��(

�Œ
�}

�u
���

o�
���

�U
���

��}
�Œ

�P
���

v�
]�Ì

���
l�(

�]�
o�

��l
�š

���
��µ

�o
���

š�
��l

�P
�Œ

���
‰

�Z
���

(�
}�

Œ
���

Œ
���

‰
�}

�Œ
�š

�]�
v�

P
���

}�
o�

o�
���

�š
���

��v
���

��}
�Œ

�P
���

v�
]�Ì

���
��K

�˜�
D

���
Œ

���
��}

�Œ
���

•
�î�

ï�ï
���

h
�ì�

X
�ñ

�í�
í�ò

�X
�ñ

�}
�Œ

�P
���

v�
]�Ì

���
l�(

�]�
o�

��l
�š

���
��µ

�o
���

š�
���

�(�
}�

Œ
���

Œ
���

‰
�}

�Œ
�š

�]�
v�

P
���

}�
o�

o�
���

�š
���

��v
���

��}
�Œ

�P
���

v�
]�Ì

���
��‰

�µ
�u

�‰
���

Œ
���

��}
�Œ

���
•

�ð
�ó

���
h

�í
�ð

�ó
�X

�ì
�‰

�µ
�u

�‰
���

}�
µ�

š�
���

�À
���

Œ
�Ç

���
ñ�

��Ç
���

��Œ
�•

�U
���

}�
Œ

�P
���

v�
]�Ì

���
l�(

�]�
o�

��l
�š

���
��µ

�o
���

š�
���

�(�
}�

Œ
���

Œ
���

‰
�}

�Œ
�š

�]�
v�

P
���

}�
}�

Œ
���

]�v
���

š�
���

�Á
�]�

š�
Z

���
‰

�Œ
�}

�‰
���

Œ
�š

�Ç
���

}�Á
�v

���
Œ

�î�
ï�ï

���
h

�ì�
X

�ñ
�í�

í�ò
�X

�ñ
�(

�}
�Œ

���
��v

�v
�µ

���
o�

��]
�v

�•
�‰

���
��š

�]�
}

�v
�•

���
}�

}�
Œ

���
]�v

���
š�

���
�Á

�]�
š�

Z
���

��}
�v

�š
�Œ

���
��š

���
K

�˜�
D

�î�
ï�ï

���
h

�ì�
X

�ñ
�í�

í�ò
�X

�ñ
�(

�}
�Œ

���
��v

�v
�µ

���
o�

��]
�v

�•
�‰

���
��š

�]�
}�

v�
•

���
}�

}�
Œ

���
]�v

���
š�

���
���

v�
À

�]�
Œ

�}
�v

�u
���

v�
š�

��o
���

u�
}�

v�
]�š

�}
�Œ

�]�
v�

P
�í

���
���

�Z
�ð

�ì
�ð

�ì�
X

�ì
�•

���
���

���
��o

�}
�Á

���
(�

}�
Œ

���
��}

�v
�š

�Œ
���

��š
�}

�Œ
���

��}
�•

�š
�•

�/�
v�

•�
‰

���
��š

���
d�

Œ
�µ

�v
�l�

��Z
�]�

À
���

Œ
�U

���
��}

�}
�Œ

���
]�v

���
š�

���
�Á

�]�
š�

Z
���

��W
�t

�î
���

���
�Z

�î
�ð

�X
�ì

�>
�]�

š�
��Œ

���
š�

µ�
Œ

���
���

�v
���

���
���

š�
���

�•
���

��Œ
���

Z
���

(�
}�

Œ
���

��š
�u

�}
�•

�X
���

���
�‰

�X
�í

���
���

�Z
�í�

ì
�í�

ì�X
�ì

���
}�

o�
o�

���
�š

���
��v

���
��}

�Œ
�P

���
v�

]�Ì
���

���
���

š�
���

�(
�Œ

�}
�u

���
^�

t��
���

D
�W

���
~

���
W

�t�
•

�í
���

���
�Z

�í�
ì

�í�
ì�X

�ì
�W

�Œ
���

‰
���

Œ
���

���
�Œ

���
(�

š�
���

�v
�v

�µ
���

o�
��Œ

���
‰

�}
�Œ

�š
�í

���
���

�Z
�ô

�ì
�ô

�ì�
X

�ì
�Z

���
À

�]�
��Á

���
Á

�]�
š�

Z
���

K
�Ç

�•
�š

���
Œ

���
W

�}
�v

���
��t

�'�
���

�v
���

��Z
�D

��
�í

���
���

�Z
�ð

�ð
�X

�ì
�h

�‰
���

��š
���

���
�Œ

���
(�

š�
���

�v
�v

�µ
���

o�
��Œ

���
‰

�}
�Œ

�š
�í

���
���

�Z
�î�

ì
�î�

ì�X
�ì

�Z
���

À
�]�

��Á
���

Á
�]�

š�
Z

���
K

�Ç
�•

�š
���

Œ
���

W
�}

�v
���

��t
�'�

���
�v

���
��Z

�D
��

�í
���

���
�Z

�ð
�ð

�X
�ì

�&
�]�

v�
��o

�]�
Ì��

���
��v

���
��•

�µ
���

u�
]�š

���
��v

�v
�µ

���
o�

��Œ
���

‰
�}

�Œ
�š

�í
���

���
�Z

�í�
ì

�í�
ì�X

�ì
�d

�K
�d

���
>

�õ
�î�

ô�
X

�ì�ð
�ñ

�9
�^

���
z

�õ
�ñ

�ì
�Z

�Œ
�•

�l�
Ç

���
��Œ

�¨
�ó

�ò
�U

�ì�
ì�ì�

��v
�v

�µ
���

o�
���

�}
�•

�š
���

(�
}�

Œ
���

o�
���

�}
�Œ

�U
���

��•
�•

�µ
�u

���
•�

��¨
�ô

�ì�
l�Z

�Œ

���
E

�s
�/�

Z
�K

�E
�D

���
E

�d
���

>
���

D
�K

�E
�/�

d�
K

�Z
�/�

E
�'�

���
�K

�^
�d

�^�Y
�µ

���
v�

š�
]�š

�Ç
�h

�v
�]�

š
�h

�v
�]�

š�
���

�}
�•

�š
���

}�
•�

š
���

}�
u�

u�
��v

�š
�•

�^
�µ

�Œ
�(

���
���

���
t��

�š
���

Œ
���

��š
���

^�
��v

�š
�]�

v�
��o

���
^�

š�
��š

�]�
}�

v�
•

�î
�Œ

�}
�µ

�v
���

•�
l�Ç

�Œ
�¨

�ñ
�U

�î�
ñ�

ì
�¨

�í�
ì�U

�ñ
�ì�

ì
���

o�
o�

}�Á
��

�v
���

��U
���

š�
}�

���
���

���
�}

�v
�(

�]�
Œ

�u
���

�
�^

���
��]

�u
���

v�
š

�í
�Œ

�}
�µ

�v
���

•�
l�Ç

�Œ
�¨

�ñ
�U

�ñ
�ì�

ì
�¨

�ñ
�U

�ñ
�ì�

ì
���

o�
o�

}�Á
���

v�
���

�U
���

š�
}�

���
���

���
�}

�v
�(

�]�
Œ

�u
���

�
�,�

���
�]�

š�
��š

���
��•

�•
���

•�
•�

u�
��v

�š
���

~
���

À
���

Œ
�Ç

���
ñ�

��Ç
���

��Œ
�•

�•
�ì�

X
�î

�Œ
�}

�µ
�v

���
•�

l�Ç
�Œ

�¨
�í�

ì�U
�ì�

ì�ì
�¨

�î�
U

�ì�
ì�ì

���
o�

o�
}

�Á
���

v�
���

�U
���

š�
}�

���
���

���
�}

�v
�(

�]�
Œ

�u
���

�
�'�

Œ
�}

�µ
�v

���
Á

���
š�

��Œ
�í

�Œ
�}

�µ
�v

���
•�

l�Ç
�Œ

�¨
�î�

U
�ì�

ì�ì
�¨

�î�
U

�ì�
ì�ì

���
o�

o�
}�Á

���
v�

���
�U

���
š�

}�
���

���
���

�}
�v

�(
�]�

Œ
�u

���
�

���
]�Œ

���
D

�}�
v�

]�š
�}�

Œ
�]�

v�
P

�ì
�Œ

�}
�µ

�v
���

•�
l�Ç

�Œ
�¨

�ì
�¨

�ì
�>

�]�
š�

��Œ
���

š�
µ�

Œ
���

��•
���

��Œ
���

Z
�U

���
��}

�À
���

Œ
���

���
�]�

v�
��Z

�D
���

���
�}

�•
�š

�•
�d

�K
�d

���
>

�¨
�î�

ì�U
�ì�

ì�ì



�&
���

>
�D

�K
�h

�d
�,�

U
���

D
���

��r
���

K
�z

�^
�d

���
Z

���
W

�K
�E

���
���

�t�
D

�W
���

^�
d�

/�D
���

d�
���

���
��E

�E
�h

���
>

���
��K

�^
�d

�^
���

&
�K

�Z
���

^�
��t

���
Z

���
h�

^�
��Z

���
&

���
��^

�t�
Œ

�]�
P

�Z
�š

�r
�W

�]�
��Œ

���
��U

���
D

���
Œ

���
Z

���
î�ì

�í�
õ�

U
���

Œ
���

À
���

:�µ
�o

�Ç
���

î�ì
�í�

õ
���

E
�Z

���
���

�/�
��í

�í�
î�î

�ô
���

~
���

W
�Z

�/�
>�

��î
�ì�

í�õ
�•

�/�
š�

��u
�•

�t�
��š

���
Œ

�•
�Z

���
���

���
À

���
Œ

���
P

��
�^

�]�
v�

P
�o

���
��&

���
u�

]�o
�Ç

���
Z

���
•�

]��
���

v�
š�

]��
�o

�t�
��š

���
Œ

�•
�Z

���
���

�Z
���

•�
]��

���
v�

š�
]��

�o
���

t��
�š

���
Œ

���
h�

•�
���

�~
�P

�‰
���

•
�ï�

î�U
�ì�

ì�ì
�î�

ò�
ô�

ì�ì
�t�

��š
���

Œ
�•

�Z
���

���
�Z

���
•�

]��
���

v�
š�

]��
�o

���
��Á

���
o�

o�
]�v

�P
���

h�
v�

]�š
�•

�î�
î�ð

�í�
ò�

ì
���

���
�h

�•
���

P
���

��‰
���

Œ
���

��Á
���

o�
o�

]�v
�P

���
µ�

v�
]�š

���
~

�P
�‰

���
l��

�µ
�•

�í�
ð�

ï
�í�

ò�
ô

�'�
��o

�o
�}

�v
�•

���
��}

�À
���

Œ
���

���
�]�

v�
���

���
•�

���
���

Z
���

Œ
�P

��
�ô

�î
�ô

�î
�'�

��o
�o

�}
�v

�•
���

��š
���

���
���

]�š
�]�

}�
v�

��o
���

��Z
���

Œ
�P

��
�ò

�í
�ô

�ò

���
��•

���
���

�Z
���

Œ
�P

���
��~

�¨
�í�

ï�ð
�l�

��ò
���

u�
}�

v�
š�

Z
�•

�•
�¨

�î�
ò�

ô
�¨

�î�
ò�

ô
���

���
�]�

š�
]�}

�v
���

o�
���

�Z
���

Œ
�P

���
��~

�¨
�ò

�X
�ó

�ì�
l�,

���
&

�•
�¨

�í�
õ�

õ
�¨

�î�
ô�

ì
���

���
�d

�}
�š

���
o�

���
�v

�v
�µ

���
o�

��^
���

Á
���

Œ
���

h�
•�

��Œ
���

&
���

���
�‰

���
Œ

���
��Á

���
o�

o�
]�v

�P
���

µ�
v�

]�š
���

~
�¨

�¨
�î�

ì�í
�õ

�•
�¨

�ð
�ò

�ó
�¨

�ñ
�ð

�ô

�&
�}

�Œ
���

��o
�š

���
Œ

�v
���

š�
]�À

���
•�

���
�v

���
o�

Ç
�•

�]�
•�

���
�v

���
��Z

���
��}

�u
�u

���
v�

���
���

��W
�o

���
v�

U
���

µ�
•�

���
�~

�¨
�¨

�î�
ì�í

�õ
�•

�¨
�ð

�ó
�ñ

�E
�}

�š
���

•
�í�

•�
���

���
•�

���
���

}�
v�

��—
�d

�}
�Á

�v
���

}�
(�

��&
���

o�
u�

}�
µ�

š�
Z

�U
���

t��
�š

���
Œ

���
��v

���
��^

���
Á

���
Œ

���
Z

���
š�

��•
���

��•
���

}�
(�

��:
�µ

�v
��

���
î�ì

�í�
ò�

—
�X



��
��

��
��

tel.  781.982.9300 
fax. 781.982.1056 
 
info@frmahony.com 
www.frmahony.com 

��

30 DuPaul Street 41 Bayberry Hill Road 1071 Floral Avenue  188 Pine Hill Road 
Southbridge, MA 01550  W. Townsend, MA 01474 Schenectady, NY 12306 South Kingstown, RI 02879 
tel.  508.765.0051 tel.  978.597.0703 tel. 774-402-0354 tel. 781-561-6555 
fax  508.765.1244 fax  978.597.0704 fax. 518-356-3266             
 

��
��
��

�(���2�1�(���3�U�H�V�V�X�U�H���6�\�V�W�H�P��
���'�H�V�L�J�Q���5�H�S�R�U�W��

�)�R�U��
�2�\�V�W�H�U���3�R�Q�G���6�X�E���G�H�Y�H�O�R�S�P�H�Q�W��

�7�U�H�H�W�R�S���9�����	���9����
�)�D�O�P�R�X�W�K�����0�$��
�$�S�U�L�O��������������������

��
��
��
��
��
��
��

��
��



��
��

��
��

tel.  781.982.9300 
fax. 781.982.1056 
 
info@frmahony.com 
www.frmahony.com 

��

30 DuPaul Street 41 Bayberry Hill Road 1071 Floral Avenue  188 Pine Hill Road 
Southbridge, MA 01550  W. Townsend, MA 01474 Schenectady, NY 12306 South Kingstown, RI 02879 
tel.  508.765.0051 tel.  978.597.0703 tel. 774-402-0354 tel. 781-561-6555 
fax  508.765.1244 fax  978.597.0704 fax. 518-356-3266             
 

��
�$�S�U�L�O��������������������

�.�H�Q�G�U�D���)�R�[��
�:�U�L�J�K�W���3�L�H�U�F�H���_���3�U�R�M�H�F�W���(�Q�J�L�Q�H�H�U��
�3�R�U�W�O�D�Q�G�����0�(���2�I�I�L�F�H��
��
��
�5�(�����7�U�H�H�W�R�S���9�H�U�V�L�R�Q�������	�������5�H�S�R�U�W�V�����2�\�V�W�H�U���3�R�Q�G���6�X�E���G�H�Y�H�O�R�S�P�H�Q�W�����)�D�O�P�R�X�W�K�����0�$��
��
�'�H�D�U���.�H�Q�G�U�D����
��
�7�K�L�V���S�U�H�O�L�P�L�Q�D�U�\���G�H�V�L�J�Q���D�Q�D�O�\�V�L�V���H�[�D�P�L�Q�H�V���W�K�H���X�V�H���R�I���W�K�H���(���2�Q�H���3�U�H�V�V�X�U�H���6�H�Z�H�U��
�6�\�V�W�H�P���I�R�U���\�R�X�U���S�U�R�M�H�F�W�����(���2�Q�H���L�V���F�H�O�H�E�U�D�W�L�Q�J���������\�H�D�U�V���R�I���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���2�	�0��
�H�[�S�H�U�L�H�Q�F�H���D�O�R�Q�J���Z�L�W�K���F�R�Q�V�L�G�H�U�D�E�O�H���U�H�V�H�D�U�F�K���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���O�H�D�G�L�Q�J���W�R���F�R�Q�W�L�Q�X�R�X�V��
�S�U�R�G�X�F�W���D�Q�G���V�\�V�W�H�P���L�P�S�U�R�Y�H�P�H�Q�W�V�������(���2�Q�H���U�H�P�D�L�Q�V���W�K�H���Z�R�U�O�G�Z�L�G�H���L�Q�G�X�V�W�U�\���V�W�D�Q�G�D�U�G��
�D�Q�G���L�Q�G�X�V�W�U�\���O�H�D�G�H�U���L�Q���W�K�H���S�U�H�V�V�X�U�H���V�H�Z�H�U���W�H�F�K�Q�R�O�R�J�\�������7�K�H���X�Q�L�T�X�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I��
�W�K�H���(���2�Q�H���3�U�H�V�V�X�U�H���6�H�Z�H�U���D�S�S�U�R�D�F�K���S�U�R�Y�L�G�H�V���Q�R�W���R�Q�O�\���D���W�H�F�K�Q�L�F�D�O���V�R�O�X�W�L�R�Q�����E�X�W���D�O�V�R��
�D�Q���H�F�R�Q�R�P�L�F���D�G�Y�D�Q�W�D�J�H���W�R���E�H���U�H�D�O�L�]�H�G���Z�L�W�K���O�R�Z���X�S���I�U�R�Q�W���D�Q�G���2�	�0���F�R�V�W�V��������
��
�6�\�V�W�H�P���$�Q�D�O�\�V�L�V��
��
�7�K�L�V���S�U�R�M�H�F�W���S�U�R�S�R�V�H�V���W�R���F�R�O�O�H�F�W���Z�D�V�W�H�Z�D�W�H�U���I�U�R�P���D�S�S�U�R�[�L�P�D�W�H�O�\�����������F�R�Q�Q�H�F�W�L�R�Q�V���D�Q�G��
�G�L�V�F�K�D�U�J�H��to the Shiverick’s Pond Lift Station�����:�H���O�R�R�N�H�G���D�W���W�Z�R���U�R�X�W�H�V���O�D�E�H�O�H�G��
�K�H�U�H�L�Q���D�V���9�H�U�V�L�R�Q�������D�Q�G���9�H�U�V�L�R�Q��������������
��
�8�V�L�Q�J���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���\�R�X���S�U�R�Y�L�G�H�G�����Z�H���U�D�Q���W�K�H���H�Q�F�O�R�V�H�G���S�U�H�O�L�P�L�Q�D�U�\���S�U�H�V�V�X�U�H���V�H�Z�H�U��
�S�L�S�H���V�L�]�L�Q�J���D�Q�D�O�\�V�H�V�����7�K�H�V�H���Z�H�U�H���U�X�Q���W�K�U�R�X�J�K���R�X�U���/�R�Z���3�U�H�V�V�X�U�H���6�H�Z�H�U���'�H�V�L�J�Q��
�6�R�I�W�Z�D�U�H���W�K�D�W���H�P�S�O�R�\�V���R�X�U���)�O�R�Z���9�H�O�R�F�L�W�\���D�Q�G���)�U�L�F�W�L�R�Q���+�H�D�G���/�R�V�V���Y�V�����3�X�P�S�V���L�Q��
�6�L�P�X�O�W�D�Q�H�R�X�V���2�S�H�U�D�W�L�R�Q���6�S�U�H�D�G�V�K�H�H�W�������:�H���K�D�Y�H���X�V�H�G���W�K�H���V�X�U�I�D�F�H���W�R�S�R�J�U�D�S�K�\��
�S�U�R�Y�L�G�H�G���W�R���P�D�N�H���R�X�U���D�Q�D�O�\�V�H�V������
��
�=�R�Q�H���/�D�\�R�X�W��

��
�8�V�L�Q�J���\�R�X�U���V�L�W�H���S�O�D�Q���Z�H���O�D�L�G���R�X�W���D���V�\�V�W�H�P���Z�L�W�K���D���W�R�W�D�O���R�I���������I�O�R�Z���=�R�Q�H�V���O�H�D�G�L�Q�J���W�R���W�K�H��
�I�L�Q�D�O���G�L�V�F�K�D�U�J�H���S�R�L�Q�W�����7�K�H���U�R�X�W�H�V���D�U�H���V�O�L�J�K�W�O�\���D�O�W�H�U�H�G���L�Q���9�H�U�V�L�R�Q�������W�R���D�Y�R�L�G���V�R�P�H���K�L�J�K��
�V�S�R�W�V���R�Q���0�D�L�Q���6�W�U�H�H�W�������9�H�U�V�L�R�Q�������L�V���V�O�L�J�K�W�O�\���V�K�R�U�W�H�U���D�Q�G���U�H�V�X�O�W�V���U�H�G�X�F�H�G���W�K�H���7�R�W�D�O��
�'�\�Q�D�P�L�F���+�H�D�G���L�Q���V�H�Y�H�U�D�O���R�I���W�K�H���I�O�R�Z���]�R�Q�H�V�������7�K�H���O�D�\�R�X�W�V���D�V�V�X�P�H�G���Z�H���D�U�H���R�Q�O�\��
�V�H�U�Y�L�F�L�Q�J���W�K�H���3�K�D�V�H�������D�Q�G���3�K�D�V�H�������D�U�H�D�V���P�D�U�N�H�G���R�Q���\�R�X�U���S�O�D�Q�������,�I���W�K�H�U�H���L�V���D���S�R�W�H�Q�W�L�D�O��
�W�R���D�G�G���L�Q���I�O�R�Z���I�U�R�P���D�E�X�W�W�L�Q�J���V�H�U�Y�L�F�H���D�U�H�D�V�����W�K�H�Q���W�K�H���O�L�Q�H���V�L�]�H���L�Q���I�L�Q�D�O���]�R�Q�H�V���F�X�U�U�H�Q�W�O�\��
�V�K�R�Z�L�Q�J���D�V�������L�Q�F�K���S�L�S�H���Z�R�X�O�G���E�H���L�Q�F�U�H�D�V�H�G�������7�K�H���V�L�G�H���E�H�Q�H�I�L�W���Z�R�X�O�G���E�H���W�K�H���U�H�G�X�F�W�L�R�Q��
�L�Q���I�U�L�F�W�L�R�Q���O�R�V�V�H�V���L�Q���W�K�H���F�X�U�U�H�Q�W���S�U�R�S�R�V�H�G���S�U�R�M�H�F�W����

��
��



��
��

��
��

tel.  781.982.9300 
fax. 781.982.1056 
 
info@frmahony.com 
www.frmahony.com 
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30 DuPaul Street 41 Bayberry Hill Road 1071 Floral Avenue  188 Pine Hill Road 
Southbridge, MA 01550  W. Townsend, MA 01474 Schenectady, NY 12306 South Kingstown, RI 02879 
tel.  508.765.0051 tel.  978.597.0703 tel. 774-402-0354 tel. 781-561-6555 
fax  508.765.1244 fax  978.597.0704 fax. 518-356-3266             
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�X�V�H���J�R�D�O�V���R�I���������J�S�G���F�D�S�L�W�D�������:�H���D�O�V�R���O�R�R�N���D�W���V�H�D�V�R�Q�D�O���X�V�H�V���D���O�L�W�W�O�H���P�R�U�H���F�O�R�V�H�O�\���G�X�H��
�W�R���J�U�H�D�W�H�U���U�H�G�X�F�W�L�R�Q�V���L�Q���I�O�R�Z���L�Q���W�K�H���R�I�I�V�H�D�V�R�Q�������,�Q���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���W�K�L�V���W�\�S�H���Z�H���O�R�R�N���W�R��
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�I�L�Q�G���W�K�H���E�H�V�W���I�R�U���E�R�W�K���V�H�D�V�R�Q�V������

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

�$�S�S�X�U�W�H�Q�D�Q�F�H�V��

�2�X�U���Q�R�U�P�D�O���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U���Y�D�O�Y�H���S�O�D�F�H�P�H�Q�W���D�U�H���D�V���I�R�O�O�R�Z�V�����I�O�X�V�K�L�Q�J��
connections at 1,000’ to 1,500’ intervals and at b�U�D�Q�F�K���H�Q�G�V���D�Q�G���M�X�Q�F�W�L�R�Q�V�����L�V�R�O�D�W�L�R�Q��
�Y�D�O�Y�H�V���D�W���E�U�D�Q�F�K���M�X�Q�F�W�L�R�Q�V�����D�Q�G���D�L�U���U�H�O�H�D�V�H���Y�D�O�Y�H�V���D�W���S�H�D�N�V���R�I���������I�W�����R�U���P�R�U�H���D�Q�G���R�U���D�W��
�L�Q�W�H�U�Y�D�O�V���R�I���������������W�R���������������I�W��������

��
�&�R�P�P�R�Q���S�U�D�F�W�L�F�H���L�Q���S�U�H�V�V�X�U�H���V�H�Z�H�U�V���U�H�T�X�L�U�H�V���W�K�H���D�E�L�O�L�W�\���W�R���L�V�R�O�D�W�H���H�D�F�K���O�R�W���Z�L�W�K���D��
�F�R�U�S�R�U�D�W�L�R�Q���V�W�R�S���R�I�I���W�K�H���P�D�L�Q���D�Q�G���V�H�U�Y�L�F�H���O�D�W�H�U�D�O���N�L�W���W�R���W�K�H���O�R�W���O�L�Q�H�������(���2�Q�H���K�D�V��
�G�H�Y�H�O�R�S�H�G���D���W�U�X�H���Z�D�V�W�H�Z�D�W�H�U���U�D�W�H�G���F�K�H�F�N���Y�D�O�Y�H���Z�K�L�F�K���L�V���E�X�L�O�W���L�Q���W�R���R�X�U���V�W�D�L�Q�O�H�V�V���V�W�H�H�O��
�O�D�W�H�U�D�O���N�L�W���V�K�R�Z�Q���L�Q���W�K�L�V���U�H�S�R�U�W�������7�K�H�V�H���F�R�P�S�R�Q�H�Q�W�V���D�U�H���U�D�W�H�G���W�R�����������S�V�L���D�Q�G���Z�L�W�K��
�V�W�D�Q�G�D�U�G���F�R�Q�Q�H�F�W�L�R�Q���I�L�W�W�L�Q�J�V���U�D�W�H�G���W�R�����������S�V�L�����7�K�H�V�H���L�W�H�P�V���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���E�X�G�J�H�W��
�D�Q�D�O�\�V�H�V���D�Q�G���V�K�R�Z�Q���L�Q���W�K�L�V���U�H�S�R�U�W��������
��
�:�H���V�W�U�R�Q�J�O�\���D�G�Y�L�V�H���D�J�D�L�Q�V�W���W�K�H���X�V�H���R�I���Z�D�W�H�U�Z�R�U�N�V���F�K�H�F�N���Y�D�O�Y�H�V���D�V���W�K�H�\���D�U�H���Q�R�W���U�D�W�H�G��
�I�R�U���V�H�Z�D�J�H���H�Q�Y�L�U�R�Q�P�H�Q�W�V�������:�H���G�R���Q�R�W���O�L�N�H���W�R���U�H�F�R�P�P�H�Q�G���E�U�D�V�V���G�X�H���W�R���F�R�Q�F�H�U�Q�V���I�R�U��
�F�R�U�U�R�V�L�R�Q�������:�(�)���0�D�Q�X�D�O���R�I���3�U�D�F�W�L�F�H���)�'�����������6�H�F�R�Q�G���(�G�L�W�L�R�Q�����S�D�J�H���������V�S�H�D�N�V���W�R��
�W�K�H���O�L�P�L�W�H�G���V�X�F�F�H�V�V���R�I���E�U�D�V�V���R�U���E�U�R�Q�]�H���D�O�O�R�\�V������
��

“Besides corrosion considerations, brass is subject to de���D�O�O�R�\�L�Q�J�����Z�K�L�O�H���V�R�P�H��
�E�U�R�Q�]�H�����V�X�F�K���D�V�������������������Z�L�O�O���J�L�Y�H���E�H�W�W�H�U���S�H�U�I�R�U�P�D�Q�F�H�����7�K�H���W�H�U�P�V��brass���D�Q�G��
bronze���D�U�H���X�V�H�G���O�R�R�V�H�O�\�����G�H�V�S�L�W�H���K�D�Y�L�Q�J���G�L�I�I�H�U�H�Q�W���P�H�D�Q�L�Q�J�V�����W�K�H���H�Q�J�L�Q�H�H�U���L�V��
advised to evaluate these materials with caution.”��

��
�:�H���K�D�Y�H���D�O�V�R���V�H�H�Q���3�9�&���E�R�G�\���F�K�H�F�N���Y�D�O�Y�H�V���Z�L�W�K���S�U�H�V�V�X�U�H���U�D�W�L�Q�J���W�R�����������S�V�L���W�K�D�W���G�R��
�Q�R�W���K�D�Y�H���W�K�H���V�D�P�H���U�D�W�L�Q�J���I�R�U���E�D�F�N���S�U�H�V�V�X�U�H���R�Q���W�K�H���F�K�H�F�N���Y�D�O�Y�H�������7�K�L�V���F�D�Q���U�H�V�X�O�W���L�Q��
�G�D�P�D�J�H���W�R���W�K�H���F�K�H�F�N���Y�D�O�Y�H���D�Q�G���S�X�P�S�L�Q�J���L�V�V�X�H�V���D�V���W�K�H���F�K�H�F�N���Y�D�O�Y�H���G�L�V�F���F�D�Q���E�H�F�R�P�H��
�G�L�V�O�R�G�J�H�G���X�Q�G�H�U���S�U�H�V�V�X�U�H���D�Q�G���W�K�H�Q���E�H�F�R�P�H���D���O�L�Q�H���R�E�V�W�U�X�F�W�L�R�Q����
��
�&�R�Q�Q�H�F�W�L�R�Q�V���W�R���W�K�H���P�D�L�Q���S�U�H�V�V�X�U�H���O�L�Q�H���G�R���Q�R�W���U�H�T�X�L�U�H���:�<�(���W�\�S�H���I�L�W�W�L�Q�J�V�������:�H��
�F�R�P�P�R�Q�O�\���X�V�H���D���7�(�(���R�U���V�D�G�G�O�H���F�R�Q�Q�H�F�W�L�R�Q�������:�H���L�V�R�O�D�W�H���H�D�F�K���F�R�Q�Q�H�F�W�L�R�Q���W�R���W�K�H���P�D�L�Q��
�O�L�Q�H���Z�L�W�K���D���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���F�R�U�S�R�U�D�W�L�R�Q���Y�D�O�Y�H���L�Q���W�K�H���V�D�P�H���P�D�Q�Q�H�U���X�V�H�G���I�R�U���R�W�K�H�U��
�X�W�L�O�L�W�L�H�V���V�X�F�K���D�V���J�D�V���D�Q�G���Z�D�W�H�U���V�H�U�Y�L�F�H�V����
��
�$�Q���H�V�W�L�P�D�W�H�G���T�X�D�Q�W�L�W�\���R�I���F�O�H�D�Q�R�X�W�V���D�Q�G���D�L�U���Y�D�F�X�X�P���U�H�O�H�D�V�H���D�V�V�H�P�E�O�L�H�V�����F�R�U�S�R�U�D�W�L�R�Q��
�V�W�R�S�V���D�Q�G���O�D�W�H�U�D�O�V���D�U�H���S�D�U�W���R�I���W�K�H���E�X�G�J�H�W���S�D�J�H�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���9�H�U�V�L�R�Q�������U�H�S�R�U�W�������:�H��
�F�D�Q���V�X�S�S�O�\���G�H�W�D�L�O�V���D�Q�G���V�S�H�F�L�I�L�F�D�W�L�R�Q�V���I�R�U���W�K�H�V�H���L�W�H�P�V���D�V���Q�H�H�G�H�G����



��
��

��
��

tel.  781.982.9300 
fax. 781.982.1056 
 
info@frmahony.com 
www.frmahony.com 

��

30 DuPaul Street 41 Bayberry Hill Road 1071 Floral Avenue  188 Pine Hill Road 
Southbridge, MA 01550  W. Townsend, MA 01474 Schenectady, NY 12306 South Kingstown, RI 02879 
tel.  508.765.0051 tel.  978.597.0703 tel. 774-402-0354 tel. 781-561-6555 
fax  508.765.1244 fax  978.597.0704 fax. 518-356-3266             
 

��
�%�X�G�J�H�W���1�R�W�H�V��
��
�:�H���V�K�R�Z���E�R�W�K���R�X�U���R�X�W�G�R�R�U���0�R�G�H�O���'�+���������������S�X�P�S�V���D�Q�G���L�Q�G�R�R�U���0�R�G�H�O���,�+���������S�X�P�S�V��
�D�V���R�S�W�L�R�Q�V���L�Q���W�K�L�V���U�H�S�R�U�W�������:�H���K�D�Y�H���X�V�H�G���W�K�H���'�+���������������L�Q���W�K�H���E�X�G�J�H�W���W�D�N�H�R�I�I��������
��
�&�R�V�W�V���R�I���S�L�S�H�O�L�Q�H���H�[�F�D�Y�D�W�L�R�Q���D�Q�G���S�X�P�S���L�Q�V�W�D�O�O�D�W�L�R�Q���D�U�H���E�H�V�W���R�E�W�D�L�Q�H�G���I�U�R�P���V�R�X�U�F�H�V���L�Q��
�\�R�X�U���U�H�J�L�R�Q�����:�H���K�D�Y�H���V�R�P�H���U�H�F�H�Q�W���E�L�G���W�D�E�V���I�U�R�P���D�U�H�D���S�U�R�M�H�F�W�V���W�K�D�W���Z�H���F�D�Q���V�K�D�U�H���W�R��
�K�H�O�S���Z�L�W�K���E�X�G�J�H�W���S�O�D�Q�Q�L�Q�J�����%�R�W�K���)�D�O�P�R�X�W�K���D�Q�G���&�K�D�W�K�D�P���K�D�Y�H���V�R�P�H���J�R�R�G���S�U�H�V�V�X�U�H��
�V�H�Z�H�U���S�U�L�F�H�V���W�K�D�W���F�D�Q���E�H���X�V�H�G���W�R���S�U�H�S�D�U�H���W�K�H���S�U�R�M�H�F�W���E�X�G�J�H�W����
��
�,���D�P���O�R�R�N�L�Q�J���I�R�U�Z�D�U�G���W�R���Z�R�U�N�L�Q�J���Z�L�W�K���\�R�X���R�Q���W�K�L�V���D�Q�G���I�X�W�X�U�H���S�U�R�M�H�F�W�V�����3�O�H�D�V�H���F�R�Q�W�D�F�W��
�P�H���L�I���\�R�X���K�D�Y�H���D�Q�\���T�X�H�V�W�L�R�Q�V���R�U���U�H�T�X�L�U�H���D�G�G�L�W�L�R�Q�D�O���L�Q�I�R�U�P�D�W�L�R�Q��������
��
�%�H�V�W���U�H�J�D�U�G�V����
Henry S. Albro 
�:�H�V�W���7�R�Z�Q�V�H�Q�G���2�I�I�L�F�H��
�����������������������������(�[�W������������
�K�H�Q�U�\�D�O�E�U�R�#�I�U�P�D�K�R�Q�\���F�R�P��
��
��
�(�Q�F�O�R�V�X�U�H�V����

mailto:henryalbro@frmahony.com
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��
�7�K�L�V���L�P�D�J�H���V�K�R�Z�V���W�K�H���W�\�S�L�F�D�O���O�D�\�R�X�W���R�I���D�Q���R�X�W�G�R�R�U���S�X�P�S���X�Q�L�W���I�R�U���V�L�Q�J�O�H���I�D�P�L�O�\��
�K�R�P�H���X�V�H�������7�K�H���S�X�P�S���X�Q�L�W���L�V���I�X�U�Q�L�V�K�H�G���F�R�P�S�O�H�W�H�����U�H�D�G�\���I�R�U���L�Q�V�W�D�O�O�D�W�L�R�Q�������7�K�H��
�L�Q�V�W�D�O�O�H�U���Q�H�H�G�V���W�R���F�R�Q�I�L�U�P���W�K�H���S�R�Z�H�U���F�R�U�G���O�H�Q�J�W�K���D�Q�G���G�L�V�F�K�D�U�J�H���D�Q�G���L�Q�O�H�W��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�������6�W�D�Q�G�D�U�G���S�U�R�G�X�F�W�V���D�U�H���V�X�S�S�O�L�H�G���Z�L�W�K���������I�R�R�W���S�R�Z�H�U���V�X�S�S�O�\���F�D�E�O�H������
�6�W�D�Q�G�D�U�G���L�Q�O�H�W�V���D�U�H�������L�Q�F�K���6�F�K�H�G�X�O�H���������*�U�R�P�P�H�W�V�����#���]�H�U�R���G�H�J�U�H�H�V�����Z�L�W�K��������������
�L�Q�F�K���G�L�V�F�K�D�U�J�H�����#�����������G�H�J�U�H�H�V���������2�W�K�H�U���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���D�U�H���D�Y�D�L�O�D�E�O�H����
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�0�R�G�H�O���,�+���������,�Q�G�R�R�U���3�X�P�S���&�R�Q�Q�H�F�W�L�R�Q���R�S�W�L�R�Q�V���I�R�U���W�K�L�V���V�W�D�W�L�R�Q���F�D�Q���E�H���D�G�D�S�W�H�G��
�W�R���F�R�Q�Q�H�F�W���D�E�R�Y�H���W�K�H���V�L�O�O���S�O�X�P�E�L�Q�J���R�U���E�H�O�R�Z���V�O�D�E���S�O�X�P�E�L�Q�J���D�V���V�H�H�Q���L�Q���W�K�H��
�V�N�H�W�F�K�H�V���E�H�O�R�Z����
��

��

��
��

��
��
��
��

��
��
��



��
��

��
��

tel.  781.982.9300 
fax. 781.982.1056 
 
info@frmahony.com 
www.frmahony.com 

��

30 DuPaul Street 41 Bayberry Hill Road 1071 Floral Avenue  188 Pine Hill Road 
Southbridge, MA 01550  W. Townsend, MA 01474 Schenectady, NY 12306 South Kingstown, RI 02879 
tel.  508.765.0051 tel.  978.597.0703 tel. 774-402-0354 tel. 781-561-6555 
fax  508.765.1244 fax  978.597.0704 fax. 518-356-3266             
 

��
�6�W�D�Q�G�D�U�G���D�O�D�U�P���S�D�Q�H�O�V���D�U�H���W�K�H���6�H�Q�W�U�\�Š���S�D�Q�H�O���P�R�X�Q�W�H�G���R�X�W�V�L�G�H���R�I���W�K�H���K�R�P�H���D�V��
�V�K�R�Z�Q���L�Q���W�K�H���G�U�D�Z�L�Q�J�����D�E�R�Y�H������
�2�S�W�L�R�Q�V���L�Q�F�O�X�G�H���H�P�H�U�J�H�Q�F�\���J�H�Q�H�U�D�W�R�U���F�R�Q�Q�H�F�W�L�R�Q��
���V�H�H���S�K�R�W�R�����D�Q�G���5�H�G�X�Q�G�D�Q�W���D�O�D�U�P���5�H�P�R�W�H���6�H�Q�W�U�\�Š��
�S�D�Q�H�O���V�K�R�Z�Q�������2�W�K�H�U���S�D�Q�H�O���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���D�U�H��
�D�Y�D�L�O�D�E�O�H�������6�H�H���W�K�H���S�D�U�W�L�D�O���O�L�V�W�L�Q�J���R�I���S�D�Q�H�O���R�S�W�L�R�Q�V��
�E�H�O�R�Z����
��
��
��
��
��

�x�� �%�D�V�L�F���3�D�Q�H�O�V���L�Q�F�O�X�G�H���F�L�U�F�X�L�W���E�U�H�D�N�H�U���I�R�U���W�K�H���S�X�P�S���D�Q�G���V�H�S�D�U�D�W�H���E�U�H�D�N�H�U���I�R�U��
�W�K�H���D�O�D�U�P�������7�K�H�V�H���S�D�Q�H�O�V���L�Q�F�O�X�G�H���D�O�D�U�P���O�L�J�K�W�����D�O�D�U�P���E�X�]�]�H�U���D�Q�G���D�O�D�U�P���V�L�O�H�Q�F�H��
�E�X�W�W�R�Q������All F. R. Mahony panels are equipped with dry contacts to 
enable the connection of the Rem ote Sentry® (battery powered 
redundant alarm panel option) 

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

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

��
�x�� �3�R�S�X�O�D�U���R�S�W�L�R�Q�V���L�Q�F�O�X�G�H���W�K�H��“Protection Package” ���Z�K�L�F�K���P�R�Q�L�W�R�U�V���D�Q�G��

�S�U�R�W�H�F�W�V���W�K�H���V�\�V�W�H�P���I�U�R�P����
o�� �3�X�P�S���5�X�Q���'�U�\���&�R�Q�G�L�W�L�R�Q�����3�X�P�S���U�X�Q�Q�L�Q�J���R�X�W���R�I���Z�D�W�H�U����
o�� �3�X�P�S���2�Y�H�U�S�U�H�V�V�X�U�H���&�R�Q�G�L�W�L�R�Q�����&�O�R�V�H�G���Y�D�O�Y�H����
o�� �%�U�R�Z�Q�R�X�W���&�R�Q�G�L�W�L�R�Q�����0�D�L�Q���Y�R�O�W�D�J�H���X�Q�G�H�U�����������R�I���Q�D�P�H�S�O�D�W�H����
o�� �+�L�J�K���/�L�T�X�L�G���/�H�Y�H�O��
��

�x� � � 7� K� H� �“Protect Plus” ��panel features offer the same items in the “Protection 
Package” plus the following:����

o�� �+�L�J�K���	���/�R�Z���$�P�S�H�U�D�J�H���G�U�D�Z���E�\���W�K�H���S�X�P�S��
o�� �+�L�J�K���	���/�R�Z���Y�R�O�W�D�J�H���W�R���W�K�H���S�X�P�S��
o�� �(�[�W�H�Q�G�H�G���5�X�Q�W�L�P�H���E�\���W�K�H���S�X�P�S�����L�Q�G�L�F�D�W�L�Q�J���Z�H�D�U���R�U���H�[�F�H�V�V�L�Y�H���I�O�R�Z����

���I�L�H�O�G���D�G�M�X�V�W�D�E�O�H���V�H�W�W�L�Q�J�V����
o�� �0�R�Q�L�W�R�U�L�Q�J���R�I����

�ƒ�� �5�H�D�O���W�L�P�H���3�X�P�S���9�R�O�W�D�J�H���D�Q�G���&�X�U�U�H�Q�W��
�ƒ�� �&�\�F�O�H�V���	���+�R�X�U�V�����F�D�Q���E�H���U�H�V�H�W����
�ƒ�� �0�L�Q�L�P�X�P���	���0�D�[�L�P�X�P���$�P�S�H�U�D�J�H�����F�D�Q���E�H���U�H�V�H�W����

�ƒ�� �0�L�Q�L�P�X�P�����0�D�[�L�P�X�P�����$�Y�H�U�D�J�H�����D�Q�G���/�D�V�W���5�X�Q���&�\�F�O�H�����L�Q���P�L�Q�X�W�H�V�����F�D�Q��
�E�H���U�H�V�H�W����
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��
�(�P�H�U�J�H�Q�F�\���*�H�Q�H�U�D�W�R�U���7�U�D�Q�V�I�H�U���2�S�W�L�R�Q�V����
��
�7�K�H���L�Q�G�R�R�U���S�X�P�S���X�Q�L�W�V���P�D�\���E�H���I�X�U�Q�L�V�K�H�G���Z�L�W�K���D���U�H�F�H�S�W�D�F�O�H���I�R�U��
�F�R�Q�Q�H�F�W�L�R�Q���R�I���H�P�H�U�J�H�Q�F�\���S�R�Z�H�U���V�X�S�S�O�L�H�V�������7�K�H���L�P�D�J�H���W�R���W�K�H��
�U�L�J�K�W���V�K�R�Z�V���W�K�H���F�R�Q�Q�H�F�W�L�R�Q���U�H�F�H�S�W�D�F�O�H���R�Q���W�K�H���U�L�J�K�W���V�L�G�H���R�I���R�X�U��
�6�H�Q�W�U�\���S�D�Q�H�O�V�������7�K�L�V���F�R�Q�Q�H�F�W�L�R�Q���P�D�\���E�H���F�R�Q�Q�H�F�W�H�G���E�\���\�R�X�U��
�H�O�H�F�W�U�L�F�L�D�Q���W�R���D���U�H�P�R�W�H���F�R�Q�Q�H�F�W�L�R�Q���S�R�U�W���R�X�W�V�L�G�H���R�I���W�K�H���K�R�P�H��������

��
�:�L�U�L�Q�J���P�X�V�W���E�H���S�H�U�I�R�U�P�H�G���E�\���D��
�O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q���D�Q�G���F�R�Q�I�R�U�P�L�Q�J��
�W�R���1�(�&���D�Q�G���O�R�F�D�O���H�O�H�F�W�U�L�F�D�O���F�R�G�H�V����
��
�7�K�H���E�R�[�����O�H�I�W�����L�V���V�K�R�Z�Q���L�Q���W�K�H���I�D�F�H���Y�L�H�Z�����I�D�F�H���X�S�����D�Q�G���L�V��
�L�Q�W�H�Q�G�H�G���W�R���E�H���P�R�X�Q�W�H�G���R�Q���W�K�H���R�X�W�V�L�G�H���Z�D�O�O���W�R���S�H�U�P�L�W��
�F�R�Q�Q�H�F�W�L�R�Q���R�I���D���S�R�U�W�D�E�O�H���J�H�Q�H�U�D�W�R�U���W�R���W�K�H���U�H�F�H�S�W�D�F�O�H���R�Q��
�W�K�H���E�R�W�W�R�P�����*�H�Q�H�U�D�W�R�U���R�S�H�U�D�W�L�R�Q���P�X�V�W���D�O�Z�D�\�V���E�H���L�Q���Z�H�O�O��
�Y�H�Q�W�L�O�D�W�H�G���D�U�H�D�V���R�X�W�V�L�G�H���R�I���D�Q�\���O�L�Y�L�Q�J���V�S�D�F�H����
��
�7�K�H���S�X�P�S���P�D�\���E�H���R�S�H�U�D�W�H�G���X�Q�G�H�U���H�P�H�U�J�H�Q�F�\���S�R�Z�H�U��
�S�U�R�Y�L�G�H�G���W�K�H���D�X�W�R�P�D�W�L�F���W�U�D�Q�V�I�H�U���R�S�W�L�R�Q���L�V���V�H�O�H�F�W�H�G���Z�L�W�K��
�W�K�H���6�H�Q�W�U�\�Š���S�D�Q�H�O�������1�R�U�P�D�O���S�X�P�S���U�X�Q���W�L�P�H�V���D�U�H���V�K�R�U�W��
�D�Q�G���V�K�R�X�O�G���Q�R�W���U�H�T�X�L�U�H���W�K�H���F�R�Q�W�L�Q�X�R�X�V���F�R�Q�Q�H�F�W�L�R�Q���R�I���D��
�J�H�Q�H�U�D�W�R�U�������$���V�L�Q�J�O�H���S�R�U�W�D�E�O�H���J�H�Q�H�U�D�W�R�U���P�D�\���E�H���X�V�H�G���W�R��

�V�H�U�Y�L�F�H���V�H�Y�H�U�D�O���K�R�P�H�V���H�I�I�H�F�W�L�Y�H�O�\������
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�3�X�P�S���P�R�G�H�O�V���P�D�\���E�H���W�K�H���'�+�����������������V�W�D�Q�G�D�U�G���K�H�L�J�K�W�����I�R�U���R�X�W�G�R�R�U���X�V�H���R�U���W�K�H���0�R�G�H�O��
�,�+���������L�Q�G�R�R�U���X�Q�L�W�������%�R�W�K���S�U�R�G�X�F�W�V���D�U�H���8�/���O�L�V�W�H�G���1�6�)���D�Q�G���&�6�$���F�H�U�W�L�I�L�H�G��������
��
�0�R�G�H�O���'�+���������������2�X�W�G�R�R�U���3�X�P�S���:�L�W�K���%�D�O��Last™��
��
�7�K�H���R�X�W�G�R�R�U���P�R�G�H�O���L�V���F�R�P�S�O�H�W�H�������U�H�D�G�\���I�R�U���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���F�R�Q�Q�H�F�W�L�R�Q���W�R���H�[�W�H�U�L�R�U��
�S�O�X�P�E�L�Q�J���D�Q�G���S�R�Z�H�U���V�X�S�S�O�\�������7�K�L�V���X�Q�L�W���L�V���I�X�O�O�\���W�H�V�W�H�G���I�R�U���R�S�H�U�D�W�L�R�Q���D�Q�G���I�D�F�W�R�U�\���O�H�D�N��
�W�H�V�W�H�G�������1�R���D�V�V�H�P�E�O�\���L�V���U�H�T�X�L�U�H�G���D�Q�G���W�K�H�U�H���D�U�H���Q�R���I�O�R�D�W�V���W�R���D�G�M�X�V�W�������7�K�H���S�X�P�S���L�V��
�I�X�U�Q�L�V�K�H�G���F�R�P�S�O�H�W�H���Z�L�W�K���W�K�H���D�O�D�U�P���S�D�Q�H�O���D�Q�G���G�L�U�H�F�W���E�X�U�\���S�R�Z�H�U���V�X�S�S�O�\���F�D�E�O�H������
�6�W�D�Q�G�D�U�G���F�D�E�O�H���O�H�Q�J�W�K���L�V���������I�H�H�W���Z�L�W�K�������������������D�Q�G�����������D�Q�G���X�S���W�R�����������I�R�R�W���F�D�E�O�H�V��
�D�Y�D�L�O�D�E�O�H�������6�H�H���$�O�D�U�P���3�D�Q�H�O���R�S�W�L�R�Q�V���D�E�R�Y�H����
��

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

��

http://www.eone.com/
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�2�S�H�U�D�W�L�R�Q���&�R�Q�G�L�W�L�R�Q�V��
��
���������������)�H�H�W���L�V���W�K�H��
�K�L�J�K�H�V�W���7�'�+���D�W��
�V�L�P�X�O�W�D�Q�H�R�X�V���R�S�H�U�D�W�L�Q�J��
�F�R�Q�G�L�W�L�R�Q�V���Z�L�W�K���W�K�H��
�H�[�S�H�F�W�H�G���Q�X�P�E�H�U���R�I��
�S�X�P�S�V���R�S�H�U�D�W�L�Q�J���L�Q��
�H�D�F�K���]�R�Q�H�����R�U���W�K�H���K�H�D�G��
�R�I���D�Q���L�Q�G�L�Y�L�G�X�D�O���S�X�P�S��
�R�S�H�U�D�W�L�Q�J���L�Q���D���V�L�Q�J�O�H��
�]�R�Q�H���F�R�Q�G�L�W�L�R�Q����
��
�2�S�H�U�D�W�L�Q�J���U�D�Q�J�H���R�I��
�(���2�Q�H���S�X�P�S�V���I�U�R�P������
���������I�H�H�W���7�'�+���D�Q�G���I�U�R�P��
�����W�R�����������I�H�H�W���7�'�+����
�<�R�X�U���6�\�V�W�H�P���5�D�Q�J�H��
��
�$�Q�W�L���V�L�S�K�R�Q���Y�D�O�Y�H�V���L�Q��
�(���2�Q�H���F�R�U�H�V���S�U�R�Y�L�G�H���I�R�U��
�Q�H�J�D�W�L�Y�H���K�H�D�G���S�X�P�S�L�Q�J������
�,�Q���F�R�P�P�R�Q���V�\�V�W�H�P�V��
�Z�L�W�K���Q�H�J�D�W�L�Y�H���K�H�D�G�V���R�I��
�������������I�H�H�W���R�U���P�R�U�H���Z�H��
�U�H�F�R�P�P�H�Q�G���W�K�H���X�V�H���R�I��
�F�R�P�E�L�Q�D�W�L�R�Q���D�L�U���Y�D�F�X�X�P��
�U�H�O�H�D�V�H���Y�D�O�Y�H�V���D�V��
�G�H�V�F�U�L�E�H�G���E�H�O�R�Z����
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Designer/Installer must include proper pipe supports with 
corrosion resistant (Stainless Steel) hardware.  Supports 
will vary depending on cleanout configuration. 
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http://www.orenco.com/sales/choose_a_system/advanced_treatment_systems/index.cfm
http://www.amphidrome.com/
http://www.biomicrobics.com/products/bio-barrier-membrane-bioreactor/
http://www.aquapoint.com/bioclere.html
http://www.busse-gt.com/
http://www.eliminite.com/index-1.html
http://www.holmesandmcgrath.com/index.html
http://hootsystems.com/about-hoot-systems/
http://www.lombardoassociates.com/
http://www.njunsystems.com/
http://www.irucks.com/
http://www.septic-net.com/
http://www.seswastewater.com/hydro-kinetic.html
http://waterloo-biofilter.com/
http://www.septitech.com/staar-residential/
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Table 1.  System Types Installed and Replaced with Location by Case Study Number 
 

 
 

Blackwater Storage 

In WFH there are many homes that are only occupied 
eight to ten weeks out of the year.  These homes are 
typically uninsulated and located on small lots in 
close proximity to wetlands.  An innovative, non-
proprietary, cost effective solution was developed to 
enable nitrogen-removing septic systems to be 
installed in these homes.  This system adds a 1500 to 
2000-gallon storage tank to a standard Title 5 septic 
system.  Interior toilets are re-plumbed to divert into 
this holding tank.  Thus greywater from sinks, 
showers, dishwashers and washing machines does 
not need to be stored.  Sizing of the blackwater 
holding tank is calculated to require only one or two 
pump-outs per season.  An alarmed float meter is 
installed to alert homeowners and property managers 
when the blackwater tank is 2/3 full and a counter is 
also installed to track the number of times the alarm 
is triggered. Figure 1 shows one of many possible 
configurations of this system.  A total of 10 
Blackwater tanks were installed. 

 

Case 
Study # System Type System Replaced

BW1 Blackwater Holding Tank Cesspool
BW2 Blackwater Holding Tank Title 5
BW3 Blackwater Holding Tank Cesspool
BW4 Blackwater Holding Tank Title 5
BW5 Blackwater Holding Tank Cesspool
BW6 Blackwater Holding Tank Cesspool
BW7 Blackwater Holding Tank Cesspool
BW8 Blackwater Holding Tank Title 5
BW9 Blackwater Holding Tank Title 5
BW10 Blackwater Holding Tank Cesspool
EL1 Eliminite Title 5
EL2 Eliminite Title 5
EL3 Eliminite Title 5
HO1 HOOT Cesspool
HO2 HOOT Cesspool
HO3 HOOT Cesspool
HO4 HOOT Title 5
HO5 HOOT Cesspool
HO6 HOOT Title 5
LSAS1 Layered SAS Cesspool

2,000 Gallon Blackwater Tank installed in parallel 
with an existing Title V systems at the location of 
Case Study BW9.  



Final Report:  WFHSSR Project 

 
Page 7 of 23 

 

 

 
 
Figure 1. Blackwater Storage Tank Configuration 
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Figure 2.  Eliminite Schematic 
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Figure 3.  Eliminite Process 
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Figure 4.  HOOT systems configuration and component description 
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Layered Soil Treatment Area (Layered STA) 

 

With funding from various 
sources, staff at the 
Massachusetts Alternative 
Septic System Test Center 
(MASSTC), which is operated 
by BCDHE, have been 
experimenting with a simple, 
non-proprietary technique of 
layering soil mixed with wood 
byproduct (sawdust, woodchips) 
beneath a standard soil 
treatment area (STA; alternately 
known as soil absorption system 
or leaching field) in order to 
reduce nitrogen loading. The 
principle is fairly simple. 
Components of a standard STA 
generally convert the ammonia-
nitrogen in septic tank effluent 
into nitrate, which is then 
leached into the groundwater 
where it contributes to the over-
production of algae and 
consequent eutrophication of 

our bays and estuaries. If the percolating nitrate-laden effluent can be first directed through a layer of 
sawdust matrix and certain conditions are maintained before it reaches the groundwater, the nitrate can be 
reduced to harmless nitrogen gas (denitrification) and vented to the atmosphere. MASSTC has been studying 
simple and inexpensive ways to produce the sequential conditions necessary to complete the above-described 
process.  Figure 5 shows the main components of this layered STA concept, which includes a septic tank, 
pump chamber, pressure dosing system, and 18-inch layer of sand and, 18-inch layer of sawdust matrix.  
Figure 6 shows the conceptual model that invites the name Layer Cake as well as results from one 
installation at MASSTC. One Layered STA was installed. 
 

Layered STA installed as part of a full upgrade from cesspools at the 
location of Case Study #6.  
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Figure 5.  Layered STA Schematic 
 

 
 
Figure 6.  Layered STA Test Results 
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APPENDIX A:  Vendor Questionnaire 
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APPENDIX  B:  Letter to Potential Participants and Fact Sheet 
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APPENDIX  C: Decision Support Tool Screen Shot 

 
 

NAME:
WEST FALMOUTH PROPERTY ADDRESS:
DATE:

Please tell us how important the follow characteristics are to you based on the following scale:
First Cost (equipment and installation) 1 = very important
20 Year Present Worth (including O&M) 2 = important
Energy Use 3 = somewhat important
Aesthetics 4 = not very important
Complexity 5 = not a concern

Is there another criteria not listed here that is important to you?

Summary of top 7 systems to consider based on your weighting of the above criteria:

System Name
Contact
Website

Decision 
Tool Total 

Score

Average 
Estimated 
Installed 

System Cost

Annual Cost 
for Quarterly 
Inspections

Lab Costs 
after 1st 

year

Monthly 
Energy Use 

(kWh)*

20 year 
Present Worth 

for O&M**

Company 
Warrantee on 

System
Special Considerations

Number 
of Pumps







   The following materials are supplied to support DEP approval of a watershed
permit to meet TMDL compliance for the Oyster Pond Watershed in Falmouth,
Massachusetts using advanced innovative /alternative septic systems:
   I.  A detailed watershed Implementation Plan using advanced I/A systems
achieving
       total nitrogen removal to 10mg/l or 75% removal (Exhibit A).
   II. Falmouth Home Rule supplements to CMR 15.000 (Title 5) that augment the
        monitoring requirements and define failure criteria for advanced  I/A septic
        systems (Exhibit B).
   III. Data from local piloting projects in West Falmouth Harbor and at the
        Barnstable County Test Center that demonstrate that some advanced I/A septic
        systems can routinely achieve 10mg total nitrogen per liter or 75% TN removal
        (Exhibit C).
       The Oyster Pond Implementation Plan envisions approving a few systems that
meet the standards described in the Management Plan. Phase One of the project will
install approximately 189 advanced I/As in the watershed. By the time the
watershed permit is issued these systems should be supported by a number of years
of test data adequate to permit them for Provisional Use Approval. Once installed in
the watershed the advanced I/A systems will be monitored for 14 years during
phase One of the project and will yield data sufficient for DEP to issue General Use
Approvals for these systems and thus allow their use throughout the
Commonwealth.





Implementation Plan to meet TMDL Compliance for the Oyster Pond
           Watershed, Falmouth, MA. using Advanced Innovative/Alternative
           Septic Systems

1.0 Definitions
BOD        Biological Oxygen Demand
DEP        Department of Environmental Protection
I/A          Innovative/Alternative
RME        Responsible Management Entity
TMDL     Total Maximum Daily Load of Nitrogen in mg/l
TN           Total Nitrogen [nitrite, nitrate and Total Kjeldahl Nitrogen [TKN]]
TSS          Total Suspended Solids
TWMP    Targeted Watershed Management Plan

2.0 Watershed Boundaries

The boundaries of the TWMP watershed will be those defined in the Massachusetts
Estuaries Project Linked Watershed/Embayment Model for Oyster Pond, as adopted
by Massachusetts DEP and by the Falmouth Town Meeting. The TWMP will
designate which properties within the watershed will be required to install an
Advanced I/A System.

3.0 Plan: The Town of Falmouth proposes to meet the TMDL for Oyster Pond
through a two-phase program using Advanced I/A Systems to remove 2280 lbs/yr
of Total Nitrogen from the watershed.

3.1 Advanced Innovative/Alternative Septic Systems:  I/A systems meeting less
than 10 mg/l TN or at least 75% removal of TN will be used for all the systems
required to be installed in the watershed. To calculate % removal of TN refer to local
Board of Health Regulation FHR 15.0 Approval of Alternative Onsite Septic Systems,
15.3.9 Compliance Using Mass Loading Calculations. A conceptual model and
specifications of systems that might meet these requirements are provided in
Appendix I.

3.1.1  Candidate vendors are referred to the State of Florida Onsite Sewage Nitrogen
Reduction Strategies Study(www.floridahealth.gov/environmental-
health/onsitesewage/research/b15report.pdf
andwww.floridahealth.gov/environmentalhealth/onsitesewage/research/_docume
nts/rrac/hazensawyervol0iireportrappend.pdf ) for examples.



3.2  Phased Implementation

3.2.1   Phase 1: This phase will include (189) dwelling units (Wright Pierce, Draft
CWMP, July 2019, Section 6.5.3) and will have a duration of 14 years from the start
date to evaluate the impact on watershed compliance.

3.2.2   Phase 2:  This phase (Wright Pierce, as above) will be initiated after 14 years
if compliance has not been achieved in Phase 1.

4.0   Management

4.1  Property Owner Requirements
Owners of designated properties within a watershed who are required to install an
Advanced I/A System must obtain a Disposal System Construction Permit (DSCP)
from the municipality within one year of the Start Date (see section 4.3 below).
Owners must have completed installation of an Advanced I/A System within three
years of the issuance of the DSCP and must grant a right of access to the
municipality and its designee to periodically inspect, monitor total nitrogen and
other constituents as necessary, maintain and pump the Advanced I/A Systems.

 4.2  Municipal Participation
 The Town of Falmouth will purchase and supply the designated property owners
with the physical components of the Advanced I/A systems, at no charge. The
designated property owners will be responsible for the site engineering plans,
permitting from town agencies, components of a normal Title 5 System and the
installation of the system including landscaping.

4.3 Responsible Management Entity (RME)

The Executive branch of the Town of Falmouth will designate an appropriate town
department as the Responsible Management Entity (RME). The RME will be
responsible for record keeping, inspecting, nitrogen and other monitoring, pumping
and other maintenance, enforcement, and reporting to DEP on watershed nitrogen
TMDL compliance. The RME may engage public or private contractors to perform
some or all of these duties. The RME will designate the Start Date for installation of
the Advanced I/A Systems within the watershed.

4.4  Advanced I/A Systems Approval

The RME will issue a Request for Proposals (RFP) to vendors of Advanced I/A
Systems who wish to have their systems installed in the Town of Falmouth.
Responsive vendors must meet the qualifying requirements of the RME, provide
bonded warranties and train local technicians in the operation and maintenance of
their systems. The RME will designate which vendors’ Advanced I/A Systems will be
approved for installation in the Town of Falmouth’s watersheds.



4.5 Performance Monitoring

4.5.1 Probation Period: Monitoring for TN, BOD and TSS will be conducted by the
RME or its designee. There shall be no ownership, management or employee
connection between any monitoring contractor and any system or maintenance
vendor.  Upon installation, all systems will be considered under probation and
sampled every other month for one year. However, if a system is not in use for any
months during probation (as determined by water meter readings) then the RME at
its discretion may alter the schedule to obtain the six required readings during
occupied months that may be contiguous. If there are fewer than six occupied
months in the year, the probation period may extend up to three years.

4.5.2  After Probation Period:  If after the probation period the mean or equivalent
nitrogen load reduction has not reached the required standard of 10 mg TN/L or
75% TN removal, the owner shall be responsible for the cost of bringing the system
into compliance within one year of notification of this exceedance and shall resume
probation period sampling.

4.6  Compliant System Monitoring

Following the Probation Period, 1/12 of the I/A systems in the watershed will be
monitored for effluent total nitrogen each month.  Properties chosen for sampling
that month will be picked with a random number generator that excludes properties
already sampled since the previous September 1 (start of the monitoring calendar
year) and unoccupied seasonal homes.  Each property will be sampled at least once
per year at an unpredictable time. If at any future time a system is found to exceed
the 10 mg TN/L standard or equivalent nitrogen load (75% removal), it must be
resampled within 60 days. If that result still exceeds the standard, then it reverts to
probation status.[see Section 4.5.1 above].

4.7   Operation and Maintenance (O&M)

Advanced I/A Systems must be maintained by the RME in accordance with Mass.
DEP standards. In addition to the annual nitrogen monitoring described in section
4.6, the RME will inspect the control panel and other above ground components of
the system twice yearly, either by means of remote sensing or onsite examination.
An annual system inspection that includes operation and maintenance of the system
shall be performed by vendor-trained and certified technicians under contract to the
RME within a reasonable time following said annual nitrogen monitoring.



4.8   Pump-Outs

Septic systems will be pumped every five years by RME -approved contractors or as
determined by inspection in compliance with 310 CMR 15.35, with cost assumed by
RME semi-annual fee.

4.9  Record Keeping

Records will be kept by the RME for each property within the watershed and will be
tied to the municipal geographic information system.  Records shall include:

4.9.1  Engineered and “as built” plans submitted electronically;
4.9.2 Water readings (from transponder equipped water meters at each property);
4.9.3 Monitoring results;
4.9.4 Operation and Maintenance [O&M] records; and
4.9.5 Pumping records

4.10 Reporting

The RME will report watershed compliance to DEP on an annual basis.  Compliance
may be demonstrated by any of the following:

4.10.1  All systems meet the effluent standard of 10 mg TN/L or 75% removal of TN;
or

4.10.2 Systems that fail to meet the standard are balanced by systems that exceed
the standard; or

4.10.3 The TMDL-mandated water column nitrogen concentration for Oyster Pond
is met at the sentinel station; or

4.10.4 The watershed load meets the target load needed to achieve TMDL
compliance.  The watershed load is calculated quarterly, based on water
usage and the twelve month rolling average of accumulated nitrogen
documented in the annual sampling data for total nitrogen.

5.0 Fees
Each dwelling unit with an Advanced I/A System will be assessed a fee semi-
annually that will cover appropriate RME costs.



Appendix I

Conceptual Model for Nitrogen Removal using Advanced
Innovative Alternative Septic Systems to:

Achieve < 10mg/L TN or >75% removal of TN

                                                                                                                Discharge Pit

System Performance Requirements:

1. Effluent Total Nitrogen (TKN + nitrate + nitrite) < 10 mg/L or >75% TN removal
2. Effluent BOD, TSS < 30 after 4 months of operation
3. Systems shall be configured such that no more than one pump for the

conveyance of fluid is necessary and the total power usage for entire system
shall not exceed 2.5 kWh/day

4.   Denitrifying medium must have a replacement requirement of not less than five
    years and be easily replaced without system excavation .

Nitrifying Component:
There are a number of candidate technologies that might meet the

requirements for nitrification. Refer to DEP web site:
www.mass.gov/guides/title-5-innovativealternative-technology-approval-
letters

Denitrifying Component:
Technologies that might meet the criteria for denitrification would have

enclosed chambers with a cellulosic medium such as used in the NitrexTM and
NitROETM systems.

Discharge Component:
Discharge is proposed with variously sized pits using loading and design

criteria from the pre-1995 Code. Tests* indicate that these pits when
receiving effluents with a treatment level of TN< 10mg/L and BOD and TSS
levels <30mg/L after 4 months of operation will be as effective as currently
required field configurations and do so at considerable cost savings.

*Component evaluated at the Massachusetts Alternative Septic System Test Center,
 a Division of the Barnstable County Department of Health and Environment (Viral
Travel Time Studies are funded and will be tested on pits as described above)

Nitrifying
Component

Denitrifying
Component
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10. Reporting Requirements. 
Any person or entity that owns an alternative on-site septic system or septic system with pressure 
distribution in Falmouth shall cause the results of all monitoring and inspections to be submitted to the 
Barnstable County Department of Health and Environment in a format designated by that department.  All 
reports regarding maintenance, monitoring, or inspections of alternative septic systems or systems with 
pressure distribution shall be submitted within thirty (30) days of the time when the maintenance, 
inspection, or monitoring was performed. 
 

11. Notification with Registry of Deeds. 
No certificate of compliance for a septic system that incorporates an alternative septic system that has any 
regular inspection or service requirement under the MA DEP Approval Letter shall be issued until the 
applicant has filed with the deed for the property a notice indicating the presence of an alternative septic 
system and the requirement for a service contract for the life of the system. 
 

12. Requirement for Use of Shared Systems. 
All subdivisions subject to the requirement of denitrification by any Board or Commission in the Town of 
Falmouth, shall be required to construct a shared septic system as defined in 310 CMR 15.002 and shall 
meet a limit of twelve (12) mg/l TN at the point where the treatment unit discharges to the soil absorption 
system.  Individual on-site denitrifying septic systems shall be prohibited in subdivisions subject to 
denitrifying requirements. 
 

13. Requirement for Accessory Apartments. 
If an I/A system is required to meet the Falmouth Accessory Apartment Bylaw, that I/A system shall 
achieve a limit of 12 mg/L Total Nitrogen (TN) or achieve 70% TN removal. 
 

15.4   CONDITIONS THAT SHALL APPLY TO PRESSURE DISTIBUTION SYSTEMS: 
 
All systems with pressure distribution shall be designed in accordance with the most recent guidelines for the 
design and construction of pressure-dosed systems as available through the Massachusetts Department of 
Environmental Protection. 

1. The calculations for the sizing of pumps, diameter of discharge orifices, diameter of all wastewater 
conveyance lines, and the spacing of orifices shall be provided at the time of application for a disposal 
works permit.  The permit application shall be considered incomplete until this information is submitted. 

2. The report from the mandatory annual inspection (required under 310 CMR 15.254) of all systems with 
pressure distribution shall be submitted to the Barnstable County of Health and Environment in a format 
designated by that Department. 

15.5   VARIANCES:  

1. General Requirements. 
a. Variances may be granted only as follows: The Board of Health may vary the application of any 

provisions of this regulation with respect to any particular case when, in its opinion, the applicant has 
demonstrated that: 
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in 310 CMR 10.000).  The minimum distance of a completely sealed septic tank shall be fifty (50) feet 
from a surface water or wetland as defined above. 

2. Conditions That Shall Apply to Repair of Septic Systems Within One Hundred (100) Feet of 
Surface Waters or Wetlands. 
The following conditions shall be required for the repair of those septic systems proposed within one 
hundred (100) feet of surface waters or wetlands.  These regulations proceed on the principle that 
localized hydraulic loading resulting from gravity fed soil absorption systems results in decreased 
hydraulic retention, decreased wastewater treatment, and removal of pathogens.  This situation 
compromises the public health near sensitive receptor sites such as surface waters, including wetlands.  
This regulation incorporates the principle that increased vertical separation between the bottom of the soil 
absorption system, afforded by pressure distribution networks, or alternative technologies, may 
compensate for horizontal setback deficiencies.  Accordingly, where the health agent has determined that 
all feasible means have been taken to minimize the incursions toward the resource area, the following 
design features shall be incorporated.  Notwithstanding the incorporation of the following design features, 
the health agent may, at his/her discretion refer any plan to the Board of Health for a hearing when, in 
their opinion, the applicant has not adequately demonstrated that all feasible means have been taken to 
minimize excursions toward resource areas. 

a. Where no increased design flow is proposed and where the bottom elevation of the soil 
absorption system (SAS) is greater than ten (10) feet from the adjusted seasonal high groundwater 
and where the maximum achievable horizontal separation between the SAS and a surface water 
or wetland is at least fifty (50) feet, but less than one hundred (100) feet, the applicant shall 
demonstrate that they have achieved the maximum separation between the SAS and the resource 
area, and the approval shall be subject to the conditions of FHR 15.5.3 a, d, g, h, i, j, and k. 

b. Where no increased flow is proposed and the bottom elevation of the SAS is less than ten (10) 
feet but at least five (5) feet from the adjusted seasonal high groundwater (but is otherwise in 
compliance with 310 CMR 15.242) and where the maximum achievable horizontal separation 
between the SAS and a wetland or surface water is at least seventy-five (75) feet but less than one 
hundred (100) feet, the applicant shall demonstrate that they have achieved the maximum 
separation between the SAS and the resource area and the approval shall be subject to the 
conditions of FHR 15.5.3 a, b d, g, h, i, j, and k. 

c. Where no increased flow is proposed and the bottom elevation of the SAS is less than ten (10) 
feet but at least five (5) feet from the adjusted seasonal high groundwater (but otherwise in 
compliance with 310 CMR 15.202), and where the maximum achievable horizontal separation 
between the SAS and a wetland or surface water is at least fifty (50) feet but less than seventy-
five (75) feet, a pressure distribution system shall be required that conforms to guidelines issued 
by the MA DEP.  The approval shall be subject to the conditions of FHR 15.5.3 a, b, d, g, h, i, j, 
and k. 

d. Where no increased design flow is proposed and where the bottom elevation of the SAS is greater 
than ten (10) feet from the adjusted seasonal high groundwater and where the maximum 
achievable horizontal separation between the SAS and a wetland or surface water is less than fifty 
(50) feet but at least forty (40) feet, a pressure distribution system shall be required that conforms 
to guidelines issued by the MA DEP.  The approval shall be subject to the conditions of FHR 
15.5.3 a, b, d, g, h, i, j, and k. 
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