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�m�o�d�e�l� �c�a�l�i�b�r�a�t�i�o�n� �a�n�d� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t� �m�o�d�e�l� �r�e�s�u�l�t�s� �w�i�l�l� �b�e� �p�r�o�v�i�d�e�d� �a�t� �a� �l�a�t�e�r

�d�a�t�e�.

�T�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �w�a�s� �t�h�e� �s�u�b�j�e�c�t� �o�f� �a� �t�e�c�h�n�i�c�a�l� �r�e�p�o�r�t� �b�y� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d

�(�W�i�l�s�o�n�,� �2�0�0�9�)� �w�h�i�c�h� �d�i�s�c�u�s�s�e�s� �t�h�e� �h�y�d�r�o�g�e�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �t�a�k�e� �p�l�a�c�e� �a�c�r�o�s�s� �t�h�e

�E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �i�n� �d�e�t�a�i�l�.� � �I�t� �i�s� �n�o�t� �t�h�e� �i�n�t�e�n�t�i�o�n� �o�f� �t�h�i�s� �r�e�p�o�r�t� �t�o� �r�e�p�e�a�t� �i�n�f�o�r�m�a�t�i�o�n

�a�l�r�e�a�d�y� �a�v�a�i�l�a�b�l�e� �i�n� �d�e�t�a�i�l� �a�n�d� �S�e�c�t�i�o�n�s� �2� �a�n�d� �3� �s�i�m�p�l �y �p�r�o�v�i�d�e� �a �s�u�m�m�a�r�y �o�f �t�h�e

�c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� �o�f� �t�h�e� �a�r�e�a� �a�n�d �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�s� �o�n� �w�h�i�c�h� �t�h�e� �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �h�a�s

�b�e�e�n� �d�e�v�e�l�o�p�e�d�. �S�e�c�t�i�o�n� �4� �d�i�s�c�u�s�s�e�s� �h�o�w� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �i�d�e�a�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e

�n�u�m�e�r�i�c�a�l �m�o�d�e�l�.

�2�.�0 �T�o�p�o�g�r�a�p�h�y� �a�n�d� �G�e�o�l�o�g�y

�2�.�1 �T�o�p�o�g�r�a�p�h�y

�T�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �i�s� �l�a�r�g�e�l�y� �c�o�n�f�i�n�e�d� �t�o� �t�h�e �M�a�t�a�u�r�a�R�i�v�e�r� �v�a�l�l�e�y� �a�n�d� �a�l�t�i�t�u�d�e �i�n� �t�h�e� �v�a�l�l�e�y

�r�a�n�g�e�s �f�r�o�m� �~� �8�0� �m� �R�L� �i�n� �t�h�e� �n�o�r�t�h� �o�f� �t�h�e� �a�r�e�a� �t�o� �a�r�o�u�n�d� �1�0� �m� �R�L �i�n� �t�h�e� �s�o�u�t�h�. �T�h�e

�M�a�t�a�u�r�a �R�i�v�e�r� �f�l�o�w�s �f�r�o�m� �n�o�r�t�h� �t�o� �s�o�u�t�h� �a�l�o�n�g� �t�h�e �e�a�s�t�e�r�n� �e�d�g�e� �o�f� �t�h�e� �r�i�v�e�r� �v�a�l�l�e�y� �a�n�d� �t�h�e

�r�i�v�e�r�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �i�t�s� �i�m�m�e�d�i�a�t�e� �f�l�o�o�d�p�l�a�i�n� �f�o�r�m�s� �t�h�e� �t�o�p�o�g�r�a�p�h�i�c�a�l�l�y� �l�o�w�e�s�t� �p�a�r�t� �o�f� �t�h�e

�a�r�e�a�. �T�o� �t�h�e� �w�e�s�t� �o�f� �t�h�e� �i�m�m�e�d�i�a�t�e� �f�l�o�o�d�p�l�a�i�n �o�f� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r�,� �t�h�e� �g�r�o�u�n�d� �r�i�s�e�s

�s�t�e�e�p�l�y� �o�v�e�r� �t�h�e� �t�e�r�r�a�c�e� �m�a�r�g�i�n�,� �w�i�t�h� �a �v�e�r�t�i�c�a�l� �r�i�s�e� �o�f� �1�0� �m� �t�o� �2�0� �m� �w�i�t�h�i�n� �1�0�0� �m

�l�a�t�e�r�a�l�l�y�.� � �B�e�y�o�n�d� �t�h�e� �t�e�r�r�a�c�e� �m�a�r�g�i�n�,� �t�h�e� �g�r�o�u�n�d� �r�i�s�e�s� �g�r�a�d�u�a�l�l�y� �t�o� �t�h�e� �w�e�s�t�e�r�n� �e�d�g�e� �o�f

�t�h�e� �a�r�e�a�.

�T�h�e� �h�i�g�h�e�s�t� �r�e�g�i�o�n�s� �w�i�t�h�i�n� �t�h�e �o�v�e�r�a�l�l �E�d�e�n�d�a�l�e� �a�r�e�a� �a�r�e� �f�o�r�m�e�d� �o�n �i�t�s �w�e�s�t�e�r�n� �m�a�r�g�i�n

�a�n�d �b�y� �t�h�e� �h�i�g�h� �g�r�o�u�n�d �t�o �t�h�e� �e�a�s�t� �o�f� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�.

�A� �t�o�p�o�g�r�a�p�h�i�c�a�l� �m�a�p� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.

�2�.�2 �G�e�o�l�o�g�y

�T�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �c�o�m�p�r�i�s�e�s� �a� �Q�u�a�t�e�r�n�a�r�y� �g�r�a�v�e�l� �a�q�u�i�f�e�r� �w�i�t�h�i�n� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r

�v�a�l�l�e�y� �a�n�d� �a�s� �s�u�c�h� �t�h�e� �m�a�i�n� �f�o�c�u�s� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �i�s� �o�n� �t�h�e �u�n�c�o�n�s�o�l�i�d�a�t�e�d� �d�e�p�o�s�i�t�s �t�h�a�t

�i�n�c�l�u�d�e �t�h�e�s�e� �Q�u�a�t�e�r�n�a�r�y� �d�e�p�o�s�i�t�s�.� � �H�o�w�e�v�e�r�,� �t�h�e� �s�o�l�i�d�,� �c�o�n�s�o�l�i�d�a�t�e�d �g�e�o�l�o�g�y� �i�s� �a�l�s�o



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �2

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�i�m�p�o�r�t�a�n�t�,� �i�n� �t�h�a�t� �i�t� �p�r�o�v�i�d�e�s �b�o�t�h� �t�h�e� �l�a�t�e�r�a�l� �a�n�d� �v�e�r�t�i�c�a�l �b�o�u�n�d�a�r�i�e�s� �t�o� �t�h�e� �Q�u�a�t�e�r�n�a�r�y

�d�e�p�o�s�i�t�s� �a�n�d� �t�h�e� �a�q�u�i�f�e�r� �a�s� �a� �w�h�o�l�e�.

�A� �m�a�p� �s�h�o�w�i�n�g� �t�h�e� �g�e�o�l�o�g�y� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �A�r�e�a� �i�s� �p�r�o�v�i�d�e�d� �i�n �F�i�g�u�r�e� �2�.

�2�.�2�.�1 �C�o�n�s�o�l�i�d�a�t�e�d� �D�e�p�o�s�i�t�s

�T�h�e� �E�d�e�n�d�a�l�e �s�o�l�i�d� �g�e�o�l�o�g�y� �c�o�m�p�r�i�s�e�s� �(�o�l�d�e�s�t� �r�o�c�k�s�)� �b�a�s�e�m�e�n�t� �r�o�c�k�s�,� �w�h�i�c�h� �a�r�e

�u�n�c�o�n�f�o�r�m�a�b�l�y� �o�v�e�r�l�a�i�n� �b�y� �t�h�e �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.� � �B�a�s�e�m�e�n�t� �r�o�c�k�s �a�r�e� �i�n� �o�u�t�c�r�o�p �i�n

�t�h�e �e�a�s�t�e�r�n� �m�a�r�g�i�n�s� �o�f� �t�h�e� �a�r�e�a� �a�n�d� �i�n�c�l�u�d�e �g�r�e�y�w�a�c�k�e�s� �o�f� �t�h�e� �M�u�r�i�h�i�k�u� �T�e�r�r�a�n�e�.� � �T�h�e�s�e

�u�n�i�t�s� �f�o�r�m� �t�h�e� �h�i�g�h� �g�r�o�u�n�d� �t�o� �t�h�e �e�a�s�t �o�f� �t�h�e� �a�r�e�a �(�t�o� �t�h�e� �e�a�s�t� �o�f� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�)�.

�T�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �u�n�d�e�r�l�a�y� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �a�r�e�a� �a�n�d� �c�o�m�p�r�i�s�e� �s�i�l�t�s�t�o�n�e�s�,

�s�a�n�d�s�t�o�n�e�s� �w�i�t�h� �o�c�c�a�s�i�o�n�a�l� �g�r�a�v�e�l�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �r�e�l�a�t�i�v�e�l�y� �f�r�e�q�u�e�n�t� �l�i�g�n�i�t�e� �s�e�a�m�s�.� � �T�h�e

�u�n�i�t�s� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �t�h�i�c�k� �(�a�t� �l�e�a�s�t� �1�0�0� �m�)� �a�n�d� �d�i�p� �g�e�n�t�l�y� �t�o� �t�h�e� �s�o�u�t�h� �e�a�s�t�.� � �T�h�e� �L�i�g�n�i�t�e�s

�o�u�t�c�r�o�p� �i�n� �h�i�g�h�e�r� �g�r�o�u�n�d� �t�o� �t�h�e� �w�e�s�t� �o�f� �t�h�e� �a�r�e�a� �a�n�d� �f�o�r�m� �t�h�e� �w�e�s�t�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e

�M�a�t�a�u�r�a �R�i�v�e�r �v�a�l�l�e�y�.

�C�o�n�t�o�u�r�s� �s�h�o�w�i�n�g� �t�h�e� �t�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �F�i�g�u�r�e� �3�.� � �T�h�e�s�e

�c�o�n�t�o�u�r�s� �a�r�e� �b�a�s�e�d� �o�n� �i�n�t�e�r�p�r�e�t�e�d� �b�o�r�e�l�o�g�s�,� �w�h�e�r�e� �t�h�e� �t�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s

�h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�.� � �T�h�e� �c�o�n�t�o�u�r�s� �s�h�o�w� �t�h�a�t� �t�h�e� �t�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s

�i�n�c�l�u�d�e�s� �s�o�m�e� �t�o�p�o�g�r�a�p�h�y�,� �w�i�t�h� �a�n� �e�l�e�v�a�t�e�d� �r�i�d�g�e �a�r�o�u�n�d� �t�h�e� �O�t�a� �C�r�e�e�k �a�r�e�a�,� �b�u�t

�g�e�n�e�r�a�l�l�y� �t�h�e� �e�l�e�v�a�t�i�o�n� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�v�e�r�l�y�i�n�g� �s�u�r�f�a�c�e� �t�o�p�o�g�r�a�p�h�y� �a�n�d� �d�r�o�p�s� �g�r�a�d�u�a�l�l�y

�t�o� �t�h�e� �s�o�u�t�h� �a�n�d� �e�a�s�t�. �T�h�e� �c�o�n�t�o�u�r�s� �i�n�d�i�c�a�t�e� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �i�n�c�i�s�e�d �c�h�a�n�n�e�l� �r�u�n�n�i�n�g

�f�r�o�m� �j�u�s�t� �w�e�s�t� �o�f� �E�d�e�n�d�a�l�e� �t�o�w�n� �i�n� �t�h�e� �n�o�r�t�h� �t�o �e�a�s�t� �o�f �S�e�a�w�a�r�d� �D�o�w�n�s� �i�n� �t�h�e� �s�o�u�t�h�.� � �T�h�i�s

�f�e�a�t�u�r�e� �i�s� �d�i�s�c�u�s�s�e�d� �f�u�r�t�h�e�r� �b�e�l�o�w�.

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t �t�h�e� �r�a�w �b�o�r�e�h�o�l�e �d�a�t�a �p�r�o�d�u�c�i�n�g� �i�s�o�l�a�t�e�d�  ��b�u�l�l�e�y�e�s �� �i�n� �t�h�e� �c�o�n�t�o�u�r

�p�a�t�t�e�r�n� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�,� �c�h�e�c�k�e�d� �a�n�d�,� �w�h�e�r�e� �n�e�c�e�s�s�a�r�y�,� �r�e�m�o�v�e�d�.

�2�.�2�.�2 �U�n�c�o�n�s�o�l�i�d�a�t�e�d� �D�e�p�o�s�i�t�s

�T�h�e �u�n�c�o�n�s�o�l�i�d�a�t�e�d� �d�e�p�o�s�i�t�s �i�n� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a �c�o�m�p�r�i�s�e �Q�u�a�t�e�r�n�a�r�y� �g�r�a�v�e�l�s�,� �w�h�i�c�h

�o�v�e�r�l�i�e� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �a�c�r�o�s�s� �m�u�c�h� �o�f� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r �v�a�l�l�e�y�.� � �I�n� �g�e�n�e�r�a�l

�t�h�e� �Q�u�a�t�e�r�n�a�r�y� �g�r�a�v�e�l�s� �a�r�e� �r�e�l�a�t�i�v�e�l�y �t�h�i�n�; �b�o�r�e�h�o�l�e� �l�o�g�s� �s�u�g�g�e�s�t �t�h�a�t� �t�h�e�y� �e�x�t�e�n�d� �t�o� �n�o

�m�o�r�e� �t�h�a�n� �3�0� �m� �d�e�p�t�h�. �T�h�e� �g�r�a�v�e�l�s� �w�e�r�e� �d�e�p�o�s�i�t�e�d� �b�y� �b�r�a�i�d�e�d� �r�i�v�e�r�s� �t�r�a�n�s�p�o�r�t�i�n�g� �g�l�a�c�i�a�l

�o�u�t�w�a�s�h� �f�r�o�m� �g�l�a�c�i�e�r�s� �f�u�r�t�h�e�r� �n�o�r�t�h� �a�n�d� �c�o�m�p�r�i�s�e� �p�o�o�r�l�y� �s�o�r�t�e�d� �q�u�a�r�t�z� �a�n�d� �g�r�e�y�w�a�c�k�e

�g�r�a�v�e�l�s�.� � �S�i�n�c�e� �d�e�p�o�s�i�t�i�o�n�,� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r� �h�a�s� �r�e�w�o�r�k�e�d� �t�h�e�s�e� �d�e�p�o�s�i�t�s� �i�n�t�o� �a� �s�e�r�i�e�s� �o�f

�t�e�r�r�a�c�e�s�,� �w�i�t�h� �t�h�e� �o�l�d�e�s�t �t�e�r�r�a�c�e�s �i�n� �t�h�e� �w�e�s�t� �o�f� �t�h�e� �a�r�e�a�.

�B�a�s�e�d� �o�n� �t�h�e� �g�e�o�l�o�g�i�c�a�l� �m�a�p� �o�f� �t�h�e� �a�r�e�a�,� �t�h�e �Q�u�a�t�e�r�n�a�r�y �G�r�a�v�e�l�s� �a�r�e� �s�p�l�i�t� �i�n�t�o� �t�w�o

�d�i�f�f�e�r�e�n�t� �u�n�i�t�s�:� �t�e�r�r�a�c�e� �g�r�a�v�e�l�s� �a�n�d� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �w�h�o�s�e� �o�c�c�u�r�r�e�n�c�e� �r�e�f�l�e�c�t�s� �t�h�e�i�r

�t�e�r�m�i�n�o�l�o�g�y �(�F�i�g�u�r�e� �2�)�.� � �T�h�e� �t�e�r�r�a�c�e� �g�r�a�v�e�l�s� �a�r�e� �f�o�u�n�d� �o�n� �t�h�e� �t�e�r�r�a�c�e�s� �t�h�a�t� �l�i�e� �t�o� �t�h�e� �w�e�s�t

�o�f� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r�,� �w�h�e�r�e�a�s� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �o�c�c�u�r� �i�n� �t�h�e� �i�m�m�e�d�i�a�t�e� �v�i�c�i�n�i�t�y� �o�f� �t�h�e

�M�a�t�a�u�r�a �R�i�v�e�r�.� � �T�h�e� �t�h�i�c�k�n�e�s�s �a�n�d� �o�c�c�u�r�r�e�n�c�e �o�f� �t�h�e� �u�n�i�t�s� �a�l�s�o� �r�e�f�l�e�c�t�s� �t�h�e� �t�o�p�o�g�r�a�p�h�y� �o�f

�t�h�e� �a�r�e�a�, �w�h�e�r�e �t�h�e� �b�o�u�n�d�a�r�y� �b�e�t�w�e�e�n� �t�h�e� �t�e�r�r�a�c�e� �g�r�a�v�e�l�s� �a�n�d� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �i�s� �i�d�e�n�t�i�f�i�e�d

�b�y� �t�h�e� �a�b�r�u�p�t� �c�h�a�n�g�e� �i�n� �e�l�e�v�a�t�i�o�n� �a�t� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �t�e�r�r�a�c�e�.
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�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c
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�F�i�g�u�r�e� �4� �s�h�o�w�s� �a� �c�o�n�t�o�u�r� �p�l�o�t �o�f� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �g�r�a�v�e�l�s�,� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�t�o�u�r�s� �o�f

�t�h�e� �t�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �(�d�e�s�c�r�i�b�e�d� �a�b�o�v�e�)� �a�n�d� �s�u�r�f�a�c�e� �e�l�e�v�a�t�i�o�n�s�.� � �I�t� �s�h�o�w�s

�t�h�a�t� �t�h�e� �a�q�u�i�f�e�r� �g�e�n�e�r�a�l�l�y� �t�h�i�n�s� �t�o�w�a�r�d�s� �i�t�s� �w�e�s�t�e�r�n� �a�n�d� �e�a�s�t�e�r�n� �e�d�g�e�s �a�s �t�h�e� �g�r�a�v�e�l�s

�p�i�n�c�h� �o�u�t� �a�g�a�i�n�s�t� �t�h�e� �o�u�t�c�r�o�p�p�i�n�g� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �i�n� �t�h�e� �w�e�s�t� �a�n�d �w�h�e�r�e� �t�h�e

�M�a�t�a�u�r�a �R�i�v�e�r� �h�a�s� �e�r�o�d�e�d� �d�o�w�n�w�a�r�d�s� �o�n� �t�h�e� �e�a�s�t�e�r�n� �s�i�d�e� �o�f� �t�h�e� �v�a�l�l�e�y�.� � �T�h�e�r�e� �i�s� �a�l�s�o� �a

�n�o�t�i�c�e�a�b�l�e� �c�h�a�n�g�e� �i�n� �t�h�i�c�k�n�e�s�s� �a�c�r�o�s�s� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e�,� �w�h�e�r�e� �b�o�r�e�l�o�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e

�a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �a�r�e� �m�u�c�h �t�h�i�n�n�e�r �t�h�a�n� �t�h�e� �t�e�r�r�a�c�e� �g�r�a�v�e�l�s�.

�P�r�e�v�i�o�u�s� �s�t�u�d�i�e�s �W�i�l�s�o�n� �(�2�0�1�1�) �i�d�e�n�t�i�f�i�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �b�u�r�i�e�d� �p�a�l�a�e�o�c�h�a�n�n�e�l� �w�i�t�h�i�n

�t�h�e� �Q�u�a�t�e�r�n�a�r�y� �t�e�r�r�a�c�e� �g�r�a�v�e�l�s�,� �r�u�n�n�i�n�g �r�o�u�g�h�l�y �n�o�r�t�h� �s�o�u�t�h� �a�n�d� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e� �e�d�g�e� �o�f

�t�h�e �t�e�r�r�a�c�e �s�o�u�t�h� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �t�o�w�n�s�h�i�p�.� � �T�h�i�s� �f�e�a�t�u�r�e� �i�s� �t�h�o�u�g�h�t� �t�o� �r�e�p�r�e�s�e�n�t� �a�n

�a�b�a�n�d�o�n�e�d� �c�h�a�n�n�e�l �o�f� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r� �a�n�d �a�p�p�e�a�r�s� �t�o �b�e� �i�n�c�i�s�e�d� �i�n�t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g

�G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�, �a�s� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�u�r�e� �3�.

�A� �p�h�o�t�o� �i�l�l�u�s�t�r�a�t�i�n�g� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e� �a�n�d� �t�h�e� �t�e�r�r�a�c�e� �g�r�a�v�e�l� �d�e�p�o�s�i�t�s �i�s �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e

�5�.� � �N�o�t�e� �t�h�a�t� �t�h�e �g�r�a�v�e�l�s� �a�r�e� �l�o�c�a�l�l�y� �e�x�p�l�o�i�t�e�d� �b�y� �s�m�a�l�l� �s�c�a�l�e� �q�u�a�r�r�y�i�n�g� �o�p�e�r�a�t�i�o�n�s� �a�l�o�n�g

�t�h�e� �t�e�r�r�a�c�e� �e�d�g�e�.

�A�l�l �t�h�e �Q�u�a�t�e�r�n�a�r�y� �g�r�a�v�e�l�s� �a�r�e �o�v�e�r�l�a�i�n� �b�y� �a �v�a�r�i�a�b�l�e �l�a�y�e�r� �o�f� �l�o�e�s�s �t�h�a�t� �c�a�n� �b�e �u�p� �t�o� �5� �m

�t�h�i�c�k�,� �a�l�t�h�o�u�g�h� �t�h�e� �t�h�i�c�k�n�e�s�s �o�f� �t�h�e�s�e� �d�e�p�o�s�i�t�s �v�a�r�i�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �a�r�e�a�.

�T�h�e�s�e� �d�e�p�o�s�i�t�s� �a�r�e� �a�l�s�o� �h�i�g�h�l�i�g�h�t�e�d� �i�n� �F�i�g�u�r�e� �5�.
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�3�.�0 �C�o�n�c�e�p�t�u�a�l� �H�y�d�r�o�g�e�o�l�o�g�i�c�a�l� �U�n�d�e�r�s�t�a�n�d�i�n�g

�3�.�1 �A�b�s�t�r�a�c�t�i�o�n�s

�A�b�s�t�r�a�c�t�i�o�n�s� �i�n� �g�e�n�e�r�a�l� �f�o�r�m� �a� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �p�a�r�t� �o�f� �t�h�e� �o�v�e�r�a�l�l �w�a�t�e�r� �b�a�l�a�n�c�e� �f�o�r� �t�h�e

�E�d�e�n�d�a�l�e� �A�r�e�a�,� �h�o�w�e�v�e�r� �t�h�e�i�r� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �r�e�l�e�v�a�n�t� �a�s� �i�t� �p�r�o�v�i�d�e�s� �a �u�s�e�f�u�l

�i�n�d�i�c�a�t�i�o�n� �o�f �a�r�e�a�s� �w�h�e�r�e� �y�i�e�l�d�s� �a�r�e� �t�y�p�i�c�a�l�l�y� �h�i�g�h�.� � �F�i�g�u�r�e� �6� �p�r�e�s�e�n�t�s� �t�h�e� �l�o�c�a�t�i�o�n�s� �o�f

�a�b�s�t�r�a�c�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r �w�i�t�h� �t�h�e �c�o�l�o�u�r� �o�f� �e�a�c�h� �a�b�s�t�r�a�c�t�i�o�n� �p�o�i�n�t

�r�e�f�l�e�c�t�i�n�g� �i�t�s� �c�o�n�s�e�n�t�e�d� �u�s�e�. �I�n� �g�e�n�e�r�a�l� �t�h�e� �a�b�s�t�r�a�c�t�i�o�n�s� �a�r�e� �c�l�u�s�t�e�r�e�d� �t�o�w�a�r�d�s� �t�h�e� �c�e�n�t�r�e

�o�f� �t�h�e� �a�q�u�i�f�e�r�,� �w�h�i�c�h� �m�a�y� �s�u�p�p�o�r�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�m�o�r�e� �p�e�r�m�e�a�b�l�e �p�a�l�a�e�o�c�h�a�n�n�e�l�.

�T�h�e� �l�a�r�g�e�s�t� �c�o�n�s�e�n�t�e�d� �a�b�s�t�r�a�c�t�i�o�n� �i�s� �t�h�e� �F�o�n�t�e�r�r�a� �F�a�c�t�o�r�y �a�b�s�t�r�a�c�t�i�o�n�,� �c�l�o�s�e� �t�o� �E�d�e�n�d�a�l�e

�t�o�w�n� �c�e�n�t�r�e�.� � �T�h�e� �c�o�n�s�e�n�t� �a�l�l�o�w�s� �a�b�s�t�r�a�c�t�i�o�n� �o�f� �u�p� �t�o� �3� �m�i�l�l�i�o�n� �m�3�/�y�e�a�r� �a�n�d� �1�0�,�0�0�0

�m�3�/�d�a�y�, �a�l�t�h�o�u�g�h� �t�h�e� �r�e�t�u�r�n�s� �d�a�t�a �f�o�r� �t�h�i�s� �c�o�n�s�e�n�t �i�n�d�i�c�a�t�e�s� �t�h�a�t �a�c�t�u�a�l �a�b�s�t�r�a�c�t�i�o�n �t�o

�d�a�t�e �r�a�r�e�l�y� �e�x�c�e�e�d�s� �m�o�r�e� �t�h�a�n �1�.�5 �m�i�l�l�i�o�n� �m�3�/�y�e�a�r�.

�F�i�g�u�r�e �7 �p�r�e�s�e�n�t�s �t�h�e �t�o�t�a�l �a�q�u�i�f�e�r �a�l�l�o�c�a�t�e�d� �a�b�s�t�r�a�c�t�i�o�n� �v�o�l�u�m�e�s� �p�e�r� �y�e�a�r� �s�i�n�c�e� �2�0�0�0

�(�b�a�s�e�d� �o�n� �d�a�t�a� �p�r�o�v�i�d�e�d� �b�y� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d�)�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�o�t�a�l� �w�a�t�e�r� �u�s�e�.� � �I�t

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�o�t�a�l� �a�l�l�o�c�a�t�i�o�n� �h�a�s� �r�i�s�e�n� �f�r�o�m� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�.�2� �m�i�l�l�i�o�n� �m�3�/�y�e�a�r� �i�n� �2�0�0�0� �t�o

�a�r�o�u�n�d� �5�.�6� �m�i�l�l�i�o�n� �m�3�/�y�e�a�r� �i�n� �2�0�0�9�/�2�0�1�0�,� �w�i�t�h� �r�e�p�o�r�t�e�d� �w�a�t�e�r� �u�s�e� �r�i�s�i�n�g� �f�r�o�m� �1�.�4� �m�i�l�l�i�o�n

�m�3�/�y�e�a�r� �i�n� �2�0�0�0� �t�o� �2�.�1� �m�i�l�l�i�o�n� �m�3�/�y�e�a�r� �i�n� �2�0�0�9�/�2�0�1�0�. �F�i�g�u�r�e� �7� �a�l�s�o� �s�h�o�w�s� �t�h�e� �v�o�l�u�m�e

�o�f� �a�l�l�o�c�a�t�e�d� �a�b�s�t�r�a�c�t�i�o�n� �w�h�e�r�e �r�e�t�u�r�n�s� �d�a�t�a� �i�s� �u�n�a�v�a�i�l�a�b�l�e� �o�r� �u�n�k�n�o�w�n�,� �w�h�i�c�h� �h�a�s

�f�l�u�c�t�u�a�t�e�d� �f�r�o�m� �a�r�o�u�n�d� �1�2�0�,�0�0�0� �m�3�/�y�e�a�r� �t�o� �a� �m�a�x�i�m�u�m� �o�f �a�p�p�r�o�x�i�m�a�t�e�l�y

�7�2�0�,�0�0�0 �m�3�/�y�e�a�r �i�n� �2�0�0�6�/�2�0�0�7�.

�F�i�g�u�r�e �8 �p�r�e�s�e�n�t�s� �a�b�s�t�r�a�c�t�i�o�n�s� �b�r�o�k�e�n� �d�o�w�n� �b�y� �c�o�n�s�e�n�t�e�d� �u�s�e�,� �s�h�o�w�i�n�g� �t�h�e� �t�o�t�a�l

�a�l�l�o�c�a�t�i�o�n� �p�e�r� �u�s�e� �p�e�r� �y�e�a�r�.� � �I�t� �s�h�o�w�s �t�h�a�t� �i�n�d�u�s�t�r�y�i�s� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t� �u�s�e�,� �w�h�i�c�h� �r�e�f�l�e�c�t�s

�t�h�e� �l�a�r�g�e� �s�i�z�e� �o�f �t�h�e� �F�o�n�t�e�r�r�a �c�o�n�s�e�n�t�s�.� � �H�o�w�e�v�e�r�,� �o�t�h�e�r� �u�s�e�s� �h�a�v�e� �b�e�e�n� �i�n�c�r�e�a�s�i�n�g�,

�p�a�r�t�i�c�u�l�a�r�l�y� �D�a�i�r�y� �a�n�d� �I�r�r�i�g�a�t�i�o�n� �c�o�n�s�e�n�t�s�,� �w�h�i�c�h� �n�o�w� �c�o�m�p�r�i�s�e� �1�1� �%� �a�n�d� �1�0 �%� �o�f� �t�h�e� �t�o�t�a�l

�a�l�l�o�c�a�t�e�d� �v�o�l�u�m�e� �(�2�0�0�9� �a�n�d� �2�0�1�0� �d�a�t�a�)� �c�o�m�p�a�r�e�d� �t�o� �0�% �i�n� �2�0�0�0� �a�n�d� �2�0�0�1�. �I�n

�a�d�d�i�t�i�o�n�,� �a� �r�e�c�e�n�t� �(�2�0�0�9�-�2�0�1�0�)�,� �l�a�r�g�e�,� �m�u�n�i�c�i�p�a�l� �c�o�n�s�e�n�t� �w�a�s� �g�r�a�n�t�e�d� �f�o�r� �4�0�0�,�0�0�0

�m�3�/�y�e�a�r�.

�3�.�2 �L�a�n�d �U�s�e�, �I�r�r�i�g�a�t�i�o�n� �a�n�d �A�n�t�h�r�o�p�o�g�e�n�i�c �D�i�s�c�h�a�r�g�e�s

�F�i�g�u�r�e�s �9�a�, �9�b� �a�n�d �9�c �s�h�o�w� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �l�a�n�d� �u�s�e� �a�c�r�o�s�s� �t�h�e� �E�d�e�n�d�a�l�e� �c�a�t�c�h�m�e�n�t

�f�o�r �1�9�9�2�,� �2�0�0�0� �a�n�d� �2�0�0�5� �r�e�s�p�e�c�t�i�v�e�l�y�.� � �T�h�e� �m�o�s�t� �s�a�l�i�e�n�t� �p�o�i�n�t� �t�o� �e�m�e�r�g�e� �f�r�o�m� �t�h�e� �m�a�p�s

�i�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �d�a�i�r�y� �l�a�n�d�u�s�e� �a�c�r�o�s�s� �t�h�e� �a�r�e�a� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �a� �s�u�b�s�t�a�n�t�i�a�l� �d�e�c�r�e�a�s�e

�i�n� �S�h�e�e�p� �a�n�d� �B�e�e�f �l�a�n�d�u�s�e�.� � �T�h�e� �l�a�n�d�u�s�e� �m�a�p�s� �a�l�s�o� �s�h�o�w� �a� �s�m�a�l�l� �i�n�c�r�e�a�s�e� �i�n �t�h�e� �a�r�e�a� �o�f

�l�a�n�d� �a�l�l�o�c�a�t�e�d� �t�o� �d�a�i�r�y� �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r�,� �p�a�r�t�i�c�u�l�a�r�l�y� �b�e�t�w�e�e�n� �2�0�0�0� �a�n�d� �2�0�0�5�,� �w�h�e�n

�t�h�e� �L�e�o�n�d�a�l�e� �a�n�d� �P�e�d�r�i�a�n� �F�a�r�m�s� �b�e�g�a�n� �o�p�e�r�a�t�i�n�g� �u�s�i�n�g� �w�a�s�t�e�w�a�t�e�r �f�r�o�m� �t�h�e� �F�o�n�t�e�r�r�a

�D�a�i�r�y� �F�a�c�t�o�r�y�. �T�a�b�l�e� �1� �b�e�l�o�w� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �c�h�a�n�g�i�n�g� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �l�a�n�d� �c�o�v�e�r� �f�o�r� �e�a�c�h� �o�f

�t�h�e� �s�i�x� �l�a�n�d� �u�s�e� �t�y�p�e�s� �a�c�r�o�s�s� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a �b�e�t�w�e�e�n� �1�9�9�2� �a�n�d� �2�0�0�5�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �5

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�T�a�b�l�e �1�:� �L�a�n�d� �u�s�e �p�r�o�p�o�r�t�i�o�n�s �(�h�a�)

�L�a�n�d� �u�s�e �T�y�p�e
�1�9�9�2 �A�r�e�a� �(�%

�o�f� �t�o�t�a�l�)

�2�0�0�0 �A�r�e�a� �(�%� �o�f

�t�o�t�a�l�)

�2�0�0�5 �A�r�e�a� �(�%� �o�f

�t�o�t�a�l�)

�D�a�i�r�y �2�5�3�4� �(�2�1�.�6�%�)�2�9�6�2� �(�2�5�.�3�%�)�6�0�8�1� �(�5�1�.�9�%�)

�D�a�i�r�y� �F�a�c�t�o�r�y� �W�a�s�t�e�w�a�t�e�r�2�6�5� �(�2�.�3�%�) �2�6�5� �(�2�.�3�%�) �8�7�0� �(�7�.�4�%�)

�F�o�r�e�s�t� �N�u�r�s�e�r�y �9�5� �(�0�.�8�%�) �9�5� �(�0�.�8�%�) �9�5� �(�0�.�8�%�)

�I�n�d�u�s�t�r�i�a�l �5�4� �(�0�.�5�%�) �5�4� �(�0�.�5�%�) �5�4� �(�0�.�5�%�)

�R�e�s�i�d�e�n�t�i�a�l �2�8� �(�0�.�2�%�) �2�8� �(�0�.�2�%�) �2�8� �(�0�.�2�%�)

�S�h�e�e�p� �a�n�d� �B�e�e�f �8�7�4�1� �(�7�4�.�6�%�)�8�3�1�4� �(�7�0�.�9�%�)�4�5�9�0� �(�3�9�.�2�%�)

�W�i�t�h� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �a� �n�u�m�b�e�r� �o�f� �f�a�r�m�s� �t�o� �d�a�i�r�y�,� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a�n� �a�s�s�o�c�i�a�t�e�d� �i�n�c�r�e�a�s�e

�i�n� �a�b�s�t�r�a�c�t�i�o�n� �c�o�n�s�e�n�t�s� �f�o�r� �i�r�r�i�g�a�t�i�o�n� �(�S�e�c�t�i�o�n� �3�.�1�)�.� � �I�n� �g�e�n�e�r�a�l�,� �i�r�r�i�g�a�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e

�a�c�r�o�s�s �s�o�m�e� �(�b�u�t� �n�o�t� �a�l�l�) �d�a�i�r�y� �f�a�r�m�s� �t�h�r�o�u�g�h� �s�u�m�m�e�r� �m�o�n�t�h�s� �t�o� �e�n�a�b�l�e� �g�r�a�s�s� �g�r�o�w�t�h� �f�o�r

�l�i�v�e�s�t�o�c�k�,� �w�h�e�r�e� �w�a�t�e�r� �i�s� �a�b�s�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �u�n�d�e�r�y�l�i�n�g� �a�q�u�i�f�e�r� �a�n�d� �d�i�s�t�r�i�b�u�t�e�d� �a�c�r�o�s�s

�p�a�s�t�u�r�e�,� �w�i�t�h� �t�i�m�i�n�g� �u�s�u�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �s�o�i�l� �m�o�i�s�t�u�r�e� �d�e�f�i�c�i�t�s�.� � �A�b�s�t�r�a�c�t�i�o�n� �c�o�n�s�e�n�t�s� �f�o�r

�i�r�r�i�g�a�t�i�o�n� �u�s�e� �a�r�e� �t�h�e�r�e�f�o�r�e� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �c�o�n�s�u�m�p�t�i�v�e�,� �i�n� �t�h�a�t� �a� �p�r�o�p�o�r�t�i�o�n� �o�f� �w�a�t�e�r

�u�s�e�d� �f�o�r� �i�r�r�i�g�a�t�i�o�n �c�o�n�t�r�i�b�u�t�e�s� �t�o �r�e�c�h�a�r�g�e� �g�o�i�n�g� �b�a�c�k� �i�n�t�o� �t�h�e� �a�q�u�i�f�e�r�.

�H�o�w�e�v�e�r�, �w�h�i�l�s�t� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a� �s�u�b�s�t�a�n�t�i�a�l� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �a�r�e�a� �o�f� �l�a�n�d� �a�l�l�o�c�a�t�e�d� �t�o

�d�a�i�r�y� �f�a�r�m�i�n�g� �i�n� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a�,� �t�h�e� �a�r�e�a� �o�f� �l�a�n�d� �c�o�n�s�e�n�t�e�d� �f�o�r� �i�r�r�i�g�a�t�i�o�n� �i�s

�c�o�n�s�i�d�e�r�a�b�l�y� �s�m�a�l�l�e�r� �a�n�d� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �s�h�o�w� �s�u�c�h� �a� �l�a�r�g�e� �r�i�s�e�.� � �T�h�i�s� �d�i�s�c�r�e�p�a�n�c�y

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� �m�a�j�o�r�i�t�y� �o�f� �d�a�i�r�y� �f�a�r�m�s� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �d�o� �n�o�t� �u�s�e� �i�r�r�i�g�a�t�i�o�n�.

�3�.�3 �G�r�o�u�n�d�w�a�t�e�r� �L�e�v�e�l�s� �a�n�d �S�p�r�i�n�g� �f�l�o�w�s

�3�.�3�.�1 �G�r�o�u�n�d�w�a�t�e�r� �L�e�v�e�l�s

�G�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l� �r�e�c�o�r�d�s� �e�x�i�s�t� �f�o�r� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �s�i�n�c�e� �1�9�9�5�,� �a�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �a

�g�a�p� �i�n� �t�h�e� �d�a�t�a�s�e�t� �b�e�t�w�e�e�n� �1�9�9�8� �a�n�d� �2�0�0�0�. �R�e�g�u�l�a�r �m�o�n�i�t�o�r�i�n�g� �t�a�k�e�s� �p�l�a�c�e� �a�t �s�i�x

�d�i�f�f�e�r�e�n�t� �s�i�t�e�s�, �f�i�v�e �o�f� �w�h�i�c�h� �a�r�e� �m�o�n�i�t�o�r�e�d� �m�a�n�u�a�l�l�y� �o�n� �a� �m�o�n�t�h�l�y� �b�a�s�i�s� �a�n�d� �o�n�e

�(�F�4�6�/�2�5�0�) �i�s� �m�o�n�i�t�o�r�e�d� �u�s�i�n�g� �a�n� �a�u�t�o�m�a�t�i�c� �p�r�e�s�s�u�r�e� �t�r�a�n�s�d�u�c�e�r�.� � �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e �s�i�x

�s�i�t�e�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e �1�0 �a�n�d �a� �p�l�o�t� �s�h�o�w�i�n�g �h�y�d�r�o�g�r�a�p�h�s �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�i�t�e�s �i�s

�p�r�e�s�e�n�t�e�d� �i�n �F�i�g�u�r�e� �1�1�a�. �T�a�b�l�e �2 �p�r�o�v�i�d�e�s� �d�e�t�a�i�l�s� �o�f� �t�h�e� �m�o�n�i�t�o�r�e�d� �b�o�r�e�s�.

�T�a�b�l�e �2�: �L�o�n�g� �T�e�r�m� �M�o�n�i�t�o�r�i�n�g� �B�o�r�e�h�o�l�e� �D�e�t�a�i�l�s

�B�o�r�e

�n�u�m�b�e�r
�O�w�n�e�r �D�e�p�t�h �(�m�)

�D�i�a�m�e�t�e�r

�(�m�m�)

�M�o�n�i�t�o�r�i�n�g

�f�r�e�q�u�e�n�c�y

�F�4�6�/�0�1�8�5�T�h�e� �G�r�a�n�g�e� �L�T�D

�C�/�- �J� �R� �H�a�l�l

�1�4�.�0�0 �1�0�0 �M�o�n�t�h�l�y



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �6

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�F�4�6�/�0�1�9�0�N�D �R�a�y�n�e�r �1�0�.�0�0 �5�0 �M�o�n�t�h�l�y

�F�4�6�/�0�1�9�2�M� �H�o�w�d�e�n �1�5�.�0�0 �5�0 �M�o�n�t�h�l�y

�F�4�6�/�0�1�9�3�D�C� �(�C�l�a�r�k�)

�M�c�L�e�o�d

�1�1�.�8�0 �1�5�0 �M�o�n�t�h�l�y

�F�4�6�/�0�2�0�3�K� �&� �T� �N�o�r�m�a�n�7�.�7�0 �7�5 �M�o�n�t�h�l�y

�F�4�6�/�0�2�5�0�E�n�v�i�r�o�n�m�e�n�t

�S�o�u�t�h�l�a�n�d

�1�8�.�0�0 �(�S�c�r�e�e�n�e�d� �f�r�o�m

�1�7� �m� �b�g�l� �t�o� �1�7�.�7� �m

�b�g�l�)

�1�0�0 �A�u�t�o�m�a�t�i�c

�T�h�e� �h�y�d�r�o�g�r�a�p�h�s �f�o�r� �t�h�e� �f�i�v�e� �s�i�t�e�s� �c�a�n� �b�e� �s�p�l�i�t� �i�n�t�o� �t�w�o� �m�a�i�n� �g�r�o�u�p�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e

�1�1�a�. �T�h�e� �f�i�v�e �m�o�s�t� �n�o�r�t�h�e�r�l�y� �w�e�l�l�s� �c�o�m�p�r�i�s�e �G�r�o�u�p� �1 �a�n�d�s�h�o�w� �a� �r�e�l�a�t�i�v�e�l�y� �p�r�o�n�o�u�n�c�e�d

�r�e�s�p�o�n�s�e� �t�o� �r�e�c�h�a�r�g�e�,� �w�i�t�h� �l�e�v�e�l�s� �f�l�u�c�t�u�a�t�i�n�g� �b�y� �u�p� �2� �m�. �T�h�e�s�e �h�y�d�r�o�g�r�a�p�h�s �a�l�s�o� �s�h�o�w �a�n

�o�v�e�r�a�l�l� �t�r�e�n�d� �s�u�p�e�r�i�m�p�o�s�e�d� �o�n� �t�h�e� �s�e�a�s�o�n�a�l� �t�r�e�n�d �(�F�i�g�u�r�e� �1�1� �b�)�, �w�h�e�r�e �d�e�c�l�i�n�i�n�g �l�e�v�e�l�s

�a�r�e� �o�b�s�e�r�v�e�d� �f�r�o�m� �1�9�9�5� �t�o� �2�0�0�0�,� �f�o�l�l�o�w�e�d� �b�y� �a� �r�i�s�e �f�r�o�m� �2�0�0�0 �t�o� �m�i�d �2�0�0�5� �a�n�d� �a

�s�u�b�s�e�q�u�e�n�t� �d�r�o�p� �t�o� �t�h�e� �p�r�e�s�e�n�t� �d�a�y�. �O�v�e�r�a�l�l� �t�h�e� �G�r�o�u�p� �1� �h�y�d�r�o�g�r�a�p�h�s� �s�h�o�w �a� �s�l�i�g�h�t

�d�e�c�l�i�n�i�n�g� �t�r�e�n�d�,� �w�i�t�h� �c�u�r�r�e�n�t� �l�e�v�e�l�s� �a�r�o�u�n�d� �0�.�5� �m� �b�e�l�o�w� �1�9�9�5� �l�e�v�e�l�s �.

�T�h�e� �h�y�d�r�o�g�r�a�p�h� �i�n� �G�r�o�u�p� �2� �s�h�o�w�s� �a� �m�u�c�h� �f�l�a�t�t�e�r� �r�e�s�p�o�n�s�e�,� �w�i�t�h� �s�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n�s� �o�f

�a�r�o�u�n�d� �0�.�5� �m�.� � �O�v�e�r�a�l�l� �t�h�i�s� �h�y�d�r�o�g�r�a�p�h� �d�o�e�s� �n�o�t� �s�h�o�w� �t�h�e� �s�a�m�e� �s�l�i�g�h�t�l�y� �d�e�c�l�i�n�i�n�g� �t�r�e�n�d

�s�e�e�n �i�n �G�r�o�u�p� �1� �h�y�d�r�o�g�r�a�p�h�s� �a�n�d� �c�u�r�r�e�n�t� �l�e�v�e�l�s� �a�r�e� �c�o�m�p�a�r�a�b�l�e� �t�o� �l�e�v�e�l�s� �m�o�n�i�t�o�r�e �d� �i�n

�1�9�9�5�. �T�h�i�s� �h�y�d�r�o�g�r�a�p�h �(�F�4�6�/�0�1�9�2�) �i�s� �l�o�c�a�t�e�d� �c�l�o�s�e� �t�o� �t�h�e� �s�o�u�t�h�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e

�a�q�u�i�f�e�r� �o�n� �t�h�e� �m�a�r�g�i�n� �o�f� �t�h�e� �t�e�r�r�a�c�e� �a�n�d� �c�l�o�s�e� �t�o� �t�h�e� �s�p�r�i�n�g�s� �t�h�a�t� �d�i�s�c�h�a�r�g�e� �f�r�o�m� �t�h�e

�a�q�u�i�f�e�r�.� � �T�h�e� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� �l�e�v�e�l�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �t�h�i�s� �l�o�c�a�t�i�o�n�,� �w�i�t�h

�s�p�r�i�n�g� �d�i�s�c�h�a�r�g�e� �b�u�f�f�e�r�i�n�g� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s�.

�O�t�h�e�r� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �h�a�v�e� �b�e�e�n� �m�o�n�i�t�o�r�e�d� �o�n� �a� �m�o�r�e�a�d� �h�o�c�b�a�s�i�s� �b�u�t� �t�h�e�r�e� �i�s

�s�u�f�f�i�c�i�e�n�t� �d�a�t�a� �t�o� �a�l�l�o�w� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f �p�i�e�z�o�m�e�t�r�i�c� �c�o�n�t�o�u�r�s� �f�o�r� �2�0�0�7�,� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e

�1�2�. �T�h�e�s�e� �c�o�n�t�o�u�r�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �o�v�e�r�a�l�l �g�r�o�u�n�d�w�a�t�e�r �f�l�o�w� �d�i�r�e�c�t�i�o�n� �i�s� �t�o� �t�h�e� �s�o�u�t�h�,

�a�l�t�h�o�u�g�h� �i�n� �t�h�e� �n�o�r�t�h� �o�f� �t�h�e� �a�r�e�a� �t�h�e�r�e� �i�s� �a� �n�o�t�a�b�l�e� �e�a�s�t�e�r�l�y� �f�l�o�w� �c�o�m�p�o�n�e�n�t�,� �w�h�i�c�h� �i�s

�i�n�t�e�r�p�r�e�t�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w�i�n�g� �t�o�w�a�r�d�s� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�.� � �T�h�e� �c�o�n�t�o�u�r�s

�s�u�g�g�e�s�t� �t�h�a�t� �a� �g�r�o�u�n�d�w�a�t�e�r� �d�i�v�i�d�e� �m�a�y� �e�x�i�s�t� �j�u�s�t� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k�,� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t

�w�i�t�h� �i�n�d�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �c�o�n�t�o�u�r�s� �o�n� �t�h�e� �t�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �(�F�i�g�u�r�e

�3�)� �t�h�a�t� �s�h�o�w �a� �r�a�i�s�e�d� �a�r�e�a� �j�u�s�t� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k�. �M�o�v�i�n�g� �f�u�r�t�h�e�r� �s�o�u�t�h�,� �t�h�e� �c�o�n�t�o�u�r�s

�i�n�d�i�c�a�t�e �s�l�i�g�h�t� �h�i�g�h �j�u�s�t� �s�o�u�t�h� �o�f� �E�d�e�n�d�a�l�e� �T�o�w�n�,� �w�h�i�c�h �i�s� �l�i�k�e�l�y� �t�o� �b�e� �a�n� �a�r�t�e�f�a�c�t� �o�f� �t�h�e

�c�o�n�t�o�u�r�i�n�g� �p�r�o�c�e�s�s �a�n�d� �t�h�e� �s�e�v�e�r�a�l� �w�e�l�l�s� �i�n� �t�h�e� �s�a�m�e� �a�r�e�a� �w�i�t�h� �w�a�t�e�r� �l�e�v�e�l�s� �p�e�r�h�a�p�s

�r�e�c�o�r�d�e�d� �a�t� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s�. �A� �f�u�r�t�h�e�r� �l�o�w� �i�s� �n�o�t�i�c�e�a�b�l�e� �c�l�o�s�e� �t�o� �t�h�e� �s�o�u�t�h�w�e�s�t�e�r�n

�b�o�u�n�d�a�r�y� �o�f� �t�h�e� �m�o�d�e�l�,� �w�h�i�c�h� �i�s� �l�i�k�e�l�y� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �p�u�m�p�i�n�g�.

�T�h�e �c�o�n�t�o�u�r�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �o�v�e�r�a�l�l� �f�l�o�w� �i�s� �g�e�n�e�r�a�l�l�y� �s�o�u�t�h�-�e�a�s�t �w�i�t�h�i�n �t�h�e� �m�a�i�n� �b�o�d�y� �o�f

�t�h�e� �a�q�u�i�f�e�r� �a�r�o�u�n�d� �E�d�e�n�d�a�l�e� �t�o�w�n�,� �b�u�t� �t�o�w�a�r�d�s� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r� �t �h�e

�c�o�n�t�o�u�r�s� �s�w�i�n�g� �e�a�s�t�,� �w�h�i�c�h �r�e�f�l�e�c�t�s �t�h�e� �i�m�p�a�c�t� �o�f �d�i�s�c�h�a�r�g�e� �f�r�o�m� �t�h�e� �a�q�u�i�f�e�r� �t�o� �s�p�r�i�n�g�s�,

�d�i�s�c�u�s�s�e�d� �f�u�r�t�h�e�r� �b�e�l�o�w�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �7

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�3�.�3�.�2 �S�p�r�i�n�g� �F�l�o�w�s

�T�h�e�r�e� �a�r�e� �t�w�o� �m�a�j�o�r� �s�p�r�i�n�g�s� �i�n� �t�h�e� �E�d�e�n�d�a�l�e �a�r�e�a�;� �C�l�e�a�r� �C�r�e�e�k� �a�n�d� �I�v�e�s� �C�r�e�e�k�,� �b�o�t�h� �o�f

�w�h�i�c�h� �e�m�e�r�g�e� �a�t� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �t�e�r�r�a�c�e� �a�t� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�. �F�l�o�w

�m�o�n�i�t�o�r�i�n�g� �o�f� �t�h�e�s�e� �s�p�r�i�n�g�s� �h�a�s� �t�a�k�e�n� �p�l�a�c�e� �a�t �i�n�t�e�r�m�i�t�t�e�n�t�l�y� �s�i�n�c�e� �1�9�9�5�,� �a�l�t�h�o�u�g�h� �m�o�r�e

�r�e�c�e�n�t�l�y� �(�s�i�n�c�e� �2�0�0�9�)� �m�o�n�i�t�o�r�i�n�g� �h�a�s� �b�e�e�n� �m�o�r�e� �r�e�g�u�l�a�r�,� �e�i�t�h�e�r� �q�u�a�r�t�e�r�l�y� �o�r� �m�o�n�t�h�l�y�.

�M�o�n�i�t�o�r�i�n�g� �l�o�c�a�t�i�o�n�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�3�.

�C�l�e�a�r� �C�r�e�e�k

�A� �p�l�o�t� �o�f� �f�l�o�w�s� �a�t� �t�h�r�e�e� �p�o�i�n�t�s� �o�n� �C�l�e�a�r� �C�r�e�e�k� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �1�4�. �G�a�u�g�i�n�g� �a�t� �t�h�e

�m�o�s�t� �u�p�s�t�r�e�a�m� �l�o�c�a�t�i�o�n� �(�C�l�e�a�r� �C�r�e�e�k� �a�t� �S�e�t�t�l�e�m�e�n�t� �S�t�a�l�k�e�r �R�o�a�d�)� �i�n�d�i�c�a�t�e�s� �d�i�s�c�h�a�r�g�e

�f�r�o�m� �t�h�e� �a�q�u�i�f�e�r� �v�a�r�i�e�s� �b�e�t�w�e�e�n �1�0� �L�/�s� �a�n�d� �1�0�0 �L�/�s�,� �a�l�t�h�o�u�g�h �a� �b�a�s�e�f�l�o�w� �o�f� �a�r�o�u�n�d� �2�5

�L�/�s� �i�s� �m�o�r�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�. �T�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �l�i�m�i�t�e�d� �s�e�a�s�o�n�a�l� �v�a�r�i �a�t�i�o�n�.

�C�l�e�a�r� �C�r�e�e�k� �g�a�i�n�s� �c�o�n�s�i�d�e�r�a�b�l�y� �f�r�o�m� �i�t�s� �p�e�r�e�n�n�i�a�l� �s�o�u�r�c�e� �t�o� �t�h�e� �n�e�x�t� �g�a�u�g�i�n�g� �p�o�i�n�t� �a�t

�M�a�t�a�u�r�a �I�s�l�a�n�d� �R�o�a�d �(�1�.�7�5� �k�m� �d�o�w�n�s�t�r�e�a�m�) �w�i�t�h� �f�l�o�w�s� �i�n�c�r�e�a�s�i�n�g� �t�o� �a� �m�a�x�i�m�u�m� �o�f �4�5�5

�L�/�s� �a�n�d� �a�n� �a�v�e�r�a�g�e� �o�f� �~�3�2�0� �L�/�s�.� � �F�l�o�w�s� �a�t� �t�h�i�s� �p�o�i�n�t� �a�p�p�e�a�r� �t�o� �v�a�r�y �s�e�a�s�o�n�a�l�l�y� �w�i�t�h� �t�h�e

�l�o�w�e�s�t� �f�l�o�w�s� �g�e�n�e�r�a�l�l�y� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �s�u�m�m�e�r� �/� �a�u�t�u�m�n� �a�n�d� �h�i�g�h�e�s�t �f�l�o�w�s� �o�c�c�u�r�r�i�n�g� �i�n

�w�i�n�t�e�r�. �S�o�m�e� �h�i�s�t�o�r�i�c�a�l� �r�e�a�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�e�r�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �f�l�o�w�s

�b�e�t�w�e�e�n� �M�a�t�a�u�r�a� �I�s�l�a�n�d� �R�o�a�d� �a�n�d� �t�h�e� �c�o�n�f�l�u�e�n�c�e� �w�i�t�h� �t�h�e �O�t�e�r�a�m�i�k�a� �S�t�r�e�a�m�.

�I�v�e�s� �C�r�e�e�k

�A� �p�l�o�t� �o�f� �t�w�o� �f�l�o�w� �g�a�u�g�i�n�g� �p�o�i�n�t�s� �o�n� �I�v�e�s �C�r�e�e�k� �i�s� �p�r�e�s�e�n�t�e�d� �i�n �F�i�g�u�r�e� �1�5�. �L�i�m�i�t�e�d� �d�a�t�a� �i�s

�a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �m�o�s�t� �u�p�s�t�r�e�a�m� �g�a�u�g�i�n�g� �p�o�i�n�t� �(�I�v�e�s� �C�r�e�e�k� �d�o�w�n�s�t�r�e�a�m� �o�f �t�h�e� �Q�u�a�r�r�y�)

�w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �f�l�o�w�s� �o�f� �b�e�t�w�e�e�n �1�5�0� �L�/�s� �a�n�d� �2�6�0� �L�/�s�.

�A�t �M�a�t�a�u�r�a �I�s�l�a�n�d� �R�o�a�d� �(�2� �k�m� �d�o�w�n�s�t�r�e�a�m�)�,� �j�u�s�t� �u�p�s�t�r�e�a�m� �o�f� �t�h�e� �c�o�n�f�l�u�e�n�c�e� �w�i�t�h� �t�h�e

�M�a�t�a�u�r�a �R�i�v�e�r�,� �f�l�o�w�s� �i�n� �I�v�e�s� �C�r�e�e�k� �i�n�c�r�e�a�s�e� �t�o� �a�n� �a�v�e�r�a�g�e� �o�f� �2�8�0� �L�/�s� �a�n�d�,� �w�h�e�r�e

�c�o�n�c�u�r�r�e�n�t� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �I�v�e�s� �C�r�e�e�k� �d�o�w�n�s�t�r�e�a�m� �o�f� �t�h�e� �q�u�a�r�r�y�,� �c�o�n�s�i�s�t�e�n�t� �g�a�i�n�s� �o�f

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0� �L�/�s� �a�r�e� �i�n�d�i�c�a�t�e�d�.

�S�p�r�i�n�g� �F�l�o�w�s� �a�n�d� �G�r�o�u�n�d�w�a�t�e�r� �L�e�v�e�l�s

�W�i�l�s�o�n� �(�2�0�1�0�)� �c�a�r�r�i�e�d� �o�u�t� �a� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �r�e�l�a�t�i�n�g� �s�p�r�i�n�g� �f�l�o�w�s� �i�n� �I�v�e�s� �C�r�e�e�k� �a�n�d

�C�l�e�a�r �C�r�e�e�k �w�i�t�h� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �a�t� �F�4�6�/�0�1�9�2�,� �w�h�i�c�h� �i�s �t�h�e �b�o�r�e�h�o�l�e� �l�o�c�a�t�e�d� �o�n� �t�h�e

�t�e�r�r�a�c�e� �e�d�g�e� �c�l�o�s�e� �t�o� �t�h�e �s�p�r�i�n�g�s �(�F�i�g�u�r�e� �1�0�)�.� � �T�h�e� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d �t�h�a�t� �t�h�e�r�e� �i�s �a

�r�e�a�s�o�n�a�b�l�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�p�r�i�n�g� �f�l�o�w�s� �a�n�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s�,� �m�o�s�t� �n�o�t�a�b�l�y� �w�i�t�h

�f�l�o�w�s� �i�n� �I�v�e�s� �C�r�e�e�k� �a�t �M�a�t�a�u�r�a �I�s�l�a�n�d� �R�o�a�d�.

�A�s� �n�o�t�e�d� �a�b�o�v�e�,� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �i�n� �F�4�6�/�0�1�9�2� �a�r�e� �n�o�t�i�c�e�a�b�l�y� �l�e�s�s� �v�a�r�i�a�b�l�e� �c�o�m�p�a�r�e�d �t�o

�g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �e�l�s�e�w�h�e�r�e� �i�n� �t�h�e� �a�r�e�a�,� �w�h�i�c�h� �i�s �i�n�t�e�r�p�r�e�t�e�d �t�o� �r�e�f�l�e�c�t� �t�h�e� �b�u�f�f�e�r�i�n�g

�e�f�f�e�c�t� �o�f� �s�p�r�i�n�g� �d�i�s�c�h�a�r�g�e �w�h�e�r�e�b�y �i�n�c�r�e�a�s�e�s� �i�n� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l� �a�r�e� �m�a�n�i�f�e�s�t�e�d� �a�s

�i�n�c�r�e�a�s�e�s� �i�n� �s�p�r�i�n�g �f�l�o�w�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �8

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
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�F
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�3�.�4 �A�q�u�i�f�e�r� �p�a�r�a�m�e�t�e�r�s

�A� �p�l�o�t� �o�f� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �d�a�t�a� �f�r�o�m� �b�o�r�e�h�o�l�e�s� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r �i�s� �p�r�e�s�e�n�t�e�d� �i�n

�F�i�g�u�r�e� �1�6�.� � �N�o�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �p�u�m�p�i�n�g �t�e�s�t�s� �w�h�e�r�e

�t�r�a�n�s�m�i�s�s�i�v�i�t�y� �d�a�t�a� �h�a�s� �b�e�e�n� �c�a�l�c�u�l�a�t�e�d�.� � �T�o� �s�u�p�p�l�e�m�e�n�t� �t�h�i�s �d�a�t�a�, �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s

�i�n�f�e�r�r�e�d �f�r�o�m� �s�p�e�c�i�f�i�c� �c�a�p�a�c�i�t�y� �d�a�t�a �(�W�i�l�s�o�n�,� �2�0�1�1�) �h�a�v�e �a�l�s�o� �b�e�e�n� �i�n�c�l�u�d�e�d�,� �b�a�s�e�d� �o�n� �a

�r�e�l�a�t�i�o�n�s�h�i�p� �f�r�o�m� �D�r�i�s�c�o�l�l �(�1�9�8�7�)�,� �w�h�i�c�h� �i�s� �a� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �T�h�e�i�m �e�q�u�a�t�i�o�n�. �H�o�w�e�v�e�r

�n�o� �d�a�t�a� �f�o�r� �t�h�e� �a�r�e�a� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k� �a�r�e� �a�v�a�i�l�a�b�l�e�.

�T�h�e�s�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s� �r�a�n�g�e� �f�r�o�m �a� �m�a�x�i�m�u�m� �o�f� �9�3�0�0� �m�2�/�d�a�y

�(�b�a�s�e�d� �o�n� �p�u�m�p�i�n�g� �t�e�s�t� �d�a�t�a�)� �t�o� �a� �m�i�n�i�m�u�m� �o�f� �4� �m�2�/�d�a�y �o�n� �t�h�e� �w�e�s�t�e�r�n� �e�d�g�e� �o�f� �t�h�e

�a�q�u�i�f�e�r�,� �a�l�t�h�o�u�g�h� �t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e� �d�e�r�i�v�e�d� �f�r�o�m� �p�u�m�p�i�n�g� �t�e�s�t�s �i�s� �4�0�0� �m�2�/�d�a�y�.

�F�i�g�u�r�e� �1�6� �s�h�o�w�s� �t�h�a�t �g�e�n�e�r�a�l�l�y� �h�i�g�h�e�r� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s� �a�r�e� �f�o�u�n�d� �t�o�w�a�r�d�s� �t�h�e� �c�e�n�t�r�e

�o�f� �t�h�e� �a�q�u�i�f�e�r� �s�o�u�t�h� �o�f� �E�d�e�n�d�a�l�e� �t�o�w�n�,� �w�h�i�c�h� �m�a�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e

�p�a�l�a�e�o�c�h�a�n�n�e�l �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�2�.�2�. �R�e�c�o�r�d�e�d� �t�r�a�n�s�m�i�s�s�i�v�i�t�i�e�s� �i�n� �t�h�i�s �c�e�n�t�r�a�l �a�r�e�a

�a�r�e� �u�p� �t�o� �9�8�0�0� �m�2�/�d�a�y� �a�n�d �w�i�t�h� �m�a�n�y� �o�t�h�e�r� �v�a�l�u�e�s� �i�n� �e�x�c�e�s�s� �o�f� �1�0�0�0� �m�2�/�d�a�y�.

�T�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �l�o�w�e�r� �t�o�w�a�r�d�s� �t�h�e� �e�d�g�e�s �o�f� �t�h�e� �a�q�u�i�f�e�r �a�n�d �a�l�s�o

�t�o�w�a�r�d�s� �O�t�a� �C�r�e�e�k�,� �w�i�t�h� �t�y�p�i�c�a�l� �v�a�l�u�e�s� �i�n� �t�h�e� �o�r�d�e�r� �t�o� �1�0�0� �m�2�/�d�a�y�.

�A�s�s�u�m�i�n�g� �a�n� �a�v�e�r�a�g�e� �s�a�t�u�r�a�t�e�d �a�q�u�i�f�e�r� �t�h�i�c�k�n�e�s�s� �o�f �a�r�o�u�n�d� �1�0� �m�,� �t�h�e�s�e� �t�r�a�n�s�m�i�s�s�i�v�i�t�y

�v�a�l�u�e�s� �w�o�u�l�d� �s�u�g�g�e�s�t� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m �1�0� �m�/�d �a�r�o�u�n�d� �t�h�e� �e�d�g�e�s

�o�f� �t�h�e� �a�q�u�i�f�e�r �t�o �9�8�0 �m�/�d �i�n� �t�h�e� �c�e�n�t�r�e� �o�f� �t�h�e� �a�q�u�i�f�e�r�.

�3�.�5 �A�q�u�i�f�e�r �R�e�c�h�a�r�g�e

�V�a�r�i�a�b�l�e� �r�e�c�h�a�r�g�e� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l� �f�l�u�c�t�u�a�t�i�o�n�s� �i�n �t�h�e� �E�d�e�n�d�a�l�e

�A�q�u�i�f�e�r� �i�s� �a�l�m�o�s�t� �w�h�o�l�l�y� �f�r�o�m� �r�a�i�n�f�a�l�l�,� �w�i�t�h� �a� �m�i�n�o�r� �c�o�m�p�o�n�e�n�t �o�f �r�u�n�o�f�f� �f�r�o�m� �t�h�e� �h�i�g�h�e�r

�g�r�o�u�n�d� �t�o� �t�h�e� �e�a�s�t�, �w�h�e�r�e� �t�h�e� �o�u�t�c�r�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s� �p�r�o�v�i�d�e�s� �t�h�e

�b�o�u�n�d�a�r�y� �t�o� �t�h�e� �a�q�u�i�f�e�r�. �T�h�e� �M�a�t�a�u�a�r�a� �R�i�v�e�r� �i�s� �e�x�p�e�c�t�e�d� �t�o� �p�r�o�v�i�d�e� �a� �m�o�r�e� �s�t �a�b�l�e

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �r�e�c�h�a�r�g�e� �a�n�d� �d�i�s�c�h�a�r�g�e� �t�o� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s �t�h�a�t� �a�r�e� �a�d�j�a�c�e�n�t� �t�o �i�t�s

�c�o�u�r�s�e�.

�T�h�e� �t�w�o� �c�l�o�s�e�s�t� �r�a�i�n�f�a�l�l� �s�t�a�t�i�o�n�s� �t�o� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �a�r�e� �W�o�o�d�l�a�n�d�s� �a�t� �G�a�r�v�i�e� �R�o�a�d� �a�n�d

�M�a�t�a�u�r�a �R�i�v�e�r� �a�t� �T�u�t�u�r�a�u�.� � �A� �p�l�o�t� �o�f� �d�a�i�l�y� �r�a�i�n�f�a�l�l� �t�o�t�a�l�s� �a�t� �b�o�t�h� �t�h�e�s�e� �s�t�a�t�i�o�n�s� �i�s� �p�r�o�v�i�d�e�d

�i�n� �F�i�g�u�r�e� �1�7�. �T�y�p�i�c�a�l� �r�a�i�n�f�a�l�l� �i�n� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �i�s� �a�r�o�u�n�d �1�0�8�0 �m�m�/�y�e�a�r�,� �w�i�t�h

�s�i�g�n�i�f�i�c�a�n�t� �s�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n�s�.

�R�e�c�h�a�r�g�e� �t�o� �t�h�e� �a�q�u�i�f�e�r� �h�a�s� �b�e�e�n� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �a� �s�o�i�l� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e� �a�p�p�r�o�a�c�h�.� � �S�o�i�l

�p�r�o�p�e�r�t�i�e�s� �h�a�v�e� �b�e�e�n �d�e�t�e�r�m�i�n�e�d� �b�a�s�e�d� �o�n� �s�o�i�l� �t�e�c�h�n�i�c�a�l� �d�a�t�a� �s�h�e�e�t�s� �a�n�d� �P�r�o�f�i�l�e� �A�v�a�i�l�a�b�l�e

�W�a�t�e�r� �(�P�A�W�)� �v�a�l�u�e�s� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d� �G�I�S� �s�o�i�l�s� �s�h�a�p�e �f�i�l�e�.� � �T�h�e

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f �s�o�i�l�s� �a�n�d �P�A�W� �v�a�l�u�e�s �a�c�r�o�s�s� �t�h�e� �E�d�e�n�d�a�l�e� �a�q�u�i�f�e�r �i�s� �s�h�o�w�n� �i�n �F�i�g�u�r�e� �1�8�.

�P�o�t�e�n�t�i�a�l �e�v�a�p�o�t�r�a�n�s�p�i�r�a�t�i�o�n� �d�a�t�a� �h�a�s� �b�e�e�n� �t�a�k�e�n� �f�r�o�m� �t�h�e� �I�n�v�e�r�c�a�r�g�i�l�l� �C�l�i�m�a�t�e� �S�t�a�t�i�o�n� �f�o�r

�u�s�e� �i�n� �t�h�e� �s�o�i�l� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e� �m�o�d�e�l�.
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�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c
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�R
�A
�F
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�R�e�c�h�a�r�g�e� �V�o�l�u�m�e�s

�R�e�c�h�a�r�g�e �t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �w�a�t�e�r� �t�a�b�l�e� �c�a�n� �o�n�l�y� �o�c�c�u�r� �w�h�e�n� �t�h�e� �s�o�i�l� �m�o�i�s�t�u�r�e� �d�e�f�i�c�i�t� �i�s

�s�a�t�i�s�f�i�e�d�.� � �A� �p�l�o�t� �s�h�o�w�i�n�g �t�h�e� �c�a�l�c�u�l�a�t�e�d� �r�e�c�h�a�r�g�e� �t�i�m�e �s�e�r�i�e�s� �s�i�n�c�e� �1�9�9�5� �c�o�m�p�a�r�e�d� �t�o

�r�a�i�n�f�a�l�l� �d�a�t�a� �f�r�o�m� �G�a�r�v�i�e� �R�o�a�d� �i�s� �p�r�o�v�i�d�e�d� �i�n� �F�i�g�u�r�e� �1�9�.� � �I�t� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �a�v�e�r�a�g�e� �r�e�c�h�a�r�g�e

�i�s� �i�n� �t�h�e� �o�r�d�e�r� �o�f �2�5�0 �m�m�/�y�.� � �T�h�i�s� �v�a�l�u�e� �i�s �l�o�w�e�r �t�h�a�n� �p�r�e�v�i�o�u�s� �r�e�c�h�a�r�g�e� �e�s�t�i�m�a�t�e�s� �(�e�.�g�.

�R�e�k�k�e�r�,� �1�9�9�5 �(�3�9�0� �m�m�/�y�)�,� �a�n�d� �E�v�a�n�s�,� �2�0�0�3 �(�4�5�3� �m�m�/�y�)�)�,� �h�o�w�e�v�e�r�,� �t�h�e� �d�i�s�c�r�e�p�a�n�c�y� �i�s

�a�t�t�r�i�b�u�t�e�d �t�o� �t�h�e� �t�i�m�e� �p�e�r�i�o�d� �f�o�r� �w�h�i�c�h� �r�e�c�h�a�r�g�e� �e�s�t�i�m�a�t�e�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �a�n�d� �a�v�e�r�a�g�e

�r�a�i�n�f�a�l�l� �f�o�r� �t�h�e� �p�e�r�i�o�d� �1�9�9�5� �t�o� �2�0�1�1� �i�s� �n�o�t�i�c�e�a�b�l�y �l�o�w�e�r �t�h�a�n� �r�a�i�n�f�a�l�l� �f�o�r� �t�h�e� �p�e�r�i�o�d�s� �u�s�e�d

�t�o� �c�a�l�c�u�l�a�t�e� �r�e�c�h�a�r�g�e� �i�n� �p�r�e�v�i�o�u�s� �m�o�d�e�l�s�.

�A�s� �n�o�t�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�2� �a�d�d�i�t�i�o�n�a�l� �r�e�c�h�a�r�g�e� �c�a�n� �o�c�c�u�r� �a�s� �a� �r�e�s�u�l�t� �o�f� �i�r�r�i�g�a�t�i�o�n�. �B�a�s�e�d� �o�n

�d�a�t�a� �p�r�o�v�i�d�e�d� �b�y� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d� �t�h�e�r�e� �a�r�e �c�u�r�r�e�n�t�l�y �8� �i�r�r�i�g�a�t�i�o�n� �c�o�n�s�e�n�t�s� �w�i�t�h�i�n

�t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a�,� �w�h�i�c�h� �c�o�v�e�r� �a� �t�o�t�a�l� �a�r�e�a� �o�f �2�3�0� �h�a�. �I�r�r�i�g�a�t�i�o�n� �u�n�d�e�r� �t�h�e�s�e �c�o�n�s�e�n�t�s

�h�a�s �b�e�e�n� �f�a�c�t�o�r�e�d� �i�n�t�o� �t�h�e� �r�e�c�h�a�r�g�e �c�a�l�c�u�l�a�t�i�o�n�s�,� �w�h�e�r�e� �i�r�r�i�g�a�t�i�o�n� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �r�a�i�n�f�a�l�l

�t�i�m�e �s�e�r�i�e�s� �w�h�e�n� �s�o�i�l� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e� �f�a�l�l�s� �t�o� �5�0� �%�.� � �I�r�r�i�g�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �t�o� �c�e�a�s�e

�w�h�e�n� �t�h�e� �s�o�i�l� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e� �r�e�a�c�h�e�s� �8�0� �%� �a�n�d� �t�h�e�v�o�l�u�m�e �a�d�d�e�d �i�s �c�o�n�s�t�r�a�i�n�e�d� �b�y

�t�h�e� �a�n�n�u�a�l� �v�o�l�u�m�e� �l�i�m�i�t �a�p�p�l�i�e�d� �t�o� �e�a�c�h� �c�o�n�s�e�n�t�. �I�n� �a�d�d�i�t�i�o�n�,� �i�r�r�i�g�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �t�o

�t�a�k�e� �p�l�a�c�e� �o�n�l�y� �b�e�t�w�e�e�n� �N�o�v�e�m�b�e�r� �a�n�d� �A�p�r�i�l �.

�I�r�r�i�g�a�t�i�o�n� �u�s�i�n�g� �w�a�s�t�e�w�a�t�e�r� �f�r�o�m� �t�h�e� �F�o�n�t�e�r�r�a� �h�a�s� �a�l�s�o� �b�e�e�n� �t�a�k�e�n� �i�n�t�o� �a�c�c �o�u�n�t�,� �b�a�s�e�d� �o�n

�t�h�e �s�a�m�e� �m�e�t�h�o�d�o�l�o�g�y�.� � �H�o�w�e�v�e�r�,� �t�h�e� �i�r�r�i�g�a�t�i�o�n� �v�o�l�u�m�e �f�r�o�m� �t�h�e� �F�o�n�t�e�r�r�a� �i�r�r�i�g�a�t�i�o�n

�c�o�n�s�e�n�t �i�s� �n�o�t� �c�o�n�s�t�r�a�i�n�e�d� �b�y� �t�h�e� �a�n�n�u�a�l� �v�o�l�u�m�e� �l�i�m�i�t�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �F�o�n�t�e�r�r�a

�a�b�s�t�r�a�c�t�i�o�n� �c�o�n�s�e�n�t�s�,� �b�e�c�a�u�s�e� �w�a�s�t�e�w�a�t�e�r� �i�s �a�l�s�o �d�e�r�i�v�e�d� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �F�o�n�t�e�r�r�a

�f�a�c�t�o�r�y�.� � �I�n� �a�d�d�i�t�i�o�n�, �t�h�i�s� �w�a�s�t�e�w�a�t�e�r �i�r�r�i�g�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �t�o� �t�a�k�e� �p�l�a�c�e� �y�e�a�r� �r�o�u�n�d�.

�T�i�m�i�n�g� �o�f� �r�e�c�h�a�r�g�e

�A�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �c�o�m�p�a�r�e�d� �t�o� �c�a�l�c�u�l�a�t�e�d� �r�e�c�h�a�r�g�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t

�t�h�e�r�e� �i�s� �a� �l�a�g� �b�e�t�w�e�e�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �r�e�c�h�a�r�g�e� �a�n�d� �a�n� �e�f�f�e�c�t �o�n� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s

�(�F�i�g�u�r�e� �2�0�)�.� � �T�h�i�s� �l�a�g� �i�s� �i�n�t�e�r�p�r�e�t�e�d� �t�o� �r�e�f�l�e�c�t� �t�h�e� �d�e�p�t�h� �o�f� �t�h�e� �w�a�t�e�r� �t�a�b�l�e� �b�e�n�e�a�t�h� �t�h�e

�s�o�i�l� �a�n�d� �t�h�e� �d�e�l�a�y�i�n�g� �e�f�f�e�c�t� �o�f� �t�h�e� �o�v�e�r�l�y�i�n�g� �l�o�e�s�s� �d�e�p�o�s�i�t�s� �t�h�a�t� �a�r�e� �p�r�e�v�a�l�e�n�t� �a�c�r�o�s�s� �p�a�r�t�s

�o�f� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a�. �F�i�g�u�r�e� �2�0 �i�n�d�i�c�a�t�e�s� �t�h�a�t �t�h�i�s� �l�a�g� �c�a�n� �b�e� �a�s� �m�u�c�h� �a�s� �6�-�8� �w�e�e�k�s

�d�e�p�e�n�d�i�n�g� �o�n� �r�a�i�n�f�a�l�l� �i�n�t�e�n�s�i�t�y�,� �d�e�p�t�h� �t�o� �g�r�o�u�n�d�w�a�t�e�r� �a�n�d� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �l�o�e�s�s� �l�a�y�e�r�.

�T�h�i�s� �l�a�g� �h�a�s� �b�e�e�n� �a�c�c�o�u�n�t�e�d� �f�o�r� �i�n� �t�h�e �r�e�c�h�a�r�g�e� �c�a�l�c�u�l�a�t�i�o�n�s�,� �b�a�s�e�d� �o�n� �a� �d�i�s�t�r�i�b�u�t�e�d� �g�r�i�d

�o�f� �d�e�p�t�h� �t�o� �g�r�o�u�n�d�w�a�t�e�r� �a�n�d� �l�o�e�s�s� �t�h�i�c�k�n�e�s�s�e�s� �r�e�c�o�r�d�e�d� �i�n� �b�o�r�e�h�o�l�e� �l�o�g�s�.

�3�.�6 �S�u�m�m�a�r�y� �o�f� �C�o�n�c�e�p�t�u�a�l� �M�o�d�e�l

�F�i�g�u�r�e� �2�1 �p�r�e�s�e�n�t�s� �a� �s�u�m�m�a�r�y� �c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� �o�f� �p�r�o�c�e�s�s�e�s� �o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �t�h�e

�E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r�.� � �T�h�e� �a�q�u�i�f�e�r� �c�o�n�s�i�s�t�s� �o�f� �a� �r�e�l�a�t�i�v�e�l�y� �t�h�i�n� �g�r�a�v�e�l� �t�e�r�r�a�c�e� �o�v�e�r�l�y�i�n�g

�r�e�l�a�t�i�v�e�l�y �l�o�w �p�e�r�m�e�a�b�i�l�i�t�y� �s�t�r�a�t�a� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�. �T�o� �t�h�e� �w�e�s�t�,� �t�h�e� �a�q�u�i�f�e�r� �i�s

�b�o�u�n�d�e�d� �b�y� �t�h�e� �o�u�t�c�r�o�p� �o�f� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.� � �T�h�e� �e�d�g�e� �o�f� �t�h�e� �t�e�r�r�a�c�e� �a�q�u�i�f�e�r� �t�o

�t�h�e� �e�a�s�t� �i�s� �d�e�m�a�r�c�a�t�e�d� �b�y� �a�n� �a�b�r�u�p�t� �c�h�a�n�g�e� �i�n� �e�l�e�v�a�t�i�o�n�,� �w�h�e�r�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �c�o�v�e�r� �t�h�e

�f�l�o�o�d �p�l�a�i�n� �o�f� �t�h�e �M�a�t�a�u�r�a �R�i�v�e�r�,� �w�h�i�c�h� �e�f�f�e�c�t�i�v�e�l�y� �f�o�r�m�s� �t�h�e� �e�a�s�t�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e

�a�q�u�i�f�e�r� �s�y�s�t�e�m�.� � �T�h�e� �s�o�u�t�h�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e� �a�q�u�i�f�e�r� �i�s� �f�o�r�m�e�d� �b�y� �f�u�r�t�h�e�r� �o�u�t�c�r�o�p�s� �o�f� �t�h�e

�G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.� � �T�h�e� �t�e�r�r�a�c�e� �p�i�n�c�h�e�s� �o�u�t� �t�o� �t�h�e� �n�o�r�t�h� �o�f� �t�h�e� �a�r�e�a�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �0

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
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�V�a�r�i�a�b�l�e� �r�e�c�h�a�r�g�e� �t�o� �t�h�e� �a�q�u�i�f�e�r� �i�s� �a�l�m�o�s�t� �w�h�o�l�l�y� �v�i�a� �r�a�i�n�f�a�l�l�, �a�n�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l

�f�l�u�c�t�u�a�t�i�o�n�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �r�e�c�h�a�r�g�e �r�e�a�c�h�e�s� �t�h�e� �w�a�t�e�r� �t�a�b�l�e� �w�i�t�h� �s�o�m�e� �d�e�l�a�y� �d�e�p�e�n�d�i�n�g� �o�n

�t�h�e� �d�e�p�t�h� �t�o� �w�a�t�e�r� �a�n�d� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �o�v�e�r�l�y�i�n�g� �l�o�e�s�s� �d�e�p�o�s�i�t�s�. �T�h�e� �a�q�u�i�f�e�r� �d�i�s�c�h�a�r�g�e�s

�t�o �a� �s�e�r�i�e�s� �o�f� �s�p�r�i�n�g�s� �a�t� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�,� �a�l�t�h�o�u�g�h� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �s�o�m�e

�g�r�o�u�n�d�w�a�t�e�r �f�l�o�w�s� �i�n�t�o� �t�h�e� �a�d�j�a�c�e�n�t� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s�,� �w�h�i�c�h� �s�u�b�s�e�q�u�e�n�t�l�y� �d�i�s�c�h�a�r�g�e� �i�n�t�o

�t�h�e �M�a�t�a�u�r�a �R�i�v�e�r�. �R�e�l�a�t�i�v�e�l�y� �f�l�a�t� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �c�l�o�s�e� �t�o� �t�h�e �s�p�r�i�n�g�s �i�n�d�i�c�a�t�e� �t�h�a�t

�t�h�e� �s�p�r�i�n�g�s �a�c�t� �a�s� �a� �c�o�n�s�t�a�n�t �h�e�a�d� �d�i�s�c�h�a�r�g�e� �b�o�u�n�d�a�r�i�e�s� �f�r�o�m� �t�h�e� �a�q�u�i�f�e�r�,� �w�i�t�h� �s�o�m�e

�f�l�u�c�t�u�a�t�i�o�n�s� �i�n� �s�p�r�i�n�g� �f�l�o�w� �d�e�p�e�n�d�i�n�g� �o�n� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.
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�4�.�0 �N�u�m�e�r�i�c�a�l� �F�l�o�w� �M�o�d�e�l

�A� �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�c�e�p�t�u�a�l

�m�o�d�e�l �o�u�t�l�i�n�e�d� �a�b�o�v�e�.� � �T�h�e� �a�i�m� �o�f� �t�h�e� �m�o�d�e�l� �i�s� �t�o �s�i�m�u�l�a�t�e� �p�o�t�e�n�t�i�a�l� �v�a�r�i�a�t�i�o�n� �i�n

�g�r�o�u�n�d�w�a�t�e�r� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �i�n� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �i�n� �r�e�s�p�o�n�s�e� �t�o� �p�o�t�e�n�t�i�a�l� �f�u�t�u�r�e

�c�h�a�n�g�e�s� �i�n� �a�b�s�t�r�a�c�t�i�o�n� �a�n�d� �l�a�n�d� �u�s�e�.

�S�i�m�u�l�a�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t� �w�i�t�h�i�n� �g�r�o�u�n�d�w�a�t�e�r� �d�e�p�e�n�d�s� �o�n� �a� �r�e�l�i�a�b�l�y� �c�a�l�i�b�r�a�t�e�d

�g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w� �m�o�d�e�l�.� � �T�h�e� �s�e�c�t�i�o�n�s� �b�e�l�o�w� �d�e�t�a�i�l� �t�h�e� �d�e�s�i�g�n� �a�n�d� �c�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e �f�l�o�w

�m�o�d�e�l�.� � �T�h�e� �g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w� �m�o�d�e�l� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �t�h�e� �U�S�G�S� �M�O�D�F�L�O�W�-

�2�0�0�0� �p�r�o�g�r�a�m�,� �a�n�d� �i�t�s� �a�s�s�o�c�i�a�t�e�d� �p�a�c�k�a�g�e�s�.

�4�.�1 �M�o�d�e�l �e�x�t�e�n�t�s

�F�i�g�u�r�e �2�2 �s�h�o�w�s� �t�h�e� �l�o�c�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l� �b�o�u�n�d�a�r�i�e�s�.� � �T�h�e �w�e�s�t�e�r�n�,� �n�o�r�t�h�e�r�n� �a�n�d

�s�o�u�t�h�e�r�n� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �m�o�d�e�l� �a�r�e�  ��N�o� �f�l�o�w �� �b�o�u�n�d�a�r�i�e�s�,� �w�h�i�c�h� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e

�g�e�o�l�o�g�y� �o�f� �t�h�e� �a�r�e�a� �a�n�d� �t�h�e �s�u�r�f�a�c�e �o�u�t�c�r�o�p� �o�f� �t�h�e �l�o�w� �p�e�r�m�e�a�b�i�l�i�t�y� �b�a�s�e�m�e�n�t� �s�t�r�a�t�a� �f�o�r

�t�h�e� �g�r�a�v�e�l� �a�q�u�i�f�e�r� �w�h�i�c�h� �i�s� �f�o�r�m�e�d� �b�y� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.

�T�h�e �e�a�s�t�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e� �m�o�d�e�l �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y�, �a�n�d �f�o�l�l�o�w�s�, �t�h�e �l�i�n�e� �o�f� �t�h�e �M�a�t�a�u�r�a

�R�i�v�e�r�; �w�h�i�l�s�t� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �e�x�t�e�n�d� �b�e�y�o�n�d� �t�h�e� �r�i�v�e�r�, �a�s� �n�o�t�e�d� �a�b�o�v�e� �i�n� �S�e�c�t�i�o�n� �3�.�6�,

�t�h�e �M�a�t�a�u�r�a �R�i�v�e�r� �f�o�r�m�s� �a� �f�l�o�w� �b�o�u�n�d�a�r�y� �w�i�t�h�i�n� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s �a�s� �i�t� �i�s� �n�o�t� �e�x�p�e�c�t�e�d

�t�h�a�t� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w� �w�o�u�l�d� �o�c�c�u�r� �f�r�o�m� �o�n�e� �s�i�d�e� �o�f� �t�h�e� �r�i�v�e�r� �t�o� �t�h�e� �o�t�h�e�r

�s�i�d�e�, �H�o�w�e�v�e�r�, �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r� �i�s� �e�x�p�l�i�c�i�t�l�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �m�o�d�e�l �s�o� �t�h�a�t

�g�r�o�u�n�d�w�a�t�e�r� �w�i�t�h�i�n� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �c�a�n �i�n�t�e�r�a�c�t� �w�i�t�h �t�h�e� �r�i�v�e�r� �a�s� �r�e�q�u�i�r�e�d�.�.

�T�h�e� �m�o�d�e�l� �e�x�t�e�n�d�s �n�o�r�t�h �t�o� �r�e�a�c�h �M�a�t�a�u�r�a �t�o�w�n�.� � �W�h�i�l�s�t� �g�r�o�u�n�d�w�a�t�e�r� �c�o�n�t�o�u�r�s� �i�n�d�i�c�a�t�e� �a

�p�o�s�s�i�b�l�e� �f�l�o�w� �d�i�v�i�d�e� �i�n� �t�h�e� �r�e�g�i�o�n� �o�f� �t�h�e� �O�t�a� �C�r�e�e�k�,� �w�h�i�c�h� �c�o�u�l�d� �f�o�r�m� �a� �n�o�r�t�h�e�r�n� �b�o�u�n�d�a�r�y

�t�o� �t�h�e� �m�o�d�e�l�,� �t�h�e� �e�x�t�e�n�t� �o�f� �f�l�o�w� �t�h�a�t� �m�a�y� �o�c�c�u�r� �a�c�r�o�s�s� �t�h�i�s� �d�i�v�i�d�e� �i�s� �u�n�c�e�r�t�a�i�n�.� � �T�h�e�r�e �f�o�r�e

�t�h�e� �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �h�a�s� �b�e�e�n� �e�x�t�e�n�d�e�d� �p�a�s�t� �t�h�e� �O�t�a� �C�r�e�e�k�,� �s�o� �t�h�a�t� �g�r�o�u�n�d�w�a�t�e�r� �c�a�n

�m�o�v�e� �a�c�r�o�s�s� �t�h�e� �d�i�v�i�d�e �i�f� �r�e�q�u�i�r�e�d�,� �a�n�d� �t�h�e� �m�o�d�e�l� �c�a�n� �e�f�f�e�c�t�i�v�e�l�y� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�r�e�c�i�s�e

�l�o�c�a�t�i�o�n� �o�f� �t�h�e� �d�i�v�i�d�e�. �T�h�e� �n�o�r�t�h�e�r�n� �e�x�t�e�n�t� �o�f� �t�h�e� �m�o�d�e�l� �r�e�a�c�h�e�s� �t�h�e� �n�o�r�t�h�e�r�n� �b�o�u�n�d�a�r�y

�o�f� �t�h�e� �t�e�r�r�a�c�e� �g�r�a�v�e�l� �d�e�p�o�s�i�t�s�,� �b�a�s�e�d� �o�n� �d�a�t�a� �f�r�o�m� �t�h�e� �G�N�S� �M�u�r�i�h�i�k�u� �g�e�o�l�o�g�i�c�a�l� �m�a�p

�4�.�2 �M�o�d�e�l� �l�a�y�e�r�i�n�g

�B�o�r�e�h�o�l�e� �d�a�t�a� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �d�o�e�s� �n�o�t� �i�n�d�i�c�a�t�e� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �l�a�y�e�r�i�n�g� �w�i�t�h�i�n

�t�h�e� �t�e�r�r�a�c�e� �a�q�u�i�f�e�r� �i�t�s�e�l�f� �a�n�d� �a�l�t�h�o�u�g�h� �a� �l�o�e�s�s� �l�a�y�e�r� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�o�m�e� �b�o�r�e�h�o�l�e�s�,� �t�h�e

�e�x�t�e�n�t� �o�f� �t�h�i�s� �l�o�e�s�s� �l�a�y�e�r� �i�s� �p�o�o�r�l�y� �d�e�f�i�n�e�d�. �I�n� �t�e�r�m�s� �o�f� �v�e�r�t�i�c�a�l� �m�o�v�e�m�e�n�t� �o�f� �g�r�o�u�n�d�w�a�t�e�r

�i�t� �i�s �p�o�s�s�i�b�l�e �t�h�a�t� �s�o�m�e� �g�r�o�u�n�d�w�a�t�e�r� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �d�o�e�s� �d�r�a�i�n� �t�h�r�o�u�g�h� �t�o� �t�h�e

�u�n�d�e�r�l�y�i�n�g� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �r�e�l�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �h�o�r�i�z�o�n�t�a�l

�c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n� �t�h�e� �g�r�a�v�e�l�s� �a�n�d� �v�e�r�t�i�c�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s

�i�s� �s�u�c�h� �t�h�a�t� �a�n�y� �v�e�r�t�i�c�a�l� �l�e�a�k�a�g�e� �f�r�o�m� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �a�q�u�i�f�e�r� �w�i�l�l� �f�o�r�m� �a� �n�e�g�l�i�g�i�b�l�e

�c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �w�a�t�e�r� �b�a�l�a�n�c�e�.

�T�h�e� �a�q�u�i�f�e�r� �h�a�s� �t�h�e�r�e�f�o�r�e� �b�e�e�n� �m�o�d�e�l�l�e�d� �a�s� �a� �s�i�n�g�l�e� �l�a�y�e�r�,� �w�i�t�h� �s�p�a�t�i�a�l�l�y� �v�a�r�i�a�b�l�e

�h�y�d�r�o�g�e�o�l�o�g�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �2

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�4�.�3 �M�o�d�e�l �d�i�s�c�r�e�t�i�z�a�t�i�o�n

�T�h�e� �m�o�d�e�l� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �o�n� �a� �2�0�0� �m� �s�q�u�a�r�e� �g�r�i�d�,� �e�x�t�e�n�d�i�n�g� �f�r�o�m� �e�a�s�t�i�n�g� �2�1�7�9�5�0�0

�t�o� �e�a�s�t�i�n�g� �2�1�9�2�1�0�0� �a�n�d� �n�o�r�t�h�i�n�g� �5�4�1�3�9�0�0� �t�o� �n�o�r�t�h�i�n�g� �5�4�3�9�5�0�0�.� � �T�h�e� �d�i�m�e�n�s�i�o�n�s� �m�e�a�n

�t�h�a�t� �t�h�e� �m�o�d�e�l �i�s �d�e�f�i�n�e�d� �b�y� �a� �g�r�i�d� �o�f� �1�2�9� �r�o�w�s �a�n�d� �6�4�c�o�l�u�m�n�s�.� � �T�h�e� �g�r�i�d� �s�p�a�c�i�n�g� �i�s

�c�o�n�s�i�d�e�r�e�d� �a� �r�e�a�s�o�n�a�b�l�e� �b�a�l�a�n�c�e� �b�e�t�w�e�e�n� �a�c�h�i�e�v�i�n�g� �s�u�f�f�i�c�i�e�n�t� �d�e�t�a�i�l� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l� �a�n�d

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �a�v�a�i�l�a�b�l�e� �d�a�t�a� �a�n�d �F�i�g�u�r�e� �2�3� �s�h�o�w�s� �t�h�e� �m�o�d�e�l� �g�r�i�d� �o�v�e�r�l�a�i�d� �a�c�r�o�s�s� �t�h�e

�m�o�d�e�l� �a�r�e�a�.

�G�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l� �d�a�t�a� �f�o�r� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �1�9�9�5�,� �g�e�n�e�r�a�l�l�y� �a�t

�m�o�n�t�h�l�y� �i�n�t�e�r�v�a�l�s�,� �a�n�d� �a�b�s�t�r�a�c�t�i�o�n� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �a�r�o�u�n�d� �2�0�0�0�.� � �T�o� �r�e�p�r�e�s�e�n�t

�k�n�o�w�n� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s�,� �t�h�e� �m�o�d�e�l� �t�h�e�r�e�f�o�r�e� �r�u�n�s� �f�r�o�m� �1�9�9�5� �t�h�r�o�u�g�h� �t�o� �2�0�1�1� �w�i�t�h

�m�o�n�t�h�l�y� �s�t�r�e�s�s� �p�e�r�i�o�d�s�,� �g�i�v�i�n�g� �a� �t�o�t�a�l� �o�f� �2�0�1� �s�t�r�e�s�s� �p�e�r�i�o�d�s�.

�4�.�4 �M�o�d�e�l �p�a�r�a�m�e�t�e�r�s

�4�.�4�.�1 �R�e�c�h�a�r�g�e

�R�e�c�h�a�r�g�e� �t�o� �t�h�e� �m�o�d�e�l� �i�s� �a�p�p�l�i�e�d� �u�s�i�n�g� �t�h�e� �M�O�D�F�L�O�W� �r�e�c�h�a�r�g�e� �p�a�c�k�a�g�e� �b�u�t� �t�h�e� �v�a�l�u�e�s

�u�s�e�d� �w�i�t�h�i�n� �t�h�e� �p�a�c�k�a�g�e� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �e�x�t�e�r�n�a�l�l�y� �t�o� �M�O�D�F�L�O�W�.� � �T�h�e� �p�r�o�c�e�s�s� �b�y� �w�h�i�c�h

�r�e�c�h�a�r�g�e� �v�a�l�u�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�5 �a�n�d� �i�r�r�i�g�a�t�i�o�n� �d�a�t�a� �i�s� �a�l�s�o

�t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t�.

�4�.�4�.�2 �S�p�r�i�n�g�s� �a�n�d� �R�i�v�e�r�s

�A�l�l� �s�t�r�e�a�m�s� �a�n�d� �r�i�v�e�r�s� �i�n� �t�h�e� �m�o�d�e�l� �a�r�e�a� �a�r�e �r�e�p�r�e�s�e�n�t�e�d �u�s�i�n�g� �t�h�e� �M�O�D�F�L�O�W� �s�t�r�e�a�m

�p�a�c�k�a�g�e�, �w�h�i�c�h� �h�a�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �t�h�a�t� �i�t� �c�a�n� �a�c�c�r�e�t�e� �f�l�o�w� �a�l�o�n�g� �t�h�e� �l�e�n�g�t�h� �o�f� �e�a�c�h

�r�e�a�c�h�.� � �F�o�u�r� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �s�t�r�e�a�m�s �u�s�i�n�g� �t�h�e� �s�t�r�e�a�m�s� �p�a�c�k�a�g�e

�n�a�m�e�l�y�:

�À �S�t�r�e�a�m� �s�t�a�g�e

�À �S�t�r�e�a�m� �b�e�d� �t�o�p� �e�l�e�v�a�t�i�o�n

�À �S�t�r�e�a�m� �b�e�d� �b�o�t�t�o�m� �e�l�e�v�a�t�i�o�n

�À �S�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e

�S�t�r�e�a�m� �s�t�a�g�e� �h�a�s� �b�e�e�n� �s�e�t�,� �w�h�e�r�e� �p�o�s�s�i�b�l�e�,� �u�s�i�n�g� �s�u�r�v�e�y� �d�a�t�a�,� �f�o�r� �e�x�a�m�p�l�e� �a�r�o�u�n�d� �t�h�e

�s�o�u�r�c�e�s� �o�f� �C�l�e�a�r� �C�r�e�e�k� �a�n�d� �I�v�e�s� �C�r�e�e�k�.� � �S�t�r�e�a�m� �s�t�a�g�e� �d�o�w�n�s�t�r�e�a�m� �f�r�o�m� �t�h�e�s�e� �p�o�i�n�t�s�,� �o�r

�w�h�e�r�e� �s�u�r�v�e�y� �d�a�t�a� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�,� �h�a�s� �b�e�e�n� �s�e�t� �a�s� �1� �m� �b�e�l�o�w� �s�u�r�f�a�c�e� �e�l�e�v�a�t�i�o�n�,� �w�h�i�l�s �t

�e�n�s�u�r�i�n�g� �t�h�a�t� �s�t�r�e�a�m� �s�t�a�g�e� �d�e�c�r�e�a�s�e�s� �i�n� �e�l�e�v�a�t�i�o�n� �d�o�w�n�s�t�r�e�a�m�.

�T�h�e� �s�t�r�e�a�m� �b�e�d� �t�h�i�c�k�n�e�s�s� �(�i�.�e�.� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�t�r�e�a�m� �b�e�d� �t�o�p� �a�n�d� �b�o�t�t�o�m

�e�l�e�v�a�t�i�o�n�)� �e�x�e�r�t�s� �s�o�m�e� �c�o�n�t�r�o�l� �o�n� �h�o�w� �e�a�s�i�l�y� �w�a�t�e�r� �l�e�a�k�s� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �t�o� �t�h�e� �a�q�u�i�f�e�r�,

�o�r�v�i�c�e� �v�e�r�s�a�.�I�n� �t�h�e� �m�o�d�e�l�,� �t�h�e� �s�t�r�e�a�m� �b�e�d� �t�o�p� �e�l�e�v�a�t�i�o�n� �h�a�s� �b�e�e�n� �s�e�t� �t�o� �0�.�3� �m� �b�e�l�o�w

�s�t�a�g�e� �(�m�e�a�n�i�n�g� �t�h�a�t� �t�h�e� �s�t�r�e�a�m�s� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �3�0� �c�m� �d�e�e�p�)� �a�n�d� �t�h�e� �s�t�r�e�a�m� �b�e�d

�b�o�t�t�o�m� �e�l�e�v�a�t�i�o�n� �i�s� �s�e�t� �t�o� �0�.�1� �m� �b�e�l�o�w� �t�h�e� �s�t�r�e�a�m� �b�e�d� �t�o�p�.

�M�O�D�F�L�O�W� �S�t�r�e�a�m� �C�o�n�d�u�c�t�a�n�c�e� �(�C�) �r�e�p�r�e�s�e�n�t�s� �b�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s �a�n�d� �a�f�f�e�c�t�s� �t�h�e� �r�a�t�e� �o�f

�g�r�o�u�n�d�w�a�t�e�r� �s�e�e�p�a�g�e� �i�n�t�o�,� �o�r� �o�u�t� �o�f�, �t�h�e� �s�u�r�f�a�c�e� �w�a�t�e�r�w�a�y�,� �t�h�e�r�e�b�y� �d�e�f�i�n�i�n�g �t�h�e� �a�m�o�u�n�t



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �3

�E �d �e �n �d �a �l �e �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M �o�d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�o�f� �b�a�s�e�f�l�o�w� �t�o� �t�h�e� �s�t�r�e�a�m� �u�n�d�e�r� �v�a�r�y�i�n�g �g�r�o�u�n�d�w�a�t�e�r �h�e�a�d� �c�o�n�d�i�t�i�o�n�s�.� � �T�h�e �v�a�l�u�e� �o�f� �t�h�e

�s�t�r�e�a�m�b�e�d� �c�o�n�d�u�c�t�a�n�c�e� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �m�e�a�s�u�r�e� �p�r�e�c�i�s�e�l�y �a�n�d� �i�t�s�  ��b�e�s�t �� �v�a�l�u�e �i�s� �p�e�r�h�a�p�s

�b�e�s�t �d�e�t�e�r�m�i�n�e�d� �b�y� �a�c�h�i�e�v�i�n�g� �a�d�e�q�u�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �m�o�d�e�l�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �h�e�a�d�s

�a�n�d� �s�t�r�e�a�m� �f�l�o�w�s�. �T�h�e� �l�o�c�a�t�i�o�n�s �o�f� �t�h�e� �m�o�d�e�l�l�e�d� �s�t�r�e�a�m�s �a�r�e �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4�.

�4�.�4�.�3 �A�b�s�t�r�a�c�t�i�o�n�s

�C�o�n�s�e�n�t�e�d� �a�b�s�t�r�a�c�t�i�o�n�s� �i�n� �t�h�e� �m�o�d�e�l� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �M�O�D�F�L�O�W� �w�e�l �l �p�a�c�k�a�g�e�.

�A�b�s�t�r�a�c�t�i�o�n� �d�a�t�a� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �m�o�d�e�l� �a�r�e�a� �i�s� �n�o�t� �g�e�n�e�r�a�l�l�y� �a�v�a�i�l�a�b�l�e� �o�n� �a� �m�o�n�t�h�l�y

�b�a�s�i�s� �a�n�d� �i�n� �m�o�s�t� �c�a�s�e�s� �o�n�l�y� �a�n�n�u�a�l� �t�o�t�a�l�s� �a�r�e� �a�v�a�i�l�a�b�l�e�,� �m�e�a�n�i�n�g� �t�h�a�t� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f

�a�b�s�t�r�a�c�t�i�o�n� �v�o�l�u�m�e�s� �t�h�r�o�u�g�h� �t�h�e� �y�e�a�r� �i�s� �u�n�c�e�r�t�a�i�n�.� � �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �F�o�n�t�e�r�r�a

�a�b�s�t�r�a�c�t�i�o�n�s� �a�n�d� �m�u�n�i�c�i�p�a�l� �a�b�s�t�r�a�c�t�i�o�n�s�,� �m�o�n�t�h�l�y� �(�o�r� �d�a�i�l�y� �f�o�r� �t�h�e� �F�o�n�t�e�r�r�a �a�b�s�t�r�a�c�t�i�o�n�s�)

�d�a�t�a� �a�r�e� �a�v�a�i�l�a�b�l�e�.

�W�h�e�r�e� �d�a�t�a� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e� �o�n� �a� �m�o�n�t�h�l�y� �b�a�s�i�s�,� �i�t� �h�a�s� �b�e�e�n� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �y�e�a�r

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �a�b�s�t�r�a�c�t�i�o�n� �u�s�e�.� � �I�r�r�i�g�a�t�i�o�n� �c�o�n�s�e�n�t�s� �a�r�e� �s�e�t� �t�o� �t�a�k�e� �t�h�e�i�r� �v�o�l�u�m�e

�b�e�t�w�e�e�n� �N�o�v�e�m�b�e�r� �a�n�d� �A�p�r�i�l�,� �w�i�t�h� �t�h�e� �v�o�l�u�m�e� �p�e�a�k�i �n�g� �i�n� �J�a�n�u�a�r�y�,� �w�h�i�l�e �d�a�i�r�y �s�h�e�d

�c�o�n�s�e�n�t�s� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d �e�v�e�n�l�y� �a�c�r�o�s�s �t�h�e� �t�y�p�i�c�a�l� �d�a�i�r�y� �s�e�a�s�o�n �b�e�t�w�e�e�n� �A�u�g�u�s�t� �a�n�d� �M�a�y�.

�4�.�4�.�4 �H�y�d�r�a�u�l�i�c� �C�o�n�d�u�c�t�i�v�i�t�i�e�s

�F�i�g�u�r�e� �2�5� �s�h�o�w�s� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s� �p�l�o�t�t�e�d� �o�n� �t�o�p� �o�f� �s�t�r�u�c�t�u�r�e� �c�o�n�t�o�u�r�s� �f�o�r� �t�h�e� �G�o�r�e

�L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.� � �T�h�e�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �h�i�g�h�e�r� �t�r�a�n�s�m�i�s�s�i�v�i�t�i�e�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �E�d�e�n�d�a�l�e

�A�q�u�i�f�e�r� �g�e�n�e�r�a�l�l�y� �c�o�r�r�e�l�a�t�e� �w�e�l�l� �w�i�t�h� �t�h�e� �a�p�p�r�o�x�i�m�a�t�e� �l�i�n�e� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l �,� �w�h�e�r�e� �i�t

�h�a�s �i�n�c�i�s�e�d� �i�n�t�o� �t�h�e� �G�o�r�e� �L�i�g�n�i�t�e� �M�e�a�s�u�r�e�s�.� � �I�n� �t�h�e� �m�o�d�e�l� �t�h�e� �i�n�i�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f

�c�o�n�d�u�c�t�i�v�i�t�y� �h�a�s� �f�o�l�l�o�w�e�d� �t�h�i�s� �p�a�t�t�e�r�n�,� �w�i�t�h� �h�i�g�h�e�r� �c�o�n�d�u�c�t�i�v�i�t�i�e�s� �a�s�s�i�g�n�e�d� �t�o� �t�h�e

�a�p�p�r�o�x�i�m�a�t�e� �o�u�t�l�i�n�e� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l�,� �a�n�d� �l�o�w�e�r� �v�a�l�u�e�s� �a�s�s�i�g�n�e�d� �o�u�t�s�i�d�e� �t�h�i�s� �a�r�e�a�.

�G�r�o�u�n�d�w�a�t�e�r� �c�o�n�t�o�u�r�s� �a�l�s�o� �s�u�g�g�e�s�t� �t�h�a�t� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k� �r�i�s�e

�r�e�l�a�t�i�v�e�l�y� �a�b�r�u�p�t�l�y�,� �s�u�g�g�e�s�t�i�n�g� �a� �s�h�a�r�p� �c�h�a�n�g�e� �i�n �h�y�d�r�o�g�e�o�l�o�g�i�c� �p�a�r�a�m�e�t�e�r�s�,� �m�o�s�t� �l�i�k�e�l�y

�c�o�n�d�u�c�t�i�v�i�t�y�. �T�h�e� �i�n�i�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�d�u�c�t�i�v�i�t�y �r�e�f�l�e�c�t�s� �t�h�i�s� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g

�w�i�t�h� �a� �l�o�w�e�r� �c�o�n�d�u�c�t�i�v�i�t�y� �z�o�n�e� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k�.

�A�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �a�r�e� �g�e�n�e�r�a�l�l�y �h�i�g�h�l�y� �p�e�r�m�e�a�b�l�e �a�n�d� �t�h�e�r�e�f�o�r�e� �w�h�e�r�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �a�r�e

�i�d�e�n�t�i�f�i�e�d� �o�n� �t�h�e� �g�e�o�l�o�g�i�c�a�l� �m�a�p� �a� �h�i�g�h� �c�o�n�d�u�c�t�i�v�i�t�y� �h�a�s� �b�e�e�n� �u�s�e�d�.� � �A� �h�i�g�h� �v�a�l�u�e �o�f

�c�o�n�d�u�c�t�i�v�i�t�y� �i�n� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s �a�l�s�o� �e�n�s�u�r�e�s� �t�h�a�t� �g�r�o�u�n�d�w�a�t�e�r� �c�a�n� �d�i�s�c�h�a�r�g�e� �t�o� �t�h�e

�M�a�t�a�u�r�a� �R�i�v�e�r�.

�F�i�g�u�r�e� �2�6� �s�h�o�w�s� �t�h�e� �i�n�i�t�i�a�l �c�o�n�d�u�c�t�i�v�i�t�y� �z�o�n�e�s �d�i�s�t�r�i�b�u�t�i�o�n� �z�o�n�e�s �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a�.

�5�.�0 �S�u�m�m�a�r�y

�T�h�i�s� �r�e�p�o�r�t� �h�a�s� �o�u�t�l�i�n�e�d� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� �o�f� �t�h�e� �a�r�e�a�,� �f�o�r�m�e�d� �f�r�o�m� �t�h�e� �e�x�i�s�t�i�n�g

�i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �a�n�d� �t�h�e� �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �t�h�a�t� �h�a�s� �b�e�e�n� �s�e�t� �u�p� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e�s�e

�p�r�o�c�e�s�s�e�s�.

�A �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �c�a�n�n�o�t� �p�e�r�f�e�c�t�l�y� �r�e�p�r�e�s�e�n�t� �n�a�t�u�r�a�l� �p�r�o�c�e�s�s�e�s�,� �d�u�e� �n�o�t� �l�e�a�s�t� �t�o �t�h�e

�c�o�m�p�l�e�x�i�t�y� �o�f� �n�a�t�u�r�a�l� �s�y�s�t�e�m�s �a�n�d� �i�m�p�e�r�f�e�c�t� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�o�s�e� �s�y�s�t�e�m�s�.� � �H�o�w�e�v�e�r�,



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �4

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �C �o �n �c �e �p �t �u �a �l �i �s �a �t �i �o �n � �a �n �d � �M�o �d �e �l � �D �e �s �i �g �n

�C�0�2�5�3�5�5�0�0�_ �R�0�0�1�i�2�_ �C�o�n�c�e�p�t�u�a�l �i�s�a�t �i �o�n�A�n�d�M�o�d�e�l�D�e�s�i �g�n�. �d�o�c

�D
�R
�A
�F
�T

�b�a�s�e�d� �o�n� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �p�r�o�c�e�s�s�e�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�,� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �o�f

�t�h�e� �m�o�d�e�l� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s�, �t�h�e� �n�u�m�e�r�i�c�a�l� �m�o�d�e�l� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �i�s

�e�x�p�e�c�t�e�d� �t�o �p�r�o�v�i�d�e� �a� �r�e�a�s�o�n�a�b�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f �t�h�e� �n�a�t�u�r�a�l� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �t�a�k�e� �p�l�a�c�e�.

�S�o�m�e� �i�n�f�o�r�m�a�t�i�o�n� �g�a�p�s� �e�x�i�s�t� �i�n� �t�h�e� �a�r�e�a�,� �m�o�s�t� �n�o�t�a�b�l�y� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �h�y�d�r�a�u�l�i�c

�p�a�r�a�m�e�t�e�r�s� �n�o�r�t�h� �o�f� �t�h�e� �O�t�a� �C�r�e�e�k �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e�r�e� �a�r�e �s�o�m�e� �u�n�c�e�r�t�a�i�n�t�i�e�s� �i�n� �t�h�i�s

�a�r�e�a�.� � �H�o�w�e�v�e�r�,� �t�h�e�s�e� �u�n�c�e�r�t�a�i�n�t�i�e�s� �s�h�o�u�l�d� �b�e� �l�i�m�i�t�e�d� �p�r�o�v�i�d�e�d� �a� �s�a�t�i�s�f�a�c�t�o�r�y� �c�a�l�i�b�r�a�t�i�o�n �i�s

�a�c�h�i�e�v�e�d� �b�a�s�e�d� �o�n� �a� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�r�o�c�e�s�s�e�s� �i�n�v�o�l�v�e�d�.

�T�h�e� �n�e�x�t� �s�t�a�g�e�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �t�h�e� �m�o�d�e�l� �a�r�e� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �t�r�a�n�s�i�e�n�t �f�l�o�w� �m�o�d�e�l

�c�a�l�i�b�r�a�t�i�o�n�,� �b�a�s�e�d� �a�r�o�u�n�d� �l�o�n�g� �t�e�r�m� �m�o�n�i�t�o�r�i�n�g� �d�a�t�a� �o�f� �s�t�r�e�a�m� �f�l�o�w�s� �a�n�d� �g�r�o�u�n�d�w�a�t�e�r

�l�e�v�e�l�s�.� � �O�n�c�e� �t�h�e �f�l�o�w �m�o�d�e�l� �i�s� �s�a�t�i�s�f�a�c�t�o�r�i�l�y� �c�a�l�i�b�r�a�t�e�d�,� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t

�t�r�a�n�s�p�o�r�t� �m�o�d�e�l� �c�a�n� �b�e� �c�o�m�p�l�e�t�e�d�.� � �A� �f�u�r�t�h�e�r� �r�e�p�o�r�t� �d�e�t�a�i�l�i�n�g� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�o�w

�m�o�d�e�l� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t �m�o�d�e�l �w�i�l�l� �b�e� �p�r�o�v�i�d�e�d �o�n�c�e� �t�h�e�s�e

�s�t�a�g�e�s� �a�r�e� �c�o�n�c�l�u�d�e�d�.
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Figure 1 : Topographical Map of the Edendale Groundwater Area
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Figure 2 : Geological Map of the Edendale Groundwater Area
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Figure 3 : Base of Aquifer Contours (top of Gore Lignite Measures) (m RL)
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Figure 4 : Aquifer Thickness Contours (m)
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Figure 6 : Abstraction Consent Locations and Type
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Figure 9a : Land Use Distribution from 1992
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Figure 9b : Land Use Distribution from 2000
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Figure 9c : Land Use Distribution from 2005
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Figure 10 : Long Term Groundwater Monitoring Locations
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Figure 12: Groundwater Contours (2007)
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Figure 13 : Spring flow monitoring locations (blue text)
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Figure 16 : Transmissivity Data
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Figure 18 : Soils Data and PAW Rates
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Figure 22 : Model Boundaries
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Figure 23 : Model Grid
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Figure 25: Transmissivity data and base of aquifer contours
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�T�a�b�l�e �1�:� �S�u�m�m�a�r�y �C�a�l�i�b�r�a�t�e�d �H�y�d�r�a�u�l�i�c� �P�r�o�p�e�r�t�i�e�s

�Z�o�n�e

�n�u�m�b�e�r
�L�o�c�a�t�i�o�n �H�y�d�r�a�u�l�i�c� �C�o�n�d�u�c�t�i�v�i�t�y� �(�m�/�d�)�S�t�o�r�a�g�e

�1 �Tb a a l n b � _ a l i b m c � o e a g d � e h � y g l � z a b b { �1�6 �0�.�1�5

�2 | m m ` i ^ l m � } a l i b m c � l k ~ l n b o g � g e

• l g l ` a l � �R̂i b a

�6�0 �0�.�1�5

�3
w

l m l b e n d l o o b m �3�6�0 �0�.�1�5

�4 �Tb a a l n b � _ a l i b m c � c e ` g d � e h � y g l � z a b b { �3�9 �0�.�1�5

�5 • l g l ` a l � �R̂i b a � h m e e k
s

m l ^ o �1�0 �0�.�1�5

�Z�o�n�e� �1� �c�o�v�e�r�s� �t�h�e� �a�r�e�a� �o�f� �t�h�e� �m�o�d�e�l� �t�o� �t�h�e� �w�e�s�t� �o�f� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e� �a�n�d� �n�o�r�t�h� �o�f� �t�h�e� �O�t�a

�C�r�e�e�k�.� � �H�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n� �t�h�i�s� �z�o�n�e� �i�s� �s�e�t� �t�o �1�6 �m�/�d� �w�i�t�h� �t�h�e� �v�a�l�u�e� �b�a�s�e�d �t�h�e

�l�a�c�k� �o�f� �w�e�l�l�s�,� �i�n�d�i�c�a�t�i�n�g �l�o�w� �p�e�r�m�e�a�b�i�l�i�t�y� �s�t�r�a�t�a�,� �a�n�d �t�h�e� �n�e�e�d� �t�o� �m�a�t�c�h� �o�b�s�e�r�v�e�d

�g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �i�n� �t�h�e� �a�r�e�a�.

�Z�o�n�e� �2� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r �.� � �A�l�l�u�v�i�a�l� �g�r�a�v�e�l�s� �a�r�e

�t�y�p�i�c�a�l�l�y� �h�i�g�h�l�y� �p�e�r�m�e�a�b�l�e� �a�n�d� �t�h�e� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n� �Z�o�n�e� �2� �i�s� �s�e�t� �t�o �6�0 �m�/�d�.

�Z�o�n�e�s �3 �a�n�d� �4� �r�e�p�r�e�s�e�n�t �t�h�e� �E�d�e�n�d�a�l�e� �T�e�r�r�a�c�e� �a�q�u�i�f�e�r� �s�o�u�t�h� �o�f� �t�h�e� �O�t�a� �C�r�e�e�k� �a�n�d� �w�e�s�t� �o�f

�t�h�e� �t�e�r�r�a�c�e� �e�d�g�e�.� � �Z�o�n�e �3 �r�e�p�r�e�s�e�n�t�s� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l� �t�h�a�t� �i�s� �t�h�o�u�g�h�t� �t�o� �r�u�n

�a�p�p�r�o�x�i�m�a�t�e�l�y� �n�o�r�t�h� �s�o�u�t�h� �a�c�r�o�s�s� �t�h�e� �t�e�r�r�a�c�e�.� � �T�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l� �i�s� �b�a�s�e�d

�o�n� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �v�a�l�u�e�s� �a�c�r�o�s�s� �t�h�e� �t�e�r�r�a�c�e� �a�n�d� �b�r�o�a�d�l�y� �e�n�c�o�m�p�a�s�s�e�s� �t�h�e� �h�i�g�h�e�r

�t�r�a�n�s�m�i�s�s�i�v�i�t�y� �d�a�t�a�.� � �H�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �i�n� �t�h�i�s� �z�o�n�e� �i�s� �s�e�t� �t�o �3�6�0 �m�/�d�.� � �Z�o�n�e �4

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �t�e�r�r�a�c�e� �a�r�e�a�,� �w�h�e�r�e� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �i�s� �s�e�t� �t�o �3�9 �m�/�d�.

�Z�o�n�e� �5� �o�c�c�u�r�s �a�t� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �m�o�d�e�l� �a�n�d� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�l�o�o�d� �p�l�a�i�n� �o�f� �t�h�e

�M�a�t�a�u�r�a� �R�i�v�e�r� �a�d�j�a�c�e�n�t� �t�o�,� �a�n�d� �e�a�s�t� �o�f�, �t�h�e� �t�e�r�r�a�c�e� �a�n�d� �t�h�e� �s�p�r�i�n�g�s� �t�h�a�t� �f�o�r�m� �t�h�e
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�R �e �s �u �l �t �s
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�d�i�s�c�h�a�r�g�e� �p�o�i�n�t� �o�f� �t�h�e� �a�q�u�i�f�e�r�.� � �T�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �i�n� �t�h�i�s� �z�o�n�e� �i�s� �s�e�t� �t�o� �1�0� �m�/�d� �a�n�d� �i�s

�s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �a�l�l�u�v�i�a�l� �f�l�o�o�d� �p�l�a�i�n� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�.

�T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�i�s �m�u�c�h� �l�o�w�e�r� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y �i�s� �b�a�s�e�d� �o�n� �t�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r

�s�p�r�i�n�g� �f�l�o�w� �a�l�o�n�g� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �t�e�r�r�a�c�e�. �O�n�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �s�p�r�i�n�g�s

�w�o�u�l�d� �b�e� �a� �s�u�d�d�e�n� �c�h�a�n�g�e� �i�n� �g�r�o�u�n�d�w�a�t�e�r� �e�l�e�v�a�t�i�o�n� �a�t� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e�.� � �H�o�w�e�v�e�r

�g�r�o�u�n�d�w�a�t�e�r� �c�o�n�t�o�u�r�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �i�n�d�i�c�a�t�e� �a� �r�e�l�a�t�i�v�e�l�y� �g�e�n�t�l�e� �g�r�o�u�n�d�w�a�t�e�r� �g�r�a�d�i�e�n�t

�d�i�p�p�i�n�g� �s�o�u�t�h�w�e�s�t� �a�c�r�o�s�s� �t�h�e� �E�d�e�n�d�a�l�e� �t�e�r�r�a�c�e� �a�n�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �s�o�m�e� �d�i�s�t�a�n�c�e

�b�a�c�k �(�i�.�e�.� �w�e�s�t�)� �f�r�o�m� �t�h�e� �t�e�r�r�a�c�e �e�d�g�e �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �e�l�e�v�a�t�i�o�n�s� �o�f� �t�h�e� �s�p�r�i�n�g�s� �a�t� �t�h�e

�f�o�o�t� �o�f� �t�h�e� �t�e�r�r�a�c�e�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �s�u�b�s�t�a�n�t�i�a�l� �c�h�a�n�g�e� �i�n� �g�r�o�u�n�d�w�a�t�e�r� �e�l�e�v�a�t�i�o�n

�a�t� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e�, �A�n �a�l�t�e�r�n�a�t�i�v�e� �m�e�c�h�a�n�i�s�m �t�o� �g�e�n�e�r�a�t�e� �s�p�r�i�n�g� �f�l�o�w �i�s� �t�h�a�t �t�h�e�r�e� �i�s� �a

�c�h�a�n�g�e� �i�n� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �a�t� �t�h�e� �t�e�r�r�a�c�e� �e�d�g�e� �a�n�d� �s�p�r�i�n�g�s� �o�c�c�u�r� �a�s� �a� �r�e�s�u�l�t� �o�f� �l�o�w�e�r

�h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �a�t� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �t�e�r�r�a�c�e�.

�S�p�r�i�n�g� �f�l�o�w�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �c�h�a�n�g�e� �i�n� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �i�s� �t�h�e� �m�e�c�h�a�n�i�s�m� �u�s�e�d� �i�n

�t�h�e� �m�o�d�e�l�. �T�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r� �f�l�o�w�s� �t�h�r�o�u�g�h� �a� �r�e�l�a�t�i�v�e�l�y� �n�a�r�r�o�w� �v�a�l�l�e�y� �i�n� �t�h�e� �a�r�e�a� �o�f� �t�h�e

�s�p�r�i�n�g�s�,� �w�h�i�c�h� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�t� �t�i�m�e�s� �o�f� �h�i�g�h� �f�l�o�w�,� �f�l�o�o�d�i�n�g� �m�a�y� �o�c�c�u�r� �w�h�i�c�h� �w�o�u�l�d� �b�e

�c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �n�a�r�r�o�w� �v�a�l�l�e�y�.� � �L�o�w�e�r� �p�e�r�m�e�a�b�i�l�i�t�y� �s�i�l�t�s� �w�o�u�l�d� �t�h�e�r�e�f�o�r �e

�b�u�i�l�d� �u�p� �i�n� �t�h�e� �a�r�e�a�, �r�e�d�u�c�i�n�g� �t�h�e� �p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �t�h�e �g�r�a�v�e�l�s �a�d�j�a�c�e�n�t� �t�o �t�h�e� �r�i�v�e�r� �a�n�d

�t�h�e�r�e�f�o�r�e �c�a�u�s�i�n�g �s�p�r�i�n�g� �f�l�o�w�s�.� � �T�h�i�s� �m�e�c�h�a�n�i�s�m� �a�p�p�e�a�r�s� �t�o� �f�i�t� �w�i�t�h� �t�h�e� �a�v�a�i�l�a�b�l�e� �e�v�i�d�e�n�c�e

�a�n�d� �h�e�n�c�e� �i�s� �u�s�e�d� �i�n� �t�h�e� �m�o�d�e�l�,� �a�l�t�h�o�u�g�h� �n�o� �b�o�r�e� �l�o�g� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �i�n �t�h�e� �f�l�o�o�d�p�l�a�i�n

�t�o� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �s�u�p�p�o�r�t� �f�o�r� �t�h�i�s� �m�e�c�h�a�n�i�s�m�.

�T�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �l�o�w�e�r� �p�e�r�m�e�a�b�i�l�i�t�y� �s�i�l�t�s� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�f�i�n�e� �a�n�d� �t�h�e� �h�y�d�r�a�u�l�i�c

�c�o�n�d�u�c�t�i�v�i�t�y� �z�o�n�e� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e�s�e� �d�e�p�o�s�i�t�s� �h�a�s� �t�h�e�r�e�f�o�r�e� �b�e�e�n� �d�e�l�i�n�e�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e

�o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �s�p�r�i�n�g�s� �a�n�d� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �M�a�t�a�u�r�u�a� �R�i�v�e�r� �f�l�o�o�d� �p�l�a�i�n�.

�S�p�e�c�i�f�i�c� �y�i�e�l�d� �i�s� �u�n�i�f�o�r�m� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a� �a�n�d� �i�s� �s�e�t� �t�o� �v�a�l�u�e� �o�f� �0�.�1�5�.

�2�.�2 �B�o�u�n�d�a�r�i�e�s

�T�h�e� �m�a�i�n� �b�o�u�n�d�a�r�i�e�s �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l �a�r�e� �t�h�e� �s�t�r�e�a�m�s� �a�n�d �s�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e� �w�a�s

�a�l�s�o� �v�a�r�i�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n�. �T�h�e� �h�i�g�h�e�s�t� �s�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e

�(�1�0 �0�0�0 �m�2�/�d�a�y�) �w�a�s� �s�e�t� �w�i�t�h�i�n� �t�h�e� �s�p�r�i�n�g�s� �t�h�a�t� �o�c�c�u�r� �a�t� �t�h�e� �s�o�u�t�h�e�r�n� �b�o�u�n�d�a�r�y� �o�f� �t�h�e

�E�d�e�n�d�a�l�e� �t�e�r�r�a�c�e�,� �w�h�i�l�e� �l�o�w�e�r� �s�t�r�e�a�m� �c�o�n�d�u�c�t�a�n�c�e�s �(�5�0�0� �m�2�/�d�a�y�) �w�e�r�e �u�s�e�d� �f�o�r� �t�h�e� �m�a�i�n

�l�i�n�e� �o�f� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�. �W�h�i�l�s�t� �1�0� �0�0�0� �m�2�/�d�a�y� �i�s� �a� �h�i�g�h� �s�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e� �f�o�r

�t�h�e �s�p�r�i�n�g� �f�e�d� �s�t�r�e�a�m�s�,� �i�t �i�s� �c�a�l�c�u�l�a�t�e�d� �b�a�s�e�d �o�n� �t�h�e �f�o�l�l�o�w�i�n�g� �f�o�r�m�u�l�a �a�n�d� �v�a�l�u�e�s�:

=
. .

�W�h�e�r�e�:

�C� �=� �S�t�r�e�a�m� �c�e�l�l� �c�o�n�d�u�c�t�a�n�c�e

�K� �= �C�o�n�d�u�c�t�i�v�i�t�y �o�f� �t�h�e� �s�t�r�e�a�m� �b�e�d� �m�a�t�e�r�i�a�l �(�5� �m� �/�d�)

�L� �=� �l�e�n�g�t�h� �o�f� �t�h�e� �s�t�r�e�a�m� �r�e�a�c�h �(�2�0�0� �m�)

�W� �=� �w�i�d�t�h� �o�f� �t�h�e �s�p�r�i�n�g �s�t�r�e�a�m �(�~�2� �m�)

�M� �=� �T�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �s�t�r�e�a�m� �b�e�d� �m�a�t�e�r�i�a�l �(�0�.�2� �m�)



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �4

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�G�i�v�e�n� �t�h�e� �v�e�r�y� �h�i�g�h� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �t�h�e� �a�q�u�i�f�e�r �a�n�d� �t�h�e� �g�r�a�v�e�l�y� �s�t�r�e�a�m� �b�e�d� �m�a�t�e�r�i�a�l� �5� �m�/�d

�w�a�s �c�o�n�s�i�d�e�r�e�d �l�i�k�e�l�y� �l�o�w�e�r �e�s�t�i�m�a�t�e� �o�f �s�t�r�e�a�m� �b�e�d �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y�. �E�v�e�n� �d�e�s�p�i�t�e

�t�h�i�s� �t�h�e� �s�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e �i�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �a� �v�e�r�y� �h�i�g�h� �v�a�l�u�e� �o�f �1�0�,�0�0�0� �m�2�/�d�a�y

�i�n� �t�h�e� �s�t�r�e�a�m� �c�e�l�l�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �s�p�r�i�n�g�s�.� � �A �l�o�w�e�r� �v�a�l�u�e� �(�5�0�0� �m�2�/�d�a�y�) �w�a�s� �u�s�e�d� �i�n

�s�t�r�e�a�m� �c�e�l�l�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r �d�u�e� �t�o� �t�h�e� �s�i�l�t�y� �n�a�t�u�r�e� �o�f� �i�t�s� �b�e�d�.

�3�.�0 �M�o�d�e�l� �C�a�l�i�b�r�a�t�i�o�n

�3�.�1 �G�r�o�u�n�d�w�a�t�e�r� �f�l�o�w� �p�a�t�t�e�r�n�s� �a�n�d� �c�o�n�t�o�u�r�s

�F�i�g�u�r�e�s �3 �a�n�d �4 �p�r�e�s�e�n�t� �c�o�n�t�o�u�r� �m�a�p�s� �o�f� �m�o�d�e�l�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �c�o�n�t�o�u�r�s� �f�o�r

�M�a�r�c�h �2�0�0�7 �(�S�t�r�e�s�s �p�e�r�i�o�d� �1�4�5�) �r�e�s�p�e�c�t�i�v�e�l�y�.� � �T�h�e� �m�a�p�s� �s�h�o�w� �a� �g�e�n�e�r�a�l�l�y� �g�o�o�d

�a�g�r�e�e�m�e�n�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �o�v�e�r� �t�h�e� �k�e�y� �E�d�e�n�d�a�l�e� �a�r�e�a�,� �w�h�e�r�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e �i�s� �g�e�n�e�r�a�l�l�y

�w�i�t�h�i�n� �1 �m�.

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �a�n�d� �m�o�d�e�l�e�d� �l�e�v�e�l�s� �f�o�r� �M�a�r�c�h� �2�0�0�7

�a�t� �v�a�r�i�o�u�s� �m�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �i�s� �a�l�s�o� �p�l�o�t�t�e�d� �o�n� �F�i�g�u�r�e �3�.� � �P�o�s�i�t�i�v�e� �d�i�f�f�e�r�e�n�c�e�s �(�s�h�o�w�n� �a�s

�b�l�u�e� �d�o�t�s�)� �i�n�d�i�c�a�t�e� �t�h�e �o�b�s�e�r�v�e�d �l�e�v�e�l�s� �a�r�e �a�b�o�v�e� �m�o�d�e�l�l�e�d �l�e�v�e�l�s�,� �w�h�e�r�e�a�s �n�e�g�a�t�i�v�e

�d�i�f�f�e�r�e�n�c�e�s� �(�s�h�o�w�n� �a�s� �r�e�d� �d�o�t�s�)� �i�n�d�i�c�a�t�e� �t�h�e �o�b�s�e�r�v�e�d �l�e�v�e�l�s� �a�r�e �l�o�w�e�r �t�h�a�n �t�h�e� �m�o�d�e�l�l�e�d

�l�e�v�e�l�s�.

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �p�l�o�t�t�e�d� �d�i�f�f�e�r�e�n�c�e�s� �o�n� �F�i�g�u�r�e �3 �i�n�d�i�c�a�t�e� �t�h�a�t� �m�o�d�e�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s

�a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �c�o�r�r�e�c�t� �o�r� �s�l�i�g�h�t�l�y� �t�o�o� �h�i�g�h� �i�n� �t�h�e� �a�r�e�a �b�e�t�w�e�e�n �O�t�a� �C�r�e�e�k� �a�n�d� �n�o�r�t�h� �o�f

�E�d�e�n�d�a�l�e� �t�o�w�n�. �C�o�n�v�e�r�s�e�l�y�,� �l�e�v�e�l�s� �a�r�e� �s�l�i�g�h�t�l�y� �t�o�o� �l�o�w� �i�n� �t�h�e� �a�r�e�a� �s�o�u�t�h �o�f� �E�d�e�n�d�a�l�e

�t�o�w�n�,� �b�u�t� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �c�o�r�r�e�c�t� �c�l�o�s�e� �t�o� �t�h�e� �t�e�r�r�a�c�e� �m�a�r�g�i�n� �i�n� �t�h�e� �s�o�u�t�h� �o�f� �t�h�e� �a�r�e�a�.

�W�h�i�l�s�t� �t�h�e� �m�a�t�c�h� �i�s� �n�o�t� �p�e�r�f�e�c�t�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s

�a�r�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �p�o�i�n�t� �i�n� �t�i�m�e�,� �w�h�e�r�e�a�s� �t�h�e �m�o�d�e�l�e�d� �l�e�v�e�l�s� �r�e�p�r�e�s�e�n�t� �a�n

�a�v�e�r�a�g�e� �l�e�v�e�l �f�o�r� �t�h�e� �m�o�n�t�h� �a�r�o�u�n�d� �t�h�e� �t�i�m�e� �w�h�e�n� �t�h�e� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �w�e�r�e

�m�e�a�s�u�r�e�d�.� � �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �m�o�d�e�l�e�d� �l�e�v�e�l�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�i�e�z�o�m�e�t�r�i�c� �l�e�v�e�l� �a�t� �t�h�e� �c�e�n�t�e�r

�o�f� �a� �2�0�0� �m� �m�o�d�e�l� �c�e�l�l� �w�h�i�c�h� �m�a�y� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� �c�o�m�p�a�r�a�b�l�e� �t�o� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s� �a�t� �a

�s�i�m�i�l�a�r� �l�o�c�a�t�i�o�n�,� �b�o�t�h� �l�a�t�e�r�a�l�l�y� �a�n�d� �v�e�r�t�i�c�a�l�l�y� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�c�r�e�e�n� �e�l�e�v�a�t�i�o�n� �i�n� �t�h�e

�o�b�s�e�r�v�e�d� �b�o�r�e�. �F�i�g�u�r�e �3�b� �(�b�e�l�o�w�)� �p�l�o�t�s� �o�b�s�e�r�v�e�d� �a�n�d� �m�o�d�e�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �f�o�r

�M�a�r�c�h� �2�0�0�7� �g�r�a�p�h�i�c�a�l�l�y� �a�n�d� �s�h�o�w�s� �t�h�a�t� �t�h�e�r�e� �i�s �g�e�n�e�r�a�l�l�y� �a� �g�o�o�d �m�a�t�c�h� �b�e�t�w�e�e�n� �t�h�e

�s�i�m�u�l�a�t�e�d� �a�n�d� �m�o�d�e�l�e�d� �r�e�s�u�l�t�s�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �5

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�F�i�g�u�r�e �3�b�:� �M�o�d�e�l�l�e�d� �v�e�r�s�u�s� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �f�o�r� �M�a�r�c�h� �2�0�0�7�.

�O�v�e�r�a�l�l� �t�h�e� �m�a�t�c�h� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s

�a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a�.

�I�n� �t�h�e� �a�r�e�a� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k�,� �m�o�d�e�l�e�d� �l�e�v�e�l�s� �a�r�e� �v�a�r�i�a�b�l�y� �t�o�o� �h�i�g�h� �a�n�d� �t�o�o� �l�o�w�,� �w�h�i�c�h

�m�a�y� �r�e�f�l�e�c�t� �u�n�d�e�f�i�n�e�d� �h�e�t�e�r�o�g�e�n�e�i�t�y� �i�n� �t�h�i�s� �a�r�e�a�. �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �m�u�c�h� �l�e�s�s� �d�a�t�a

�e�x�i�s�t�s� �t�o� �d�e�f�i�n�e� �t�r�a�n�s�m�i�s�s�i�v�i�t�y� �o�r� �o�t�h�e�r� �h�y�d�r�a�u�l�i�c� �p�r�o�p�e�r�t�i�e�s� �i�n� �t�h�e� �a�r�e�a� �n�o�r�t �h� �o�f� �O�t�a� �C�r�e�e�k

�a�n�d� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e�r�e� �i�s� �l�e�s�s� �f�o�c�u�s� �o�n� �t�h�i�s� �a�r�e�a� �i�n� �t�e�r�m�s� �o�f� �w�a�t�e�r� �r�e�s�o�u�r�c�e�s� �u�t�i�l�i�z�a�t�i�o�n�.

�A�s� �a� �r�e�s�u�l�t�,� �l�e�s�s �t�i�m�e� �h�a�s� �b�e�e�n� �s�p�e�n�t� �t�o �e�f�f�e�c�t� �a� �d�e�t�a�i�l�e�d� �c�a�l�i�b�r�a�t�i�o�n� �i�n� �t�h�i�s� �a�r�e�a�.

�P�r�e�v�i�o�u�s� �g�r�o�u�n�d�w�a�t�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �(�R�e�k�k�e�r�,� �1�9�9�5�,� �W�i�l�s�o�n�,� �2�0�1�0�)� � �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�e

�p�r�e�s�e�n�c�e� �o�f� �a� �g�r�o�u�n�d�w�a�t�e�r� �d�i�v�i�d�e� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �O�t�a� �C�r�e�e�k�. �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �m�o�d�e�l

�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �s�o�m�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �g�r�o�u�n�d�w�a�t�e�r� �d�i�v�i�d�e� �l�o�c�a�t�i�o�n� �w�i�t�h� �s�e�a�s�o�n�a�l

�c�h�a�n�g�e�s� �i�n� �r�e�c�h�a�r�g�e�.� �H�o�w�e�v�e�r�,� �i�n �t�h�e� �l�o�n�g� �t�e�r�m� �t�h�e� �d�i�v�i�d�e� �r�e�m�a�i�n�s� �l�a�r�g�e�l�y� �i�n� �t�h�e� �s�a�m�e

�p�l�a�c�e�,� �s�l�i�g�h�t�l�y� �s�o�u�t�h� �o�f� �t�h�e� �O�t�a� �C�r�e�e�k�.

�3�.�2 �G�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l� �h�y�d�r�o�g�r�a�p�h�s

�F�i�g�u�r�e�s �5�a� �t�o �5�f� �p�r�e�s�e�n�t� �m�o�d�e�l�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �h�y�d�r�o�g�r�a�p�h�s� �f�o�r �s�i�x �l�o�n�g� �t�e�r�m

�m�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a�.� � �A� �m�a�p� �s�h�o�w�i�n�g� �t�h�e� �l�o�c�a�t�i�o�n�s� �o�f� �t�h�e�s�e

�m�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e �6�. �T�h�e� �h�y�d�r�o�g�r�a�p�h�s� �a�r�e� �s�p�l�i�t� �i�n�t�o� �t�h�r�e�e� �g�r�o�u�p�s

�b�a�s�e�d� �o�n� �t�h�e�i�r� �l�o�c�a�t�i�o�n� �a�c�r�o�s�s� �t�h�e� �a�q�u�i�f�e�r �a�r�e�a �a�n�d� �e�a�c�h� �g�r�o�u�p� �i�s� �d�i�s�c�u�s�s�e�d� �s�e�p�a�r�a�t�e�l�y

�b�e�l�o�w�. �T�a�b�l�e �2 �p�r�o�v�i�d�e�s� �b�o�r�e�h�o�l�e� �d�e�t�a�i�l�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �m�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �d�i�s�c�u�s�s�e�d�.
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�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�T�a�b�l�e �2�:� �L�o�n�g� �T�e�r�m� �M�o�n�i�t�o�r�i�n�g� �B�o�r�e�h�o�l�e� �D�e�t�a�i�l�s

�B�o�r�e

�n�u�m�b�e�r
�O�w�n�e�r

�D�e�p�t�h� �(�m�)

�(�S�c�r�e�e�n� �d�e�t�a�i�l�s

�u�n�k�n�o�w�n� �u�n�l�e�s�s

�s�t�a�t�e�d�)

�D�i�a�m�e�t�e�r

�(�m�m�)

�M�o�n�i�t�o�r�i�n�g

�f�r�e�q�u�e�n�c�y

�M�e�a�s�u�r�e�d

�A�v�e�r�a�g�e

�d�e�p�t�h� �t�o

�w�a�t�e�r �(�m�)

�F�4�6�/�0�1�8�5

�(�G�r�o�u�p� �2�)

�T�h�e� �G�r�a�n�g�e� �L�T�D

�C�/�- �J� �R� �H�a�l�l

�1�4�.�0�0 �1�0�0 �M�o�n�t�h�l�y �6�.�4�9

�F�4�6�/�0�1�9�0

�(�G�r�o�u�p� �2�)

�N�D� �R�a�y�n�e�r �1�0�.�0�0 �5�0 �M�o�n�t�h�l�y �5�.�8�0

�F�4�6�/�0�1�9�2

�(�G�r�o�u�p� �3�)

�M� �H�o�w�d�e�n �1�5�.�0�0 �5�0 �M�o�n�t�h�l�y �9�.�8�1

�F�4�6�/�0�1�9�3

�(�G�r�o�u�p� �1�)

�D�C� �(�C�l�a�r�k�)

�M�c�L�e�o�d

�1�1�.�8�0 �1�5�0 �M�o�n�t�h�l�y �1�1�.�1�9

�F�4�6�/�0�2�0�3

�(�G�r�o�u�p� �3�)

�K� �&� �T� �N�o�r�m�a�n �7�.�7�0 �7�5 �M�o�n�t�h�l�y �5�.�6�9

�F�4�6�/�0�2�5�0

�(�G�r�o�u�p� �1�)

�E�n�v�i�r�o�n�m�e�n�t

�S�o�u�t�h�l�a�n�d

�1�8�.�0�0

�(�S�c�r�e�e�n�e�d� �f�r�o�m� �1�7� �m
�b�g�l� �t�o� �1�7�.�7� �m� �b�g�l�)

�1�0�0 �A�u�t�o�m�a�t�i�c�1�2�.�8�4

�T�h�e� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �m�o�d�e�l�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �f�a�l�l� �i�n�t�o �t�h�r�e�e

�d�i�f�f�e�r�e�n�t� �g�r�o�u�p�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�:

�G�r�o�u�p� �1

�M�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �F�4�6�/�0�2�5�0 �a�n�d� �F�4�6�/�0�1�9�3 �(�F�i�g�u�r�e�s �5�a� �a�n�d� �5�b�) �a�r�e �b�o�t�h �l�o�c�a�t�e�d� �w�i�t�h�i�n

�t�h�e� �m�a�i�n� �E�d�e�n�d�a�l�e� �t�e�r�r�a�c�e�, �b�e�t�w�e�e�n �t�h�e� �O�t�a� �C�r�e�e�k� �a�n�d �E�d�e�n�d�a�l�e� �t�o�w�n�. �A�s� �n�o�t�e�d� �a�b�o�v�e�,

�m�o�d�e�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �i�n� �t�h�i�s� �a�r�e�a� �a�r�e� �s�l�i�g�h�t�l�y� �a�b�o�v�e� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s�,� �a�n�d� �t�h�i�s

�d�i�f�f�e�r�e�n�c�e� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �h�y�d�r�o�g�r�a�p�h�s�,� �b�o�t�h� �o�f� �w�h�i�c�h� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �m� �a�b�o�v�e� �t�h�e

�o�b�s�e�r�v�e�d� �l�e�v�e�l�.� �H�o�w�e�v�e�r�,� �t�h�e �m�o�d�e�l�e�d �h�y�d�r�o�g�r�a�p�h� �r�e�s�p�o�n�s�e� �i�s �a �g�o�o�d �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d

�m�a�g�n�i�t�u�d�e� �o�f� �r�e�s�p�o�n�s�e �a�n�d� �t�h�e� �m�o�d�e�l� �a�p�p�e�a�r�s �t�o� �r�e�a�s�o�n�a�b�l�y� �s�i�m�u�l�a�t�e �a�b�s�o�l�u�t�e �c�h�a�n�g�e�s

�i�n� �w�a�t�e�r� �l�e�v�e�l� �a�s �a� �r�e�s�u�l�t� �o�f �s�e�a�s�o�n�a�l �c�h�a�n�g�e�s� �i�n� �r�e�c�h�a�r�g�e�.

�G�r�o�u�p� �2

�M�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s �F�4�6�/�0�1�8�5� �a�n�d� �F�4�6�/�0�1�9�0 �(�F�i�g�u�r�e�s �5�c� �a�n�d� �5�d�) �a�r�e� �l�o�c�a�t�e�d� �w�i�t�h�i�n� �t�h�e

�m�a�i�n� �b�o�d�y� �o�f� �t�h�e� �E�d�e�n�d�a�l�e� �T�e�r�r�a�c�e� �s�o�u�t�h� �o�f� �E�d�e�n�d�a�l�e� �T�o�w�n�.� � �M�o�d�e�l�l�e�d� �w�a�t�e�r� �l�e�v�e�l�s� �a�t

�F�4�6�/�0�1�8�5 �a�r�e �b�e�l�o�w� �t�h�e� �o�b�s�e�r�v�e�d� �l�e�v�e�l� �b�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�5� �m �b�u�t� �l�e�v�e�l�s� �a�t� �F�4�6�/�0�1�9�0

�a�r�e �a� �g�o�o�d� �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a�.� � �S�i�m�i�l�a�r�l�y� �t�o� �t�h�e �h�y�d�r�o�g�r�a�p�h�s �i�n� �G�r�o�u�p� �1� �a�b�o�v�e�,� �t�h�e

�s�e�a�s�o�n�a�l �s�i�m�u�l�a�t�e�d� �r�e�s�p�o�n�s�e� �i�s� �a� �g�o�o�d� �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �r�e�s�p�o�n�s�e�.
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�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�G�r�o�u�p� �3

�W�h�i�l�s�t� �t�h�e� �t�w�o� �m�o�n�i�t�o�r�i�n�g� �p�o�i�n�t�s� �i�n� �g�r�o�u�p� �3� �(�F�4�6�/�0�1�9�2�,� �F�i�g�u�r�e �5�e �a�n�d� �F�4�6�/�0�2�0�3�,� �F�i�g�u�r�e

�5�f�)� �a�r�e� �s�p�a�t�i�a�l�l�y� �s�e�p�a�r�a�t�e�d�,� �t�h�e�y� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �h�e�r�e� �b�e�c�a�u�s�e� �b�o�t�h� �a�r�e� �l�o�c�a�t�e�d

�c�l�o�s�e� �t�o� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �t�e�r�r�a�c�e� �a�n�d� �e�x�h�i�b�i�t� �a �s�m�a�l�l�e�r� �r�a�n�g�e� �o�f� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l

�f�l�u�c�t�u�a�t�i�o�n�s �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �h�y�d�r�o�g�r�a�p�h�s� �i�n� �G�r�o�u�p�s� �1� �a�n�d� �2�.� � �T�h�e� �m�o�d�e�l�e�d� �l�e�v�e�l�s� �a�t� �b�o�t�h

�t�h�e�s�e� �b�o�r�e�h�o�l�e�s� �a�r�e� �a� �g�o�o�d� �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s�,� �w�i�t�h� �a�b�s�o�l�u�t�e� �l�e�v�e�l�s� �a�r�o�u�n�d �1 �m

�a�b�o�v�e� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s� �i�n� �F�4�6�/�0�1�9�2 �b�u�t� �v�e�r�y� �c�l�o�s�e� �t�o� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s� �i�n� �F�4�6�/�0�2�0�3�.

�T�h�e� �m�u�t�e�d� �r�e�s�p�o�n�s�e� �i�n� �b�o�t�h� �i�s �i�n�t�e�r�p�r�e�t�e�d �t�o� �b�e� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �b�u�f�f�e�r�i�n�g� �e�f�f�e�c�t� �o�f

�g�r�o�u�n�d�w�a�t�e�r� �d�i�s�c�h�a�r�g�e� �t�o� �s�p�r�i�n�g�s� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �b�o�t�h� �b�o�r�e�h�o�l�e�s�.� � �T�h�i�s� �m�u�t�e�d� �r�e�s�p�o�n�s�e

�i�s� �c�l�o�s�e�l�y� �s�i�m�u�l�a�t�e�d� �i�n� �b�o�t�h� �b�o�r�e�h�o�l�e�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �m�o�d�e�l� �r�e�p�r�o�d�u�c�e�s� �t�h�e

�b�u�f�f�e�r�i�n�g� �e�f�f�e�c�t� �r�e�a�s�o�n�a�b�l�y� �w�e�l�l�.

�3�.�3 �S�t�r�e�a�m� �h�y�d�r�o�g�r�a�p�h�s

�S�t�r�e�a�m� �h�y�d�r�o�g�r�a�p�h�s �f�o�r� �C�l�e�a�r� �C�r�e�e�k�,� �I�v�e�s� �C�r�e�e�k� �a�n�d� �a�n� �u�n�n�a�m�e�d� �s�p�r�i�n�g� �a�t� �S�h�i�e�l�d� �R�o�a�d

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s �7�a� �a�n�d �7�b� �r�e�s�p�e�c�t�i�v�e�l�y�.

�O�b�s�e�r�v�e�d� �f�l�o�w� �m�e�a�s�u�r�e�m�e�n�t�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s� �a�l�o�n�g� �C�l�e�a�r� �C�r�e�e�k�,

�a�l�t�h�o�u�g�h� �r�e�c�o�r�d�s� �f�o�r� �t�h�e� �m�o�s�t� �d�o�w�n�s�t�r�e�a�m� �p�o�i�n�t� �(�O�t�e�r�a�m�i�k�a� �C�r�e�e�k� �c�o�n�f�l�u�e�n�c�e�) �a�r�e� �o�n�l�y

�a�v�a�i�l�a�b�l�e� �b�e�t�w�e�e�n� �1�9�9�5� �a�n�d� �1�9�9�8�. �F�i�g�u�r�e �7�a� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �m�o�d�e�l�e�d� �f�l�o�w�s� �a�t� �t�h�e

�p�e�r�e�n�n�i�a�l� �s�o�u�r�c�e� �o�f� �C�l�e�a�r� �C�r�e�e�k� �a�r�e� �s�o�m�e�w�h�a�t� �o�v�e�r�e�s�t�i�m�a�t�e�d�,� �a�l�t�h�o�u�g�h� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d

�t�h�a�t� �m�o�d�e�l�e�d� �f�l�o�w�s� �r�e�p�r�e�s�e�n�t� �s�t�r�e�a�m� �g�a�i�n� �a�c�r�o�s�s� �a� �2�0�0� �m� �s�t�r�e�a�m� �r�e�a�c�h�,� �r�a�t�h�e�r� �t�h�a�n

�r�e�p�r�e�s�e�n�t�i�n�g� �f�l�o�w�s� �a�t� �t�h�e� �s�o�u�r�c�e�.� � �F�u�r�t�h�e�r� �d�o�w�n�s�t�r�e�a�m�,� �m�o�d�e�l�e�d� �f�l�o�w�s �a�r�e �m�u�c�h� �c�l�o�s�e�r �t�o

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

�a�m�o�u�n�t �b�e�t�w�e�e�n� �i�t�s� �m�o�d�e�l�e�d �s�o�u�r�c�e �a�n�d� �t�h�e� �g�a�u�g�i�n�g� �p�o�i�n�t� �a�t� �M�a�t�a�u�r�a� �I�s�l�a�n�d� �R�o�a�d�.

�F�i�g�u�r�e �7�b� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �s�i�m�u�l�a�t�e�d� �f�l�o�w�s� �a�l�o�n�g� �I�v�e�s� �C�r�e�e�k� �a�r�e� �a �g�o�o�d �m�a�t�c�h� �t�o� �o�b�s�e�r�v�e�d

�f�l�o�w�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �d�o�w�n�s�t�r�e�a�m� �a�t� �t�h�e� �c�o�n�f�l�u�e�n�c�e� �w�i�t�h� �t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r�,� �a�l�t�h�o�u�g�h

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

�s�e�e�p�a�g�e� �p�r�i�m�a�r�i�l�y� �o�n�l�y� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �b�a�s�e�f�l�o�w� �i�n� �t�h�e� �s�t�r�e�a�m�. �S�i�m�i�l�a�r�l�y� �t�o� �C�l�e�a�r

�C�r�e�e�k�,� �f�l�o�w�s� �a�t� �t�h�e� �s�o�u�r�c�e� �o�f� �I�v�e�s� �C�r�e�e�k� �a�r�e� �s�o�m�e�w�h�a�t� �o�v�e�r�e�s�t�i�m�a�t�e �d�. �F�i�g�u�r�e� �7�b� �a�l�s�o

�s�h�o�w�s� �a� �p�l�o�t� �o�f� �s�i�m�u�l�a�t�e�d� �f�l�o�w�s� �a�t� �t�h�e� �u�n�n�a�m�e�d� �s�p�r�i�n�g� �a�t� �S�h�i�e�l�d� �R�o�a�d�,� �w�h�i�c�h� �i�s� �l�o�c�a�t�e�d

�t�o� �t�h�e� �n�o�r�t�h� �o�f� �I�v�e�s� �C�r�e�e�k�. �T�h�e �s�i�m�u�l�a�t�e�d� �f�l�o�w�s� �a�t� �t�h�i�s� �p�o�i�n�t� �a�r�e �a� �g�o�o�d� �m�a�t�c�h� �t�o

�o�b�s�e�r�v�e�d� �f�l�o�w�s�.

�3�.�4 �M�o�d�e�l� �w�a�t�e�r� �b�a�l�a�n�c�e

�T�h�e� �o�v�e�r�a�l�l� �w�a�t�e�r� �b�a�l�a�n�c�e� �f�o�r� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l� �a�r�e�a� �i�s� �p�r�e�s�e�n�t�e�d� �a�s� �a� �t�i�m�e�s�e�r�i�e�s� �i�n� �F�i�g�u�r�e

�8 �a�n�d �a� �s�t�e�a�d�y� �s�t�a�t�e �w�a�t�e�r� �b�a�l�a�n�c�e� �f�o�r� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l� �a�r�e�a� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e �3�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �8

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�T�a�b�l�e �3�: �S�t�e�a�d�y� �S�t�a�t�e �W�a�t�e�r� �B�a�l�a�n�c�e� �f�o�r �T�o�t�a�l� �M�o�d�e�l� �A�r�e�a

�I�n�p�u�t�s� �(�m�3�/�d�a�y�)

�R�e�c�h�a�r�g�e �S�t�r�e�a�m� �L�o�s�s �W�e�l�l�s �T�o�t�a�l

�9�4�5�7�5�.�3�9 �1�1�5�8�.�0 �0 �9�5�7�3�3�.�4

�O�u�t�p�u�t�s� �(�m�3�/�d�a�y�)

�R�e�c�h�a�r�g�e �S�t�r�e�a�m� �G�a�i�n �W�e�l�l�s �T�o�t�a�l

�0 �8�8�7�2�0�.�2 �7�0�1�2�.�4 �9�5�7�3�2�.�6

�T�a�b�l�e� �2� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �w�a�t�e�r� �b�a�l�a�n�c�e� �c�l�o�s�e�s� �w�i�t�h�o�u�t� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �d�i�s�c�r�e�p�a�n�c�y

�b�e�t�w�e�e�n� �i�n�p�u�t�s� �a�n�d� �o�u�t�p�u�t�s�. �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �w�a�t�e�r� �a�p�p�l�i�e�d� �t�o� �t�h�e� �m�o�d�e�l� �a�s� �r�e�c�h�a�r�g�e

�f�i�n�d�s� �i�t�s� �w�a�y� �o�u�t� �v�i�a� �s�t�r�e�a�m�s�,� �w�i�t�h� �a� �m�i�n�o�r�i�t�y� �t�a�k�e�n� �a�s� �a�b�s�t�r�a�c�t�i�o�n�.

�F�i�g�u�r�e �9 �s�h�o�w�s� �t�h�e� �e�s�t�i�m�a�t�e�d� �c�a�t�c�h�m�e�n�t� �a�r�e�a� �o�f� �t�h�e� �s�p�r�i�n�g�s� �t�h�a�t �d�r�a�i�n� �t�h�e� �t�e�r�r�a�c�e� �a�q�u�i�f�e�r

�a�n�d� �F�i�g�u�r�e� �1�0 �p�r�e�s�e�n�t�s� �a� �w�a�t�e�r� �b�a�l�a�n�c�e� �f�o�r� �t�h�i�s� �c�a�t�c�h�m�e�n�t� �z�o�n�e� �f�o�r� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e

�m�o�d�e�l� �r�u�n�.� � �A� �s�u�m�m�a�r�y� �o�f� �t�h�e� �w�a�t�e�r� �b�a�l�a�n�c�e�,� �b�a�s�e�d� �o�n �s�t�e�a�d�y� �s�t�a�t�e �r�a�t�e�s �i�s� �p�r�e�s�e�n�t�e�d� �i�n

�T�a�b�l�e �4�.

�T�a�b�l�e �4�: �S�t�e�a�d�y� �S�t�a�t�e �W�a�t�e�r� �B�a�l�a�n�c�e� �f�o�r� �E�d�e�n�d�a�l�e� �T�e�r�r�a�c�e� �A�q�u�i�f�e�r �a�r�e�a

�I�n�p�u�t�s� �(�m�3�/�d�a�y�)

�R�e�c�h�a�r�g�e �S�t�r�e�a�m� �L�o�s�s �W�e�l�l�s �F�l�o�w� �i�n�t�o� �c�a�t�c�h�m�e�n�t

�f�r�o�m� �n�o�r�t�h

�T�o�t�a�l

�5�4�,�3�1�2 �0 �0 �3�,�1�8�2�.�2 �5�7�,�4�9�4

�O�u�t�p�u�t�s� �(�m�3�/�d�a�y�)

�R�e�c�h�a�r�g�e �S�t�r�e�a�m� �G�a�i�n�1 �W�e�l�l�s�2 �F�l�o�w� �f�r�o�m� �t�e�r�r�a�c�e� �i�n�t�o

�a�l�l�u�v�i�a�l� �g�r�a�v�e�l�s

�T�o�t�a�l

�0 �3�9�,�1�4�9 �7�,�0�1�2�.�4 �1�1�,�3�3�3�.�9 �5�7�,�4�9�4
�N�o�t�e�s�:

�1�. �S�t�r�e�a�m� �g�a�i�n �e�x�c�l�u�d�e�s �g�r�o�u�n�d�w�a�t�e�r� �d�i�s�c�h�a�r�g�e�s� �t�o �s�t�r�e�a�m� �c�e�l�l�s� �l�o�c�a�t�e�d� �o�n� �t�h�e� �r�i�p�a�r�i�a�n� �a�q�u�i�f�e�r�.
�2�. �A�b�s�t�r�a�c�t�i�o�n� �a�n�d� �r�e�c�h�a�r�g�e� �b�a�s�e�d� �o�n� �2�0�0�7� �a�v�e�r�a�g�e� �r�a�t�e�s

�T�a�b�l�e �4 �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �w�a�t�e�r� �a�p�p�l�i�e�d� �t�o� �t�h�e� �E�d�e�n�d�a�l�e� �T�e�r�r�a�c�e� �a�r�e�a� �l�e�a�v�e�s

�t�h�e� �t�e�r�r�a�c�e� �v�i�a� �t�h�e� �s�p�r�i�n�g�s� �l�o�c�a�t�e�d� �a�t� �i�t�s� �s�o�u�t�h�e�r�n�b�o�u�n�d�a�r�y�.� � �H�o�w�e�v�e�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0

�% �o�f� �r�e�c�h�a�r�g�e �e�x�i�t�s� �t�h�e �t�e�r�r�a�c�e� �a�s� �s�e�e�p�a�g�e� �i�n�t�o� �t�h�e �a�d�j�a�c�e�n�t� �r�i�p�a�r�i�a�n �a�q�u�i�f�e�r�.� � �I�n� �a�d�d�i�t�i�o�n�,

�a� �s�m�a�l�l� �p�r�o�p�o�r�t�i�o�n �(�5� �%�) �o�f� �t�h�e� �t�o�t�a�l� �i�n�p�u�t�s� �i�n�t�o� �t�h�e� �E�d�e�n�d�a�l�e� �t�e�r�r�a�c�e� �a�q�u�i�f�e�r� �o�c�c�u�r� �a�s

�f�l�o�w� �f�r�o�m� �t�h�e� �O�t�a� �C�r�e�e�k� �c�a�t�c�h�m�e�n�t �t�o� �t�h�e �n�o�r�t�h�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �9

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�4�.�0 �M�o�d�e�l� �s�e�n�s�i�t�i�v�i�t�y �a�n�a�l�y�s�i�s� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y

�G�r�o�u�n�d�w�a�t�e�r� �m�o�d�e�l�s� �s�u�f�f�e�r� �f�r�o�m� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �s�o�l�u�t�i�o�n� �u�s�i�n�g� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �p�r�o�v�i�d�e� �a

�g�o�o�d� �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d �d�a�t�a� �m�a�y� �n�o�t� �b�e� �u�n�i�q�u�e�,� �i�n� �t�h�a�t �a�l�t�e�r�n�a�t�i�v�e �c�o�m�b�i�n�a�t�i�o�n�s �o�f

�p�a�r�a�m�e�t�e�r�s �c�o�u�l�d� �p�r�o�v�i�d�e� �a�n� �e�q�u�a�l�l�y� �g�o�o�d� �f�i�t� �t�o� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �a�n�d� �s�p�r�i�n�g

�f�l�o�w�s�.� � �T�h�i�s� �p�r�o�b�l�e�m� �o�f� �n�o�n�-�u�n�i�q�u�e�n�e�s�s� �i�s� �u�s�u�a�l�l�y� �m�i�n�i�m�i�z�e�d� �u�s�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �o�b�s�e�r�v�a�t�i�o�n

�p�o�i�n�t�s� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a�,� �a�n�d� �t�r�a�n�s�i�e�n�t� �m�o�d�e�l�s� �a�r�e� �l�e�s�s� �p�r�o�n�e� �t�o� �t�h�i�s� �p�r�o�b�l�e�m� �t�h�a�n

�s�t�e�a�d�y� �s�t�a�t�e� �s�i�m�u�l�a�t�i�o�n�s �d�u�e� �t�o� �t�h�e�i�r� �m�o�r�e� �d�e�t�a�i�l�e�d� �s�e�t� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �w�h�i�c�h� �c�o�n�s�t�r�a�i�n

�t�h�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �c�a�n� �r�e�p�l�i�c�a�t�e� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a�.

�O�n�e� �w�a�y� �i�n� �w�h�i�c�h �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �i�n �m�o�d�e�l� �p�a�r�a�m�e�t�e�r�s� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �i�s� �b�y� �a�s�s�e�s�s�i�n�g

�t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �m�o�d�e�l� �r�e�s�u�l�t�s� �t�o� �c�h�a�n�g�e�s� �i�n� �p�a�r�t�i�c�u�l�a�r� �p�a�r�a�m�e�t�e�r�s�. �I�n� �g�e�n�e�r�a�l�,

�p�a�r�a�m�e�t�e�r�s� �t�o� �w�h�i�c�h� �t�h�e� �m�o�d�e�l� �i�s� �h�i�g�h�l�y� �s�e�n�s�i�t�i�v�e� �t�e�n�d� �t�o� �b�e� �b�e�t�t�e�r� �c�o�n�s�t�r�a�i�n�e�d�,� �p�r�o�v�i�d�e�d

�t�h�e� �p�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �f�a�l�l� �w�i�t�h�i�n� �c�o�n�c�e�p�t�u�a�l� �l�i�m�i�t�s�.�T�a�b�l�e� �5� �p�r�o�v�i�d�e�s� �a� �l�i�s�t� �o�f� �t�h�e� �k�e�y

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

�v�a�l�u�e� �o�f� �t�h�a�t� �p�a�r�a�m�e�t�e�r�.

�T�a�b�l�e �5�:� �S�e�n�s�i�t�i�v�i�t�y� �A�n�a�l�y�s�i�s�.

�M�o�d�e�l� �P�a�r�a�m�e�t�e�r �S�e�n�s�i�t�i�v�i�t�y

�(�a�n�d� �e�f�f�e�c�t�)

�C�o�n�c�e�p�t�u�a�l� �R�a�n�g�e

�o�f� �v�a�l�u�e�s �(�a�n�d

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�R�e�s�u�l�t�i�n�g� �R�a�n�g�e� �i�n

�R�M�S�E�1 �v�a�l�u�e�s� �f�o�r

�H�e�a�d�s �(�R�M�S�E� �f�o�r

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�R�e�s�u�l�t�i�n�g� �R�a�n�g�e� �o�f

�R�M�S�E�2 �v�a�l�u�e�s� �f�o�r

�F�l�o�w�s �(�R�M�S�E� �f�o�r

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�C�o�n�d�u�c�t�i�v�i�t�y� �Z�o�n�e� �1� �(�T�e�r�r�a�c�e

�g�r�a�v�e�l�s� �n�o�r�t�h� �o�f� �O�t�a� �C�r�e�e�k�)

�M�e�d�i�u�m

�(�h�e�a�d�s� �n�o�r�t�h

�o�f� �O�t�a� �C�r�e�e�k�)

�1�0� �m�/�d� �t�o� �2�5� �m�/�d

�(�1�6� �m�/�d�)

�0�.�0�1�9

�(�0�.�1�8�5� �t�o� �0�.�1�6�6�)

�(�0�.�1�7�0�)

�0

�(�6�.�1� �t�o� �6�.�1�)

�(�6�.�1�)

�C�o�n�d�u�c�t�i�v�i�t�y� �Z�o�n�e� �2� �(�A�l�l�u�v�i�a�l

�G�r�a�v�e�l�s� �a�d�j�a�c�e�n�t� �t�o� �M�a�t�a�u�r�a

�R�i�v�e�r�)

�L�o�w �3�0� �m�/�d� �t�o� �7�0� �m�/�d

�(�6�0� �m�/�d�)

�0�.�0�1�5

�(�0�.�1�7�8� �t�o� �0�.�1�6�3�)

�(�0�.�1�7�0�)

�0�.�3

�(�5�.�8 �t�o �6�.�1�)

�(�6�.�1�)

�C�o�n�d�u�c�t�i�v�i�t�y� �Z�o�n�e� �3

�(�P�a�l�a�e�o�c�h�a�n�n�e�l�)

�H�i�g�h �(�h�e�a�d�s

�a�n�d� �s�t�r�e�a�m

�f�l�o�w�s�)

�2�0�0� �m�/�d� �t�o� �4�0�0� �m�/�d

�(�3�6�0� �m�/�d�)

�0�.�1�4�6

�(�0�.�3�1�6� �t�o� �0�.�1�7�)

�(�0�.�1�7�0�)

�4�.�3

�(�9�.�6� �t�o� �5�.�5�)

�(�6�.�1�)

�C�o�n�d�u�c�t�i�v�i�t�y� �Z�o�n�e� �4� �(�T�e�r�r�a�c�e

�g�r�a�v�e�l�s� �s�o�u�t�h� �o�f� �O�t�a� �C�r�e�e�k�)

�M�e�d�i�u�m �2�0� �m�/�d� �t�o� �8�0� �m�/�d

�(�3�9� �m�/�d�)

�0�.�0�0�5

�(�0�.�1�8�5 �t�o� �0�.�1�8�0�)

�(�0�.�1�7�0�)

�0�.�3

�(�5�.�9� �t�o� �6�.�2�)

�(�6�.�1�)

�C�o�n�t�i�n�u�e�d� �O�v�e�r�l�e�a�f



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �0

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�T�a�b�l�e �5�:� �S�e�n�s�i�t�i�v�i�t�y� �A�n�a�l�y�s�i�s�.

�M�o�d�e�l� �P�a�r�a�m�e�t�e�r �S�e�n�s�i�t�i�v�i�t�y

�(�a�n�d� �e�f�f�e�c�t�)

�C�o�n�c�e�p�t�u�a�l� �R�a�n�g�e

�o�f� �v�a�l�u�e�s �(�a�n�d

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�R�e�s�u�l�t�i�n�g� �R�a�n�g�e� �i�n

�R�M�S�E�1 �v�a�l�u�e�s� �f�o�r

�H�e�a�d�s �(�R�M�S�E� �f�o�r

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�R�e�s�u�l�t�i�n�g� �R�a�n�g�e� �o�f

�R�M�S�E�2 �v�a�l�u�e�s� �f�o�r

�F�l�o�w�s �(�R�M�S�E� �f�o�r

�s�e�l�e�c�t�e�d� �v�a�l�u�e�)

�C�o�n�d�u�c�t�i�v�i�t�y� �Z�o�n�e� �5� �(�M�a�t�a�u�r�a

�R�i�v�e�r� �f�l�o�o�d�p�l�a�i�n� �a�d�j�a�c�e�n�t� �t�o

�s�p�r�i�n�g�s�)

�H�i�g�h� �(�s�t�r�e�a�m

�f�l�o�w�s�)

�5� �m�/�d� �t�o� �3�0� �m�/�d

�(�1�0� �m�/�d�)

�0�.�0�2�0

�(�0�.�1�9�0� �t�o� �0�.�1�7�)

�(�0�.�1�7�0�)

�3�.�4

�(�5�.�4� �t�o� �8�.�8�)

�(�6�.�1�)

�S�t�r�e�a�m� �b�e�d� �c�o�n�d�u�c�t�a�n�c�e�M�e�d�i�u�m

�(�s�t�r�e�a�m� �f�l�o�w�s�)

�4�0�0� �m�/�d� �t�o� �1�0� �0�0�0

�m�/�d

�(�1�0� �0�0�0� �m�/�d�)

�0�.�0�2�0

�(�0�.�1�9� �t�o� �0�.�1�7�)

�(�0�.�1�7�0�)

�3�.�3

�(�9�.�4� �t�o� �6�.�1�)

�(�6�.�1�)

�S�p�e�c�i�f�i�c� �y�i�e�l�d �M�e�d�i�u�m

�(�g�r�o�u�n�d�w�a�t�e�r

�l�e�v�e�l� �r�e�s�p�o�n�s�e

�/�s�t�r�e�a�m� �f�l�o�w�s�)

�0�.�0�5� �t�o� �0�.�2

�(�0�.�1�5�)

�0�.�0�0�5

�(�0�.�1�9�9� �t�o� �0�.�2�0�4�)

�(�0�.�1�7�0�)

�0�.�9

�(�7� �t�o� �6�.�1�)

�(�6�.�1�)

�N�o�t�e�s�:

�1�:� �R�M�S�E� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �R�o�o�t� �M�e�a�n� �S�q�u�a�r�e�d� �E�r�r�o�r� �c�o�m�p�a�r�i�n�g� �m�o�d�e�l�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �t�o� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s
�r�e�c�o�r�d�e�d �a�r�o�u�n�d� �M�a�r�c�h� �2�0�0�7�.� � �A� �s�m�a�l�l�e�r� �n�u�m�b�e�r� �i�n�d�i�c�a�t�e�s� �c�l�o�s�e�r� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �m�o�d�e�l�l�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s�.

�2�:� �W�h�i�l�s�t� �t�h�e� �R�M�S�E� �v�a�l�u�e� �f�o�r� �s�t�r�e�a�m� �f�l�o�w�s� �i�s� �c�o�m�p�a�r�a�t�i�v�e�l�y� �l�a�r�g�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �R�M�S�E� �f�o�r� �h�e�a�d�s�,� �t�h�i�s� �i�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�i�c�u�l�t �y� �o�f
�m�a�t�c�h�i�n�g� �p�e�a�k� �f�l�o�w�s�,� �w�h�i�c�h� �s�k�e�w� �t�h�e� �r�e�s�u�l�t�s� �t�o�w�a�r�d�s� �a� �l�a�r�g�e�r� �R�M�S�E�.

�3�:� �T�h�e� �f�i�n�a�l� �R�M�S�E� �v�a�l�u�e� �i�n� �t�h�e� �m�o�d�e�l� �w�a�s� �0�.�1�7� �f�o�r� �h�e�a�d�s� �a�n�d� �6�.�1� �f�o�r� �f�l�o�w�s�.

�T�a�b�l�e� �5� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �t�w�o� �k�e�y� �p�a�r�a�m�e�t�e�r�s� �t�o� �w�h�i�c�h� �t�h�e� �m�o�d�e�l� �i�s� �m�o�s�t� �s�e�n�s�i�t�i�v�e� �a�r�e

�t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l �a�n�d� �t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �z�o�n�e� �f�i�v�e�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s

�t�h�e� �M�a�t�a�u�r�a� �R�i�v�e�r� �f�l�o�o�d�p�l�a�i�n� �w�h�e�r�e� �i�t� �i�s� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �s�p�r�i�n�g�s�. �S�t�r�e�a�m�b�e�d� �c�o�n�d�u�c�t�a�n�c�e

�i�s� �a�l�s�o� �a� �s�e�n�s�i�t�i�v�e� �p�a�r�a�m�e�t�e�r� �a�f�f�e�c�t�i�n�g� �t�h�e� �m�o�d�e�l�e�d� �s�t�r�e�a�m� �f�l�o�w�s�. �I�n� �g�e�n�e�r�a�l� �t�h�e� �v�a�l�u�e�s

�s�e�l�e�c�t�e�d� �f�o�r� �t�h�e� �c�a�l�i�b�r�a�t�e�d� �m�o�d�e�l� �a�r�e� �t�h�o�s�e� �t�h�a�t� �r�e�s�u�l�t�e�d� �i�n� �a� �l�o�w�e�r� �R�M�S�E �w�h�i�l�e� �r�e�m�a�i�n�i�n�g

�w�i�t�h�i�n� �c�o�n�c�e�p�t�u�a�l� �l�i�m�i�t�s�.

�H�o�w�e�v�e�r�,� �w�h�i�l�s�t� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �w�a�y� �o�f� �i�l�l�u�s�t�r�a�t�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f

�d�i�f�f�e�r�e�n�t� �p�a�r�a�m�e�t�e�r�s� �o�n� �t�h�e� �m�o�d�e�l� �c�a�l�i�b�r�a�t�i�o�n�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�e� �o�v�e�r�a�l�l� �c�a�l�i�b�r�a�t�i�o�n

�d�e�p�e�n�d�s� �o�n� �t�h�e� �e�f�f�e�c�t� �o�f� �a�n� �o�p�t�i�m�u�m� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a�l�l� �p�a�r�a�m�e�t�e�r�s�.� � �I�n� �s�o�m�e� �c�a�s�e�s� �a

�c�h�a�n�g�e� �t�o� �p�a�r�a�m�e�t�e�r�s� �c�a�n� �r�e�s�u�l�t� �i�n� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �o�n�e� �a�r�e�a�,� �b�u�t� �a� �w�o�r�s�e� �r�e�s�u�l�t� �i�n

�o�t�h�e�r�s� �w�h�i�c�h� �i�s� �a�n� �e�f�f�e�c�t� �t�h�a�t� �m�a�y� �n�o�t� �b�e� �c�a�p�t�u�r�e�d� �i�n� �a� �s�i�n�g�l�e� �n�u�m�b�e�r �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e

 ��f�i�t �� �o�f� �t�h�e� �m�o�d�e�l�.

�T�h�e�r�e�f�o�r�e�,� �w�h�e�r�e�a�s� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y �b�e�y�o�n�d� �4�0�0� �m�/�d�a�y �i�n� �t�h�e

�p�a�l�a�e�o�c�h�a�n�n�e�l �m�a�y� �i�m�p�r�o�v�e� �t�h�e� �o�v�e�r�a�l�l� �R�M�S�E�,� �m�o�d�e�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� � �t�e�n�d� �t�o

�i�n�c�r�e�a�s�e� �t�o�w�a�r�d�s� �t�h�e� �n�o�r�t�h� �o�f� �t�h�e� �m�a�i�n� �t�e�r�r�a�c�e� �a�r�e�a� �w�h�i�l�s�t� �r�e�d�u�c�i�n�g� �f�u�r�t�h�e�r� �t�o�w�a�r�d�s� �t�h�e

�c�e�n�t�r�e� �o�f� �t�h�e� �a�q�u�i�f�e�r�.� � �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �v�e�r�y� �h�i�g�h� �v�a�l�u�e�s� �r�e�q�u�i�r�e�d �a�r�e �n�o�t� �j�u�s�t�i�f�i�e�d� �b�y



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �1

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�p�u�m�p�i�n�g� �t�e�s�t� �d�a�t�a� �a�n�d� �a�l�s�o �r�e�s�u�l�t�s� �i�n� �g�r�o�u�n�d�w�a�t�e�r� �c�o�n�t�o�u�r�s� �t�h�a�t� �a�r�e� �s�t�r�o�n�g�l�y� �i�n�f�l�u�e�n�c�e�d

�b�y� �t�h�e� �s�h�a�p�e� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l�,� �w�h�i�c�h� �i�s� �n�o�t �a�p�p�a�r�e�n�t� �i�n �c�o�n�t�o�u�r�s� �b�a�s�e�d� �o�n� �o�b�s�e�r�v�e�d

�d�a�t�a�.

�L�i�m�i�t�e�d� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �h�e�l�p� �c�o�n�s�t�r�a�i�n� �t�h�e� �v�a�l�u�e� �o�f� �c�o�n�d�u�c�t�i�v�i�t�y� �i�n� �t�h�e� �r�i�p�a�r�i�a�n� �g�r�a�v�e�l�s

�c�l�o�s�e� �t�o� �t�h�e� �s�p�r�i�n�g�s� �a�t� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�.� � �G�i�v�e�n� �t�h�e� �s�t�r�o�n�g� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e

�v�a�l�u�e� �o�f� �c�o�n�d�u�c�t�i�v�i�t�y� �i�n �t�h�i�s� �z�o�n�e�,� �t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �o�f� �z�o�n�e� �5� �i�s� �o�n�e� �o�f� �t�h�e� �k�e�y

�u�n�c�e�r�t�a�i�n�t�i�e�s� �i�n� �t�h�e� �m�o�d�e�l� �w�h�e�r�e� �f�u�r�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �b�e� �v�a�l�u�a�b�l�e�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �2

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�5�.�0 �C�o�n�t�a�m�i�n�a�n�t� �M�o�d�e�l�l�i�n�g

�T�h�i�s �s�e�c�t�i�o�n �o�f� �t�h�e �r�e�p�o�r�t� �a�i�m�s� �t�o� �s�u�m�m�a�r�i�s�e� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f

�c�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r�,� �f�o�c�u�s�s�i�n�g� �p�r�i�m�a�r�i�l�y� �o�n� �C�h�l�o�r�i�d�e� �a�n�d

�N�i�t�r�a�t�e� �a�s� �t�h�e� �t�w�o� �c�o�n�t�a�m�i�n�a�n�t� �s�p�e�c�i�e�s� �o�f� �c�o�n�c�e�r�n� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f

�c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l�l�i�n�g� �o�f� �t�h�o�s�e� �s�p�e�c�i�e�s�.� � �T�h�e� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �c�o�n�t�a�m�i�n�a�n�t

�t�r�a�n�s�p�o�r�t� �r�e�v�o�l�v�e�s� �a�r�o�u�n�d� �t�h�e� �h�i�s�t�o�r�y� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n�,� �i�n� �t�e�r�m�s� �o�f� �i�n�i�t�i�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s

�o�f� �c�o�n�t�a�m�i�n�a�n�t�s� �a�n�d� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�n�t� �l�o�a�d�i�n�g� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.

�C�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t� �i�s� �t�o� �a� �l�a�r�g�e� �e�x�t�e�n�t� �a�l�s�o� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �f�l�o�w� �r�e�g�i�m�e �w�h�i�c�h� �i�s

�d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� � �N�o�t�e �t�h�a�t� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d� �(�W�i�l�s�o�n�,� �2�0�1�0�)� �p�r�o�d�u�c�e�d� �a� �d�e�t�a�i�l�e�d

�t�e�c�h�n�i�c�a�l� �r�e�p�o�r�t� �f�o�r� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r�,� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �h�i�s�t�o�r�y� �o�f

�c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r �a�n�d� �t�h�e� �s�u�m�m�a�r�y� �b�e�l�o�w� �d�r�a�w�s� �o�n� �t�h�i�s� �r�e�p�o�r�t �.

�S�e�c�t�i�o�n�s �5�.�2� �a�n�d� �5�.�3 �o�f� �t�h�i�s� �r�e�p�o�r�t� �d�e�t�a�i�l �t�h�e� �p�a�t�t�e�r�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �f�o�r� �C�h�l�o�r�i�d�e� �a�n�d

�N�i�t�r�a�t�e�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�l�i�n�g� �a�p�p�r�o�a�c�h� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e

�p�a�t�t�e�r�n�s� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n�.

�S�e�c�t�i�o�n �6 �p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �C�h�l�o�r�i�d�e� �a�n�d� �N�i�t�r�a�t�e� �m�o�d�e�l�l�i�n�g� �t�o�g�e�t�h�e�r� �w�i�t�h� �c�o�n�c�l�u�s�i�o�n�s

�b�a�s�e�d� �o�n� �t�h�e� �m�o�d�e�l�l�e�d� �p�a�t�t�e�r�n�s� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �s�e�e�n� �i�n� �t�h�e� �a�q�u�i�f�e�r�.

�5�.�1 �S�e�l�e�c�t�i�o�n� �o�f� �M�o�d�e�l�l�i�n�g� �C�o�d�e

�V�a�r�i�o�u�s� �m�o�d�e�l�l�i�n�g� �c�o�d�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �c�o�n�t�a�m�i�n�a�n�t�s

�t�h�r�o�u�g�h� �a�n� �a�q�u�i�f�e�r�,� �h�o�w�e�v�e�r�,� �g�i�v�e�n� �t�h�a�t� �t�h�e� �f�l�o�w� �m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �M�O�D�F�L�O�W

�2�0�0�0�,� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �c�h�o�i�c�e� �w�o�u�l�d� �b�e� �a� �m�o�d�e�l�l�i�n�g� �c�o�d�e� �t�h�a�t� �i�s� �c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �t�h�a�t� �f�l�o�w

�m�o�d�e�l�.� � �T�w�o� �m�a�i�n� �c�o�d�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e�,� �r�a�n�g�i�n�g� �f�r�o�m� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �s�i�m�p�l�i�s�t�i�c� �p�a�r�t�i �c�l�e

�t�r�a�c�k�i�n�g� �p�r�o�g�r�a�m� �M�O�D�P�A�T�H�,� �t�o� �t�h�e� �m�o�r�e� �s�o�p�h�i�s�t�i�c�a�t�e�d� �M�T�3�D�M�S�,� �w�h�i�c�h� �a�l�l�o�w�s

�c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �d�i�s�p�e�r�s�i�v�i�t�y�,� �r�e�t�a�r�d�a�t�i�o�n� �a�n�d� �s�o�r�b�t�i�o�n�,� �a�n�d� �c�o�n�t�a�m�i�n�a�n�t� �d�e�c�a�y� �p�r�o�c�e�s�s�e�s�.

�B�o�t�h� �C�h�l�o�r�i�d�e� �a�n�d� �N�i�t�r�a�t�e� �N� �a�r�e� �c�o�n�s�e�r�v�a�t�i�v�e� �s�p�e�c�i�e�s�,� �i�n� �t�h�a�t� �n�e�i�t�h�e�r� �u�n�d�e�r�g�o� �s�i�g�n�i�f�i�c�a�n�t

�r�e�t�a�r�d�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �m�a�t�r�i�x� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �m�a�i�n� �p�r�o�c�e�s�s� �b�y� �w�h�i�c�h� �t�h�e

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �b�o�t�h� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t�s� �r�e�d�u�c�e�s� �i�s� �d�i�s�p�e�r�s�i�o�n�.� � �G�i�v�e�n� �t�h�a�t� �M�T�3�D�M�S

�s�i�m�u�l�a�t�e�s� �d�i�s�p�e�r�s�i�o�n� �a�n�d� �t�h�a�t� �r�e�a�s�o�n�a�b�l�y� �g�o�o�d� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�o�n�t�a�m�i�n�a�n�t

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�h�r�o�u�g�h� �t�i�m�e�,� �a�l�l�o�w�i�n�g� �d�i�s�p�e�r�s�i�o�n� �v�a�l�u�e�s� �t�o� �b�e� �c�a�l�i�b�r�a�t�e�d� �a�n�d� �r�e�f�i�n�e�d�,� �t�h�e

�m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �c�o�d�e� �i�s� �t�h�e�r�e�f�o�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �M�T�3�D�M�S�.

�5�.�2 �C�h�l�o�r�i�d�e

�5�.�2�.�1 �P�a�t�t�e�r�n� �o�f� �C�h�l�o�r�i�d�e� �C�o�n�c�e�n�t�r�a�t�i�o�n�s

�C�h�l�o�r�i�d�e� �i�s� �a� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�e�r�v�a�t�i�v�e� �c�o�n�t�a�m�i�n�a�n�t�,� �i�n� �t�h�a�t� �i�t� �u�n�d�e�r�g�o�e�s� �l�i�m�i�t�e�d� �d�e�c�a�y� �a�n�d

�r�e�t�a�r�d�a�t�i�o�n� �w�i�t�h�i�n� �a�n� �a�q�u�i�f�e�r�.� � �T�h�e� �m�a�i�n� �p�r�o�c�e�s�s� �b�y� �w�h�i�c�h� �C�h�l�o�r�i�d�e� �m�o�v�e�s� �t�h�r�o�u�g�h� �a�n

�a�q�u�i�f�e�r� �i�s� �t�h�e�r�e�f�o�r�e� �a�d�v�e�c�t�i�v�e� �t�r�a�n�s�p�o�r�t� �a�n�d� �d�i�s�p�e�r�s�i�o�n�.� � �N�a�t�u�r�a�l� �s�o�u�r�c�e�s� �o�f� �C�h�l�o�r �i�d�e

�i�n�c�l�u�d�e� �r�a�i�n�w�a�t�e�r� �a�n�d� �m�i�n�e�r�a�l�i�s�a�t�i�o�n� �f�r�o�m� �r�o�c�k� �a�n�d� �w�a�t�e�r� �i�n�t�e�r�a�c�t�i�o�n�;� �h�o�w�e�v�e�r�,� �h�i�g�h

�C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�e�n�d� �t�o� �b�e� �f�r�o�m� �a�n�t�h�r�o�p�o�g�e�n�i�c� �a�c�t�i�v�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �w�a�s�t�e�w�a�t�e�r

�a�n�d� �e�f�f�l�u�e�n�t� �d�i�s�c�h�a�r�g�e�s�.� � �A�s� �s�u�c�h� �C�h�l�o�r�i�d�e� �i�s� �o�f�t�e�n� �u�s�e�d� �a�s �a�n �i�n�d�i�c�a�t�o�r� �o�f� �o�v�e�r�a�l�l� �w�a�t�e�r

�q�u�a�l�i�t�y�.
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�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�R
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�T

�F�i�g�u�r�e �1�1 �s�h�o�w�s� �t�h�e� �m�a�x�i�m�u�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�h�l�o�r�i�d�e� �a�t� �d�i�f�f�e�r�e�n�t� �s�i�t�e�s� �a�c�r�o�s�s� �t�h�e

�E�d�e�n�d�a�l�e� �a�r�e�a�.� � �I�n� �g�e�n�e�r�a�l� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �s�e�e�n� �a�r�o�u�n�d� �E�d�e�n�d�a�l�e� �T�o�w�n�,

�w�i�t�h� �a� �m�a�x�i�m�u�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �2�9�6� �m�g�/�L� �a�t� �F�4�6�/�0�2�4�6�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s �s�o�u�t�h� �a�n�d� �e�a�s�t

�o�f� �t�h�e� �t�o�w�n� �g�e�n�e�r�a�l�l�y� �d�e�c�r�e�a�s�e�,� �w�i�t�h� �t�h�e� �l�o�w�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�e�e�n� �i�n� �b�o�r�e�h�o�l�e�s� �c�l�o�s�e� �t�o

�t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�.� � �L�o�n�g� �t�e�r�m� �m�o�n�i�t�o�r�i�n�g� �f�o�r� �C�h�l�o�r�i�d�e� �a�t� �b�o�r�e�h�o�l�e� �F�4�6�/�0�3�3�6

�i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e �1�2�a�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �o�t�h�e�r� �r�e�l�e�v�a�n�t� �b�o�r�e�h�o�l�e�s� �(�F�4�6�/�0�2�4�6� �a�n�d

�F�4�6�/�0�3�4�4�,� �F�i�g�u�r�e �1�2�b� �a�n�d �1�2�c�)� �a�n�d� �i�n�d�i�c�a�t�e�s� �a� �c�l�e�a�r�  ��b�r�e�a�k�t�h�r�o�u�g�h �� �c�u�r�v�e�,� �w�i�t�h� �a� �s�t�e�a�d�y

�i�n�c�r�e�a�s�e� �i�n� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�r�o�m� �1�9�9�7� �t�o� �2�0�0�2�,� �f�o�l�l�o�w�e�d� �b�y� �a� �s�t�e�a�d�y� �d�e�c�r�e�a�s�e

�f�r�o�m� �2�0�0�2� �t�o� �t�h�e� �p�r�e�s�e�n�t�.� � �B�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e�s� �t�y�p�i�c�a�l�l�y� �i�n�d�i�c�a�t �e� �t�h�e� �p�a�s�s�a�g�e� �o�f� �a� �p�l�u�m�e

�o�f� �c�o�n�t�a�m�i�n�a�n�t� �m�o�v�i�n�g� �t�h�r�o�u�g�h� �a�n� �a�q�u�i�f�e�r�.� � �T�h�e� �t�i�m�i�n�g� �o�f� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �s�o�u�r�c�e� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �o�c�c�u�r�r�e�d� �b�e�f�o�r�e� �2�0�0�2�.� � �I�n�t�e�r�e�s�t�i�n�g�l�y� �t�h�e

�m�a�x�i�m�u�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� �F�4�6�/�0�3�3�6� �o�c�c�u�r�s� �i�n� �2�0�0�1�,� �a�f�t�e�r� �t�h�e� �m�a�x�i�m�u�m �c�o�n�c�e�n�t�r�a�t�i�o�n

�a�t� �F�4�6�/�0�2�4�6�,� �w�h�i�c�h� �o�c�c�u�r�s� �i�n� �2�0�0�0�,� �d�e�s�p�i�t�e� �F�4�6�/�0�2�4�6� �b�e�i�n�g� �l�o�c�a�t�e�d� �d�o�w�n�g�r�a�d�i�e�n�t� �o�f

�F�4�6�/�0�3�3�6�,� �s�u�g�g�e�s�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�q�u�i�f�e�r� �h�e�t�e�r�o�g�e�n�e�i�t�i�e�s� �i�n� �t�h�i�s� �a�r�e�a�.

�F�u�r�t�h�e�r� �d�o�w�n�g�r�a�d�i�e�n�t� �o�f� �t�h�e� �f�a�r�m�,� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �b�o�r�e�h�o�l�e� �F�4�6�/�0�7�0�9� �(�F�i�g�u�r�e

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

�b�o�r�e�h�o�l�e� �s�h�o�w�i�n�g� �a� �b�r�o�a�d� �p�e�a�k� �o�f� �a�r�o�u�n�d� �1�1�0� �m�g�/�L� �f�r�o�m� �2�0�0�1� �t�o� �2�0�0�3�,� �b�e�f�o�r�e� �s�t�e�a�d�i�l�y

�d�e�c�l�i�n�i�n�g� �t�o� �t�h�e� �p�r�e�s�e�n�t� �l�e�v�e�l�s� �o�f� �a�r�o�u�n�d� �5�0� �m�g�/�L�.

�T�h�e� �p�a�t�t�e�r�n� �o�f� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �b�o�t�h� �s�p�a�t�i�a�l�l�y� �a�n�d� �t�e�m�p�o�r�a�l�l�y� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e

�k�n�o�w�n� �h�i�s�t�o�r�y� �o�f� �C�h�l�o�r�i�d�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.� � �M�a�r�a�r�u�a� �F�a�r�m�,� �l�o�c�a�t�e�d� �s�o�m�e

�2� �k�m� �n�o�r�t�h� �w�e�s�t� �o�f� �E�d�e�n�d�a�l�e� �T�o�w�n� �i�s� �u�s�e�d� �f�o�r� �d�a�i�r�y� �e�f�f�l�u�e�n�t� �d�i�s�p�o�s�a�l� �a�n�d� �d�u�r�i�n�g� �t�h�e

�1�9�9�0 ��s� �s�o�m�e� �p�r�o�b�l�e�m�s� �w�e�r�e� �e�x�p�e�r�i�e�n�c�e�d� �w�i�t�h� �r�e�g�a�r�d� �t�o� �n�u�t�r�i�e�n�t� �l�e�a�c�h�i�n�g� �a�t� �t�h�e� �s�i�t�e� �w�i�t�h

�e�l�e�v�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�h�l�o�r�i�d�e�,� �N�i�t�r�a�t�e� �a�n�d� �S�o�d�i�u�m� �d�e�t�e�c�t�e�d� �i�n� �g�r�o�u�n�d�w�a�t�e�r�.

�P�a�r�t�l�y� �t�o� �o�v�e�r�c�o�m�e� �t�h�e�s�e� �i�s�s�u�e�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �s�i�t�e �f�o�r� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l �w�a�s� �p�u�r�c�h�a�s�e�d

�a�t� �I�n�g�l�e�m�e�r�e� �F�a�r�m�,� �l�o�c�a�t�e�d� �s�o�m�e� �2�k�m� �s�o�u�t�h� �o�f� �E�d�e�n�d�a�l�e� �t�o�w�n�.� � �I�n� �a�d�d�i�t�i�o�n�,� �l�a�n�d

�m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �w�e�r�e� �a�l�s�o� �r�e�f�i�n�e�d� �a�t� �t�h�e� �d�i�s�p�o�s�a�l� �f�a�r�m�s� �a�n�d� �t�h�e� �d�a�i�r�y� �f�a�c�t�o�r�y

�w�a�s�t�e�w�a�t�e�r� �a�l�s�o� �u�n�d�e�r�w�e�n�t� �a�d�d�i�t�i�o�n�a�l� �t�r�e�a�t�m�e�n�t� �r�e�s�u�l�t�i�n�g� �i�n� �l�o�w�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f

�l�e�a�c�h�e�d� �C�h�l�o�r�i�d�e�.� � �T�h�i�s� �p�a�t�t�e�r�n �o�f� �C�h�l�o�r�i�d�e� �l�e�a�c�h�i�n�g� �t�o� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�o�r� �a

�n�u�m�b�e�r� �o�f� �y�e�a�r�s�,� �f�o�l�l�o�w�e�d� �b�y� �a� �s�u�b�s�e�q�u�e�n�t� �r�e�d�u�c�t�i�o�n� �i�s� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �b�o�r�e�h�o�l�e

�c�o�n�c�e�n�t�r�a�t�i�o�n� �p�a�t�t�e�r�n�s�,� �a�n�d� �s�u�g�g�e�s�t�s� �t�h�e� �p�a�s�s�a�g�e� �o�f� �a� �s�l�o�w� �m�o�v�i�n�g� �p�l�u�m�e�.

�D�a�t�a� �f�r�o�m� �b�o�r�e�h�o�l�e� �F�4�6�/�0�3�3�5�,� �l�o�c�a�t�e�d� �u�p �g�r�a�d�i�e�n�t� �o�f� �t�h�e� �M�a�r�a�r�u�a� �F�a�r�m�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t

�b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �g�r�o�u�n�d�w�a�t�e�r� �a�r�e� �a�r�o�u�n�d� �3�0� �m�g�/�L� �t�o� �4�5� �m�g�/�L�.

�C�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �b�o�r�e�h�o�l�e�s� �l�o�c�a�t�e�d� �d�o�w�n�s�t�r�e�a�m� �o�f� �t�h�e� �M�a�r�a�r�u�a� �F�a�r�m� �h�a�v�e� �r�e�d�u�c�e�d� �t�o

�s�i�m�i�l�a�r� �l�e�v�e�l�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �p�l�u�m�e� �o�f� �C�h�l�o�r�i�d�e �h�a�s� �p�a�s�s�e�d� �t�h�r�o�u�g�h� �a�n�d� �t�h�a�t� �l�i�m�i�t�e�d

�C�h�l�o�r�i�d�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �i�s� �t�a�k�i�n�g� �p�l�a�c�e� �a�t� �t�h�e� �f�a�r�m�.

�5�.�2�.�2 �M�o�d�e�l�l�i�n�g� �A�p�p�r�o�a�c�h

�T�h�e� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�v�e� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �m�o�d�e�l� �a�s� �a� �c�o�n�s�t�a�n�t

�c�o�n�c�e�n�t�r�a�t�i�o�n� �s�o�u�r�c�e� �o�f� �C�h�l�o�r�i�d�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �a�q�u�i�f�e�r� �a�t� �t�h�e� �l�o�c�a�t �i�o�n� �o�f� �t�h�e� �M�a�r�a�r�u�a

�F�a�r�m�.� � �B�a�s�e�d� �o�n� �t�h�e� �a�v�a�i�l�a�b�l�e� �e�v�i�d�e�n�c�e�,� �i�t� �s�e�e�m�s� �l�i�k�e�l�y� �t�h�a�t� �t�h�i�s� �s�o�u�r�c�e� �w�a�s� �p�r�e�s�e�n�t� �a�t
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�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x
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�l�e�a�s�t� �f�r�o�m� �1�9�9�5� �(�w�h�i�c�h� �i�s� �t�h�e� �s�t�a�r�t� �d�a�t�e� �o�f� �t�h�e� �f�l�o�w� �m�o�d�e�l�)� �u�n�t�i�l� �a�r�o�u�n�d� �2�0�0�0�,� �w�h�e�n

�I�n�g�l�e�m�e�r�e� �F�a�r�m� �b�e�g�a�n� �t�o� �b�e� �u�s�e�d� �f�o�r� �e�f�f�l�u�e�n�t� �d�i�s�p�o�s�a�l�.

�N�o� �d�a�t�a �r�e�g�a�r�d�i�n�g� �t�h�e� �t�i�m�i�n�g� �o�f� �w�a�s�t�e�w�a�t�e�r� �a�p�p�l�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �1�9�9�5� �a�n�d� �2�0�0�0� �i�s

�a�v�a�i�l�a�b�l�e�,� �h�o�w�e�v�e�r�,� �w�a�s�t�e�w�a�t�e�r� �p�r�o�d�u�c�t�i�o�n� �f�r�o�m� �t�h�e� �d�a�i�r�y� �f�a�c�t�o�r�y� �w�o�u�l�d� �b�e� �r�e�l�a�t�i�v�e�l�y

�c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h� �t�h�e� �y�e�a�r�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e

�r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h� �t�h�e� �y�e�a�r�.

�C�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l�l�e�d� �s�o�u�r�c�e� �a�r�e� �t�h�e�r�e�f�o�r�e� �s�e�t� �t�o� �p�e�a�k� �b�e�t�w�e�e�n� �a�r�o�u�n�d

�2�0�0�0�.� � �B�e�y�o�n�d� �2�0�0�0� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�t� �t�h�e� �s�o�u�r�c�e� �i�s� �m�o�d�e�l�l�e�d� �a�s� �g�r�a�d�u�a�l�l�y� �r�e�d�u�c�i�n�g

�u�n�t�i�l� �2�0�0�4� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�f�f�e�c�t� �o�f� �C�h�l�o�r�i�d�e� �w�i�t�h�i�n� �t�h�e� �u�n�s�a�t�u�r�a�t�e�d� �z�o�n�e� �f�l�u�s�h�i�n�g

�t�h�r�o�u�g�h� �t�h�e� �a�q�u�i�f�e�r� �a�n�d� �t�h�e� �i�m�p�a�c�t� �o�f� �r�e�d�u�c�t�i�o�n�s� �i�n� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �d�a�i�r�y

�e�f�f�l�u�e�n�t� �b�e�g�i�n� �t�o� �t�a�k�e� �e�f�f�e�c�t�.� � �I�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �d�i�s�p�e�r�s�i�v�i�t�y� �p�a�r�a�m�e�t�e�r�s�,� �t�h�e� �s�o�u�r�c�e

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�h�l�o�r�i�d�e� �w�a�s� �a�l�t�e�r�e�d� �u�n�t�i�l� �a� �b�e�s�t� �f�i�t� �w�a�s� �a�c�h�i�e�v�e�d� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a�.

�I�n�d�e�p�e�n�d�e�n�t� �i�n�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �s�o�u�r�c�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�h�l�o�r�i�d�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �d�a�i�r�y

�f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�s� �w�a�s� �n�o�t� �a�v�a�i�l�a�b�l�e�.

�5�.�3 �N�i�t�r�a�t�e� �N�i�t�r�o�g�e�n

�5�.�3�.�1 �P�a�t�t�e�r�n� �o�f� �N�i�t�r�a�t�e� �N�i�t�r�o�g�e�n� �C�o�n�c�e�n�t�r�a�t�i�o�n�s

�S�i�m�i�l�a�r�l�y� �t�o� �C�h�l�o�r�i�d�e�,� �N�i�t�r�a�t�e� �N �i�s� �a�l�s�o� �a� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�e�r�v�a�t�i�v�e� �c�o�n�t�a�m�i�n�a�n�t �a�f�t�e�r� �i�t

�p�a�s�s�e�s� �b�e�y�o�n�d� �t�h�e� �s�o�i�l� �r�o�o�t� �z�o�n�e�,� �i�n� �t�h�a�t� �i�t� �u�n�d�e�r�g�o�e�s� �l�i�m�i�t�e�d �t�r�a�n�s�f�o�r�m�a�t�i�o�n �w�i�t�h�i�n� �a�n

�a�q�u�i�f�e�r� �a�n�d� �e�x�p�e�r�i�e�n�c�e�s� �r�e�l�a�t�i�v�e�l�y� �l�i�m�i�t�e�d� �r�e�t�a�r�d�a�t�i�o�n�.� � �T�h�e� �m�a�i�n� �p�r�o�c�e�s�s� �b�y� �w�h�i�c�h

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�l�l� �r�e�d�u�c�e� �w�i�t�h� �d�i�s�t�a�n�c�e� �f�r�o�m� �a� �s�o�u�r�c�e� �a�n�d� �t�i�m�e� �i�s� �t�h�e�r�e�f�o�r�e� �v�i�a

�d�i�s�p�e�r�s�i�o�n�.

�N�i�t�r�a�t�e� �N� �i�s� �r�e�q�u�i�r�e�d� �t�o� �s�u�p�p�o�r�t� �p�l�a�n�t� �g�r�o�w�t�h�,� �b�u�t� �w�h�e�r�e� �N�i�t�r�a�t�e� �N� �i�s� �i�n� �e�x�c�e�s�s �o�f� �p�l�a�n�t

�r�e�q�u�i�r�e�m�e�n�t�s �i�t� �c�a�n� �l�e�a�c�h� �f�r�o�m� �t�h�e� �s�o�i�l� �p�r�o�f�i�l�e� �i�n�t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �g�r�o�u�n�d�w�a�t�e�r�.� � �S�o�m�e

�l�e�a�c�h�i�n�g� �c�a�n� �o�c�c�u�r� �n�a�t�u�r�a�l�l�y�,� �b�u�t� �i�n� �c�a�s�e�s� �w�h�e�r�e� �f�e�r�t�i�l�i�s�e�r� �i�s� �a�p�p�l�i�e�d� �t�o� �f�i�e�l�d�s�,� �o�r� �N�i�t�r�a�t�e� �N

�r�i�c�h� �w�a�t�e�r� �f�r�o�m� �i�r�r�i�g�a�t�i�o�n� �i�s� �a�p�p�l�i�e�d�,� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �c�a�n� �i�n�c�r�e�a�s�e�.

�F�i�g�u�r�e�s �1�3�a�, �1�3�b� �a�n�d �1�3�c� �s�h�o�w� �m�a�x�i�m�u�m� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �s�a�m�p�l�e�s� �w�i�t�h�i�n

�t�h�e� �E�d�e�n�d�a�l�e� �a�q�u�i�f�e�r� �i�n� �1�9�9�6�,� �2�0�0�0� �a�n�d� �2�0�0�5� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �t�h�e� �l�a�n�d� �u�s�e� �d�i�s�t�r�i�b�u�t�i�o�n

�f�o�r� �t�h�e� �s�a�m�e� �y�e�a�r� �a�l�s�o� �s�h�o�w�n� �o�n� �t�h�e� �s�a�m�e� �p�l�o�t�.� � �T�h�e� �p�l�o�t�s� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �c�h�a�n�g�e� �o�f

�l�a�n�d�u�s�e� �f�r�o�m� �s�h�e�e�p� �a�n�d� �b�e�e�f� �t�o� �d�a�i�r�y� �a�n�d� �s�u�g�g�e�s�t� �a� �s�t�e�a�d�y� �r�i�s�e� �i�n� �N�i�t�r�a�t�e� �N

�c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �i�m�p�l�y�i�n�g� �a� �p�o�s�s�i�b�l�e� �l�i�n�k� �b�e�t�w�e�e�n� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �l�a�n�d�u�s�e�.

�H�o�w�e�v�e�r� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �c�h�a�n�g�e� �i�s� �n�o�t� �c�o�n�s�i�s�t�e�n�t� �a�c�r�o�s�s� �t�h�e� �w�h�o�l�e� �m�o�d�e�l

�a�r�e�a�;� �i�n� �s�o�m�e� �a�r�e�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �c�o�n�v�e�r�s�i�o�n� �t�o� �d�a�i�r�y� �l�a�n�d�u�s�e� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �h�a�d� �n�o

�i�m�m�e�d�i�a�t�e� �e�f�f�e�c�t� �o�n� �m�e�a�s�u�r�e�d� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �w�e�s�t� �o�f� �t�h�e

�a�r�e�a�.

�T�h�e� �p�l�o�t�s� �a�l�s�o� �i�l�l�u�s�t�r�a�t�e� �a� �c�l�u�s�t�e�r� �o�f� �h�i�g�h�e�r� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o� �t�h�e� �s�o�u�t�h� �o�f

�M�a�r�a�r�u�a� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�,� �w�h�i�c�h� �m�a�y� �r�e�f�l�e�c�t� �a� �N�i�t�r�a�t�e� �N� �p�l�u�m�e� �e�m�e�r�g�i�n�g� �f�r�o�m

�t�h�e� �f�a�r�m�.� � �H�o�w�e�v�e�r�,� �i�t �i�s� �n�o�t�a�b�l�e� �t�h�a�t� �s�i�m�i�l�a�r� �p�l�u�m�e�s� �d�o� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �p�r�e�s�e�n�t� �a�r�o�u�n�d

�L�e�o�n�d�a�l�e� �F�a�r�m� �o�r� �I�n�g�l�e�m�e�r�e� �F�a�r�m�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �f�a�r�m� �m�a�n�a�g�e�m�e�n�t� �i�s� �e�f�f�e�c�t�i�v�e� �a�t

�m�i�t�i�g�a�t�i�n�g� �N�i�t�r�a�t�e� �N� �l�e�a�c�h�i�n�g�.� � �I�t� �i�s� �a�l�s�o� �n�o�t�a�b�l�e� �t�h�a�t� �t�h�e� �c�l�u�s�t�e�r� �o�f� �h�i�g�h� �v�a�l�u�e�s� �a�r�o�u�n�d� �t�h�e



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �5

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�s�o�u�t�h� �o�f� �t�h�e� �M�a�r�a�r�u�a� �F�a�r�m� �s�e�e�m�s� �r�e�l�a�t�i�v�e�l�y� �s�t�a�t�i�c�,� �w�i�t�h� �l�i�t�t�l�e� �c�h�a�n�g�e� �b�e�t�w�e�e�n� �1�9�9�6� �a�n�d

�2�0�0�5�,� �w�h�i�c�h� �c�o�u�l�d� �i�m�p�l�y� �t�h�a�t� �e�i�t�h�e�r� �c�o�n�t�a�m�i�n�a�t�i�o�n� �f�r�o�m� �t�h�e� �s�i�t�e� �i�s� �c�o�n�t�i�n�u�i�n�g�,� �o�r� �N�i�t�r�a�t�e

�N�s� �a�r�e� �l�o�n�g� �l�i�v�e�d� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �m�a�t�r�i�x�.

�G�i�v�e�n� �t�h�e� �h�i�s�t�o�r�y� �o�f� �l�a�n�d�u�s�e� �c�h�a�n�g�e� �w�i�t�h�i�n� �t�h�e� �c�a�t�c�h�m�e�n�t� �a�n�d� �t�h�e� �c�o�m�p�l�i�c�a�t�i�n�g� �f�a�c�t�o�r� �o�f

�w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�r�o�m� �t�h�e� �d�a�i�r�y� �f�a�c�t�o�r�y� �a�t� �s�e�v�e�r�a�l� �s�i�t�e�s� �a�r�o�u�n�d� �t�h�e� �a�r�e�a�,� �N�i�t�r�a�t�e� �N

�p�o�l�l�u�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �E�d�e�n�d�a�l�e� �A�q�u�i�f�e�r� �i�s� �i�n�e�v�i�t�a�b�l�y� �c�o�m�p�l�e�x� �a�n�d� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�s�t�r�a�i�n� �o�n� �a

�s�p�a�t�i�a�l� �b�a�s�i�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�e�r�m�s� �o�f� �N�i�t�r�a�t�e� �N� �l�o�a�d�i�n�g� �r�a�t�e�s� �t�h�r�o�u�g�h� �t�i�m�e�.

�A� �p�l�o�t� �s�h�o�w�i�n�g� �t�h�e� �l�o�c�a�t�i�o�n�s� �o�f� �l�o�n�g� �t�e�r�m� �m�o�n�i�t�o�r�i�n�g� �b�o�r�e�h�o�l�e�s� �a�c�r�o�s�s� �E�d�e�n�d�a�l�e� �i�s� �s�h�o�w�n

�i�n� �F�i�g�u�r�e �1�4�.� � �F�i�g�u�r�e�s �1�5�a�, �1�5�b�, �1�5�c� �a�n�d �1�5�d� �s�h�o�w �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�e�a�s�u�r�e�d� �i�n

�g�r�o�u�n�d�w�a�t�e�r� �f�r�o�m� �b�o�r�e�s� �a�r�o�u�n�d� �t�h�e� �t�h�e� �E�d�e�n�d�a�l�e� �a�r�e�a� �l�o�c�a�t�e�d� �a�w�a�y� �f�r�o�m� �t�h�e� �d�a�i�r�y

�e�f�f�l�u�e�n�t� �d�i�s�p�o�s�a�l� �f�a�r�m�s� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e�s�e� �b�o�r�e�s� �s�h�o�w� �a� �s�t�e�a�d�y� �r�i�s�e� �i�n� �N�i�t�r�a�t�e

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�F�4�6�/�0�3�3�5�,� �F�4�6�/�0�7�0�9� �a�n�d� �F�4�6�/�0�1�8�5�)� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�e� �f�r�o�m� �a�n� �a�v�e�r�a�g�e

�o�f� �6� �m�g�/�L� �i�n� �2�0�0�0� �t�o� �a�n� �a�v�e�r�a�g�e� �o�f� �8� �m�g�/�L� �i�n� �2�0�1�0�.� � �A�l�l� �t�h�e�s�e� �t�h�r�e�e� �b�o�r�e�h�o�l�e�s� �a�r�e

�l�o�c�a�t�e�d� �l�a�r�g�e�l�y� �a�w�a�y� �f�r�o�m� �t�h�e �d�a�i�r�y� �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�s �a�n�d� �a�r�e� �c�o�n�s�i�d�e�r�e�d

�t�o� �s�h�o�w� �b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� � �T�h�e� �s�t�e�a�d�y� �r�i�s�e� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o

�t�h�e� �s�t�e�a�d�y� �i�n�c�r�e�a�s�e� �i�n� �d�a�i�r�y� �f�a�r�m� �l�a�n�d�u�s�e� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a�,� �a�s� �d�a�i�r�y� �f�a�r�m�s� �t�y�p�i�c�a�l�l�y

�r�e�s�u�l�t� �i�n� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h�e�r� �N�i�t�r�a�t�e� �N� �l�o�a�d�i�n�g� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �l�a�n�d�u�s�e�s� �s�u�c�h� �a�s� �s�h�e�e�p

�a�n�d� �b�e�e�f�,� �w�h�i�c�h� �h�a�s� �d�e�c�r�e�a�s�e�d� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �d�a�i�r�y� �f�a�r�m�i�n�g�.

�F�i�g�u�r�e�s �1�6�a�, �1�6�b�, �1�6�c� �a�n�d �1�6�d� �s�h�o�w� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s �i�n� �f�o�u�r� �b�o�r�e�h�o�l�e�s� �l�o�c�a�t�e�d

�c�l�o�s�e� �t�o� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �M�a�r�a�u�r�a� �D�a�i�r�y� �E�f�f�l�u�e�n�t� �F�a�r�m� �(�F�4�6�/�0�3�3�5�,� �F�4�6�/�0�2�4�6� �a�n�d

�F�4�6�/�0�3�4�4�)�.� � �A�l�l� �t�h�r�e�e� �b�o�r�e�h�o�l�e�s� �s�h�o�w� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n�s� �o�f� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �r�i�s�i�n�g

�f�r�o�m� �a�r�o�u�n�d� �7� �m�g�/�L� �i�n� �1�9�9�7� �t�o� �1�1� �m�g�/�L� �i�n� �2�0�0�6� �/� �2�0�0�7�.� � �S�i�n�c�e� �2�0�0�6� �/� �2�0�0�7� �N�i�t�r�a�t�e� �N

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �a�l�l� �t�h�r�e�e� �b�o�r�e�h�o�l�e�s� �a�p�p�e�a�r� �t�o� �h�a�v�e� �s�t�a�b�i�l�i�s�e�d� �o�r� �r�e�d�u�c�e�d� �t�o� �a�r�o�u�n�d� �9

�m�g�/�L�,� �p�e�r�h�a�p�s� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �s�o�u�r�c�e� �o�f� �u�p�g�r�a�d�i�e�n�t� �N�i�t�r�a�t�e� �N� �h�a�v�e

�a�l�s�o� �r�e�d�u�c�e�d� �o�r� �s�t�a�b�i�l�i�s�e�d�.

�F�i�g�u�r�e �1�7 �s�h�o�w�s� �a� �p�l�o�t� �o�f� �m�a�x�i�m�u�m� �m�e�a�s�u�r�e�d� �n�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �2�0�0�9� �f�o�r

�b�o�r�e�h�o�l�e�s� �a�c�r�o�s�s� �t�h�e� �E�d�e�n�d�a�l�e� �a�q�u�i�f�e�r�.� � �I�t� �s�h�o�w�s� �t�h�a�t� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�p�p�e�a�r

�t�o� �b�e� �a�r�o�u�n�d� �t�h�e� �E�d�e�n�d�a�l�e� �t�o�w�n�s�h�i�p� �w�i�t�h� �a�n� �o�v�e�r�a�l�l� �p�r�o�g�r�e�s�s�i�v�e� �r�e�d�u�c�t�i�o�n� �i�n

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o�w�a�r�d�s� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�,� �a�l�b�e�i�t� �w�i�t�h� �h�i�g�h�e�r� �v�a�l�u�e�s� �a�r�o�u�n�d

�t�h�e� �I�n�g�l�e�m�e�r�e� �d�a�i�r�y� �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�.� � �T�h�i�s� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n�s

�s�e�e�m�s� �t�o� �r�e�f�l�e�c�t� �c�o�n�c�e�p�t�u�a�l� �e�x�p�e�c�t�a�t�i�o�n�s� �o�f� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �n�i�t�r�a�t�e� �i�n� �t�h�e� �a�q�u�i�f�e�r�,� �w�i�t�h

�h�i�g�h�e�r� �v�a�l�u�e�s� �a�p�p�e�a�r�i�n�g� �a�r�o�u�n�d� �t�h�e� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�s

�N�i�t�r�a�t�e� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �w�e�l�l� �d�o�c�u�m�e�n�t�e�d� �f�o�r� �t�h�e� �e�f�f�l�u�e�n�t� �d�i�s�p�o�s�a�l

�f�a�r�m�s� �(�M�a�r�a�r�u�a�,� �I�n�g�l�e�m�e�r�e�,� �L�e�o�n�d�a�l�e� �a�n�d� �P�e�d�r�i�a�n�)� �a�t� �l�e�a�s�t� �s�i�n�c�e� �2�0�0�1� �a�n�d� �d�a�t�a� �h�a�s

�b�e�e�n� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �a�v�e�r�a�g�e� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r �a�t�i�o�n�s� �a�n�d� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �(�b�a�s�e�d� �o�n

�c�o�n�c�e�n�t�r�a�t�i�o�n� �d�a�t�a�)� �a�c�r�o�s�s� �e�a�c�h� �f�a�r�m� �b�e�t�w�e�e�n� �2�0�0�1� �a�n�d� �2�0�1�0� �o�n� �a� �m�o�n�t�h�l�y� �b�a�s�i�s�.� � �A

�s�u�m�m�a�r�y� �o�f� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �F�i�g�u�r�e� �1�8�a�,� �w�h�i�c�h� �s�h�o�w�s� �t�h�a�t� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �a�r�e

�s�e�a�s�o�n�a�l�,� �w�i�t�h� �h�i�g�h�e�r� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �i�n� �w�i�n�t�e�r�.� � �N�o�t�a�b�l�y� �h�i�g�h�e�r� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �a�r�e� �o�b�s�e�r�v�e�d

�a�t� �I�n�g�l�e�m�e�r�e� �F�a�r�m� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �f�a�r�m�s�,� �w�h�e�r�e� �l�e�a�c�h�i�n�g� �r�a�t�e�s� �a�p�p�e�a�r� �t�o� �h�a�v�e

�p�e�a�k�e�d� �a�t� �1�2�3� �k�g� �N� �/� �h�a� �/� �m�o�n�t�h�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �N�i�t�r�a�t�e� �w�i�t�h�i�n� �l�e�a�c�h�a�t�e� �a�r�e� �s�h�o�w�n� �i�n

�F�i�g�u�r�e� �1�8�b�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e� �t�h�a�t� �N�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �l�e�a�c�h�a�t�e� �v�a�r�y�,� �a�l�t�h�o�u�g�h



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �6

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�p�e�a�k�s� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �d�o� �n�o�t� �a�p�p�e�a�r� �t�o� �c�o�r�r�e�s�p�o�n�d� �t�o� �p�e�a�k�s� �i�n� �t�h�e� �l�o�a�d�i�n�g� �r�a�t�e�.� �I�n

�g�e�n�e�r�a�l�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �n�i�t�r�a�t�e� �i�n� �l�e�a�c�h�a�t�e� �a�p�p�e�a�r� �t�o� �s�h�o�w� �a� �g�r�a�d�u�a�l� �d�e�c�l�i�n�e� �f�r�o�m

�2�0�0�4� �t�o� �2�0�1�0�.

�N�i�t�r�a�t�e� �l�o�a�d�i�n�g� �r�a�t�e� �f�o�r� �o�t�h�e�r� �a�r�e�a�s� �o�f� �t�h�e� �m�o�d�e�l� �a�r�e�a� �b�a�s�e�d� �o�n� �l�a�n�d�u�s�e�.� � �T�a�b�l�e �6

�p�r�o�v�i�d�e�s� �t�y�p�i�c�a�l� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �l�e�a�c�h�a�t�e� �f�o�r� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �l�a�n�d�u�s�e� �a�c�r�o�s�s

�t�h�e� �m�o�d�e�l� �a�r�e�a�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �b�a�s�e�d� �o�n� �v�a�l�u�e�s� �u�s�e�d� �b�y� �R�e�k�k�e�r� �(�1�9�9�8�)�,� �t�o�g�e�t�h�e�r

�w�i�t�h� �m�o�r�e� �r�e�c�e�n�t� �d�a�t�a� �i�n �M�o�n�o�g�h�a�n� �(�2�0�1�0�)�.

�T�a�b�l�e �6�:� �A�v�e�r�a�g�e� �N�i�t�r�a�t�e� �C�o�n�c�e�n�t�r�a�t�i�o�n� �p�e�r� �l�a�n�d�u�s�e

�L�a�n�d�u�s�e �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�m�g�/�L� �N�) �S�o�u�r�c�e

�S�h�e�e�p� �a�n�d� �B�e�e�f �2�.�6 �R�e�k�k�e�r� �(�1�9�9�8�)

�D�a�i�r�y�1 �1�3�.�7 �M�o�n�a�g�h�a�n� �(�2�0�1�0�,� �R�e�k�k�e�r

�(�1�9�9�8�)

�D�a�i�r�y� �F�a�c�t�o�r�y� �E�f�f�u�e�n�t�2 �2�5�.�2 �R�e�k�k�e�r� �(�1�9�9�8�)

�F�o�r�e�s�t�r�y� �N�u�r�s�e�r�y �2�.�8 �R�e�k�k�e�r� �(�1�9�9�8�)

�R�e�s�i�d�e�n�t�i�a�l �1�6�.�3 �R�e�k�k�e�r� �(�1�9�9�8�)

�I�n�d�u�s�t�r�i�a�l �0 �R�e�k�k�e�r� �(�1�9�9�8�)

�N�o�t�e�s�:

�1�.� �1�3�.�7� �m�g�/�L� �i�s� �a�n� �a�v�e�r�a�g�e �t�o� �h�i�g�h �r�a�t�e� �f�o�r� �d�a�i�r�y� �l�a�n�d�u�s�e�.� � �M�o�r�e� �d�e�t�a�i�l�e�d� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �d�a�i�r�y� �f�a�r�m
�i�n�t�e�n�s�i�t�y� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e �t�o� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �h�i�g�h�e�r� �o�r� �l�o�w�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.

�2�. �V�a�l�u�e�s� �u�s�e�d� �f�r�o�m� �1�9�9�5� �t�o� �2�0�0�1� �p�r�i�o�r� �t�o� �m�e�a�s�u�r�e�d� �d�a�t�a� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �2�0�0�1

�5�.�3�.�2 �M�o�d�e�l�l�i�n�g� �A�p�p�r�o�a�c�h

�T�h�e� �c�o�n�c�e�p�t�u�a�l� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �N�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �N�i�t�r�a�t�e� �N� �d�o�e�s� �n�o�t

�m�o�v�e� �i�n�t�o� �g�r�o�u�n�d�w�a�t�e�r� �v�i�a� �d�i�s�c�r�e�t�e� �l�o�c�a�t�i�o�n�s�,� �o�r�i�g�i�n�a�t�i�n�g� �i�n�s�t�e�a�d� �f�r�o�m� �d�i�f�f�u�s�e� �a�r�e�a�s�,

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

�w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l �f�a�r�m�s�.� � �D�i�f�f�u�s�e� �s�o�u�r�c�e�s� �o�f� �c�o�n�t�a�m�i�n�a�n�t�s� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e

�m�o�d�e�l� �a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �r�e�c�h�a�r�g�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �m�o�d�e�l�.

�T�h�e�r�e� �i�s� �l�i�m�i�t�e�d� �e�v�i�d�e�n�c�e� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �v�a�r�y� �s�e�a�s�o�n�a�l�l�y� �w�i�t�h�i�n

�l�e�a�c�h�a�t�e �a�n�d� �t�h�e�r�e�f�o�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �m�o�d�e�l� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �b�e�i�n�g

�c�o�n�s�t�a�n�t� �(�a�p�a�r�t� �f�r�o�m� �d�a�i�r�y� �f�a�c�t�o�r�y� �e�f�f�l�u�e�n�t�,� �w�h�e�r�e� �m�o�n�t�h�l�y� �m�e�a�s�u�r�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e

�a�v�a�i�l�a�b�l�e�)�.� � �H�o�w�e�v�e�r�,� �t�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �c�h�a�n�g�i�n�g� �l�a�n�d�u�s�e� �i�s� �l�i�k�e�l�y� �t�o� �h�a�v�e� �a�n� �i�m�p�a�c�t

�a�n�d� �t�h�i�s� �c�h�a�n�g�e� �i�s� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �i�n� �t�h�e� �m�o�d�e�l�.� � �L�a�n�d�u�s�e� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �i�n� �f�i�v�e� �y�e�a�r

�b�l�o�c�k�s� �a�n�d� �t�h�e� �l�a�n�d�u�s�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �m�o�d�e�l�l�e�d� �a�s� �r�e�m�a�i�n�i�n�g� �c�o�n�s�t�a�n�t� �w�i�t�h�i�n� �t�h�e� �t�i�m�e

�p�e�r�i�o�d� �o�f� �e�a�c�h� �b�l�o�c�k�.� � �D�a�t�a� �f�o�r� �f�o�u�r� �b�l�o�c�k�s� �a�r�e� �a�v�a�i�l�a�b�l�e�:

�À �1�9�9�5� �t�o� �2�0�0�0� �(�b�a�s�e�d� �o�n� �l�a�n�d�u�s�e� �d�a�t�a� �f�r�o�m� �1�9�9�2�,� �F�i�g�u�r�e� �1�3�a�)�;

�À �2�0�0�0� �t�o� �2�0�0�5� �(�b�a�s�e�d� �o�n� �l�a�n�d�u�s�e� �d�a�t�a� �f�r�o�m� �2�0�0�0�,� �F�i�g�u�r�e� �1�3�b�)�;

�À �2�0�0�5� �t�o� �2�0�1�0� �(�b�a�s�e�d� �o�n� �l�a�n�d�u�s�e� �d�a�t�a� �f�r�o�m� �2�0�0�5�,� �F�i�g�u�r�e� �1�3�c�)�;� �a�n�d

�À �2�0�1�0� �t�o� �2�0�1�1� �(�b�a�s�e�d� �o�n� �l�a�n�d�u�s�e� �d�a�t�a� �f�r�o�m� �2�0�1�0�)�.� � �N�o�t�e� �t�h�a�t� �t�h�e� �m�o�d�e�l� �r�u�n� �e�n�d�s� �i�n

�2�0�1�1�.
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�R �e �s �u �l �t �s
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�6�.�0 �C�o�n�t�a�m�i�n�a�n�t� �M�o�d�e�l�l�i�n�g �R�e�s�u�l�t�s

�I�n� �g�e�n�e�r�a�l� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e �c�o�n�t�a�m�i�n�a�n�t �t�r�a�n�s�p�o�r�t� �m�o�d�e�l�l�i�n�g� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�o�d�e�l

�r�e�p�r�e�s�e�n�t�s� �p�r�o�c�e�s�s�e�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �r�e�l�a�t�i�v�e�l�y� �w�e�l�l�,� �w�i�t�h� �g�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n

�m�o�d�e�l�l�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �b�o�t�h� �C�h�l�o�r�i�d�e� �a�n�d� �N�i�t�r�a�t�e�.

�S�o�m�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �a�r�e� �n�o�t�a�b�l�e�,� �f�o�r� �e�x�a�m�p�l�e� �w�i�t�h�i�n� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �d�e�n�s�e� �n�e�t�w�o�r�k� �o�f

�m�o�n�i�t�o�r�i�n�g� �b�o�r�e�h�o�l�e�s� �t�o� �t�h�e� �s�o�u�t�h� �o�f� �t�h�e� �M�a�r�a�r�u�a� �d�a�i�r�y� �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�,

�s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e�r�e� �m�a�y� �b�e� �l�o�c�a�l� �s�c�a�l�e �h�e�t�e�r�o�g�e�n�e�i�t�i�e�s �w�h�i�c�h� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �r�e�p�r�e�s�e�n�t

�w�i�t�h�i�n� �t�h�e� �m�o�d�e�l�.

�6�.�1 �C�h�l�o�r�i�d�e

�T�h�e� �r�e�s�u�l�t�s� �o�f� �C�h�l�o�r�i�d�e� �m�o�d�e�l�l�i�n�g� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s �1�9�a� �t�o �1�9�d�.

�F�i�g�u�r�e�s �1�9�a�, �1�9�b �a�n�d �1�9�c� �s�h�o�w�s� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �b�o�r�e�h�o�l�e�s� �i�m�m�e�d�i�a�t�e�l�y

�d�o�w�n�g�r�a�d�i�e�n�t� �o�f� �M�a�r�a�r�u�a� �F�a�r�m�.� � �T�h�e� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e�s�e� �b�o�r�e�s� �a�r�e� �a� �g�o�o�d

�m�a�t�c�h� �t�o �t�h�e� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �w�i�t�h� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �t�a�i�l

�r�e�a�s�o�n�a�b�l�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �b�o�r�e�s� �F�4�6�/�0�2�4�6� �a�n�d� �F�4�6�/�0�3�4�4� �a�l�t�h�o�u�g�h� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h

�c�u�r�v�e� �i�n� �b�o�r�e� �F�4�6�/�0�3�3�6� �i�s� �l�e�s�s� �a�c�c�u�r�a�t�e�l�y� �r�e�p�r�e�s�e�n�t�e�d�.� � �T�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e

�b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e� �i�n� �b�o�r�e� �F�4�6�/�0�3�3�6� �m�a�y� �b�e� �a� �r�e�s�u�l�t� �o�f� �a�q�u�i�f�e�r� �h�e�t�e�r�o�g�e�n�e�i�t�i�e�s� �n�o�t�e�d

�a�b�o�v�e� �i�n� �S�e�c�t�i�o�n� �5�.�2�.�1�;� �b�o�r�e� �F�4�6�/�0�3�3�6� �i�s� �l�o�c�a�t�e�d� �u�p�g�r�a�d�i�e�n�t �o�f� �F�4�6�/�0�3�4�4� �(�w�h�e�r�e� �t�h�e

�b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e� �i�s� �w�e�l�l� �r�e�p�r�e�s�e�n�t�e�d�)� �a�n�d� �F�4�6�/�0�2�4�6�,� �w�h�e�r�e� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e� �i�s

�a�l�s�o� �c�l�o�s�e�l�y� �m�o�d�e�l�l�e�d�.� � �Y�e�t� �t�h�e� �p�e�a�k� �o�f� �t�h�e� �b�r�e�a�k�t�h�r�o�u�g�h� �c�u�r�v�e� �a�t� �b�o�r�e �F�4�6�/�0�3�3�6� �a�p�p�e�a�r�s

�t�o� �b�e� �l�a�t�e�r� �t�h�a�n� �t�h�e� �d�o�w�n�g�r�a�d�i�e�n�t� �b�o�r�e�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �s�c�a�l�e� �c�h�a�n�g�e�s

�w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �i�n� �t�h�i�s� �a�r�e�a� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �a�n�d� �m�a�y� �s�l�o�w� �m�o�v�e�m�e�n�t� �o�f

�c�o�n�t�a�m�i�n�a�n�t�s� �a�r�o�u�n�d� �t�h�i�s� �b�o�r�e�h�o�l�e�.

�F�u�r�t�h�e�r� �d�o�w�n�g�r�a�d�i�e�n�t� �o�f� �M�a�r�a�r�u�a� �F�a�r�m� �o�b�s�e�r�v�e�d� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �b�o�r�e�h�o�l�e

�F�4�6�/�0�7�0�9� �i�n�d�i�c�a�t�e� �t�h�e� �p�a�s�s�a�g�e� �o�f �a� �r�e�l�a�t�i�v�e�l�y� �d�i�s�p�e�r�s�e�d� �p�l�u�m�e�,� �w�h�e�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s

�a�p�p�e�a�r� �t�o� �p�e�a�k� �i�n� �2�0�0�1�-�2�0�0�1� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �r�e�d�u�c�e�.� � �T�h�e� �m�o�d�e�l� �s�h�o�w�s� �r�e�l�a�t�i�v�e�l�y

�g�o�o�d� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�i�s� �b�o�r�e�h�o�l�e� �(�F�i�g�u�r�e �1�9�d�)�,� �w�i�t�h� �a� �p�e�a�k� �i�n

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�o�u�n�d� �2�0�0�1� �a�n�d� �a� �s�u�b�s�e�q�u�e�n�t� �d�e�c�l�i�n�e�,� �a�l�t�h�o�u�g�h� �t�h�e� �r�a�t�e� �o�f� �d�e�c�l�i�n�e� �i�n

�t�h�e� �m�o�d�e�l� �i�s� �f�a�s�t�e�r� �c�o�m�p�a�r�e�d� �t�o� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.

�N�o�t�e� �t�h�a�t� �n�o� �b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�h�l�o�r�i�d�e� �w�i�t�h�i�n� �g�r�o�u�n�d�w�a�t�e�r� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n

�t�h�e� �m�o�d�e�l�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �a� �b�o�r�e�h�o�l�e� �(�F�4�6�/�0�3�3�5�)� �u�p�g�r�a�d�i�e�n�t� �o�f �M�a�r�a�r�u�a�,� �w�h�e�r�e� �t�h�e

�e�f�f�e�c�t�s� �o�f� �t�h�e� �d�a�i�r�y� �f�a�c�t�o�r�y �w�a�s�t�e�w�a�t�e�r �d�i�s�p�o�s�a�l� �a�r�e� �l�i�m�i�t�e�d�,� �i�n�d�i�c�a�t�e� �a� �b�a�c�k�g�r�o�u�n�d

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�r�o�u�n�d� �3�5� �m�g�/�L� �t�o� �4�5� �m�g�/�L� �C�h�l�o�r�i�d�e� �a�n�d� �t�o� �m�i�m�i�c� �t�h�e� �e�f�f�e�c�t� �o�f

�b�a�c�k�g�r�o�u�n�d� �l�e�v�e�l�s� �o�f� �C�h�l�o�r�i�d�e�,� �4�5� �m�g�/�L� �h�a�s� �b�e�e�n� �a�d�d�e�d� �t�o� �t�h�e� �m�o�d�e�l�l�e�d� �c�o�n �c�e�n�t�r�a�t�i�o�n�s�.

�F�i�g�u�r�e �2�0 �s�h�o�w�s� �a� �s�e�r�i�e�s� �o�f� �p�l�o�t�s� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �s�p�a�t�i�a�l� �e�x�t�e�n�t� �o�f� �t�h�e� �C�h�l�o�r�i�d�e� �p�l�u�m�e� �i�n

�t�h�e� �a�q�u�i�f�e�r� �a�t� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l� �s�t�r�e�s�s� �p�e�r�i�o�d�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�l�e�d

�C�h�l�o�r�i�d�e� �s�o�u�r�c�e�.� � �T�h�e� �p�l�o�t� �i�n�d�i�c�a�t�e�s� �t�h�e� �p�l�u�m�e� �e�x�t�e�n�t� �a�f�t�e�r� �5� �y�e�a�r�s� �(�i�.�e�.� �J�a�n�u�a�r�y� �2�0�0�0�,

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �f�i�n�a�l� �p�e�r�i�o�d� �o�f� �C�h�l�o�r�i�d�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �a�s� �a� �r�e�s�u�l�t� �o�f� �d�a�i�r�y� �e�f�f�l�u�e�n�t� �a�t

�M�a�r�a�r�u�a� �F�a�r�m�)�,� �1�0� �y�e�a�r�s� �(�J�a�n�u�a�r�y� �2�0�0�5�)� �a�n�d� �1�5� �y�e�a�r�s� �(�A�u�g�u�s�t� �2�0�1�0�)� �a�n�d� �s�h�o�w�s� �t�h�a�t� �t�h�e

�p�l�u�m�e� �m�i�g�r�a�t�e�s� �r�e�l�a�t�i�v�e�l�y� �r�a�p�i�d�l�y� �t�h�r�o�u�g�h� �t�h�e� �a�q�u�i�f�e�r�,� �w�i �t�h� �s�o�m�e� �e�f�f�e�c�t�s� �f�r�o�m� �t�h�e� �p�l�u�m�e

�r�e�a�c�h�i�n�g� �t�h�e� �s�p�r�i�n�g�s� �d�i�s�c�h�a�r�g�i�n�g� �t�h�e� �a�q�u�i�f�e�r� �w�i�t�h�i�n� �5� �y�e�a�r�s�.� � �A�f�t�e�r� �1�0� �y�e�a�r�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �8

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�o�f� �C�h�l�o�r�i�d�e� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �a�n�d� �a�f�t�e�r� �1�5� �y�e�a�r�s� �t�h�e� �m�o�d�e�l

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �C�h�l�o�r�i�d�e� �a�s� �a �r�e�s�u�l�t� �o�f� �t�h�e� �p�l�u�m�e� �a�r�e� �a�l�l� �b�u�t� �g�o�n�e�.� � �T�h�e

�m�o�d�e�l� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �C�h�l�o�r�i�d�e� �w�o�u�l�d� �e�v�e�n�t�u�a�l�l�y� �e�x�i�t� �t�h�e� �a�q�u�i�f�e�r� �v�i�a� �s�p�r�i�n�g

�d�i�s�c�h�a�r�g�e�,� �w�h�i�c�h� �i�s� �i�n� �k�e�e�p�i�n�g� �w�i�t�h� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� �o�f� �t�h�e� �a�q�u�i�f�e�r�.

�M�o�d�e�l�l�e�d �c�o�n�c�e�n�t�r�a�t�i�o�n�s �o�f� �C�h�l�o�r�i�d�e �i�n �g�r�o�u�n�d�w�a�t�e�r� �d�i�s�c�h�a�r�g�i�n�g� �t�o� �t�h�e� �s�p�r�i�n�g �f�l�o�w�s �f�o�r

�I�v�e�s� �C�r�e�e�k �a�n�d �C�l�e�a�r� �C�r�e�e�k �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e �2�1�.� � �T�h�e� �f�i�g�u�r�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t �t�h�e

�m�o�d�e�l� �p�r�e�d�i�c�t�s� �t�h�a�t �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �C�h�l�o�r�i�d�e �w�o�u�l�d �b�e� �h�i�g�h�e�r� �a�t� �I�v�e�s� �C�r�e�e�k� �(�1�2� �m�g�/�L�)

�c�o�m�p�a�r�e�d� �t�o� �C�l�e�a�r� �C�r�e�e�k� �(�8� �m�g�/�L�)�,� �s�u�g�g�e�s�t�i�n�g �t�h�a�t� �t�h�e� �p�l�u�m�e� �o�f� �C�h�l�o�r�i�d�e� �o�r�i�g�i�n�a�t�i�n�g �f�r�o�m

�M�a�r�a�r�u�a� �F�a�r�m� �w�o�u�l�d� �d�i�s�c�h�a�r�g�e �p�r�i�n�c�i�p�a�l�l�y �v�i�a� �I�v�e�s� �C�r�e�e�k�.� � �T�h�e�r�e� �i�s� �l�i�m�i�t�e�d� �o�b�s�e�r�v�e�d� �d�a�t�a

�t�o �c�o�m�p�a�r�e �a�g�a�i�n�s�t� �m�o�d�e�l�l�e�d� �p�r�e�d�i�c�t�i�o�n�s� �o�f� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�t� �t�h�e� �s�p�r�i�n�g�s�;

�R�e�k�k�e�r� �(�1�9�9�5�)� �p�r�o�v�i�d�e�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f �a�r�o�u�n�d� �2�5� �m�g�/�L� �a�t� �b�o�t�h� �I�v�e�s� �C�r�e�e�k� �a�n�d� �C�l�e�a�r

�C�r�e�e�k�,� �w�h�i�c�h� �i�s� �s�o�m�e�w�h�a�t� �h�i�g�h�e�r� �t�h�a�n� �p�r�e�d�i�c�t�e�d� �b�y� �t�h�e� �m�o�d�e�l�.� � �H�o�w�e�v�e�r�,� �t�h�e� �m�o�d�e�l�l�e�d

�r�e�s�u�l�t�s� �d�o� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �C�h�l�o�r�i�d�e�,� �w�h�i�c�h� �w�o�u�l�d �r�e�s�u�l�t� �i�n

�l�o�w�e�r� �m�o�d�e�l�l�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.

�6�.�2 �N�i�t�r�a�t�e �N�i�t�r�o�g�e�n

�T�h�e� �r�e�s�u�l�t�s� �o�f� �N�i�t�r�a�t�e� �N� �m�o�d�e�l�l�i�n�g� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s �2�2�a� �t�o� �F�i�g�u�r�e �2�2�h� �a�n�d� �F�i�g�u�r�e

�2�3 �s�h�o�w�s� �t�h�e� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�r�e�a� �f�o�r� �2�0�0�9�.

�T�h�e� �t�i�m�e�s�e�r�i�e�s� �p�l�o�t�s� �i�n� �F�i�g�u�r�e�s �2�2�a� �t�o �2�2�d� �f�o�r� �b�o�r�e�h�o�l�e�s� �t�h�a�t� �a�r�e� �l�o�c�a�t�e�d �s�o�m�e� �d�i�s�t�a�n�c�e

�f�r�o�m� �t�h�e� �d�a�i�r�y� �f�a�r�m�s� �(�F�4�6�/�0�1�8�5�,� �F�4�6�/�0�1�9�4�,� �F�4�6�/�0�3�5�5� �a�n�d� �F�4�6�/�0�7�0�9�)� �a�n�d� �a�r�e

�c�o�n�s�i�d�e�r�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r �, �a�r�e� �a� �g�o�o�d� �f�i�t� �t�o

�t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �m�o�d�e�l�l�e�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �l�a�n�d�u�s�e� �c�h�a�n�g�e�s�,� �a�n�d

�a�c�c�o�m�p�a�n�y�i�n�g� �i�n�c�r�e�a�s�e�s� �i�n� �N�i�t�r�a�t�e� �N� �l�e�a�c�h�i�n�g�,� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�b�s�e�r�v�e�d� �c�h�a�n�g�e�s�.� � �N�o�t�e

�t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �b�o�r�e�h�o�l�e� �F�4�6�/�0�3�3�5� �a�r�e� �l�i�k�e�l�y� �a�f�f�e�c�t�e�d� �b�y� �n�u�m�e�r�i�c�a�l� �d�i�s�p�e�r�s�i�o�n� �i�s�s�u�e�s�;

�i�n� �t�h�e� �m�o�d�e�l�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �f�o�r� �c�o�n�t�a�m�i�n�a�n�t�s� �t�o� �d�i�s�p�e�r�s�e� �u�p�g�r�a�d�i�e�n�t� �a �s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �w�a�y

�t�h�e� �t�r�a�n�s�p�o�r�t� �e�q�u�a�t�i�o�n�s� �a�r�e� �s�o�l�v�e�d� �a�n�d� �t�o� �m�a�i�n�t�a�i�n� �m�a�s�s� �b�a�l�a�n�c�e�s �(�Z�h�e�n�g�,� �1�9�9�9�)�.

�T�h�e� �t�i�m�e�s�e�r�i�e�s� �p�l�o�t�s� �f�o�r� �b�o�r�e�h�o�l�e�s� �t�h�a�t� �a�r�e� �l�o�c�a�t�e�d� �c�l�o�s�e� �t�o� �a�n�d� �d�o�w�n�g�r�a�d�i�e�n�t�,� �o�f� �M�a�r�a�r�u�a

�D�a�i�r�y� �E�f�f�l�u�e�n�t� �F�a�r�m� �(�F�4�6�/�2�4�6�,� �F�4�6�/�0�2�4�9�,� �F�4�6�/�3�3�6� �a�n�d� �F�4�6�/�3�4�4�,� �F�i�g�u�r�e�s �2�2�e� �t�o �2�2�h�)

�s�h�o�w� �t�h�e� �e�f�f�e�c�t�s� �o�f� �N�i�t�r�a�t�e� �N� �t�h�a�t� �l�i�k�e�l�y� �o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �t�h�e� �D�a�i�r�y� �E�f�f�l�u�e�n�t� �F�a�r�m�,� �w�i�t�h

�o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�h�o�w�i�n�g� �a� �s�t�e�a�d�y� �r�i�s�e� �f�r�o�m� �1�9�9�6� �u�n�t�i�l� �2�0�0�0�-�2�0�0�1� �b�e�f�o�r�e

�a�p�p�e�a�r�i�n�g� �t�o� �s�u�b�s�e�q�u�e�n�t�l�y� �r�e�d�u�c�e� �s�l�i�g�h�t�l�y� �o�r� �s�t�a�b�i�l�i�s�e�.� � �M�o�d�e�l�l�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�l�s�o

�s�h�o�w� �a� �s�t�e�a�d�y� �r�i�s�e� �u�n�t�i�l� �2�0�0�0�,� �b�u�t� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,

�s�u�b�s�e�q�u�e�n�t�l�y� �s�h�o�w� �a �g�r�a�d�u�a�l �d�e�c�l�i�n�e�.� � �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �m�o�d�e�l�l�e�d� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n

�i�s� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �s�t�e�a�d�i�l�y� �d�e�c�r�e�a�s�i�n�g� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�e�e�n� �i�n� �l�e�a�c�h�a�t�e� �f�r�o�m �M�a�r�a�r�u�a� �F�a�r�m�,

�w�h�i�c�h� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �t�h�e� �p�r�i�m�a�r�y� �s�o�u�r�c�e� �o�f� �N�i�t�r�a�t�e� �s�e�e�n� �i�n� �t�h�e�s�e� �b�o�r�e�h�o�l�e�s�.� � �T�h�a�t� �t�h�e�s�e

�d�e�c�r�e�a�s�e�s� �a�r�e� �n�o�t� �s�e�e�n� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a� �s�u�g�g�e�s�t�s� �t�h�a�t� �a�n� �a�d�d�i�t�i�o�n�a�l� �s�o�u�r�c�e� �o�f� �N�i�t�r�a�t�e

�m�a�y� �b�e� �p�r�e�s�e�n�t� �o�r� �e�n�h�a�n�c�e�d� �r�e�c�h�a�r�g�e� �i�s� �o�c�c�u�r�r�i�n�g� �a�c�r�o�s�s� �t�h�e� �M�a�r�a�r�u�a� �F�a�r�m� �(�w�h�i�c�h� �w�o�u�l�d

�r�e�s�u�l�t� �i�n� �a� �h�i�g�h�e�r� �N�i�t�r�a�t�e� �f�l�u�x� �i�n�t�o� �t�h�e� �m�o�d�e�l�)�,� �w�h�i�c�h� �i�s� �n�o�t� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �m�o�d�e�l�.

�N�o�t�e� �t�h�a�t� �e�f�f�l�u�e�n�t� �d�i�s�p�o�s�a�l� �v�o�l�u�m�e�s� �f�o�r� �t�h�e� �d�a�i�r�y �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r �d�i�s�p�o�s�a�l �f�a�r�m�s� �h�a�v�e

�n�o�t� �b�e�e�n� �p�r�o�v�i�d�e�d� �a�n�d� �a�r�e� �c�u�r�r�e�n�t�l�y� �e�s�t�i�m�a�t�e�d� �b�a�s�e�d� �o�n �a�b�s�t�r�a�c�t�i�o�n� �v�o�l�u�m�e�s�.

�F�i�g�u�r�e �2�3 �s�h�o�w�s� �t�h�e� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �N�i�t�r�a�t�e� �N� �f�o�r� �2�0�0�9�. �T�h�e� �p�l�o�t� �i�n�d�i�c�a�t�e�s� �t�h�a�t

�t�h�e�r�e� �a�r�e� �s�o�m�e� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �o�b�s�e�r�v�e�d� �a�n�d� �m�o�d�e�l�l�e�d� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�.



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �1 �9

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r � �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C�o �n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�H�o�w�e�v�e�r�,� �i�n� �g�e�n�e�r�a�l �t�h�e� �p�a�t�t�e�r�n� �o�f� �m�o�d�e�l�l�e�d� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�i�r�r�o�r�s� �l�a�n�d�u�s�e

�d�i�s�t�r�i�b�u�t�i�o�n�s� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l� �a�n�d� �a�l�s�o� �r�e�f�l�e�c�t�s� �t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �u�s�e�d� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l

�a�r�e�a�.� � �A�r�e�a�s� �o�f� �h�i�g�h�e�r� �m�o�d�e�l�l�e�d� �N�i�t�r�a�t�e� �N� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�c�c�u�r� �p�r�e�d�o�m�i�n�a�n�t�l�y� �u�n�d�e�r� �d�a�i�r�y

�f�a�r�m�s�,� �f�o�r� �e�x�a�m�p�l�e� �n�o�r�t�h� �o�f� �t�h�e� �O�t�a� �C�r�e�e�k� �a�n�d� �i�n� �t �h�e� �s�o�u�t�h�-�w�e�s�t�e�r�n� �c�o�r�n�e�r� �o�f� �t�h�e� �m�o�d�e�l�.

�C�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �p�a�r�t�i�c�u�l�a�r�l�y� �h�i�g�h� �i�n� �t�h�e� �s�o�u�t�h�-�e�a�s�t�e�r�n� �c�o�r�n�e�r� �o�f� �t�h�e� �m�o�d�e�l�,� �w�h�i�c�h� �i�n

�p�a�r�t� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �l�o�n�g� �t�e�r�m� �u�s�e� �o�f� �t�h�i�s� �a�r�e�a� �a�s� �a� �d�a�i�r�y� �f�a�r�m�,� �b�u�t� �m�a�y� �a�l�s�o� �r�e�f�l�e�c�t

�t�h�e� �p�a�s�s�a�g�e� �o�f� �s�o�m�e� �c�o�n�t�a�m�i�n�a�n�t�s� �f�r�o�m� �t�h�e �t�e�r�r�a�c�e� �a�q�u�i�f�e�r� �i�n�t�o� �t�h�e� �r�i�p�a�r�i�a�n� �a�q�u�i�f�e�r�,

�w�h�i�c�h� �w�o�u�l�d� �i�n� �e�f�f�e�c�t� �i�n�c�r�e�a�s�e� �t�h�e� �l�o�a�d�i�n�g� �i�n� �t�h�i�s� �a�r�e�a�,� �r�e�s�u�l�t�i�n�g� �i�n� �h�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.

�T�h�e� �m�o�d�e�l� �a�l�s�o� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �h�i�g�h�e�r� �c�o�n�d�u�c�t�i�v�i�t�y� �z�o�n�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e

�p�a�l�a�e�o�c�h�a�n�n�e�l�,� �e�x�e�r�t� �r�e�l�a�t�i�v�e�l�y� �s�t�r�o�n�g �c�o�n�t�r�o�l�s� �o�n �t�h�e� �p�a�t�t�e�r�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e

�a�q�u�i�f�e�r�.� � �C�o�n�t�a�m�i�n�a�t�i�o�n� �t�h�a�t� �o�c�c�u�r�s� �u�p�g�r�a�d�i�e�n�t� �o�f� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l� �t�e�n�d�s� �t�o� �b�e

�f�o�c�u�s�s�e�d� �i�n�t�o� �t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l�,� �w�h�e�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�l�o�w�l�y� �i�n�c�r�e�a�s�e�.� � �C�o�n�t�a�m�i�n�a�t�i�o�n� �i�s

�t�h�e�n� �d�i�s�c�h�a�r�g�e�d� �i�n�t�o� �t�h�e� �s�p�r�i�n�g�s�,� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� �o�f

�p�r�o�c�e�s�s�e�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.

�C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �N�i�t�r�a�t�e� �i�n �C�l�e�a�r� �C�r�e�e�k� �a�n�d� �I�v�e�s� �C�r�e�e�k �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e �2�4�,

�t�o�g�e�t�h�e�r� �w�i�t�h �c�a�l�c�u�l�a�t�e�d� �l�o�a�d�i�n�g� �r�a�t�e�s� �b�a�s�e�d� �o�n� �f�l�o�w�s� �a�t� �t�h�e� �s�p�r�i�n�g�s �a�t� �t�h�e�i�r� �d�o�w�n�s�t�r�e�a�m

�c�o�n�f�l�u�e�n�c�e�s �(�w�i�t�h� �O�t�e�r�a�m�i�k�a� �C�r�e�e�k� �a�n�d� �t�h�e� �M�a�t�u�a�r�a� �R�i�v�e�r �r�e�s�p�e�c�t�i�v�e�l�y�)�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s

�o�f� �n�i�t�r�a�t�e� �a�r�e� �b�r�o�a�d�l�y� �s�i�m�i�l�a�r� �t�o� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�e�e�n� �i�n� �b�o�r�e�h�o�l�e�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r

�m�e�a�s�u�r�i�n�g� �b�a�c�k�g�r�o�u�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �N�i�t�r�a�t�e �a�n�d� �f�o�l�l�o�w� �t�h�e� �s�a�m�e� �g�r�a�d�u�a�l�l�y� �r�i�s�i�n�g

�p�a�t�t�e�r�n�.

�W�h�i�l�s�t� �n�o� �l�o�n�g� �t�e�r�m� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �n�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �s�p�r�i�n�g�s�,� �s�p�o�t

�m�e�a�s�u�r�e�m�e�n�t�s� �m�a�d�e� �i�n� �2�0�0�6� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �m�o�d�e�l�l�e�d� �v�a�l�u�e�s�.� � �N�i�t�r�a�t�e� �i�n� �I�v�e�s� �C�r�e�e�k� �a�t

�t�h�e� �I�s�l�a�n�d� �E�d�e�n�d�a�l�e� �R�o�a�d� �s�i�t�e� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �8�.�3� �g�/�m�3 �i�n� �2�0�0�6� �a�n�d� �7�.�6� �g�/�m�3 �i�n� �C�l�e�a�r

�C�r�e�e�k�, �a�g�r�e�e�i�n�g� �w�e�l�l� �w�i�t�h �a� �m�o�d�e�l�l�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f�n�i�t�r�a�t�e� �i�n �g�r�o�u�n�d�w�a�t�e�r� �d�i�s�c�h�a�r�g�i�n�g

�t�o� �t�h�e� �s�p�r�i�n�g�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7� �g�/�m�3�. �T�o�t�a�l� �l�o�a�d�i�n�g� �r�a�t�e�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� �b�o�t�h �s�p�r�i�n�g�s�,

�r�i�s�i�n�g �t�o� �a�r�o�u�n�d� �2�0�0� �k�g� �N� �/� �d�a�y �b�y� �t�h�e� �e�n�d� �o�f� �t�h�e� �m�o�d�e�l� �r�u�n� �i�n� �2�0�1�1�.

�7�.�0 �C�o�n�c�l�u�s�i�o�n�s� �a�n�d� �r�e�c�o�m�m�e�n�d�e�d� �s�c�e�n�a�r�i�o� �r�u�n�s

�M�o�d�e�l�l�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �a� �g�o�o�d� �m�a�t�c�h� �t�o� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �m�o�d�e�l�.� � �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l� �s�h�o�w� �a

�r�e�a�s�o�n�a�b�l�y� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �m�o�d�e�l�l�e�d �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �o�b�s�e�r�v�e�d� �l�e�v�e�l�s�.

�T�a�k�e�n� �t�o�g�e�t�h�e�r�,� �t�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �h�y�d�r�o�g�e�o�l�o�g�i�c�a�l

�p�r�o�c�e�s�s�e�s� �t�h�a�t� �o�c�c�u�r� �i�n� �t�h�e� �a�q�u�i�f�e�r �w�e�l�l�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �m�a�i�n� �E�d�e�n�d�a�l�e� �a�r�e�a�.

�N�o�n�e�t�h�e�l�e�s�s�,� �s�o�m�e� �a�r�e�a�s� �o�f� �t�h�e� �m�o�d�e�l�, �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �n�o�r�t�h� �o�f� �t�h�e� �m�o�d�e�l� �h�a�v�e� �l�i�m�i�t�e�d

�o�b�s�e�r�v�e�d� �d�a�t�a� �w�i�t�h� �w�h�i�c�h� �t�h�e� �m�o�d�e�l� �c�a�n� �b�e� �c�o�m�p�a�r�e�d�,� �a�n�d� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �i�n� �t�h�e�s�e� �a�r�e�a�s

�i�s� �c�o�n�s�e�q�u�e�n�t�l�y� �l�e�s�s� �c�e�r�t�a�i�n�.

�G�i�v�e�n� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �o�f� �t�h�e� �m�o�d�e�l� �r�e�s�u�l�t�s� �i�n� �r�e�p�r�e�s�e�n�t�i�n�g� �h�i�s�t�o�r�i�c�a�l� �o�b�s�e�r�v�a�t�i�o�n�s�,� �t�h�e

�m�o�d�e�l� �c�a�n �t�h�e�r�e�f�o�r�e �s�u�b�s�e�q�u�e�n�t�l�y� �b�e� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �h�o�w� �t�h�e� �a�q�u�i�f�e�r� �m�a�y� �b�e�h�a�v�e� �u�n�d�e�r

�d�i�f�f�e�r�e�n�t� �s�t�r�e�s�s�e�s�.� � �T�y�p�i�c�a�l�l�y�,� �s�c�e�n�a�r�i�o� �r�u�n�s� �f�o�r� �w�a�t�e�r� �m�a�n�a�g�e�m�e�n�t� �a�s�s�e�s�s�m�e�n�t�s� �o�n

�g�r�o�u�n�d�w�a�t�e�r� �l�e�v�e�l�s� �a�n�d� �s�p�r�i�n�g� �f�l�o�w�s� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:

�À �F�u�l�l�y �c�o�n�s�e�n�t�e�d�:� �i�.�e�.� �a�l�l� �a�b�s�t�r�a�c�t�i�o�n�s� �o�p�e�r�a�t�i�n�g� �a�t� �t�h�e�i�r� �f�u�l�l�y� �c�o�n�s�e�n�t�e�d� �r�a�t�e�;



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �2 �0

�E �d �e �n �d �a �l �e � �G �r �o �u �n �d �w �a �t �e �r �M �o �d �e �l �: � �M �o �d �e �l � �C �a �l �i �b �r �a �t �i �o �n � �a �n �d � �C �o�n �t �a �m �i �n �a �n �t � �T �r �a �n �s �p �o �r �t

�R �e �s �u �l �t �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�i�2�_ �M�o�d�e�l �C�a�l�i �b�r�a�t �i �o�n�&�C�o�n�t �a�m�R�e�s�u�l �t�s�. �d�o�c�x

�D
�R
�A
�F
�T

�À �N�a�t�u�r�a�l�i�s�e�d�:� �i�.�e�.� �a�b�s�t�r�a�c�t�i�o�n� �r�a�t�e�s� �s�e�t� �t�o� �z�e�r�o�;

�À �R�e�c�e�n�t� �A�c�t�u�a�l�:� �M�o�d�e�l� �r�u�n� �u�s�i�n�g� �h�i�s�t�o�r�i�c� �r�e�c�h�a�r�g�e� �r�a�t�e�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �a�b�s�t�r�a�c�t�i�o�n

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

�a�b�s�t�r�a�c�t�i�o�n�s� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �a�g�a�i�n�s�t� �a� �v�a�r�i�e�t�y� �o�f� �r�e�c�h�a�r�g�e� �r�a�t�e�s�;� �a�n�d

�À �I�m�p�a�c�t�s� �o�f� �c�l�i�m�a�t�e� �c�h�a�n�g�e� �o�n� �r�e�c�h�a�r�g�e� �v�o�l�u�m�e�s�- �i�.�e�.� �c�h�a�n�g�e�s� �i�n� �r�a�i�n�f�a�l�l� �p�a�t�t�e�r�n�s� �a�n�d

�p�o�t�e�n�t�i�a�l� �e�v�a�p�o�r�a�t�i�o�n�.

�T�h�e� �m�o�d�e�l� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �t�o� �a�s�s�e�s�s� �i�m�p�a�c�t�s� �o�n� �w�a�t�e�r� �q�u�a�l�i�t�y� �w�i�t�h�i�n� �t �h�e� �a�q�u�i�f�e�r� �u�n�d�e�r� �a

�v�a�r�i�e�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �s�c�e�n�a�r�i�o�s� �f�o�r� �e�x�a�m�p�l�e�;

�À �L�a�n�d�u�s�e� �c�h�a�n�g�e�s�- �p�r�e�d�i�c�t�e�d� �i�m�p�a�c�t�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �c�o�n�t�i�n�u�e�d� �c�o�n�v�e�r�s�i�o�n� �o�f� �s�h�e�e�p

�a�n�d� �b�e�e�f� �l�a�n�d�u�s�e� �t�o� �d�a�i�r�y� �f�a�r�m�i�n�g�;� �a�n�d

�À �I�m�p�a�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�s�e�s� �o�n� �r�e�d�u�c�i�n�g� �t�h�e� �o�v�e�r�a�l�l �c�o�n�t�a�m�i�n�a�n�t

�l�o�a�d�i�n�g� �t�o� �t�h�e� �a�q�u�i�f�e�r�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�i�t�h� �r�e�g�a�r�d� �t�o� �d�a�i�r�y� �f�a�r�m�i�n�g� �p�r�a�c�t�i�s�e�s� �a�n�d� �n�i�t�r�a�t�e

�l�o�a�d�i�n�g�.
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�8�.�0 �R�e�f�e�r�e�n�c�e�s

�W�i�l�s�o�n�,� �K�.�,� �2�0�1�0�.� � �E�d�e�n�d�a�l�e� �G�r�o�u�n�d�w�a�t�e�r� �M�a�n�a�g�e�m�e�n�t� �Z�o�n�e� �T�e�c�h�n�i�c�a�l� �R�e�p�o�r�t�.

�E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d�,� �O�c�t�o�b�e�r� �2�0�1�0

�Z�h�e�n�g�,� �C�.�,� �1�9�9�9�. �M�T�3�D�M�S�:� �A� �M�o�d�u�l�a�r� �T�h�r�e�e�-�D�i�m�e�n�s�i�o�n�a�l� �M�u�l�t�i�s�p�e�c�i�e�s� �T�r�a�n�s�p�o�r�t� �M�o�d�e�l

�f�o�r� �S�i�m�u�l�a�t�i�o�n� �o�f� �A�d�v�e�c�t�i�o�n�,� �D�i�s�p�e�r�s�i�o�n�,� �a�n�d� �C�h�e�m�i�c�a�l� �R�e�a�c�t�i�o�n�s� �o�f� �C�o�n�t�a�m�i�n�a�n�t�s� �i�n

�G�r�o�u�n�d�w�a�t�e�r� �S�y�s�t�e�m�s�;� �D�o�c�u�m�e�n�t�a�t�i�o�n� �a�n�d� �U�s�e�r ��s� �G�u�i�d�e�.� � �S�t�r�a�t�e�g�i�c� �E�n�v�i�r�o�n�m�e�n�t�a�l

�R�e�s�e�a�r�c�h� �a�n�d� �D�e�v�e�l�o�p�m�e�n�t� �P�r�o�g�r�a�m�,� �U�S� �A�r�m�y� �C�o�r�p �o�f �E�n�g�i�n�e�e�r�s�,� �D�e�c�e�m�b�e�r� �1�9�9�9�.

�R�e�k�k�e�r�,� �J�.�,� �1�9�9�8�.� �O�t�e�r�a�m�i�k�a� �T�r�i�a�l� �C�a�t�c�h�m�e�n�t� �G�r�o�u�n�d�w�a�t�e�r� �S�t�u�d�i�e�s�.� � �S�t�u�d�i�e�s� �i�n�t�o� �n�o�n�-

�p�o�i�n�t� �s�o�u�r�c�e� �g�r�o�u�n�d�w�a�t�e�r� �e�f�f�e�c�t�s� �i�n� �S�o�u�t�h�l�a�n�d�.� � �P�r�e�p�a�r�e�d� �f�o�r� �S�o�u�t�h�l�a�n�d� �R�e�g�i�o�n�a�l� �C�o�u�n�c�i�l�,

�A�u�g�u�s�t� �1�9�9�8�.

�R�e�k�k�e�r� �J�,� �1�9�9�6�.� � �R�e�p�o�r�t� �a�n�d� �r�e�v�i�e�w� �o�f� �g�r�o�u�n�d�w�a�t�e�r� �m�o�n�i�t�o�r�i�n�g� �/� �m�o�d�e�l�l�i�n�g� �i�n� �t�h�e

�O�t�e�r�a�m�i�k�a� �T�r�i�a�l� �C�a�t�c�h�m�e�n�t� �P�r�o�j�e�c�t�.� �R�e�p�o�r�t� �f�o�r� �S�o�u�t�h�l�a�n�d� �R�e�g�i�o�n�a�l� �C�o�u�n�c�i�l�;� �O�t�e�r�a�m�i�k�a

�G�r�o�u�n�d�w�a�t�e�r� �R�e�v�i�e�w�.� � �P�r�o�j�e�c�t� �U�P�2�1�3�/�1�.� �N�o�v�e�m�b�e�r� �1�9�9�6

�M�o�n�a�g�h�a�n�,� �R�.�,� �M�.�,� �e�t� �a�l�.� �2�0�0�9�.� �L�a�n�d�u�s�e� �a�n�d� �l�a�n�d� �m�a�n�a�g�e�m�e�n�t� �r�i�s�k�s� �t�o� �w�a�t�e�r� �q�u�a�l�i�t�y� �i�n

�S�o�u�t�h�l�a�n�d�.� � �R�e�p�o�r�t� �p�r�e�p�a�r�e�d� �f�o�r� �E�n�v�i�r�o�n�m�e�n�t� �S�o�u�t�h�l�a�n�d�.� � �M�a�r�c�h� �2�0�0�9�.
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Figure 1: Edendale model area and boundaries
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Figure 2: Calibrated Hydraulic Conductivity Distribution
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Figure 3: Observed Groundwater Contours (Autumn (March / April) 2007)
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Figure 6: Location of Long Term Monitoring Boreholes
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Figure11 : Spatial Distribution of Maximum Chloride Concentrations
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Figure14 : Location of Long term Nitrate Monitorng Boreholes
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Figure17: Maximum Observed 2009 Nitrate Concentrations



�������
���� �	 �������
�� �� �	 �� �
���
���� �	 �� �	 ����� �!�' � ���%�!���� �(� �!�%���	 �������������! �)�(�*�,�+�����$�"�-�*�!�+���
�(�'�,���&�*�)�,���
�(�'�,���&�*�)�,�����$�"�� ������ ���������!�����#�$�'�"�*���,�!�+�����(���/

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

� � �  � !�' �  � ��%� ! � � � �� * � ( � - � '� �. �� �, �! �*� � � ��( �  � !�%

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

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

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



�������
�� �� �	 �������
�� �� �	 �� �
 ���
�� �� �	 �� �	�� ���!�"�(�!���&�"���� �)�!�"�&���	���� ���� ���� �"�*�)�+�-�,�����%�#�.�+�"�,���
 �)�(�-���' �� �*�-���
 �)�(�-���' �� �*�-�����%�#�������������!�� �
 �$�&�)�+�%�!�"�� �)�!�"�&�&�"�!���%�'�"�,�"�+�%�"�,���!�)� �/

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

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

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

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

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

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


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



2180000 2185000 2190000

5415000

5420000

5425000

5430000

5435000

5440000

2180000 2185000 2190000 2180000 2185000 2190000

0

2.5

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Plume extent at January 2000 Plume extent at January 2005 Plume extent at August 2010

C
hl orid e

C
o nce ntr ati on

(m
g/L )

C02535 500 Edendale Groundwater Model

PATTLE DELAMORE PARTNERS LTD

Figure 20: Chloride Plume Extents (note conc entrations exclude background concentrations)
                  Modelled source cell locations shown as a black blocks

Modelled Location
of Chloride Source

Modelled Location
of Chloride Source

Modelled Location
of Chloride Source



�������
�����	 �������
�� ���	�� �
���
�����	���	 ������� �' �����%� ���� �(��� �%���	 ������������ � �)�(�*�,�+�����$�"�-�*� �+���
�(�'�,���&�*�)�,���
�(�'�,���&�*�)�,�����$�"���� ���
 �#�%�(�*�$��� �+�)�*�$�'�"�!�%�(�.���(�' ���+�����(���/

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

�� � � �  �' �� �� �%� � � � �� * � ( � - � '�� �. �� �, � �*� � � ��( � � �  �%

������������ ������ Modelled ���
���������
�����������	������������������ �������������������������� �������
 ������������������������



�������
�� ���	 �������
�� ���	�� �
 ���
�� ���	���	�� ���!�"�(�!���&�"���� �)�!�"�&���	���� ���� ���� �"�*�)�+�-�,�����%�#�.�+�"�,���
 �)�(�-���' �� �*�-���
 �)�(�-���' �� �*�-�����%�#�������������!�� �
 �$�&�)�+�%�!�"�� �)�!�"�&�&�"�!���%�'�"�,�"�+�%�"�,���!�)� �/

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

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

�������$�!�� 22 ���
 ���������������� �������� �������"���! �%���� ���� �#�!���#� � � �� �� �� �� �� ��#�!���#�������" �����������	����������

�������$�!����22 ���
 ���������������� �������� �������"���! �%���� �������#�!���#� � � �� �� �� �� �� ��#�!���#�������" �����������	����������

�������$�!����22 ���
 ���������������� �������� �������"���! �%���� ���� �#�!���#� � � �� �� �� �� �� ��#�!���#�������"������ �����	����������

�������$�!����22 ���
 ���������������� �������� �������"���! �%���� ���� �#�!���#� � � �� �� �� �� �� ��#�!���#�������" �����������	�����
����

�������$�!���" 22 �����#�� 22 ���
 ���������������� �������� �������"���! �%���� �����#�!���#� � � �� �� �� �� �� ��#�!���#�������" �������!�����������"�����������#���� �����&���'�����!�������������!�'���������#���!�'�����������$���� �#�������"� ���"�����������!���"



�������
�� ���	 �������
�� ���	�� �
 ���
�� ���	���	�� ���!�"�(�!���&�"���� �)�!�"�&���	���� ���� ���� �"�*�)�+�-�,�����%�#�.�+�"�,���
 �)�(�-���' �� �*�-���
 �)�(�-���' �� �*�-�����%�#�����"�������$���(�%�-�+���-�"�� �)�!�"�&�&�"�!���%�'�"�,�"�+�%�"�,���!�)� �/

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

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

�
�����"������22 ���� ���������������� �������� ������� �����#�����������!�����!�����������������!�����!������� �������
���	���������	

�
�����"������22 ���� ������������������������ ������� �����#���� �������!�����!�� �������������!�����!������� �������
���	���������


�
�����"������22 ���� ���������������� �������� ������� �����#���� �����!�����!�� �������������!�����!������� ������ �
���	���������	

�
�����"������22 ���� ���������������� �������� ������� �����#���� �����!�����!�� �������������!�����!������� �������
���	����������

�
�����"����� ��22 � � � !� ���22 ���������������������� �������� ������� �����#�����������!�����!�����������������!�����!������� ��������������������� ������� �����!���������������"�� ���������$ �������!�����$�����������"�����!������� ����� ��������������



2180000 2185000 2190000

5415000

5420000

5425000

5430000

5435000

5440000

2180000 2185000 2190000 2180000 2185000 2190000

Modelled Nitrate concentrations
         at January 2000

Modelled Nitrate concentrations
      at January 2005

Modelled Nitrate concentrations
       at August 2010

N
itr ate

C
o nc en tra tion

(m
g/ L)

C02535 500 Edendale Groundwater Model

PATTLE DELAMORE PARTNERS LTD

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

Figure 23: Modelled Nitrate Concentrations
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�l�i�a�i�s�o�n� �w�i�t�h� �E�S� �r�e�g�a�r�d�i�n�g �t�h�e� �m�o�d�e�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�n� �a�s�s�e�s�s�m�e�n�t� �o�f� �u�n�c�e�r�t�a�i�n�t�y �i�n� �t�h�e

�p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �f�o�r �c�o�n�t�a�m�i�n�a�n�t �t�r�a�n�s�p�o�r�t �w�o�u�l�d� �b�e� �u�s�e�f�u�l� �t�o� �g�u�i�d�e� �f�u�r�t�h�e�r� �d�e�v�e�l�o�p�m�e�n�t

�a�n�d� �u�s�e� �o�f� �t�h�e� �m�o�d�e�l�.

�T�h�i�s� �a�d�d�e�n�d�u�m� �p�r�e�s�e�n�t�s� �a�n� �a�s�s�e�s�s�m�e�n�t� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �r�e�g�a�r�d�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e

�c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l�.� � �F�u�l�l� �d�e�t�a�i�l�s� �o�f� �t�h�e� �m�o�d�e�l� �c�o�n�c�e�p�t�u�a�l�i�s�a�t�i�o�n�,� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d

�d�e�v�e�l�o�p�m�e�n�t� �a�r�e� �n�o�t� �p�r�o�v�i�d�e�d� �i�n� �t�h�i�s� �a�d�d�e�n�d�u�m�,� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �t�h�i�s� �a�d�d�e�n�d�u�m� �s�h�o�u�l�d� �b�e

�r�e�a�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� �m�a�i�n� �r�e�p�o�r�t�s� �p�r�o�v�i�d�e�d� �w�i�t�h� �t�h�e� �m�o�d�e�l� �(�C�0�2�5�3�5�5�0�0� �R�0�0�1

�a�n�d� �C�0�2�5�3�5�5�0�0� �R�0�0�2�)�.

�S�e�c�t�i�o�n� �1�.�1� �o�f� �t�h�i�s� �r�e�p�o�r�t� �d�i�s�c�u�s�s�e�s� �t�h�e� �k�e�y� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t

�m�o�d�e�l� �c�a�l�i�b�r�a�t�i�o�n� �a�n�d� �a�s�s�e�s�e�s� �w�h�i�c�h� �a�r�e� �t�h�e� �m�a�i�n� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �n�e�e�d� �t�o� �b�e� �v�a�r�i�e�d� �a�s

�p�a�r�t� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�s�s�e�s�s�m�e�n�t�.� � �S�e�c�t�i�o�n� �2� �d�i�s�c�u�s�s�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y

�a�s�s�e�s�s�m�e�n�t� �a�n�d� �S�e�c�t�i�o�n� �3� �p�r�e�s�e�n�t�s� �a� �c�o�n�c�l�u�s�i�o�n� �b�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�s�s�e�s�s�m�e�n�t �.
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�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l�l�i�n�g� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �m�o�d�e�l�l�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s

�s�h�o�w�e�d� �g�o�o�d� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�t� �v�a�r�i�o�u�s� �p�o�i�n�t�s� �a�c�r�o�s�s� �t�h�e� �m�o�d�e�l

�a�r�e�a�,� �b�o�t�h� �t�e�m�p�o�r�a�l�l�y� �a�n�d� �s�p�a�t�i�a�l�l�y�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �m�o�d�e�l� �p�r�o�v�i�d�e�d� �a� �r�e�a�s�o�n�a�b�l�e

�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �p�r�o�c�e�s�s�e�s� �t�a�k�i�n�g� �p�l�a�c�e� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.� � �H�o�w�e�v�e�r�,� �t�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r

�o�f� �f�a�c�t�o�r�s� �t�h�a�t� �g�o�v�e�r�n� �t�h�e� �m�o�d�e�l�l�e�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �a�q�u�i�f�e�r

�a�n�d� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �a� �d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �p�a�r�a�m�e�t�e�r�s� �c�o�u�l�d� �p�r�o�d�u�c�e� �a�n� �e�q�u�a�l�l�y

�g�o�o�d� �f�i�t� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a�.� � �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �m�o�d�e�l� �m�a�y� �b�e� �m�o�r�e

�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �v�a�l�u�e�s� �o�f� �s�o�m�e� �p�a�r�a�m�e�t�e�r�s� �t�h�a�n� �o�t�h�e�r�s� �a�n�d� �t�h�e�r�e�f�o�r�e

�s�o�m�e� �p�a�r�a�m�e�t�e�r�s� �c�o�u�l�d� �v�a�r�y� �b�y� �m�o�r�e� �t�h�a�n� �o�t�h�e�r�s�.

�T�h�e� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �c�o�n�t�r�o�l� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l�l�e�d

�a�q�u�i�f�e�r� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:

�À �M�o�d�e�l�l�e�d� �r�e�c�h�a�r�g�e� �t�o� �t�h�e� �m�o�d�e�l�;

�À �I�n�i�t�i�a�l� �c�o�n�t�a�m�i�n�a�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�;

�À �M�o�d�e�l�l�e�d� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y�;

�À �M�o�d�e�l�l�e�d� �p�o�r�o�s�i�t�y�;� �a�n�d

�À �M�o�d�e�l�l�e�d� �d�i�s�p�e�r�s�i�v�i�t�y� �v�a�l�u�e�s

�D�i�f�f�u�s�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �i�s� �i�n�p�u�t� �t�o� �t�h�e� �m�o�d�e�l� �a�s� �a� �m�a�s�s� �f�l�u�x�,� �w�h�i�c�h� �i�s� �c�a�l�c�u�l�a�t�e�d� �o�n� �a� �c�e�l�l

�b�y� �c�e�l�l� �b�a�s�i�s� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�e�c�h�a�r�g�e� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�p�p�l�i�e�d� �t�o� �t�h�a�t� �c�e�l�l�.� � �G�i�v�e�n

�t�h�a�t� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �f�l�o�w� �i�s� �b�a�s�e�d� �o�n� �a� �r�e�a�s�o�n�a�b�l�y� �w�e�l�l� �c�a�l�i�b�r�a�t�e�d� �f�l�o�w� �m�o�d�e�l�,� �r�e�c�h�a�r�g�e

�i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a� �f�a�c�t�o�r� �w�h�i�c�h� �s�h�o�u�l�d� �b�e� �v�a�r�i�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s

�f�o�r� �c�o�n�t�a�m�i�n�a�n�t� �t�r�a�n�s�p�o�r�t �a�s� �c�h�a�n�g�e�s� �t�o� �t�h�e� �r�e�c�h�a�r�g�e� �w�o�u�l�d� �a�l�s�o� �r�e�q�u�i�r�e� �c�h�a�n�g�e�s� �t�o� �t�h�e
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�S �e �n �s �i �t �i �v �i �t �y � �A �n �a �l �y �s �i �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�_ �A�d�d�e�n�d�u�m� �t �o� �r �e�p�o�r�t� �C�0�2�5�3�5� �5�0�0� �R�0�0�2�. �d�o�c�x
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�f�l�o�w� �m�o�d�e�l�.� � �H�o�w�e�v�e�r�,� �m�o�d�e�l�l�e�d� �n�i�t�r�a�t�e� �c�o�n�t�a�m�i�n�a�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �b�a�s�e�d� �o�n� �a�n

�a�v�e�r�a�g�e� �v�a�l�u�e�s�.� � �T�h�e�y� �a�r�e� �t�h�e�r�e�f�o�r�e� �s�u�b�j�e�c�t� �t�o� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �w�i�l�l� �b�e� �v�a�r�i�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e

�s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s�.� � �I�n�i�t�i�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �C�h�l�o�r�i�d�e� �w�e�r�e� �u�n�k�n�o�w�n� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e

�p�r�o�j�e�c�t� �a�n�d� �w�e�r�e� �d�e�r�i�v�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �m�o�d�e�l�l�i�n�g� �p�r�o�c�e�s�s�.� � �W�h�i�l�s�t� �t�h�e�r�e� �i�s� �t�h�e�r�e�f�o�r�e� �s�o�m�e

�u�n�c�e�r�t�a�i�n�t�y� �w�i�t�h� �r�e�g�a�r�d�s� �t�o� �t�h�e� �i�n�i�t�i�a�l� �C�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �t�h�e� �e�x�t�e�n�t� �o�f� �p�o�s�s�i�b�l�e

�v�a�r�i�a�t�i�o�n�s� �a�r�e� �u�n�k�n�o�w�n� �a�n�d� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �b�e�n�e�f�i�t� �i�n� �v�a�r�y�i�n�g� �t�h�e�i�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�s� �p�a�r�t� �o�f

�t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�s�s�e�s�s�m�e�n�t�.

�T�h�e� �m�o�d�e�l�l�e�d� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�l�l� �a�f�f�e�c�t� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �c�o�n�t�a�m�i�n�a�n�t�s� �t�r�a�v�e�l

�t�h�r�o�u�g�h� �t�h�e� �a�q�u�i�f�e�r�,� �h�o�w�e�v�e�r�,� �i�n� �k�e�e�p�i�n�g� �w�i�t�h� �t�h�e �a�p�p�r�o�a�c�h� �u�s�e�d� �f�o�r �r�e�c�h�a�r�g�e�,� �h�y�d�r�a�u�l�i�c

�c�o�n�d�u�c�t�i�v�i�t�y� �i�s� �b�a�s�e�d� �o�n� �c�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�o�w� �m�o�d�e�l� �a�n�d �i�t�s� �p�o�t�e�n�t�i�a�l� �v�a�r�i�a�t�i�o�n� �h�a�s

�a�l�r�e�a�d�y� �b�e�e�n� �a�s�s�e�s�s�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �f�l�o�w� �m�o�d�e�l� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s�.� � �T�h�a�t� �s�e�n�s�i�t�i�v�i�t�y

�a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �m�o�d�e�l� �i�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �v�a�l�u�e� �o�f� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n

�t�h�e� �p�a�l�a�e�o�c�h�a�n�n�e�l� �a�n�d� �a�r�o�u�n�d� �t�h�e� �s�o�u�t�h�e�r�n� �e�n�d� �o�f� �t�h�e� �a�q�u�i�f�e�r�,� �c�l�o�s�e� �t�o� �w�h�e�r�e� �t�h�e

�s�p�r�i�n�g�s� �e�m�e�r�g�e� �f�r�o�m� �t�h�e� �a�q�u�i�f�e�r�.� � �G�i�v�e�n� �t�h�a�t� �t�h�e� �v�a�l�u�e� �o�f� �c�o�n�d�u�c�t�i�v�i�t�y� �w�i�t�h�i�n� �t�h�e�s�e� �t�w�o

�k�e�y� �a�r�e�a�s� �i�s� �r�e�a�s�o�n�a�b�l�y� �c�o�n�s�t�r�a�i�n�e�d�,� �c�h�a�n�g�i�n�g� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �m�a�y� �n�o�t� �b�e

�h�e�l�p�f�u�l� �i�n� �a�s�s�e�s�s�i�n�g� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �c�o�n�t�a�m�i�n�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�s� �c�h�a�n�g�e�s� �w�o�u�l�d� �r�e�s�u�l�t� �i�n

�c�h�a�n�g�e�s� �t�o� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�o�w� �m�o�d�e�l� �o�n� �w�h�i�c�h� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l� �d�e�p�e�n�d�s�.

�T�h�e� �m�o�d�e�l�l�e�d� �v�a�l�u�e� �o�f� �p�o�r�o�s�i�t�y� �w�i�l�l� �h�a�v�e� �a� �s�t�r�o�n�g� �e�f�f�e�c�t� �o�n� �t�h�e� �v�e�l�o�c�i�t�y� �a�t� �w�h�i�c�h

�c�o�n�t�a�m�i�n�a�n�t�s� �m�o�v�e� �t�h�r�o�u�g�h� �t�h�e� �a�q�u�i�f�e�r�,� �a�n�d� �a�s� �s�u�c�h� �w�i�l�l� �a�f�f�e�c�t� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �v�a�r�y� �b�o�t�h� �s�p�a�t�i�a�l�l�y� �a�n�d� �t�e�m�p�o�r�a�l�l�y�.� � �P�o�r�o�s�i�t�y� �i�s� �o�f�t�e�n

�p�o�o�r�l�y� �c�o�n�s�t�r�a�i�n�e�d� �a�n�d� �i�n� �g�e�n�e�r�a�l� �l�i�m�i�t�e�d� �f�i�e�l�d� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�o�s�t

�l�i�k�e�l�y� �v�a�l�u�e�,� �o�r� �i�t�s� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i �o�n�.� � �T�h�e� �v�a�l�u�e� �o�f� �p�o�r�o�s�i�t�y� �w�i�l�l� �t�h�e�r�e�f�o�r�e� �b�e� �v�a�r�i�e�d� �a�s

�p�a�r�t� �o�f� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�t�s� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �p�o�s�s�i�b�l�e� �r�e�s�u�l�t�s�.� � �H�o�w�e�v�e�r

�n�o�t�e� �t�h�a�t� �p�o�r�o�s�i�t�y� �i�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �s�p�e�c�i�f�i�c� �y�i�e�l�d� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r� �w�h�i�c�h� �w�a�s� �v�a�r�i�e�d� �a�s

�p�a�r�t� �o�f� �t�h�e� �f�l�o�w� �m�o�d�e�l� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s�.� � �T�h�e� �f�l�o�w� �m�o�d�e�l� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d

�t�h�a�t� �t�h�e� �m�o�d�e�l� �i�s� �r�e�l�a�t�i�v�e�l�y� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �s�p�e�c�i�f�i�c� �y�i�e�l�d�.

�M�o�d�e�l�l�e�d� �d�i�s�p�e�r�s�i�v�i�t�y� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l� �i�s� �n�o�t� �s�c�a�l�e� �d�e�p�e�n�d�e�n�t�,� �i�n� �t�h�a�t� �t�h�e� �v�a�l�u�e� �o�f

�d�i�s�p�e�r�s�i�v�i�t�y� �d�o�e�s� �n�o�t� �c�h�a�n�g�e� �w�i�t�h �d�i�s�t�a�n�c�e� �f�r�o�m� �a� �c�o�n�t�a�m�i�n�a�n�t� �s�o�u�r�c�e� �a�n�d� �d�i�s�p�e�r�s�i�v�i�t�y� �i�s

�s�e�t� �t�o� �a� �d�e�f�i�n�e�d� �v�a�l�u�e� �(�i�n� �m�e�t�r�e�s�)� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �a� �s�i�m�u�l�a�t�i�o�n�.� � �W�i�t�h�i�n� �t�h�e� �m�o�d�e�l�,� �N�i�t�r�a�t�e�s

�a�r�e� �m�o�d�e�l�l�e�d� �a�s� �a� �d�i�s�p�e�r�s�e�d� �s�o�u�r�c�e� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �d�i�s�p�e�r�s�i�o�n� �i�s� �a� �m�u�c�h� �l�e�s�s

�s�i�g�n�i�f�i�c�a�n�t� �f�a�c�t�o�r� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �r�e�s�u�l�t�i�n�g� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� � �I�n� �c�o�n�t�r�a�s�t�,

�C�h�l�o�r�i�d�e� �i�s� �m�o�d�e�l�l�e�d� �a�s� �a� �p�o�i�n�t� �s�o�u�r�c�e� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �v�a�l�u�e� �o�f� �d�i�s�p�e�r�s�i�o�n� �u�s�e�d� �w�i�l�l

�i�m�p�a�c�t� �o�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �r�e�s�u�l�t�s�.

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�m�e�t�e�r�s� �w�i�l�l� �b�e� �v�a�r�i�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y

�a�s�s�e�s�s�m�e�n�t�,� �b�a�s�e�d� �o�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�:

�À �I�n�i�t�i�a�l� �c�o�n�t�a�m�i�n�a�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�;

�À �M�o�d�e�l�l�e�d� �p�o�r�o�s�i�t�y�;� �a�n�d

�À �M�o�d�e�l�l�e�d� �d�i�s�p�e�r�s�i�v�i�t�y� �v�a�l�u�e�s�.

�T�h�e� �o�t�h�e�r� �p�a�r�a�m�e�t�e�r�s�,� �r�e�c�h�a�r�g�e� �r�a�t�e� �a�n�d� �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y�,� �h�a�v�e� �a�l�r�e�a�d�y� �b�e�e�n

�s�u�b�j�e�c�t� �t�o� �a� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �a�s� �p�a�r�t� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w� �m�o�d�e�l� �c�a�l�i�b�r�a�t�i�o�n

�d�e�s�c�r�i�b�e�d� �i�n� �r�e�p�o�r�t� �C�0�2�5�1�4�5�0�0�R�0�0�2�i�2�.
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�1�.�2�.�1 �I�n�i�t�i�a�l� �C�o�n�t�a�m�i�n�a�n�t� �C�o�n�c�e�n�t�r�a�t�i�o�n�s�:

�T�h�e� �i�n�i�t�i�a�l� �n�i�t�r�a�t�e� �c�o�n�t�a�m�i�n�a�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �m�o�d�e�l �w�e�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�w�o

�s�o�u�r�c�e�s�,� �t�h�e� �f�i�r�s�t� �f�r�o�m� �k�n�o�w�n� �d�a�i�r�y� �f�a�c�t�o�r�y� �w�a�s�t�e�w�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�h�i�c�h� �w�e�r�e� �a�p�p�l�i�e�d

�t�o� �c�e�l�l�s� �w�h�e�r�e� �t�h�e� �d�a�i�r�y� �f�a�c�t�o�r� �w�a�s�t�e�w�a�t�e�r� �d�i�s�p�o�s�a�l� �f�a�r�m�s� �w�e�r�e� �p�r�e�s�e�n�t� �a�n�d� �t�h�e� �s�e�c�o�n�d

�f�r�o�m� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e�s� �o�f� �n�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �w�h�e�r�e� �s�i�m�i�l�a�r� �m�o�d�e�l�l�i�n�g� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y

�R�e�k�k�e�r� �a�n�d� �T�h�o�r�r�o�l�d�.� � �T�h�e� �v�a�l�u�e�s� �w�e�r�e� �a�p�p�l�i�e�d �b�a�s�e�d �o�n� �t�h�e� �k�n�o�w�n� �l�a�n�d�u�s�e� �i�n�f�o�r�m�a�t�i�o�n� �a�t

�d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s� �i�n� �t�i�m�e�.

ª « ¬ ­ ® ¯ �b�e�l�o�w� �p�r�o�v�i�d�e�s� �a� �r�a�n�g�e� �o�f� �d�i�f�f�e�r�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �l�a�n�d�u�s�e �s

�p�r�e�s�e�n�t� �i�n� �t�h�e� �m�o�d�e�l� �a�r�e�a�,� �b�a�s�e�d� �o�n� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e�s
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�A �d �d �e �n �d �u �m � �t �o � �r �e �p �o �r �t � �C �0 �2 �5 �3 �5 �5 �0 �0 � �R �0 �0 �2 �: � �E �d �e �n �d �a �l �e � �C �o �n �t �a �m �i�n �a �n �t � �M �o �d �e �l

�S �e �n �s �i �t �i �v �i �t �y � �A �n �a �l �y �s �i �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�_ �A�d�d�e�n�d�u�m� �t �o� �r �e�p�o�r�t� �C�0�2�5�3�5� �5�0�0� �R�0�0�2�. �d�o�c�x
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Å Æ Ç È É Ê Ë Ì Æ Ê Ë Í Î Ç Ë

Ï Ð Ç Ï Ë Ç Ñ Ò Æ Ñ Î Ð Ç

�(Ó Ô �/
Å
�)

Õ Ð Ñ Ë Ç Ñ Î Æ Í � Ö Æ Ç Ô Ë � Ð ×

Ø Ð Ç Ï Ë Ç Ñ Ò Æ Ñ Î Ð Ç Ê

�(Ó Ô � �/� 
Å

�)

Ø Ð Ó Ó Ë Ç Ñ

�D�a�i�r�y �1�3�.�7 �9�.�4� �t�o� �1�6�.�3 �R�a�n�g�e� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�a�k�e�n� �f�r�o�m� �E�C�a�n

�l�o�o�k�u�p� �t�a�b�l�e�s�.� � �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�e�p�e�n�d� �o�n

�i�r�r�i�g�a�t�i�o�n� �p�r�a�c�t�i�c�e�s� �a�n�d� �s�t�o�c�k�i�n�g� �r�a�t�e�s

�S�h�e�e�p� �a�n�d

�B�e�e�f

�2�.�6 �U�p� �t�o� �a�r�o�u�n�d� �1�0�H�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d

�i�n� �C�a�n�t�e�r�b�u�r�y�,� �b�u�t� �r�a�n�g�e� �d�e�p�e�n�d�s� �o�n

�i�r�r�i�g�a�t�i�o�n� �a�n�d� �r�a�t�i�o� �o�f� �s�h�e�e�p� �t�o� �b�e�e�f� �o�n

�f�a�r�m�.� � �L�o�w� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �u�s�e�d� �i�n� �b�a�s�e�l�i�n�e

�a�r�e� �b�a�s�e�d� �o�n� �v�a�l�u�e�s� �f�r�o�m� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s

�a�c�r�o�s�s� �t�h�e� �a�r�e�a�.

�F�o�r�e�s�t�r�y �2�.�8 �U�p� �t�o� �3�.�9 �L�o�w� �l�e�a�c�h�i�n�g� �v�a�l�u�e�s� �a�r�e� �t�y�p�i�c�a�l� �o�f� �F�o�r�e�s�t�r�y

�a�n�d� �n�u�r�s�e�r�y� �a�n�d� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�a�n�g�e� �i�s

�l�i�m�i�t�e�d�. �T�h�o�r�r�o�l�d� �i�n�d�i�c�a�t�e�s� �h�i�g�h�e�r

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�h�a�n� �R�e�k�k�e�r� �(�3�.�9� �m�g�/�L� �t�o

�2�.�8� �m�g�/�L�)

�R�e�s�i�d�e�n�t�i�a�l �1�6�.�3 �- �R�e�s�i�d�e�n�t�i�a�l� �l�a�n�d�u�s�e� �m�a�k�e�s� �u�p� �a� �v�e�r�y� �s�m�a�l�l

�p�a�r�t� �o�f� �t�h�e� �t�o�t�a�l� �l�a�n�d�u�s�e� �i�n� �t�h�e� �m�o�d�e�l� �a�r�e�a

�a�n�d� �i�t�s� �p�o�t�e�n�t�i�a�l� �v�a�r�i�a�t�i�o�n� �w�i�l�l� �h�a�v�e� �a� �l�i�m�i�t�e�d

�e�f�f�e�c�t�.

�I�n�d�u�s�t�r�y �0 �T�h�e� �d�a�i�r�y� �f�a�c�t�o�r�y� �i�n� �t�h�e� �a�r�e�a� �r�e�p�r�e�s�e�n�t�s� �t�h�e

�k�e�y� �i�n�d�u�s�t�r�i�a�l� �a�c�t�i�v�i�t�y �i�n� �t�h�e� �a�r�e�a� �a�n�d

�w�a�s�t�e�w�a�t�e�r� �f�r�o�m� �t�h�e� �f�a�c�t�o�r�y� �i�s� �d�e�a�l�t� �w�i�t�h

�s�e�p�a�r�a�t�e�l�y�.

�D�a�i�r�y� �F�a�c�t�o�r�y

�W�a�s�t�e�w�a�t�e�r

�- �O�b�s�e�r�v�e�d� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �d�a�i�r�y� �f�a�c�t�o�r�y

�w�a�s�t�e�w�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�h�i�c�h� �i�s� �u�s�e�d� �i�n

�t�h�e� �m�o�d�e�l�.

�1�.�2�.�2 �M�o�d�e�l�l�e�d �D�i�s�p�e�r�s�i�v�i�t�y

�A�s� �n�o�t�e�d� �a�b�o�v�e�,� �d�i�s�p�e�r�s�i�v�i�t�y� �i�n� �t�h�e� �m�o�d�e�l� �i�s� �n�o�t� �s�c�a�l�e� �d�e�p�e�n�d�e�n�t� �a�n�d� �v�a�l�u�e�s� �a�r�e� �s�e�t

�c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �m�o�d�e�l�l�e�d� �s�i�m�u�l�a�t�i�o�n�.� � �D�i�s�p�e�r�s�i�v�i�t�y� �v�a�l�u�e�s� �w�e�r�e� �a�l�t�e�r�e�d� �a�s� �p�a�r�t� �o�f

�t�h�e� �C�h�l�o�r�i�d�e� �m�o�d�e�l�l�i�n�g�,� �t�o� �h�e�l�p� �m�a�t�c�h� �o�b�s�e�r�v�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�t� �w�e�l�l�s� �d�i�s�t�a�n�t� �f�r�o�m� �t�h�e

�C�h�l�o�r�i�d�e� �s�o�u�r�c�e� �a�n�d� �w�e�r�e� �e�v�e�n�t�u�a�l�l�y� �s�e�t� �t�o� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �1�5�0� �m� �a�n�d� �1�0�0�0� �m

�d�e�p�e�n�d�i�n�g� �o�n� �p�r�o�x�i�m�i�t�y� �t�o� �t�h�e� �s�o�u�r�c�e�,� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e�s� �s�e�t� �c�l�o�s�e�s�t� �t�o� �t�h�e� �s�o�u�r�c�e�.

�H�o�w�e�v�e�r� �t�h�e�r�e� �i�s� �s�o�m�e� �v�a�r�i�a�t�i�o�n� �p�o�s�s�i�b�l�e� �i�n� �t�h�e� �v�a�l�u�e�s� �u�s�e�d �a�n�d� �w�i�t�h� �r�e�g�a�r�d� �t�o� �t�h�e� �n�i�t�r�a�t�e

�m�o�d�e�l�l�i�n�g� �a� �s�i�n�g�l�e� �g�l�o�b�a�l� �v�a�l�u�e� �(�1�0�0�0� �m�)� �h�a�s� �b�e�e�n� �u�s�e�d� �a�c�r�o�s�s� �t�h�e� �w�h�o�l�e� �m�o�d�e�l�,� �a�s� �t�h�e

�c�o�n�t�a�m�i�n�a�t�i�o�n� �d�o�e�s� �n�o�t� �o�r�i�g�i�n�a�t�e� �f�r�o�m� �a� �p�o�i�n�t� �s�o�u�r�c�e�.� � �T�h�i�s� �v�a�l�u�e� �w�i�l�l� �b�e� �a�l�t�e�r�e�d� �a�s� �p�a�r�t

�o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s

�T�y�p�i�c�a�l�l�y�,� �d�i�s�p�e�r�s�i�v�i�t�y� �i�s� �i�n� �t�h�e� �o�r�d�e�r� �o�f� �1�0� �%� �o�f� �t�h�e� �t�r�a�v�e�l� �d�i�s�t�a�n�c�e� �f�o�r� �a� �c�o�n�t�a�m�i�n�a�n�t

�d�o�w�n�g�r�a�d�i�e�n�t� �o�f� �t�h�e� �s�o�u�r�c�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�y�p�e� �o�f� �a�q�u�i�f�e�r� �e�n�c�o�u�n�t�e�r�e�d� �a�n�d� �t�h�e

�s�i�n�u�o�s�i�t�y� �o�f� �t�h�e� �t�r�a�v�e�l� �p�a�t�h�.� � �T�h�e� �o�v�e�r�a�l�l� �d�r�a�i�n�a�g�e� �p�o�i�n�t�s� �f�o�r� �t�h�e� �E�d�e�n�d�a�l�e� �a�q�u�i�f�e�r� �a�r�e� �t�h�e

�s�p�r�i�n�g�s� �(�I�v�e�s �C�r�e�e�k� �a�n�d� �C�l�e�a�r� �C�r�e�e�k�)� �t�h�a�t� �o�c�c�u�r� �a�t �i�t�s �s�o�u�t�h�e�r�n� �e�d�g�e�.� � �T�r�a�v�e�l� �d�i�s�t�a�n�c�e�s� �t�o



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �5

�A �d �d �e �n �d �u �m � �t �o � �r �e �p �o �r �t � �C �0 �2 �5 �3 �5 �5 �0 �0 � �R �0 �0 �2 �: � �E �d �e �n �d �a �l �e � �C �o �n �t �a �m �i�n �a �n �t � �M �o �d �e �l

�S �e �n �s �i �t �i �v �i �t �y � �A �n �a �l �y �s �i �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�_ �A�d�d�e�n�d�u�m� �t �o� �r �e�p�o�r�t� �C�0�2�5�3�5� �5�0�0� �R�0�0�2�. �d�o�c�x

�D
�R
�A
�F
�T

�t�h�e�s�e� �s�p�r�i�n�g�s� �v�a�r�y� �u�p� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �a�r�o�u�n�d� �1�0� �k�m�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �a� �d�i�s�p�e�r�s�i�v�i�t�y� �o�f

�a�r�o�u�n�d� �1�5�0�0 �(�1�5� �%�) �m� �m�a�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �u�p�p�e�r �b�o�u�n�d� �o�f� �d�i�s�p�e�r�s�i�v�i�t�y� �v�a�l�u�e�s�.� � �T�h�e� �l�o�w�e�r

�b�o�u�n�d �h�a�s� �b�e�e�n� �a�s�s�e�s�s�e�d� �t�o �b�e� �a�r�o�u�n�d� �5�0�0� �m� �(�5� �%�)�,� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �l�i�m�i�t�e�d� �d�e�g�r�e�e� �o�f

�d�i�s�p�e�r�s�i�o�n� �o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.

�1�.�2�.�3 �M�o�d�e�l�l�e�d� �P�o�r�o�s�i�t�y

�G�r�o�u�n�d�w�a�t�e�r� �v�e�l�o�c�i�t�y� �(�a�n�d� �t�h�e�r�e�f�o�r�e� �s�o�l�u�t�e� �t�r�a�n�s�p�o�r�t� �v�e�l�o�c�i�t�y�)� �i�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �a� �f�u�n�c�t�i�o�n

�o�f� �t�h�e� �g�r�o�u�n�d�w�a�t�e�r� �g�r�a�d�i�e�n�t�, �h�y�d�r�a�u�l�i�c� �c�o�n�d�u�c�t�i�v�i�t�y� �a�n�d� �t�h�e� �p�o�r�o�s�i�t�y�,� �a�n�d� �l�o�w�e�r� �v�a�l�u�e�s� �o�f

�p�o�r�o�s�i�t�y� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �g�r�o�u�n�d�w�a�t�e�r� �f�l�o�w�.� � �P�o�r�o�s�i�t�y� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �e�f�f�e�c�t�i�v�e� �p�o�r�o�s�i�t�y� �a�n�d� �i�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �s�p�e�c�i�f�i�c� �y�i�e�l�d� �w�i�t�h�i�n� �t�h�e� �a�q�u�i�f�e�r�.

�D�u�r�i�n�g� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �f�l�o�w� �m�o�d�e�l� �t�h�e� �s�p�e�c�i�f�i�c� �y�i�e�l�d� �w�a�s� �v�a�r�i�e�d� �i�n� �t�h�e� �r�a�n�g�e

�0�.�0�5� �t�o� �0�.�2�,� �w�h�i�c�h� �a�r�e� �t�y�p�i�c�a�l� �v�a�l�u�e�s� �o�f� �s�p�e�c�i�f�i�c� �y�i�e�l�d� �w�i�t�h�i�n� �a� �g�r�a�v�e�l� �a�q�u�i�f�e�r� �a�n�d� �a� �s�i�m�i�l�a�r

�r�a�n�g�e� �w�i�l�l� �b�e� �u�s�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t� �m�o�d�e�l�.
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�R�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �n�i�t�r�a�t�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �m�o�d�e�l� �a�r�e �p�r�e�s�e�n�t�e�d

�i�n� �T�a�b�l�e� �2� �a�n�d� �i�n� �F�i�g�u�r�e�s� �1� �t�o �6�.� � �N�o�t�e� �t�h�a�t� �t�h�e� �e�f�f�e�c�t� �o�f� �v�a�r�y�i�n�g� �t�w�o� �p�a�r�a�m�e�t�e�r�s

�s�i�m�u�l�t�a�n�e�o�u�s�l�y� �h�a�s� �n�o�t� �b�e�e�n� �a�s�s�e�s�s�e�d�.� � �A�l�l� �p�a�r�a�m�e�t�e�r�s �w�e�r�e� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �t�h�e�i�r

�m�a�x�i�m�u�m� �a�n�d� �m�i�n�i�m�u�m� �v�a�l�u�e�s�,� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n�1�.�2�.

�N�o�t�e� �t�h�a�t� �a� �s�i�m�i�l�a�r� �u�n�c�e�r�t�a�i�n�t�y� �a�n�a�l�y�s�i�s� �h�a�s� �n�o�t� �b�e�e�n� �u�n�d�e�r�t�a�k�e�n� �f�o�r� �t�h�e� �C�h�l�o�r�i�d�e

�c�o�n�t�a�m�i�n�a�t�i�o�n� �m�o�d�e�l�.� � �T�h�e� �C�h�l�o�r�i�d�e� �c�o�n�t�a�m�i�n�a�t�i�o�n �m�o�d�e�l� �w�a�s� �b�a�s�e�d� �a�r�o�u�n�d� �p�o�i�n�t� �s�o�u�r�c�e

�c�o�n�t�a�m�i�n�a�t�i�o�n� �a�n�d�,� �g�i�v�e�n� �t�h�a�t� �t�h�e� �i�n�i�t�i�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �m�o�d�e�l� �w�e�r�e

�a�l�t�e�r�e�d� �t�o� �m�a�t�c�h� �t�h�e� �o�b�s�e�r�v�e�d� �g�r�o�u�n�d�w�a�t�e�r� �q�u�a�l�i�t�y� �r�e�s�u�l�t�s�,� �c�h�a�n�g�e�s� �t�o� �t�h�e� �i�n�i�t�i�a�l

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �u�n�n�e�c�e�s�s�a�r�y�.
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�I�n�i�t�i�a�l

�C�o�n�c�e�n�t�r�a�t�i�o�n�s

�H�i�g�h� �(�d�i�s�t�r�i�b�u�t�i�o�n� �o�f

�c�o�n�t�a�m�i�n�a�t�i�o�n�)

�S�e�e� �T�a�b�l�e� �1 �0�.�0�6

�(�0�.�5� �t�o� �0�.�5�6�)

�(�0�.�5�1�)

�D�i�s�p�e�r�s�i�v�i�t�y�M�e�d�i�u�m� �(�d�i�s�t�r�i�b�u�t�i�o�n� �o�f

�c�o�n�t�a�m�i�n�a�n�t�s�)

�5�0�0� �t�o� �1�5�0�0�(� � � � �) �0�.�0�1�5

�(�0�.�5�0� �t�o� �0�.�5�1�5�)

�(�0�.�5�1�)

�E�f�f�e�c�t�i�v�e

�P�o�r�o�s�i�t�y

�V�e�r�y� �l�o�w� �(�d�i�s�t�r�i�b�u�t�i�o�n

�o�f� �c�o�n�t�a�m�i�n�a�n�t�s�)

�0�.�0�5� �t�o� �0�.�2�(� �.� �5�) �0�.�0�0�2

�(�0�.�5�0�9� �t�o� �0�.�0�5�1�1�)

�(�0�.�5�1�)

�1�. �B�o�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�a�k�e�n� �f�r�o�m� �2�0�0�9� �N�i�t�r�a�t�e� �S�u�r�v�e�y



�P �A �T �T �L �E � �D �E �L �A �M �O �R �E � �P �A �R �T �N �E �R �S � �L �T �D �6

�A �d �d �e �n �d �u �m � �t �o � �r �e �p �o �r �t � �C �0 �2 �5 �3 �5 �5 �0 �0 � �R �0 �0 �2 �: � �E �d �e �n �d �a �l �e � �C �o �n �t �a �m �i�n �a �n �t � �M �o �d �e �l

�S �e �n �s �i �t �i �v �i �t �y � �A �n �a �l �y �s �i �s

�C�0�2�5�3�5�5�0�0�_ �R�0�0�2�_ �A�d�d�e�n�d�u�m� �t �o� �r �e�p�o�r�t� �C�0�2�5�3�5� �5�0�0� �R�0�0�2�. �d�o�c�x

�D
�R
�A
�F
�T
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Figure 1:   Observed and Modelled Nitrate Concentrations at F46/0 336 
under high, baseline and low concentrations    
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Figure 2:   Observed and Modelled Nitrate Concentrations at F46/0 709  
under high, baseline (average) and low concentration s   
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Figure 3:   Observed and Modelled Nitrate Concentrations at F46/0336 
under high, baseline (average) and low dispersivities    
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Figure 4:   Observed and Modelled Nitrate Concentrations at F46/0 709 
under high, baseline (average) and low dispersivities    
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Figure 5: Modelled Nitrate Concentrations under diffe rent initial concentrations
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Figure 6: Modelled Nitrate Concentrations under diffe rent dispersivity parameters
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