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�I�f� �y�o�u�r� �e�q�u�i�p�m�e�n�t� �r�e�q�u�i�r�e�s� �m�a�i�n�t�e�n�a�n�c�e� �i�n� �I�t�a�l�y�:

�B�E�F�O�R�E� �Y�O�U� �S�H�I�P� �T�H�E� �I�N�S�T�R�U�M�E�N�T� �B�A�C�K� �T�O� �I�T�A�L�Y� �R�E�M�E�M�B�E�R�:

�! �W�h�e�n� �y�o�u� �a�s�k� �y�o�u�r� �s�h�i�p�p�i�n�g� �a�g�e�n�t� �t�o� �s�e�n�d� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �t�o� �I�t�a�l�y� 
�c�h�e�c�k� �t�h�a�t� �o�n� �t�h�e� �A�i�r� �W�a�y�b�i�l�l� �t�h�e� �A�i�r�p�o�r�t� �o�f� �d�e�s�t�i�n�a�t�i�o�n� �i�s� �P�I�S�A�.� �A�n�y� 
�o�t�h�e�r� �a�i�r�p�o�r�t� �o�f� �d�e�s�t�i�n�a�t�i�o�n� �c�r�e�a�t�e�s� �a� �l�o�t� �o�f� �p�r�o�b�l�e�m�s� �i�n� �d�e�l�i�v�e�r�i�n�g� �t�h�e� 
�i�t�e�m�s� �(�d�e�l�a�y�,� �c�o�s�t�s�,� �c�u�s�t�o�m� �p�r�o�b�l�e�m�s�,� �e�t�c�)�.

�! �C�h�e�c�k� �t�h�a�t� �t�h�e� �C�o�m�p�a�n�y� �y�o�u�r� �s�h�i�p�p�i�n�g� �a�g�e�n�t� �c�h�o�o�s�e�s� �l�a�n�d�s� �i�n� �G�a�l�i�l�e�o� 
�G�a�l�i�l�e�i� �A�i�r�p�o�r�t� �i�n� �P�i�s�a�.� �I�f� �n�o�t�,� �a�s�k� �y�o�u�r� �s�h�i�p�p�i�n�g� �a�g�e�n�t� �t�o� �c�h�a�n�g�e� �t�h�e� 
�C�o�m�p�a�n�y� �o�r� �s�e�n�d� �t�h�e� �i�t�e�m�s� �b�y� �D�H�L� �o�r� �U�P�S� �o�r� �F�e�d�E�x�.

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

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

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

�T�h�e� �p�a�c�k�a�g�e� �c�o�n�t�e�n�t�s

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �t�y�p�e� �A

�L�I�8�2�0� �D�e�t�e�c�t�o�r

�F�l�u�x� �m�e�t�e�r� �h�a�n�d�b�o�o�k

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �t�y�p�e� �B

�F�l�u�x� �m�e�t�e�r� �s�o�f�t�w�a�r�e� �C�D

�B�a�t�t�e�r�y� �c�h�a�r�g�e�r

�B�a�c�k�p�a�c�k

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�s

�C�O�2

�P�o�c�k�e�t� �P�C

�A�c�c�e�s�s�o�r�i�e�s

�P�o�c�k�e�t� �P�C� �w�i�t�h� �a�c�c�e�s�s�o�r�i�e�s

�s�/�n

�Q�.�t�y� �2� �B�a�t�t�e�r�y� �p�a�c�k

�W�S�-�H�C� �D�e�t�e�c�t�o�r�C�H�4 �s�/�n

�T�O�X�0�5�-�H�2�S� �D�e�t�e�c�t�o�r�H �S�2 �s�/�n

�S�e�n�s�o�r�s

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �t�y�p�e� �C�-�f�l�o�a�t�i�n�g

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �t�y�p�e� �C

�S�o�i�l� �p�r�o�b�e

�A�i�r� �p�r�o�b�e
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�S�a�f�e�t�y� �i�n�f�o�r�m�a�t�i�o�n

�P
�A

�G
�E

�1�.�2

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �(�s�e�e� �p�a�g�e� �5�.�2�)
�T�h�e� �m�i�x�i�n�g� �d�e�v�i�c�e� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �i�s� �p�o�w�e�r�e�d� �b�y� �a�n� 
�a�l�k�a�l�i�n�e� �9� �V�o�l�t� �b�a�t�t�e�r�y�.

�A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r� �(�s�e�e� �p�a�g�e� �5�.�3�)
�A�b�o�u�t� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �w�a�t�e�r� �t�r�a�p� �r�e�f�e�r� �t�o� �c�h�a�p�t�e�r� �5�.

�H�i�n�t�s

�C�a�r�b�o�n� �d�i�o�x�i�d�e� �i�s� �a� �T�O�X�I�C� �G�A�S�.� 
�C�a�r�b�o�n� �d�i�o�x�i�d�e� �i�s� �c�o�l�o�r�l�e�s�s�,� �o�d�o�r�l�e�s�s�,� �t�a�s�t�l�e�s�s� �a�n�d� �i�s� �h�e�a�v�i�e�r� �t�h�a�n� �a�i�r�.� �A�i�r� 
�c�o�n�c�e�n�t�r�a�t�i�o�n� �h�i�g�h�e�r� �t�h�a�n� �5�0�0�0� �p�p�m� �c�a�n� �c�a�u�s�e� �d�i�z�z�i�n�e�s�s�,� �s�h�o�r�t�n�e�s�s� �o�f� 
�b�r�e�a�t�h�,� �r�a�p�i�d� �p�u�l�s�e�.� �H�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �c�a�n� �b�e� 
�l�e�t�h�a�l�.
�M�e�t�h�a�n�e� �i�s� �a� �c�o�l�o�r�l�e�s�s�,� �o�d�o�r�l�e�s�s�,� �t�a�s�t�l�e�s�s� �a�n�d� �v�e�r�y� �f�l�a�m�m�a�b�l�e� �g�a�s�.

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

�D�i�f�f�u�s�e� �c�a�r�b�o�n� �d�i�o�x�i�d�e� � �f�l�u�x�e�s� �a�r�e� �n�o�r�m�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �a�n�o�m�a�l�o�u�s� � �c�a�r�b�o�n� 
�d�i�o�x�i�d�e� �a�i�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� �u�s�e�r� �m�u�s�t� �v�e�r�i�f�y� �t�h�e� �s�a�f�e�t�y� �c�o�n�d�i�t�i�o�n�s� 
�b�e�f�o�r�e� �e�n�t�e�r�i�n�g� �d�a�n�g�e�r�o�u�s� �a�r�e�a�s�.� 
�T�h�e� �F�l�u�x�m�e�t�e�r� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�i�s� �m�a�n�u�a�l� �i�s� �d�e�s�i�g�n�e�d� �t�o� �m�e�a�s�u�r�e� �d�i�f�f�u�s�e� 
�e�m�i�s�s�i�o�n� �o�f� �s�o�i�l� �g�a�s�e�s� �a�n�d� �C�A�N�N�O�T� �b�e� �u�s�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �p�u�r�p�o�s�e�s�.

�T�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �a�c�c�e�s�s�o�r�i�e�s� �a�r�e� �N�O�T� �d�e�s�i�g�n�e�d� �t�o� �w�o�r�k� 
�i�n� �e�x�p�l�o�s�i�o�n� �r�i�s�k� �a�r�e�a�s�.
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�P�n�e�u�m�a�t�i�c� � �c�o�n�n�e�c�t�i�o�n�s� 

�! �C�h�e�c�k� �i�n�t�e�r�n�a�l� �c�o�n�n�e�c�t�i�o�n�s�.� 
�! �C�h�e�c�k� �t�h�e� �i�n�t�e�r�n�a�l� �f�i�l�t�e�r�.
�! �C�o�n�n�e�c�t� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �a�n�d� �c�h�e�c�k� �i�t�s� �f�i�l�t�e�r�.
�! �D�o� �n�o�t� � �u�s�e� �t�h�e� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �w�a�t�e�r� �t�r�a�p� �i�f� �t�h�e�r�e� �i�s� �H�2�S� 

�i�n� �t�h�e� �s�o�i�l� �g�a�s�e�s� �(�s�e�e� �c�h�a�p�t�e�r� �4� �a�n�d� �7�)�.

�P�o�w�e�r�i�n�g� �O�N� 

�P�r�e�s�s� �t�h�e� � �O�n�/�O�f�f� �b�u�t�t�o�n� �o�n� �t�h�e� �e�x�t�e�r�n�a�l� �c�o�n�n�e�c�t�i�o�n� �p�a�n�e�l�.
�T�h�e� �L�E�D� �o�n� �t�h�e� �b�u�t�t�o�n� �w�i�l�l� �b�e�c�o�m�e� �R�E�D� � �i�m�m�e�d�i�a�t�e�l�y� �,� �h�o�l�d� �t�h�e� �b�u�t�t�o�n� �u�n�t�i�l� 
�t�h�e� �L�E�D� �b�e�c�o�m�e�s� �G�R�E�E�N�.

�O�n�/�O�f�f� �b�u�t�t�o�n
�I�N

�O�U�T

�R�S�4�8�5

�D�A�T�A� �a�n�d� �B�A�T�T�E�R�Y�F�L�U�X�M�E�T�E�R�-� �B�T

�B�T

�E�x�t�e�r�n�a�l� �c�o�n�n�e�c�t�i�o�n� �p�a�n�e�l

�I�n�t�e�r�n�a�l� �f�i�l�t�e�r

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�P�u�m�p
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�Q�u�i�c�k� �s�t�a�r�t� �g�u�i�d�e
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�! �T�h�e� �p�u�m�p� �i�s� �m�a�n�a�g�e�d� �b�y� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �i�s� �t�u�r�n�e�d� �o�f�f� �u�n�t�i�l� �y�o�u� 
�b�e�g�i�n� �a� �m�e�a�s�u�r�e�m�e�n�t�.

�P�u�m�p

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

�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r

�! �T�u�r�n� �o�n� �t�h�e� �P�a�l�m�T�o�p�.� �P�l�e�a�s�e� �r�e�f�e�r� �t�o� �t�h�e� �P�D�A� �h�a�n�d�b�o�o�k� �f�o�r� �i�n�s�t�r�u�c�t�i�o�n�s�.

�P�a�l�m�T�o�p� �P�D�A

�P�o�w�e�r�i�n�g� �O�f�f

�P�r�e�s�s� �t�h�e� � �O�n�/�O�f�f� �b�u�t�t�o�n� �o�n� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �p�a�n�e�l�.
�T�h�e� �L�E�D� �o�n� �t�h�e� �b�u�t�t�o�n� �w�i�l�l� �b�e�c�o�m�e� �R�E�D� � �i�m�m�e�d�i�a�t�e�l�y�,� �h�o�l�d� �t�h�e� �b�u�t�t�o�n� �u�n�t�i�l� �t�h�e� 
�L�E�D� �i�s� �o�f�f�.

�P�l�e�a�s�e� �N�O�T�E� �:

�I�n� �o�r�d�e�r� �t�o� �c�o�n�s�e�r�v�e� �b�a�t�t�e�r�y�-�l�i�f�e� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�i�l�l� �t�u�r�n� �O�F�F� 
�a�u�t�o�m�a�t�i�c�a�l�l�y� �a�f�t�e�r� �o�n�e� �h�o�u�r� �i�f� �n�o�t� �u�n�d�e�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� � 
�F�l�u�x�M�a�n�a�g�e�r� �s�o�f�t�w�a�r�e�.� 
�W�h�e�n� �t�h�e� �b�a�t�t�e�r�y� �i�s� �c�l�o�s�e� �t�o� �d�e�p�l�e�t�i�o�n� �t�h�e� �L�E�D� �s�t�a�r�t�s� �t�o� �b�l�i�n�k�,� 
�a�l�t�e�r�n�a�t�i�n�g� �b�e�t�w�e�e�n� � �g�r�e�e�n� �a�n�d� � �r�e�d� �,� �c�o�n�t�i�n�u�o�u�s�l�y�.
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�H�o�w� �t�o� �u�s�e� �t�h�e� �F�l�u�x�M�a�n�a�g�e�r� �s�o�f�t�w�a�r�e

�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�! �T�h�e� �i�n�s�t�r�u�m�e�n�t� �m�u�s�t� �b�e� �O�N� �a�n�d� �c�o�n�n�e�c�t�e�d� 
�t�o� �t�h�e� �P�a�l�m�t�o�p� �(�P�D�A�)�.

�! �T�u�r�n� �o�n� �t�h�e� �P�D�A�.

�! �C�l�i�c�k� �o�n� �W�i�n�d�o�w�s� �M�o�b�i�l�e� �S�t�a�r�t� �b�u�t�t�o�n�.

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

�I�f� �t�h�e� �F�l�u�x�M�a�n�a�g�e�r� �i�c�o�n� �i�s� �n�o�t� �p�r�e�s�e�n�t� �u�n�d�e�r� 
�t�h�e� �S�t�a�r�t� �m�e�n�u�,� �p�r�o�c�e�e�d� �w�i�t�h� �t�h�e� 
�i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e�.� �T�o� �i�n�s�t�a�l�l�,� �j�u�s�t� 
�c�o�p�y� �t�h�e� �f�i�l�e� �F�l�u�x�M�a�n�a�g�e�r�.�e�x�e� �(�f�u�r�n�i�s�h�e�d� �i�n� 
�t�h�e� �S�D� �s�t�o�r�a�g�e� �c�a�r�d� �a�n�d� �i�n� �t�h�e� �s�h�i�p�p�i�n�g� �C�D�)� 
�i�n� �P�D�A�'�s� �d�i�r�e�c�t�o�r�y� �\�W�i�n�d�o�w�s�\�S�t�a�r�t� �M�e�n�u�.

�S�t�a�r�t
�T�o�d�a�y
�C�a�l�e�n�d�a�r
�C�o�n�t�a�c�t�s
�I�n�b�o�x
�I�n�t�e�r�n�e�t� �e�x
�F�l�u�x�M�a�n�a�g�e�r
�N�o�t�e�s

�S�t�a�t�u�s� �l�a�b�e�l

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

�S�t�a�t�u�s� �l�a�b�e�l

�N�o�w� �F�l�u�x�M�a�n�a�g�e�r� �i�s� �s�h�o�w�i�n�g� �t�h�e� �a�c�t�u�a�l� �C�O�2� 
�r�e�a�d�i�n�g

�I�f� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �n�o� �l�o�n�g�e�r� �v�a�l�i�d�,� �o�r� �b�e�c�a�u�s�e� �i�t�'�s� �t�h�e� 
�f�i�r�s�t� �r�u�n� �o�f� �s�o�f�t�w�a�r�e�,� �o�r� �y�o�u� �r�e�i�n�s�t�a�l�l�e�d� �t�h�e� �s�o�f�t�w�a�r�e�,� �o�r� 
�y�o�u� �c�h�a�n�g�e�d� �t�h�e� �s�e�n�s�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �F�l�u�x�M�a�n�a�g�e�r� �w�i�l�l� 
�t�a�k�e� �y�o�u� �t�o� �t�h�e� �s�e�n�s�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �m�e�n�u�.� �P�l�e�a�s�e� �r�e�f�e�r� 
�t�o� �A�p�p�e�n�d�i�x� �A� �p�a�g�e� �4

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

�T�r�a�c�k�s� �m�e�n�u

�P
�A

�G
�E

�2�.�1

�F�i�l�e

�C�O�2�:� �4�5�3�.�2� �p�p�m

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�F�i�l�e

�C�O�2�:� �4�5�3�.�2� �p�p�m

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�F�i�l�e

�C�O�2�:� �4�5�3�.�2� �p�p�m

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�B�l�u�e� �C�O�2

�R�e�d� �H�2�S
�T�o� �c�h�a�n�g�e� �t�h�e� �a�c�t�i�v�e� �d�e�t�e�c�t�o�r� �s�e�l�e�c�t� �t�h�e� �d�e�s�i�r�e�d� 
�o�n�e� �f�r�o�m� �t�h�e� �T�r�a�c�k�s� �m�e�n�u�.� � �A� �"�c�h�e�c�k�"� 
�h�i�g�h�l�i�g�h�t�s� �t�h�e� �a�c�t�i�v�e� �t�r�a�c�k�.

�W�h�e�n� �w�o�r�k�i�n�g� �w�i�t�h� �t�h�e� �W�S�-�H�C� �d�e�t�e�c�t�o�r� �a� 
�p�e�r�i�o�d�i�c� �r�e�s�e�t� �o�f� �t�h�e� �b�a�s�e� �l�i�n�e� �v�a�l�u�e� �c�o�u�l�d� �b�e� 
�n�e�c�e�s�s�a�r�y�.� �P�l�e�a�s�e� �s�e�e� �p�a�g�e� �M�.�2�.
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�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�P
�A

�G
�E

�2�.�2

�S�t�a�r�t�i�n�g� � �t�h�e� �m�e�a�s�u�r�e�m�e�n�t

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

�3�.�4� �p�p�m�,� �7�5� �s
�1�1�:�0�5 �T�a�r�g�e�t� �g�a�s� �a�c�t�u�a�l� �r�e�a�d�i�n�g� �a�n�d� �e�l�a�p�s�e�d� �t�i�m�e�.

�W�h�i�l�e� �m�e�a�s�u�r�i�n�g� �t�h�e� �f�l�u�x� �c�u�r�v�e�s� �o�f� �s�e�n�s�o�r�s� �w�i�t�h�  ��t�r�a�c�e �� �a�c�t�i�v�e� �a�r�e� �s�h�o�w�n�.� �T�h�e� 
�c�o�n�c�e�n�t�r�a�t�i�o�n� �s�c�a�l�e� �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� �w�e�l�l� �a�s� �t�h�e� �f�l�u�x� �a�n�d� 
�r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� �f�a�c�t�o�r�,� �r�e�f�e�r� �t�o� �t�h�e� �s�e�l�e�c�t�e�d� �t�a�r�g�e�t� �g�a�s�.� � �C�h�a�n�g�i�n�g� �t�h�e� �s�e�l�e�c�t�e�d� �g�a�s� 
�d�o�e�s� �N�O�T� �a�f�f�e�c�t� �t�h�e� �r�e�c�o�r�d�i�n�g� �o�r� �t�h�e� �f�l�u�x� �c�o�m�p�u�t�a�t�i�o�n�,� �b�u�t� �s�i�m�p�l�y� �c�h�a�n�g�e�s� �w�h�i�c�h� 
�i�n�f�o�r�m�a�t�i�o�n� �i�s� �s�h�o�w�n�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �i�n�d�i�v�i�d�u�a�t�i�o�n� �o�f� �t�r�a�c�k�s� �t�h�e� �T�a�r�g�e�t� �G�a�s� �N�a�m�e� � 
�l�a�b�e�l� �h�a�s� �t�h�e� �s�a�m�e� �c�o�l�o�r� �o�f� �t�h�e� �t�r�a�c�k�.
�T�o� �c�h�a�n�g�e� �t�h�e� �a�c�t�i�v�e� �d�e�t�e�c�t�o�r� �s�e�l�e�c�t� �t�h�e� �d�e�s�i�r�e�d� �o�n�e� �f�r�o�m� �t�h�e� �T�r�a�c�k� �m�e�n�u�.

�S�t�a�t�u�s� �l�a�b�e�l

�N�o�w� �F�l�u�x� �M�a�n�a�g�e�r� �i�s� �s�h�o�w�i�n�g� �t�h�e� �a�c�t�u�a�l� �H�2�S� 
�r�e�a�d�i�n�g

�T�a�r�g�e�t� �g�a�s� �n�a�m�e

�1�0�0� �s

�S�l�o�p�e�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�T�a�r�g�e�t� �g�a�s� �f�l�u�x� �a�n�d� �r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� �f�a�c�t�o�r

�T�i�m�e� �s�c�a�l�e� 

�R�e�g�r�e�s�s�i�o�n� �l�e�f�t� �a�n�d� �r�i�g�h�t� �l�i�m�i�t�s� �m�a�r�k�e�r

�C�O�2� �(�b�l�u�e�)� �F�l�u�x� �c�u�r�v�e

�H�2�S� �(�r�e�d�)� �F�l�u�x� �C�u�r�v�e

�P�l�e�a�s�e� �n�o�t�e� �t�h�a�t� �t�h�e� �t�r�a�c�k� �c�o�l�o�r� �c�h�a�n�g�e� �i�s� �r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �d�e�t�e�c�t�o�r� �I�D� �o�r�d�e�r� �,� 
�t�h�e�n� � �t�h�e� �H�2�S� �t�r�a�c�k� �c�o�l�o�r� �c�a�n� �b�e� � �b�l�u�e� �o�r� �r�e�d� �o�r� �a�n�o�t�h�e�r� �c�o�l�o�r�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 
�i�n�s�t�r�u�m�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n�.�!

�F�i�l�e

�H�2�S�:� �2�2�.�2� �p�p�m

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�F�i�l�e

�H�2�S�:� �2�2�.�2� �p�p�m

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�T�h�e� �L�I�C�O�R� �L�I�8�2�0� �I�R� �s�e�n�s�o�r� �i�s� �t�e�m�p�e�r�a�t�u�r�e�-�s�t�a�b�i�l�i�z�e�d� �i�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� 
�i�n�t�e�r�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �t�h�e� �g�a�s� �s�a�m�p�l�e� �t�e�m�p�e�r�a�t�u�r�e�.� �I�f� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �s�e�n�s�o�r� �i�s� 
�l�e�s�s� �t�h�a�n� �5�0�°�C� �t�h�e� �s�o�f�t�w�a�r�e� �w�i�l�l� �a�d�v�i�s�e� �y�o�u� �a�n�d� �w�i�l�l� �a�s�k� �i�f� �y�o�u� �w�a�n�t� �s�t�a�r�t� �a� 
�m�e�a�s�u�r�e�m�e�n�t� �i�n� �t�h�e�s�e� �n�o�n� �o�p�t�i�m�a�l� �c�o�n�d�i�t�i�o�n�s�.� 
�N�o�r�m�a�l�l�y� �t�h�e� �L�I�8�2�0�,� �a�f�t�e�r� �a� �c�o�l�d� �s�t�a�r�t�u�p� �n�e�e�d�s� � �3�-�4� �m�i�n�u�t�e�s� �t�o� �r�e�a�c�h� �t�h�e� �5�0�°�C� 
�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �1�0�-�1�5� �m�i�n�u�t�e�s� �t�o� �r�e�a�c�h� �a� �g�o�o�d� �r�e�a�d�i�n�g� �s�t�a�b�i�l�i�t�y�.� � �T�h�e� �s�a�m�e� 
�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�b�o�u�t� �a� �2�0� �m�i�n�u�t�e�s� �w�a�r�m�-�u�p� �p�e�r�i�o�d� �a�r�e� �v�a�l�i�d� �a�l�s�o� �f�o�r� �t�h�e� �H�2�S� � �s�e�n�s�o�r�.

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�2�0�.�3

�4�0�.�0
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�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�Y� �a�x�i�s� �m�a�x�i�m�u�m� �s�c�a�l�e� �v�a�l�u�e� � �(�p�p�m�)

�Y� �a�x�i�s� �m�i�n�i�m�u�m� �s�c�a�l�e� �v�a�l�u�e� �(�p�p�m�)

�T�h�e� �f�i�r�s�t� �t�o�u�c�h� �o�n� �t�h�e� �s�c�r�e�e�n� �w�i�l�l� �p�l�a�c�e� �t�h�e� �l�e�f�t� �c�u�r�s�o�r�,� �t�h�e� 
�s�e�c�o�n�d� �w�i�l�l� �p�l�a�c�e� �t�h�e� �r�i�g�h�t� �o�n�e�.� �O�n�c�e� �b�o�t�h� �c�u�r�s�o�r�s� �a�r�e� 
�p�l�a�c�e�d� �a�n�d� �t�h�e�r�e� �a�r�e� �p�o�i�n�t�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o�,� �t�h�e� �f�l�u�x� �(�o�r� 
�t�h�e� �s�l�o�p�e�,� �i�f� �t�h�e� �A�C�K� �h�a�s� �n�o�t� �b�e�e�n� �s�e�t�)� �a�n�d� �t�h�e� �r�e�g�r�e�s�s�i�o�n� 
�q�u�a�l�i�t�y� �f�a�c�t�o�r� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �s�h�o�w�n� �o�n� �t�h�e� �s�c�r�e�e�n�,� �a�n�d� 
�t�h�e�y� �r�e�f�e�r� �t�o� �t�h�e� �s�e�l�e�c�t�e�d� �t�a�r�g�e�t� �g�a�s�.
�T�h�e� �f�l�u�x� �i�s� �c�o�m�p�u�t�e�d� �m�a�k�i�n�g� �a� �l�i�n�e�a�r� �f�i�t� �o�f� �t�h�e� �c�u�r�v�e� �i�n� �t�h�e� 
�i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �t�h�e� �"�l�e�f�t�"� �a�n�d� �t�h�e� �"�r�i�g�h�t�"� � �l�i�m�i�t�.� 
�T�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �c�u�r�v�e� �i�n�t�e�r�v�a�l� �w�h�e�r�e� �t�o� �c�o�m�p�u�t�e� 
�t�h�e� �f�l�u�x� �i�s� �c�r�i�t�i�c�a�l� �a�n�d� �a� �w�r�o�n�g� �s�e�l�e�c�t�i�o�n� �c�a�n� �c�a�u�s�e� �a�n� 
�e�r�r�o�r� �o�n� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�g�e�s� 
�s�o�m�e� �e�x�a�m�p�l�e�s� �o�f� �t�h�e� �c�o�r�r�e�c�t� �i�n�t�e�r�v�a�l� �s�e�l�e�c�t�i�o�n� �a�r�e� 
�s�h�o�w�n�.

�L�e�f�t� �l�i�m�i�t� �m�a�r�k�e�r

�R�i�g�h�t� �l�i�m�i�t� �m�a�r�k�e�r

�T�o� �c�h�a�n�g�e� �t�h�e� �i�n�t�e�r�v�a�l� �m�o�v�e� �t�h�e� �l�e�f�t� �a�n�d� �r�i�g�h�t� �l�i�m�i�t�s� � �t�o� 
�t�h�e� �d�e�s�i�r�e�d� �p�o�s�i�t�i�o�n�.� �T�o� �m�o�v�e� �t�h�e� �l�i�m�i�t� �y�o�u� �h�a�v�e� �t�o� �t�o�u�c�h� 
�t�h�e� �s�c�r�e�e�n� �c�l�o�s�e� �t�o� �t�h�e� �l�i�m�i�t� �y�o�u� �w�a�n�t� �t�o� �m�o�v�e� �a�n�d� �d�r�a�g� �i�t� 
�t�o� �t�h�e� �c�o�r�r�e�c�t� �p�o�s�i�t�i�o�n�.� 
�T�h�e� �s�o�f�t�w�a�r�e� �w�i�l�l� �m�o�v�e� �t�h�e� �l�i�m�i�t� �t�h�a�t�'�s� �c�l�o�s�e�s�t� �t�o� �t�h�e� �p�o�i�n�t� 
�y�o�u� �t�o�u�c�h� �o�n� �t�h�e� �s�c�r�e�e�n�.� �(�S�e�e� �t�h�e� �n�e�x�t� �e�x�a�m�p�l�e�)� 

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

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

�I�n�i�t�i�a�l� �p�o�s�i�t�i�o�n

�F�i�n�a�l� �p�o�s�i�t�i�o�n

�D�r�a�g�g�i�n�g

�P
�A

�G
�E

�2�.�3

�3�.�4� �p�p�m�,� �7�5� �s
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�O�n�c�e� �h�a�v�i�n�g� �s�e�l�e�c�t�e�d� �t�h�e� �i�n�t�e�r�v�a�l� �F�l�u�x�M�a�n�a�g�e�r� �w�i�l�l� �c�o�m�p�u�t�e� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�d� �t�h�e� 
�r�e�s�u�l�t�s� �w�i�l�l� �b�e� �s�h�o�w�n� �a�s� �t�e�x�t� �a�n�d� �a�s� �b�e�s�t� �f�i�t� �l�i�n�e�.

�P�l�o�t� �o�f� �t�h�e� �l�i�n�e�a�r� �f�i�t� � �f�l�u�x�-�c�u�r�v�e� �a�n�d� �o�f� �t�h�e� �b�e�s�t� 

�E�a�c�h� �f�l�u�x� �c�u�r�v�e� �(�H�2�S�,� �C�O�2�)� �h�a�s� �a� �d�i�s�t�i�n�c�t� �r�e�g�r�e�s�s�i�o�n� 
�i�n�t�e�r�v�a�l�,� �t�h�e�n� �a�f�t�e�r� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �o�f� 
�o�n�e� �f�l�u�x� �c�u�r�v�e� �y�o�u� �h�a�v�e� �t�o� �s�e�l�e�c�t�,� �u�s�i�n�g� �t�h�e� �{�T�r�a�c�k�}� 
�m�e�n�u�,� �t�h�e� �o�t�h�e�r� � �g�a�s� �f�l�u�x� �c�u�r�v�e� �a�n�d� �s�e�l�e�c�t� �t�h�e� 
�a�p�p�r�i�o�p�r�i�a�t�e� �r�e�g�r�e�s�s�i�o�n� �i�n�t�e�r�v�a�l�.

�F�l�u�x� �a�n�d� �r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� �f�a�c�t�o�r

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �a�r�e� �g�i�v�e�n�,� �a�s� �s�l�o�p�e�,� 
�i�n� �p�p�m�/�s� � �(�p�p�m� �p�e�r� �s�e�c�o�n�d�)� �o�r� �a�s� �f�l�u�x�,� �i�n� �m�/�s�m�/�d�a�y� 
�(�m�o�l�e�s� �p�e�r� �s�q�u�a�r�e� �m�e�t�e�r� �p�e�r� �d�a�y�,� �i�f� �t�h�e� �A�C�K� �f�a�c�t�o�r� �h�a�s� 
�b�e�e�n� �s�e�t�)�.� �S�u�b�j�e�c�t� �m�a�t�t�e�r� �i�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �d�e�t�a�i�l� �i�n� 
�c�h�a�p�t�e�r� �4�.� � 

�F�o�r� �a� �m�o�r�e� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �r�e�s�u�l�t�s�,� � �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� 
�c�h�a�m�b�e�r� �c�a�l�i�b�r�a�t�i�o�n� �a�n�d� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �u�n�i�t�s� �p�l�e�a�s�e� �r�e�f�e�r� �t�o� 
�p�a�r�a�g�r�a�p�h� �4� �o�f� �t�h�i�s� �h�a�n�d�b�o�o�k�.�!

�N�o�r�m�a�l�l�y� �a� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �r�e�q�u�i�r�e�s� �f�r�o�m� �9�0� �u�p� �t�o� �2�4�0� 
�s�e�c�o�n�d�s�.� �T�h�i�s� �d�e�p�e�n�d�s� �o�n� �t�h�e� �m�e�a�s�u�r�e�d� �f�l�u�x�.� � 
�O�n�l�y� �w�h�i�l�e� �m�e�a�s�u�r�i�n�g� �l�o�w� �H�2�S� �f�l�u�x�e�s� �a� �l�o�n�g�e�r� �p�e�r�i�o�d� �i�s� 
�n�e�c�e�s�s�a�r�y�.

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

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

�H�2�S� �F�l�u�x� �C�u�r�v�e

�O�n�c�e� �h�a�v�i�n�g� �s�e�l�e�c�t�e�d� �t�h�e� �d�e�s�i�r�e�d� �i�n�t�e�r�v�a�l� �w�h�e�r�e� �t�o� 
�c�o�m�p�u�t�e� �t�h�e� �f�l�u�x� �f�o�r� �t�h�e� �t�a�r�g�e�t� �g�a�s�,� �H�2�S� �i�n� �t�h�i�s� �e�x�a�m�p�l�e�,� 
�t�h�e� �o�p�e�r�a�t�o�r� �h�a�s� �t�o� �s�e�l�e�c�t� �t�h�e� �s�e�c�o�n�d� �t�a�r�g�e�t� �g�a�s� �f�r�o�m� �t�h�e� 
�D�a�t�a� �m�e�n�u�.

�A�f�t�e�r� �s�e�l�e�c�t�i�n�g� �t�h�e� �[�F�i�l�e�]�[�S�a�v�e�]� �m�e�n�u� �a�n� �i�n�f�o�r�m�a�t�i�o�n� 
�s�u�m�m�a�r�y� �f�o�r�m� �a�p�p�e�a�r�s�.� 
�I�t� �w�i�l�l� �b�e� �p�o�s�s�i�b�l�e� �t�o� �s�t�o�r�e� �s�o�m�e� �u�s�e�r� �i�n�f�o�r�m�a�t�i�o�n� �s�u�c�h� �a�s�:
�! �S�i�t�e� �n�a�m�e� � 
�! �S�a�m�p�l�i�n�g� �p�o�i�n�t� �#� 
�! �E�l�e�v�a�t�i�o�n� 
�! �L�a�t�i�t�u�d�e
�! �L�o�n�g�i�t�u�d�e
�! �U�s�e�r� �n�o�t�e
�! �A�i�r� �t�e�m�p�e�r�a�t�u�r�e
�! �B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e

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

�B�l�u�e� �C�O�2

�R�e�d� �H�2�S
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�! �S�i�t�e�:� �I�s� �t�h�e� �s�i�t�e�,� �f�o�r� �i�n�s�t�a�n�c�e� �"�E�t�n�a� �v�o�l�c�a�n�o�"� �o�r� �"�T�a�i�w�a�n�-�E�O�F�"�;
�! �P�o�i�n�t�:� �i�s� �a� �n�u�m�e�r�i�c�a�l� �f�i�e�l�d� �t�h�a�t� �a�l�l�o�w�s� �y�o�u� �t�o� �i�d�e�n�t�i�f�y� �e�v�e�r�y� �p�o�i�n�t� �o�n� �y�o�u�r� �m�a�p�.� 

�T�h�i�s� �f�i�e�l�d� �w�i�l�l� �b�e� �a�u�t�o�m�a�t�i�c�a�l�l�y� �i�n�c�r�e�a�s�e�d� �b�y� �t�h�e� �s�o�f�t�w�a�r�e�;
�! �E�l�e�v�:� �P�o�i�n�t� �e�l�e�v�a�t�i�o�n� �i�n� �m�e�t�e�r�s� �o�r� �f�e�e�t�;
�! �L�a�t�:� � �G�e�o�g�r�a�p�h�i�c�a�l� �l�a�t�i�t�u�d�e�,� �f�o�r� �e�x�a�m�p�l�e�:� �"�N�2�1�°� �4�9�'� �5�0�.�2�"�'�;
�! �L�o�n�g�:� �G�e�o�g�r�a�p�h�i�c�a�l� �l�o�n�g�i�t�u�d�e�,� �f�o�r� �e�x�a�m�p�l�e�:� �"�E� �1�2�1�°� �1�0�'� �5�0�.�5�"�;
�! �N�o�t�e�:� �U�s�e�r� �n�o�t�e�s�,� �f�e�e�l� �f�r�e�e� �t�o� �i�n�s�e�r�t� �a�n�y� �n�o�t�e� �h�e�r�e�;
�! �P�r�e�s�s�.�:� �T�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e�,� �e�x�p�r�e�s�s�e�d� �i�n� �m�B�a�r� �(�H�P�a�)�,� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� 

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

�! �T�e�m�p�:� � �A�s� � �f�o�r� �t�h�e� �p�r�e�s�s�u�r�e�,� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �c�a�n� �b�e� �r�e�p�l�a�c�e�d� �w�i�t�h� �t�h�e� �a�i�r� 
�t�e�m�p�e�r�a�t�u�r�e� �o�r� �t�h�e� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �u�s�e�r�,� �w�h�e�n� �u�s�i�n�g� �t�h�e� �W�S�-
�H�C� �d�e�t�e�c�t�o�r� �t�h�e� �c�e�l�l� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �d�e�t�e�c�t�o�r� � �i�s� �s�h�o�w�n� �b�y� �d�e�f�a�u�l�t�.

�! �A�c�c�.�C�h�a�m�b�e�r�:� �S�e�l�e�c�t� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �y�o�u ��r�e� �u�s�i�n�g�:� �T�y�p�e� �A�,� �B�,� �C� �o�r� 
�C�-�f�l�o�a�t�i�n�g�.

�s�a�m�p�l�i�n�g� 
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�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�S�i�t�e

�P�o�i�n�t

�L�a�t�i�t�u�d�e

�L�o�n�g�i�t�u�d�e

�T�e�m�p�e�r�a�t�u�r�e� �°�C

�P�r�e�s�s�u�r�e� �m�B�a�r

�A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r

�S�i�t�e

�N�o�t�e

�D�a�t�e

�E�l�e�v�a�t�i�o�n

�A

�0�1�/�0�1�/�0�7 �1�2�:�1�2�:�3�4

�C�a�n�c�e�l�N�e�x�t�>

�O�n�c�e� �h�a�v�i�n�g� �e�n�t�e�r�e�d� �t�h�e� �u�s�e�r� �i�n�f�o�r�m�a�t�i�o�n� �p�r�e�s�s� �t�h�e� 
�N�E�X�T�>� �b�u�t�t�o�n� � �t�o� �p�r�o�c�e�e�d�,� �p�l�e�a�s�e� �n�o�t�e� �t�h�a�t� �S�i�t�e� �a�n�d� 
�P�o�i�n�t� �i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �m�a�n�d�a�t�o�r�y� �a�n�d� �m�u�s�t� �b�e� 
�e�n�t�e�r�e�d�.
�P�r�e�s�s�i�n�g� �t�h�e� �C�a�n�c�e�l� �b�u�t�t�o�n� �w�i�l�l� �a�b�o�r�t� �t�h�e� �s�a�v�i�n�g� 
�o�p�e�r�a�t�i�o�n�.

�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�S�i�t�e

�P�o�i�n�t

�L�a�t�i�t�u�d�e

�L�o�n�g�i�t�u�d�e

�T�e�m�p�e�r�a�t�u�r�e� �°�C

�P�r�e�s�s�u�r�e� �m�B�a�r

�A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r

�S�i�t�e

�N�o�t�e

�D�a�t�e

�E�l�e�v�a�t�i�o�n

�A

�0�1�/�0�1�/�0�7 �1�2�:�1�2�:�3�4

�C�a�n�c�e�l�N�e�x�t�>

�I�f� �y�o�u�r� �i�n�s�t�r�u�m�e�n�t� �i�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �L�I�C�O�R� �L�I�8�x�0� �t�h�e� 
�v�a�l�u�e� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �c�h�a�n�n�e�l� �w�i�l�l� �b�e� � �a�s�s�i�g�n�e�d� �t�o� �t�h�e� 
�B�a�r�o�m�e�t�r�i�c� �P�r�e�s�s�u�r�e� �f�i�e�l�d�.� �T�h�e� �p�r�e�s�s�u�r�e� �i�s� �r�e�a�d� �w�h�e�n� �t�h�e� 
�i�n�s�t�r�u�m�e�n�t� �p�u�m�p� �i�s� �o�f�f�.� � 

�I�f� �y�o�u�r� �i�n�s�t�r�u�m�e�n�t� �i�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �W�S�-�H�C� �d�e�t�e�c�t�o�r� �t�h�e� 
�v�a�l�u�e� �o�f� �t�h�e� �c�e�l�l� �t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �b�e� � �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �A�i�r� 
�t�e�m�p�e�r�a�t�u�r�e� �f�i�e�l�d�.� �P�l�e�a�s�e� �n�o�t�e� �t�h�a�t� �t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �i�s� 
�n�o�r�m�a�l�l�y� � �3�°�C� �m�o�r�e� �t�h�a�n� �t�h�e� �r�e�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�.

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

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

�P�i�s�a�_�3�_�0�2�0�1�2�0�0�7�_�1�2�3�4�3�4

�C�a�n�c�e�l�S�a�v�e

�N�o�w� �y�o�u� �c�a�n� �m�o�d�i�f�y� �t�h�e� �d�e�f�a�u�l�t� �f�i�l�e�n�a�m�e�,� �i�f� �d�e�s�i�d�e�r�e�d�.� 
�T�h�e� �D�e�f�a�u�l�t� �f�i�l�e�n�a�m�e� �i�s� �c�o�m�p�o�s�e�d� �u�s�i�n�g� �t�h�e� �S�I�T�E� 
�i�n�f�o�r�m�a�t�i�o�n�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �P�O�I�N�T� �n�u�m�b�e�r� �a�n�d� �t�h�e�n� 
�D�a�t�e�/�t�i�m�e� �i�n�f�o�.
� 
�P�r�e�s�s�i�n�g� �t�h�e� �C�a�n�c�e�l� �b�u�t�t�o�n� �w�i�l�l� �a�b�o�r�t� �t�h�e� �s�a�v�i�n�g� 
�o�p�e�r�a�t�i�o�n�.

�C�O�2� �S�l�o�p�e� �p�p�m�/�s�e�c�:� �1�2�.�4�5�6� �E�r�r�Q�:� �0�.�9�9�8�7
�H�2�S� �S�l�o�p�e� �p�p�m�/�s�e�c�:� �1�.�3�4�5�6� �E�r�r�Q�:� �0�.�9�8�7�3
� � � 

�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�O�b�v�i�o�u�s�l�y� �t�h�e� �d�a�t�a� �a�r�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �t�h�i�n�g� �o�f� �y�o�u�r� �w�o�r�k�.
�I�t ��s� �s�t�r�o�n�g�l�y� �r�e�c�o�m�m�e�n�d� �y�o�u� �t�a�k�e� �n�o�t�e� �o�f� �t�h�e� �m�e�a�s�u�r�e�s� �i�n� �y�o�u�r� �l�o�g�b�o�o�k�.�!
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�S�e�l�e�c�t�i�n�g� �[�H�e�l�p�]�[�A�b�o�u�t� �F�l�u�x� �M�a�n�a�g�e�r�]� �m�e�n�u� �o�p�t�i�o�n� �a� � 
�c�o�p�y�r�i�g�h�t� �f�o�r�m� �w�i�l�l� �a�p�p�e�a�r� �a�n�d� � �t�h�e� �r�e�l�e�a�s�e� �n�u�m�b�e�r� �a�s� 
�w�e�l�l� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �d�a�t�e� �w�i�l�l� �b�e� �s�h�o�w�n�.

�3�.�4� �p�p�m�,� �7�5� �s
�1�1�:�0�5

�1�0�0� �s

�F�l�u�x�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s �T�o�o�l�s�H�e�l�p

�2�0�.�3

�4�0�.�0

�A�b�o�u�t� �F�l�u�x�M�a�n�a�g�e�r
�B�a�t�t�e�r�y� �s�t�a�t�u�s

�3�.�4� �p�p�m�,� �7�5� �s
�1�1�:�0�5

�1�0�0� �s

�F�l�u�x�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s �T�o�o�l�s�H�e�l�p

�2�0�.�3

�4�0�.�0

�A�b�o�u�t� �F�l�u�x�M�a�n�a�g�e�r
�B�a�t�t�e�r�y� �s�t�a�t�u�s

�S�e�l�e�c�t�i�n�g� �[�H�e�l�p�]�[�B�a�t�t�e�r�y� �S�t�a�t�u�s�]� �m�e�n�u� �v�o�i�c�e� �t�h�e� �P�o�w�e�r� 
�f�o�r�m� �w�i�l�l� �b�e� �l�o�a�d�e�d�.� � �T�h�i�s� �f�o�r�m� �s�h�o�w� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� � 
�N�i�M�H� �1�4�.�4�V� �4� �A�/�h� �b�a�t�t�e�r�y� �t�h�a�t� �s�u�p�p�l�y� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� 
�t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �P�a�l�m�T�o�p� �b�a�t�t�e�r�y�.� 

�B�a�t�t�e�r�y� �s�t�a�t�u�s

�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�A�f�t�e�r� �t�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �t�h�e� �s�o�f�w�a�r�e� �h�a�s� �t�o� �b�e� �c�o�n�f�i�g�u�r�e�d� �i�n� �o�r�d�e�r� �t�o� �b�e� �a�b�l�e� �t�o� �c�o�n�n�e�c�t� �t�h�e� � 
�f�l�u�x�m�e�t�e�r�.� �T�h�e� �s�o�f�t�w�a�r�e� �c�o�m�m�u�n�i�c�a�t�e�s� � �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �v�i�a� �a� �s�e�r�i�a�l� �R�S�2�3�2� �p�o�r�t�.� �T�h�i�s� 
�p�o�r�t� �c�a�n� �c�h�a�n�g�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �p�a�l�m� �t�o�p� �b�r�a�n�d� �a�n�d� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �R�u�n� �F�l�u�x�M�a�n�a�g�e�r� 
�f�r�o�m� �t�h�e� �[�S�t�a�r�t�]� �m�e�n�u� �o�f� �t�h�e� �p�a�l�m�t�o�p�.

�I�n�i�t�i�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n

�T�o�o�l�s� �m�e�n�u

�S�e�l�e�c�t�i�n�g� �[�T�o�o�l�s�]�[�S�e�t�t�i�n�g�]� �m�e�n�u� 
�o�p�t�i�o�n� �t�h�e� �s�e�t�t�i�n�g�s� �f�o�r�m� �w�i�l�l� �b�e� 
�l�o�a�d�e�d�.� � �T�h�i�s� �f�o�r�m� �s�h�o�w�s� �s�o�m�e� 
�i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n�,� �d�e�s�c�r�i�b�e�d� �i�n� 
�t�h�e� �d�e�t�a�i�l� �b�e�l�o�w�:
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�!
�c�o�m�m�u�n�i�c�a�t�i�o�n� �p�o�r�t� �t�h�a�t� �F�l�u�x�M�a�n�a�g�e�r� �w�i�l�l� �u�s�e� 
�t�o� �c�o�n�n�e�c�t� �t�h�e� �i�n�s�t�r�u�m�e�n�t�:� �T�h�e� �l�i�s�t� �o�f� �t�h�e� �a�v�a�i�l�a�l�e� 
�s�e�r�i�a�l� �p�o�r�t�s� �w�i�l�l� �b�e� �s�h�o�w�n� �w�h�e�n� �y�o�u� �p�r�e�s�s� �t�h�e� 
�d�o�w�n� �a�r�r�o�w� �o�f� �t�h�e� �c�o�m�b�o�-�b�o�x�.� �S�e�e� �A�p�p�e�n�d�i�x� �P� �t�o� 
�g�e�t� �t�h�e� �p�o�r�t� �t�o� �b�e� �u�s�e�d�.

�! �M�o�d�e�:� �T�h�i�s� �f�i�e�l�d� �m�u�s�t� �b�e� �s�e�t� �t�o�:� �F�l�u�x�.� 
�! �P�u�m�p� �o�f�f� �d�e�l�a�y�:� �I�s� �t�h�e� �p�e�r�i�o�d�,� �e�x�p�r�e�s�s�e�d� �i�n� 

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

�! �A�.�C�.�K�.�:� �I�s� �t�h�e� �"�c�o�n�s�t�a�n�t�"� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� 
�c�h�a�m�b�e�r�.� �T�h�i�s� �f�a�c�t�o�r� �i�s� �u�s�e�d� �t�o� �c�o�n�v�e�r�t� �t�h�e� 
�r�e�s�u�l�t�s� �o�f� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �f�r�o�m� �t�h�e� �b�a�s�i�c� �u�n�i�t� 
�"�p�p�m�/�s�e�c�"�,� �t�o� �t�h�e� �d�e�s�i�r�e�d� �u�n�i�t�,� �b�y� �d�e�f�a�u�l�t�,� �m�o�l�e�s� 
�p�e�r� �s�q�u�a�r�e� �m�e�t�e�r� �p�e�r� �d�a�y�.� �T�o� �e�n�t�e�r� �i�n� �d�e�e�p�e�r� 
�d�e�t�a�i�l� �p�l�e�a�s�e� �r�e�f�e�r� �t�o� �C�h�a�p�t�e�r� �4� �o�f� �t�h�i�s� �h�a�n�d�b�o�o�k�.

�!

�C�o�m�m� �p�o�r �t �:� �I �s � �t �h�e� �n�u�m�b�e�r � �o�f � �t �h�e� 

�G�P�S� �T�I�M�E�:� �I�f� �y�o�u� �d�o�n�'�t� �s�e�e� �t�h�i�s� �b�o�x�,� �y�o�u�r� �P�D�A� �i�s� 
�n�o�t� �e�q�u�i�p�p�e�d� �w�i�t�h� �a�n� �i�n�t�e�g�r�a�t�e�d� �G�P�S�,� �o�r� �t�h�e� �G�P�S� 
�i�s� �n�o�t� �w�e�l�l� �c�o�n�f�i�g�u�r�a�t�e�d� �(�s�i�g�n�a�l� �t�h�i�s� �t�o� 
�i�n�f�o�@�w�e�s�t�s�y�s�t�e�m�s�.�c�o�m�)�.� �P�r�e�s�s� �G�e�t� �t�o� �a�c�q�u�i�r�e� 
�t�h�e� �G�P�S� �t�i�m�e�.� �I�f� �y�o�u� �h�a�v�e� �G�P�S� �c�o�v�e�r�a�g�e�,� �y�o�u� �w�i�l�l� 
�s�e�e� �t�h�e� �t�i�m�e� �i�n� �t�h�e� �t�e�x�t� �b�o�x�,� �o�t�h�e�r�w�i�s�e� �"�n�.�a�.�"�.� 
�C�h�e�c�k� �a�l�s�o� �t�h�e� �t�i�m�e� �z�o�n�e� �s�e�t�t�i�n�g�s� �o�f� �t�h�e� �P�D�A� 
�(�p�r�e�s�s� �t�h�e� �W�i�n�d�o�w�s� �M�o�b�i�l�e� �S�t�a�r�t� �b�u�t�t�o�n�,� �c�l�i�c�k� 
�S�e�t�t�i�n�g�s�,� �n�a�v�i�g�a�t�e� �t�o� �S�y�s�t�e�m� �t�a�b� �a�n�d� �s�e�l�e�c�t� 
�C�l�o�c�k� �&� �A�l�a�r�m�s�.� �S�e�t� �t�h�e� �p�r�o�p�e�r� �t�i�m�e� �z�o�n�e�)�.
�T�h�e� �S�y�n�c�h�r�o�n�i�s�e� �b�u�t�t�o�n� �p�e�r�m�i�t�s� �t�o� �s�y�n�c�h�r�o�n�i�s�e� 
�t�h�e� �P�D�A� �c�l�o�c�k� �f�r�o�m� �t�h�e� �G�P�S� �t�i�m�e�.� �I�t�'�s� �i�m�p�o�r�t�a�n�t� 
�t�h�a�t� �t�h�e� �c�l�o�c�k� �o�f� �t�h�e� �P�D�A� �i�s� �c�o�r�r�e�c�t� �s�i�n�c�e� �a�l�l� �t�h�e� 
�m�e�a�s�u�r�e�m�e�n�t�s� �p�o�i�n�t�s� �w�i�l�l� �b�e� �t�a�g�g�e�d� �w�i�t�h� �t�h�e� 
�P�D�A� �d�a�t�e� �a�n�d� �t�i�m�e�.

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

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

�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�S�e�t�t�i�n�g�s

�C�o�m�m�u�n�i�c�a�t�i�o�n� �p�o�r�t�:
�C�O�M�1

�F�l�u�x�M�o�d�e

�2�5�P�u�m� �o�f�f� �d�e�l�a�y� �(�s�e�c�)

�1�.�0�A�.�C�.�K�.

�O�K �C�a�n�c�e�l

�!
�3�.�4� �p�p�m�,� �7�5� �s

�1�1�:�0�5

�1�0�0� �s

�F�l�u�x�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s�T�o�o�l�s�H�e�l�p

�2�0�.�3

�4�0�.�0

�S�e�t� �Z�e�r�o
�S�e�t�t�i�n�g�s
�D�e�v�i�c�e�s
�R�e�s�c�a�n
�Z�o�o�m� �O�u�t

�S�e�l�e�c�t�i�n�g� �[�T�o�o�l�s�]�[�R�e�s�c�a�n�]� �m�e�n�u� �v�o�i�c�e� �F�l�u�x�M�a�n�a�g�e�r� �w�i�l�l� 
�r�e�s�e�t� �t�h�e� �a�c�t�u�a�l� �s�e�n�s�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �a�n�d� �w�i�l�l� �s�t�a�r�t� �t�o� 
�s�e�a�r�c�h� �t�h�e� �s�e�n�s�o�r�s� �t�h�a�t� �a�r�e� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� � 
�N�o�r�m�a�l�l�y� �t�h�i�s� �o�p�e�r�a�t�i�o�n� �i�s� �N�O�T� �n�e�c�e�s�s�a�r�y� �u�n�l�e�s�s� �t�h�e� 
�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �i�n�s�t�r�u�m�e�n�t� �i�s� �c�h�a�n�g�e�d�.� �O�n�c�e� �t�h�e� �s�c�a�n� �o�f� 
�t�h�e� �s�e�n�s�o�r�s� �i�s� �f�i�n�i�s�h�e�d� �t�h�e� �"�D�e�v�i�c�e�s� �F�o�r�m�"� �m�u�s�t� �b�e� �l�o�a�d�e�d� 
�i�n� �o�r�d�e�r� �t�o� �c�o�n�f�i�g�u�r�e� �t�h�e� �w�o�r�k�i�n�g� �c�o�n�f�i�g�u�r�a�t�i�o�n�:

�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r
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�1�.�0�G�P�S� �T�i�m�e

�S�y�n�c�h�r�o�n�i�s�e�G�e�t

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�P
�A

�G
�E

�2�.�1�0

�G
�a

�s
� �

c�
o�

n�
c�

e�
n�

t�r
�a

�t�
i�o

�n

�T�i�m�e

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

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

�0�5 �D�3 �V

�p�p�m
�T�r�a�c�e

�3�.�4� �p�p�m�,� �7�5� �s
�1�1�:�0�5

�1�0�0� �s

�F�l�u�x�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s�T�o�o�l�s�H�e�l�p

�2�0�.�3

�4�0�.�0

�S�e�t� �Z�e�r�o
�S�e�t�t�i�n�g�s
�D�e�v�i�c�e�s
�R�e�s�c�a�n
�Z�o�o�m� �O�u�t

�T�o� �c�o�n�f�i�g�u�r�e� �t�h�e� �d�e�t�e�c�t�o�r�s� �a�n�d� �t�h�e� 
�t�r�a�c�k�s� �s�e�l�e�c�t� �[�T�o�o�l�s�]�[�D�e�v�i�c�e�s�]� �m�e�n�u� 
�v�o�i�c�e�.� �T�h�e� �C�o�n�n�e�c�t�e�d� �d�e�v�i�c�e�s� �f�o�r�m� 
�w�i�l�l� �b�e� �l�o�a�d�e�d�.� � �T�h�i�s� �f�o�r�m� �s�h�o�w� �t�h�e� 
�l�i�s�t� �o�f� �t�h�e� �d�e�t�e�c�t�o�r�s� �a�n�d� �a�l�l�o�w�s� �t�h�e� 
�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�r�a�c�k�s� �a�n�d� �f�i�l�t�e�r�i�n�g�.

�T�h�e� �l�i�s�t� �o�f� �d�e�t�e�c�t�o�r�s� �c�o�n�t�a�i�n�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�:
�! �T�h�e� �I�D� �t�h�a�t�'�s� �i�s� �t�h�e� �"�I�d�e�n�t�i�f�i�c�a�t�i�o�n�"� �o�f� �t�h�e� 

�d�e�t�e�c�t�o�r�:� �I�n� �t�h�e� �e�x�a�m�p�l�e� �0�5� �i�s� �t�h�e� �I�D� �o�f� �t�h�e� �C�O�2� 
�d�e�t�e�c�t�o�r� �a�n�d� �0�9� �i�s� �t�h�e� �I�D� �o�f� �t�h�e� �H�2�S� �d�e�t�e�c�t�o�r�.� �T�h�e� 
�I�D� �i�s� �n�o�t� �u�s�e�r� �e�d�i�t�a�b�l�e� �a�n�d� �e�a�c�h� �d�e�t�e�c�t�o�r� �m�u�s�t� 
�h�a�v�e� �a� �u�n�i�q�u�e� �I�D� �i�n� �t�h�e� �R�S�4�8�5� �c�h�a�i�n� � �o�t�h�e�r�w�i�s�e� 
�F�l�u�x�M�a�n�a�g�e�r� �c�a�n�'�t� �w�o�r�k�.

�! �T�h�e� �T�y�p�e� �o�f� �t�h�e� �d�e�t�e�c�t�o�r� �,� �i�n� �t�h�e� �e�x�a�m�p�l�e� �D�3� �i�s� 
�t�h�e� �t�y�p�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �C�O�2� �a�n�d� �F�0� �i�s� �t�h�e� �H�2�S� 
�o�n�e�.

�! �T�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �d�e�t�e�c�t�o�r�:� �C�O�2� �a�n�d� �H�2�S�.
�! �T�h�e� �u�n�i�t� �u�s�e�d� �b�y� �t�h�e� �d�e�t�e�c�t�o�r�:� �p�p�m�.
�! �S�e�l�e�c�t� �t�h�e� �T�r�a�c�e� �c�h�e�c�k�-�b�o�x� �o�f� �t�h�e� �d�e�t�e�c�t�o�r� �y�o�u� 

�w�i�s�h� �t�o� �u�s�e� �t�o� �m�e�a�s�u�r�e� �f�l�u�x�:� �I�n� �t�h�i�s� �c�a�s�e� �C�O�2� �a�n�d� 
�H�2�S�.� �O�n�l�y� �f�o�r� �d�e�b�u�g� �p�u�r�p�o�s�e� �y�o�u� �c�a�n� �c�h�e�c�k� �t�h�e� 
�T�e�m�p�.�°�C� �o�r� �P�r�e�s�s�.� �m�B�a�r�.�,� �i�f� �p�r�e�s�e�n�t�,� �i�n� �o�r�d�e�r� �t�o� 
�s�e�e� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �o�f� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �o�r� �C�e�l�l� 
�t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t�.� �Y�o�u� 
�c�a�n� �s�e�l�e�c�t� �u�p� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �8� �t�r�a�c�k�s�.

�! �S�e�l�e�c�t� �F�i�l�t�e�r� �c�h�e�c�k�-�b�o�x� �t�o� �a�p�p�l�y� �a� �d�i�g�i�t�a�l� �l�o�w�-�p�a�s�s� 
�f�i�l�t�e�r� �t�o� �t�h�e� �t�r�a�c�k�:� �t�h�i�s� �f�e�a�t�u�r�e� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� 
�n�o�i�s�e� �o�f� �t�h�e� �d�e�t�e�c�t�o�r�.� 

�1�1�:�0�5
�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p
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�S�o�f�t�w�a�r�e� �F�l�u�x�M�a�n�a�g�e�r

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�P
�A

�G
�E

�2�.�1�1

�C�h�a�n�g�i�n�g� �t�h�e� �v�i�s�u�a�l�i�z�a�t�i�o�n� �s�c�a�l�e

�3�.�4� �p�p�m�,� �7�5� �s
�1�1�:�0�5

�1�0�0� �s

�F�l�u�x�:�0�.�0�3�6� �p�p�m�/�s� �,� �r� �0�.�9�8�7

�F�i�l�e

�H�2�S�:

�T�r�a�c�k�s�T�o�o�l�s�H�e�l�p

�2�0�.�3

�4�0�.�0

�S�e�t� �Z�e�r�o
�S�e�t�t�i�n�g�s
�D�e�v�i�c�e�s
�R�e�s�c�a�n
�Z�o�o�m� �O�u�t

�B�y� �c�l�i�c�k�i�n�g� � �[�T�o�o�l�s�]�[�Z�o�o�m� �O�u�t�]� �o�r� � �y�o�u� 
�c�a�n� �s�w�i�t�c�h� �f�r�o�m� �t�h�e� �d�e�f�a�u�l�t� �"�a�u�t�o�s�c�a�l�e�"� �f�e�a�t�u�r�e� �o�f� �t�h�e� �p�l�o�t� 
�t�o� �t�h�e� �f�i�x�e�d� �s�c�a�l�e� �v�i�s�u�a�l�i�z�a�t�i�o�n�:� �I�n� �t�h�i�s� �c�a�s�e� �t�h�e� �s�p�a�n� �o�f� �Y� 
�a�x�i�s� �w�i�l�l� �b�e� �f�i�x�e�d� �b�e�t�w�e�e�n� �0� �a�n�d� �t�h�e� �f�u�l�l� �s�c�a�l�e� �v�a�l�u�e� �o�f� �t�h�e� 
�t�a�r�g�e�t� �g�a�s�.

�[�T�o�o�l�s�]�[�Z�o�o�m� �I�n�]

�Y� �A�x�i�s� �s�c�a�l�e� �l�a�b�e�l�s

�T�a�r�g�e�t� �g�a�s
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�P�a�g�e� �l�e�f�t� �b�l�a�n�k�i�n�t�e�n�t�i�o�n�a�l�l�y� 
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�M�e�a�s�u�r�i�n�g� �f�l�u�x

�P
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�3�.�1

�I�n� �t�h�i�s� �c�h�a�p�t�e�r� �h�o�w� �t�o� �m�e�a�s�u�r�e� �t�h�e� �f�l�u�x� �a�n�d� �h�o�w� �t�o� �i�n�t�e�r�p�r�e�t� �t�h�e� �r�e�s�u�l�t�s� �.� 
�P�l�e�a�s�e� �r�e�f�e�r� �t�o� �c�h�a�p�t�e�r� �2� �t�o� �l�e�a�r�n� �a�b�o�u�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �t�h�e� �F�l�u�x�M�a�n�a�g�e�r� 
�s�o�f�t�w�a�r�e�.� �T�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �t�h�i�s� �c�h�a�p�t�e�r� �a� �b�a�s�i�c� �t�h�e�o�r�y� �i�s� �e�x�p�l�a�i�n�e�d�:

�w�i�l�l� �b�e� �e�x�p�l�a�i�n�e�d

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

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

�S�a�m�p�l�i�n�g� �l�i�n�e� 
�c�l�e�a�n�i�n�g�.

�C�o�n�c�e�n�t�r�a�t�i�o�n� �l�i�m�i�t�.

�C � �i�s� �t�h�e� �t�a�r�g�e�t� �g�a�s� �a�i�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �3�5�0� �p�p�m� �i�n� �t�h�e� �c�a�s�e� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �,� �f�e�w� �p�p�m� �i�n� �A�i�r

�t�h�e� �c�a�s�e� �o�f� � �o�t�h�e�r� �g�a�s�e�s�.� � �C � �i�s� �t�h�e� �t�a�r�g�e�t� �g�a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�e� �s�o�i�l�.� �A� �v�e�r�y� �l�o�n�g� �S�o�i�l

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

� �I�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �f�l�u�x� �c�u�r�v�e� �a� �"�s�a�m�p�l�i�n�g� �l�i�n�e� �c�l�e�a�n�i�n�g�"� �a�r�e�a� �i�s� �h�i�g�h�l�i�g�h�t�e�d� �:� �i�n� �t�h�i�s� 
�a�r�e�a� �t�h�e� �g�a�s� �p�u�m�p�e�d� �f�r�o�m� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �i�s� �r�e�p�l�a�c�i�n�g� �t�h�e� �g�a�s� �i�n�t�o� �t�h�e� �p�u�m�p�,� 
�t�h�e� �t�u�b�e�s� �a�n�d� �t�h�e� �c�e�l�l� �d�e�t�e�c�t�o�r� �c�e�l�l�(� �D�e�a�d� �v�o�l�u�m�e�s�)�.� �T�h�e� �c�l�e�a�n�i�n�g� �e�f�f�i�c�i�e�n�c�y� �d�e�p�e�n�d�s� �o�n� 
�t�h�e� �d�e�a�d� �v�o�l�u�m�e�s� �a�n�d� �o�n� �t�h�e� �p�u�m�p�i�n�g� �f�l�o�w�.� 
�W�h�e�n� �t�h�e� �t�a�r�g�e�t� �g�a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �b�e�c�o�m�e� �c�l�o�s�e� �t�o� �t�h�e� �s�o�i�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �t�h�e� �f�l�u�x� �c�u�r�v�e� 
�s�l�o�p�e� �d�e�c�r�e�a�s�e�s�.� �N�o�r�m�a�l�l�y� �t�h�e� �f�l�u�x� �c�u�r�v�e� �r�e�c�o�r�d�i�n�g� �t�i�m�e� �i�n� �n�o�t� �e�n�o�u�g�h� �t�o� �h�i�g�h�l�i�g�h�t� �t�h�i�s� 
�e�f�f�e�c�t�.� �T�h�e� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�e� �a�n�o�m�a�l�o�u�s� �s�o�i�l�s� �i�s� �n�o�r�m�a�l�l�y� �m�o�r�e� �t�h�a�n� 
�5�%�.
� �T�h�e� �t�w�o� �v�e�r�t�i�c�a�l� �l�i�n�e�s� �d�e�l�i�m�i�t� �t�h�e� �g�o�o�d� �f�l�u�x� �c�u�r�v�e� �i�n�t�e�r�v�a�l� �w�h�e�r�e� �t�o� �c�o�m�p�u�t�e� �t�h�e� �f�l�u�x�.� 

�F�i�g�u�r�e� �3�.�1

�F�i�g�u�r�e� �3�.�2
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�M�e�a�s�u�r�i�n�g� �f�l�u�x

�T�o� �h�a�v�e� �a� �g�o�o�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �t�h�e� �c�o�r�r�e�c�t� 
�i�n�t�e�r�v�a�l� �o�f� �t�h�e� �f�l�u�x� �c�u�r�v�e� �h�a�s� �t�o� �b�e� �s�e�l�e�c�t�e�d�.
�A� �p�e�r�i�o�d� �i�n� �t�h�e� �r�a�n�g�e� �f�r�o�m� �t�w�o� �u�p� �t�o� �f�o�u�r� �m�i�n�u�t�e� � �o�f� 
�f�l�u�x� �c�u�r�v�e� �r�e�c�o�r�d� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �o�b�t�a�i�n� �a� �g�o�o�d� �f�l�u�x� 
�c�u�r�v�e�.� 
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�T�i�m�e�F�i�g�u�r�e� �3�.�3

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

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

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

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

�T�h�e� �v�a�l�u�e� �o�f� �E�r�r�Q� �c�a�n� �v�a�r�y� �i�n� �t�h�e� �r�a�n�g�e� �f�r�o�m� �0� �u�p� �t�o� �1�.� 
�V�a�l�u�e�s� �o�f� �E�r�r�Q� �c�l�o�s�e� �t�o� �z�e�r�o� �(�E�r�r�Q� �<� �0�.�5�)� �m�e�a�n�s� �t�h�a�t� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �i�s� �n�o�t� �g�o�o�d� �a�n�d� �t�h�a�t� 
�t�h�e� �l�i�n�e�a�r� �c�u�r�v�e� �c�o�m�p�u�t�e�d� �d�o�e�s� �n�o�t� �f�i�t� �t�h�e� �c�u�r�v�e�.� 
�V�a�l�u�e�s� �o�f� �E�r�r�Q� �c�l�o�s�e� �t�o� �o�n�e� �(�E�r�r�Q� �>� �0�.�9�)� �m�e�a�n�s� �t�h�a�t� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �i�s� �q�u�i�t�e� �g�o�o�d� �a�n�d� �t�h�e� 
�l�i�n�e�a�r� �c�u�r�v�e� �f�i�t�s� �t�h�e� �f�l�u�x� �c�u�r�v�e� �v�e�r�y� �w�e�l�l�.� � 
�S�i�n�c�e� �t�h�e� �p�o�i�n�t�s� �a�r�e� �h�o�m�o�g�e�n�e�o�u�s�l�y� �d�i�s�t�r�i�b�u�t�e�d� �i�n� �t�h�e� �t�i�m�e� �d�o�m�a�i�n� �t�h�e� �E�r�r�Q� �q�u�a�l�i�t�y� 
�f�a�c�t�o�r� �i�s� �a� �u�n�i�v�o�c�a�l� �i�n�d�i�c�a�t�o�r� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y�.� �P�l�e�a�s�e� �n�o�t�e� �t�h�a�t� �w�h�e�n� �t�h�e� �s�l�o�p�e� �o�f� 
�t�h�e� �r�e�g�r�e�s�s�i�o�n� �i�s� �z�e�r�o� � �t�h�e� �E�r�r�Q� �a�l�s�o� �h�a�s� �t�o� �b�e� �z�e�r�o�.� 

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

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

�M�e�a�s�u�r�i�n�g� �f�l�u�x

�R�u�n� �F�l�u�x�M�a�n�a�g�e�r� �a�n�d� �s�t�a�r�t� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�.� �A�s� �w�r�i�t�t�e�n� 
�i�n� �c�h�a�p�t�e�r� �2� �p�l�e�a�s�e� �l�e�t� �t�h�e� �d�e�t�e�c�t�o�r�s� �w�a�r�m� �u�p� �b�e�f�o�r�e� 
�s�t�a�r�t�i�n�g� �a� �m�e�a�s�u�r�e�m�e�n�t�.� �H�a�v�i�n�g� �p�r�e�s�s�e�d� �t�h�e� �s�t�a�r�t� �b�u�t�t�o�n� 
�t�h�e� �p�l�o�t� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �t�a�r�g�e�t� �g�a�s�(�e�s�)� �i�s� 
�s�h�o�w�n� �i�n� �t�h�e� �d�i�s�p�l�a�y�.� � 

�4�.�8� �p�p�m�,� �8�5� �s

�P�a�l�m� �f�l�u�x �1�1�:�0�5

�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�5�0�.�6� �p�p�m�/�s� �,� �r� �0�.�9�9�9

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

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

�4�.�8� �p�p�m�,� �8�5� �s�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�5�0�.�6� �p�p�m�/�s� �,� �r� �0�.�9�9�9

�T�h�e� �l�e�n�g�h�t� �o�f� �t�h�e� �f�l�u�x� �c�u�r�v�e� �r�e�c�o�r�d�i�n�g� �i�s� �n�o�r�m�a�l�l�y� �i�n� �t�h�e� 
�i�n�t�e�r�v�a�l� �9�0�-�2�4�0� �s�e�c�o�n�d�s�.� �O�n�l�y� �w�h�e�n� �m�e�a�s�u�r�i�n�g� �v�e�r�y� �l�o�w� 
�f�l�u�x� � � �o�f� �m�e�t�h�a�n�e� �a� �3�0�0�-�3�6�0� �s�e�c�o�n�d� �m�e�a�s�u�r�e�m�e�n�t� �c�o�u�l�d� 
�b�e� �n�e�c�e�s�s�a�r�y�.

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

�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�P�a�l�m� �f�l�u�x �1�1�:�0�5�F�i�l�e �T�r�a�c�k�s �T�o�o�l�s �H�e�l�p

�4�.�8� �p�p�m�,� �8�5� �s
�C�H�4
�2�5�0�0� �p�p�m

�C�H�4

�C�H�4

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�M�e�a�s�u�r�i�n�g� �f�l�u�x

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

�T�h�e� �f�l�u�x� �c�u�r�v�e� �i�s� �n�o� �l�o�n�g�e�r� � �"�l�i�n�e�a�r�"�,� �t�h�e� �l�i�n�e�a�r� �b�e�s�t� 
�f�i�t� �c�u�r�v�e� �d�o� �n�o�t� �f�i�t� �e�x�a�c�t�l�y� �t�h�e� �f�l�u�x� �c�u�r�v�e� �a�s� �p�o�i�n�t�e�d� 
�o�u�t� �b�y� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� �f�a�c�t�o�r� �(�0�.�8�1�5� �i�n� �t�h�e� 
�e�x�a�m�p�l�e�)�.� �T�h�i�s� �e�f�f�e�c�t� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� 
�a�t�m�o�s�p�h�e�r�i�c� �a�i�r� �c�o�n�t�a�m�i�n�a�t�i�o�n�.

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

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

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

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

�4�.�8� �p�p�m�,� �8�5� �s
�C�H�4
�2�5�0�0� �p�p�m

�F�l�u�x�:�5�0�.�6� �p�p�m�/�s� �,� �r� �0�.�9�9�9

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

�F�o�r� � �c�l�e�a�r�n�e�s�s� �o�n�l�y� �t�h�e� �C�O�2� � �f�l�u�x� �c�u�r�v�e� �i�s� �s�h�o�w�n�.
�T�h�e� �s�h�a�p�e� �o�f� �t�h�e� �c�u�r�v�e� �i�s� �q�u�i�t�e� �p�e�r�f�e�c�t� �a�n�d� �t�h�e� 
�c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �i�s� �d�o�n�e� �w�i�t�h� �a� �v�e�r�y� �g�o�o�d� 
�a�c�c�u�r�a�c�y�:� �r� �(�r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� �f�a�c�t�o�r�)� �v�e�r�y� �c�l�o�s�e� �t�o� �1�.� 

�4�.�8� �p�p�m�,� �8�5� �s�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�3�2�.�6� �p�p�m�/�s� �,� �r� �0�.�8�1�5

�A�i�r� �c�o�n�t�a�m�i�n�a�t�i�o�n

�4�.�8� �p�p�m�,� �8�5� �s�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�3�2�.�6� �p�p�m�/�s� �,� �r� �0�.�8�1�5

�G�a�s� �s�t�r�a�t�i�f�i�c�a�t�i�o�n

�T�h�e� �"�p�e�r�f�e�c�t�"� �c�u�r�v�e

�S�e�l�e�c�t�i�n�g� �t�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� �c�u�r�v�e� �t�h�e� �l�i�n�e� �f�i�t�s� 
�t�h�e� �f�l�u�x� �c�u�r�v�e� �v�e�r�y� �w�e�l�l� �a�n�d� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �q�u�a�l�i�t�y� 
�f�a�c�t�o�r� �b�e�c�o�m�e� �0�.�9�9�9�.

�4�.�8� �p�p�m�,� �8�5� �s�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�3�2�.�6� �p�p�m�/�s� �,� �r� �0�.�8�1�5
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�3�.�5

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

�C�0�2
�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�0�.�6� �p�p�m�/�s� �,� �r� �0�.�9�2�5

�L�o�w� �f�l�u�x�e�s

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

� 

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

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

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

�! �T�h�e�r�e� �i�s� �n�o� �f�l�u�x�.

�! �I�s� �t�h�e� �p�u�m�p� �w�o�r�k�i�n�g�?

�! �A�r�e� �t�h�e� �t�u�b�e�s� �c�o�r�r�e�c�t�l�y� � �c�o�n�n�e�c�t�e�d�?

�1�9�6�0�0� �p�p�m�,� �8�5� �s
�C�0�2
�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�5�0�0� �p�p�m�/�s� �,� �r� �0�.�9�2�5

�C�0�2
�2�8�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�0�.�0�6� �p�p�m�/�s� �,� �r� �0�.�8

�V�e�r�y� �l�o�w� �f�l�u�x�e�s

�N�o� �f�l�u�x
�C�0�2
�2�5�0�0� �p�p�m

�2�0�0� �p�p�m �1�0�0

�F�l�u�x�:�0�.�0�0�6� �p�p�m�/�s� �,� �r� �0�.�0�4

�V�e�r�y� �h�i�g�h� �f�l�u�x

�M�e�a�s�u�r�i�n�g� �f�l�u�x
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�P�a�g�e� �l�e�f�t� �b�l�a�n�k�i�n�t�e�n�t�i�o�n�a�l�l�y� 

�M�e�a�s�u�r�i�n�g� �f�l�u�x
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�T�i�m�e

�C�A�i�r

�C�S�o�i�l

�C�o�n�c�e�n�t�r�a�t�i�o�n� �i�n�c�r�e�a�s�e� �p�p�m�/�s�e�c

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

�T�h�e�r�e� �a�r�e� �t�w�o� �m�e�t�h�o�d�s� �t�o� �c�a�r�r�y� �o�u�t� �t�h�e� �f�i�e�l�d� �w�o�r�k�,� �i�n� �b�o�t�h� �c�a�s�e�s� �f
�y�o�u� �h�a�v�e� �t�o� �r�e�c�o�r�d� �t�h�e� �t�y�p�e� �o�f� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �u�s�e�d�,� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e�,� �a�n�d� 
�t�h�e� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�.
�T�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �f�e�w� �m�B�a�r� � �o�f� �t�h�e� �p�r�e�s�s�u�r�e� �a�n�d� �o�r� �f�e�w� �d�e�g�r�e�e�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �d�o� �n�o�t� 
�a�f�f�e�c�t� � �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �f�l�u�x� �v�e�r�y� �m�u�c�h�,� �t�h�e�n� �y�o�u� �c�a�n� �u�s�e� �a� �m�e�a�n� �v�a�l�u�e� �f�o�r� �b�o�t�h� 
�p�a�r�a�m�e�t�e�r�s�.� �O�f� �c�o�u�r�s�e� �t�h�a�t� �d�e�p�e�n�d�s� �o�n� �t�h�e� �a�c�c�u�r�a�c�y� �y�o�u� �w�a�n�t� �t�o� �r�e�a�c�h� �f�o�r� �t�h�e� �e�v�a�l�u�a�t�i�o�n� 
�o�f� �f�l�u�x�.� 
�T�h�e� �i�n�s�t�r�u�m�e�n�t� �m�e�a�s�u�r�e�s� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e�,� �u�s�i�n�g� �t�h�e� �e�m�b�e�d�d�e�d� �p�r�e�s�s�u�r�e� �s�e�n�s�o�r� 
�o�f� �t�h�e� �L�I�C�O�R�,� �w�i�t�h� �a� �g�o�o�d� �a�c�c�u�r�a�c�y�.� �A� �p�l�a�t�i�n�u�m� �P�t�1�0�0� �o�r� �a� �t�h�e�r�m�o�-�c�o�u�p�l�e� �t�h�e�r�m�o�m�e�t�e�r� � 
�c�a�n� �b�e� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �t�h�e� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �a�s� �w�e�l�l� �a�s� �t�h�e� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e�.� 

�o�r� �e�a�c�h� �m�e�a�s�u�r�e�m�e�n�t� 

�P
�A

�G
�E

�4�.�2

�Q�u�a�n�t�i�f�y�i�n�g� �t�h�e� �f�l�u�x

�P
�A

�G
�E

�4�.�1

�T�h�e� �f�i�r�s�t� �m�e�a�s�u�r�e�m�e�n�t�s� �m�a�d�e�,� �1�0� �y�e�a�r�s� �a�g�o�,� �w�i�t�h� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �w�a�s� 
�e�x�p�r�e�s�s�e�d� �i�n� �c�m�/�s�e�c� �w�h�i�c�h� �i�s� �a� �s�p�e�e�d�,� �t�h�e� �s�p�e�e�d� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �f�l�o�w�i�n�g� �o�u�t� �f�r�o�m� �t�h�e� 
�s�o�i�l�.� �D�u�r�i�n�g� �t�h�e� �l�a�s�t� �t�e�n� �y�e�a�r�s� �s�e�v�e�r�a�l� �u�n�i�t�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �b�y� �v�o�l�c�a�n�o�l�o�g�i�s�t� �a�n�d� �b�y� 
�g�e�o�c�h�e�m�i�s�t�r�y� �r�e�s�e�a�r�c�h�e�r�s�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� �u�n�i�t� �i�s� �g�r�a�m�s�/�s�q�u�a�r�e�m�e�t�e�r� �p�e�r� �d�a�y�,� �b�u�t� 
�u�s�i�n�g� �t�h�e� �s�a�m�e� �i�n�s�t�r�u�m�e�n�t� �f�o�r� �t�w�o� �g�a�s� �s�p�e�c�i�e�s� �t�o� �e�x�p�r�e�s�s� �t�h�e� �f�l�u�x� �u�s�i�n�g� �t�h�i�s� �u�n�i�t� �m�e�a�n�s� 
�t�o� �h�a�v�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �c�o�n�v�e�r�s�i�o�n� � �f�a�c�t�o�r�s�.� �A�c�t�u�a�l�l�y� �w�e� �u�s�e� �t�h�e� �u�n�i�t� �m�o�l�e�s�/�s�q�u�a�r�e�m�e�t�e�r� 
�p�e�r� �d�a�y� �t�h�a�t� �h�a�s� �t�w�o� �a�d�v�a�n�t�a�g�e�s�:� �A� �s�i�n�g�l�e� � �c�o�n�v�e�r�s�i�o�n� �f�a�c�t�o�r� �f�o�r� �e�v�e�r�y� �g�a�s� �s�p�e�c�i�e� �a�n�d� �a�n� 
�e�a�s�y� �c�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e� �f�l�u�x� �i�n� �g�r�a�m�s�/�s�m� �p�e�r� �d�a�y� �s�i�m�p�l�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �r�e�s�u�l�t� �e�x�p�r�e�s�s�e�d� 
�i�n� �m�o�l�e�s�/�s�m� �p�e�r� �d�a�y� �f�o�r� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �t�a�r�g�e�t� �g�a�s�.

�C�h�o�o�s�i�n�g� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �u�n�i�t

�!
�F�r�o�m� �t�h�e� � �[�t�o�o�l�s�]�[�s�e�t�t�i�n�g�s�]� �m�e�n�u� �y�o�u� �c�a�n� �s�e�t� �t�h�e� � �a�c�c�u�m�u�l�a�t�i�o�n� 
�c�h�a�m�b�e�r� �f�a�c�t�o�r� �i�n� �t�h�e� �"�A�.�c�.�K�.�"� �f�i�e�l�d�.� 

�I�f� �t�h�i�s� �f�a�c�t�o�r� �i�s� �s�e�t� �t�o� �1� � �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�i�l�l� �g�i�v�e� �y�o�u� �r�e�s�u�l�t�s� 
�e�x�p�r�e�s�s�e�d� �i�n� �p�p�m�/�s�e�c�,� �t�h�a�t�'�s� �s�i�m�p�l�y� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �c�u�r�v�e� �i�n� �t�h�e� 
�s�e�l�e�c�t�e�d� �i�n�t�e�r�v�a�l�.� 

�I�f� �y�o�u� �s�e�t� � �t�h�e� �A�.�c�.�K� �t�o� �a� �v�a�l�u�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �1� � � �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�i�l�l� 
�g�i�v�e� �y�o�u� �t�h�e� �r�e�s�u�l�t�s� �e�x�p�r�e�s�s�e�d� �i�n� �m�o�l�e�s� �p�e�r� �s�q�u�a�r�e� �m�e�t�e�r� �p�e�r� �d�a�y�.� � 

�P�l�e�a�s�e� �s�e�e� �n�e�x�t� �p�a�g�e�.
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�Q�u�a�n�t�i�f�y�i�n�g� �t�h�e� �f�l�u�x

�S�e�t� �t�h�e� �A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r� �f�a�c�t�o�r� �t�o� �1� �i�n� �o�r�d�e�r� �t�o� �h�a�v�e� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� 
�e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �s�l�o�p�e� �u�n�i�t� �"�p�p�m�/�s�e�c�"� �a�n�d� �t�r�a�n�s�l�a�t�e� �i�t� �i�n� �t�h�e� �d�e�s�i�r�e�d� �u�n�i�t� �w�i�t�h� �a� �p�o�s�t� 
�p�r�o�c�e�s�s�i�n�g�.� 
�U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d� �y�o�u� �c�a�n� �f�o�c�u�s� �o�n�l�y� �o�n� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �i�n�t�e�r�f�a�c�i�n�g� �w�i�t�h� �t�h�e� 
�s�o�i�l�,� � � �t�h�e� �f�l�u�x� �c�u�r�v�e� �s�h�a�p�e� �a�n�d� �t�h�e� �o�t�h�e�r� �a�s�p�e�c�t�s� �o�f� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�,� �p�u�t�t�i�n�g� �o�f�f� 
�c�h�o�o�s�i�n�g� �t�h�e� �c�o�r�r�e�c�t� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �f�a�c�t�o�r�.

�M�e�t�h�o�d� �1�:� �M�e�a�s�u�r�i�n�g� �t�h�e� �s�l�o�p�e

�T�o� �g�e�t� �t�h�e� �r�e�s�u�l�t�s� �d�i�r�e�c�t�l�y� �i�n� �m�o�l�e�s�/�s�m�/�d�a�y� �y�o�u� �h�a�v�e� �t�o� �s�e�t� �t�h�e� �A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r� 
�f�a�c�t�o�r� �t�o� �t�h�e� �c�o�r�r�e�c�t� �v�a�l�u�e�,� �t�a�k�i�n�g� �i�t� �f�r�o�m� �t�h�e� �t�a�b�l�e�s�.� � 
�F�o�r� �e�a�c�h� �m�e�a�s�u�r�e�m�e�n�t�,� �i�f� �t�h�e�r�e� �a�r�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�,� �o�r� � �o�f� �t�h�e� 
�b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e�,� �o�r� �i�f� �y�o�u� �c�h�a�n�g�e�d� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �y�o�u� �h�a�v�e� �t�o� �s�e�l�e�c�t� �t�h�e� 
�[�t�o�o�l�s�]�[�s�e�t�t�i�n�g�s�]� �m�e�n�u� �a�n�d� �p�u�t� �t�h�e� �c�o�r�r�e�c�t� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �f�a�c�t�o�r� �i�n� �t�h�e� �"�A�.�c�.�K�.�"� 
�f�i�e�l�d�.� �T�h�i�s� �o�p�e�r�a�t�i�o�n� �c�a�n� �b�e� �"�c�r�i�t�i�c�a�l�"�.� �I�n� �a�n�y� �c�a�s�e� �o�n� �t�h�e� �s�a�v�e�d� �f�i�l�e�s� �y�o�u�'�l�l� �f�i�n�d� �t�h�e� �r�e�s�u�l�t�s� 
�o�f� �f�l�u�x� �e�v�a�l�u�a�t�i�o�n� �e�x�p�r�e�s�s�e�d� �i�n� �b�o�t�h� �u�n�i�t�s� �,� �t�h�e� �r�a�w� �p�p�m�/�s�e�c� �a�n�d� �t�h�e� �m�o�l�e�s�/�s�m�/�d�a�y� 
�c�o�m�p�u�t�e�d� �w�i�t�h� �t�h�e� �A�.�c�.�K�.� �y�o�u� �s�e�t�.

�M�e�t�h�o�d� �2�:� �M�e�a�s�u�r�i�n�g� �t�h�e� �f�l�u�x� �d�i�r�e�c�t�l�y� �i�n� �m�o�l�e�s�/�s�m�/�d�a�y�.
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�1�0�6 �R �T�k

�V
�A

�W�h�e�r�e� 
�! �P� �i�s� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �m�B�a�r� �(�H�P�a�)

�-�1 �-�1�! �R� �i�s� �t�h�e� �g�a�s� �c�o�n�s�t�a�n�t� �0�.�0�8�3�1�4�5�1�0� �b�a�r� �L� �K � �m�o�l
�! �T � �i�s� �t�h�e� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �K�e�l�v�i�n� �d�e�g�r�e�e�k

�! �V� �i�s� �t�h�e� �c�h�a�m�b�e�r� �n�e�t� �v�o�l�u�m�e� � �i�n� �c�u�b�i�c� �m�e�t�e�r�s� 
�! �A� �i�s� �t�h�e� �c�h�a�m�b�e�r� �i�n�l�e�t� �n�e�t� �a�r�e�a� �i�n� �s�q�u�a�r�e� �m�e�t�e�r�s�.

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

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

�T�h�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �A�.�c�.�K�.� �a�r�e

�I�n� �t�h�e� �t�a�b�l�e� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �f�a�c�t�o�r�s� �v�s� �t�e�m�p�e�r�a�u�r�e� �a�n�d� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� � �f�o�r� �t�h�e� 
�A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r� �T�y�p�e� �A� �a�n�d� �B� � �a�r�e� �r�e�p�o�r�t�e�d�.

�A�n� �e�x�a�m�p�l�e�:

�Y�o�u�'�r�e� �u�s�i�n�g� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �B�,� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �f�l�u�x� �c�u�r�v�e� �i�s� �2�.�5� �p�p�m�/�s�e�c�,� �t�h�e� 
�b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �i�s� �1�0�0�8� �m�B�a�r� �(�H�P�a�)� � �a�n�d� �t�h�e� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �2�2� �°�C�.
�F�r�o�m� �t�h�e� �t�a�b�l�e� �B� �g�e�t� �t�h�e� �v�a�l�u�e� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �a�n�d� 
�t�e�m�p�e�r�a�t�u�r�e�.� �I�n� �t�h�i�s� �c�a�s�e� �I� �g�e�t� �t�h�e� �v�a�l�u�e� �c�o�m�p�u�t�e�d� �f�o�r� �2�5�°�C� �a�n�d� �1�0�1�3� �m�B�a�r� �:� �0�.�6�9�6�.

�T�h�e�n� �t�h�e� �f�l�u�x� �i�s�:� �2�.�5� �x� �0�.�6�9�6�=� �1�.�7�4� �m�o�l�e�s� �p�e�r� �s�q�u�a�r�e� �m�e�t�e�r� �p�e�r� �d�a�y�.
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�D�e�p�e�n�d�i�n�g� �o�n� �y�o�u�r� �i�n�s�t�r�u�m�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �s�o�m�e� �o�f� �t�h�e� �l�i�s�t�e�d� �p�a�r�t�s� �m�a�y� �n�o�t� � �b�e� 
�p�r�o�v�i�d�e�d�,� �p�l�e�a�s�e� �r�e�f�e�r� �t�o� �p�a�g�e� �1�.�1� �o�f� �t�h�i�s� �h�a�n�d�o�b�o�o�k� �t�o� �k�n�o�w� �w�h�i�c�h� �c�o�m�p�o�n�e�n�t�s� � 
�i�n�c�l�u�d�e�d� �w�i�t�h� �y�o�u�r� �i�n�s�t�r�u�m�e�n�t�.

�C�o�m�p�o�n�e�n�t�s

�P
�A

�G
�E

�5�.�1

�I�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�: �0�.�2� �m� �(�2�0�0� �m�m�)
�I�n�t�e�r�n�a�l� �h�e�i�g�h�t�: �0�.�0�9�7� �m� �(�9�7� �m�m�)

�-�3 �3�I�n�t�e�r�n�a�l� �v�o�l�u�m�e� �c�h�a�m�b�e�r�: �2�.�7�9�7�*�1�0 � �m
�D�e�a�d� �v�o�l�u�m�e�s� �(�e�l�e�c�t�r�i�c� �e�n�g�i�n�e�,� 

�-�5 �3�f�i�l�t�e�r�s� �a�n�d� �d�e�t�e�c�t�o�r� �c�e�l�l�)�: �4�.�0�9�5�*�1�0 � �m

�-�3� � �3�N�e�t� �v�o�l�u�m�e�: �2�.�7�5�6�*�1�0 �m
�-�2 �2�B�a�s�e� �a�r�e�a�: �3�.�1�4�0�*�1�0 � �m

�M�a�s�s�: �1�.�6�5�0� � �K�g� �(�w�i�t�h� �a�l�k�a�l�i�n�e� �b�a�t�t�e�r�y�)

�T�y�p�e� �A� 

�T�y�p�e� �B� 

�R�S� �2�4�5�-�6�0�8�9

�R�S� �2�4�5�-�6�0�8�9

�T�y�p�e� �C

�R�S� �2�4�5�-�6�0�8�9

�I�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�: �0�.�2� �m� �(�2�0�0� �m�m�)
�I�n�t�e�r�n�a�l� �h�e�i�g�h�t�: �0�.�1�9�8� �m� �(�1�9�8� �m�m�)

�-�3 �3�I�n�t�e�r�n�a�l� �v�o�l�u�m�e� �c�h�a�m�b�e�r�: �6�.�2�3�1�*�1�0 � �m
�D�e�a�d� �v�o�l�u�m�e�s� �(�e�l�e�c�t�r�i�c� �e�n�g�i�n�e�,� 

�-�5 �3�f�i�l�t�e�r�s� �a�n�d� �d�e�t�e�c�t�o�r� �c�e�l�l�)�: �4�.�4�9�8�*�1�0 � �m

�-�3� �3�N�e�t� �v�o�l�u�m�e�: �6�.�1�8�6�*�1�0 �m
�-�2� �2�B�a�s�e� �a�r�e�a�: �3�.�1�4�0�*�1�0 �m

�M�a�s�s�: �2�.�1�5�0� � �K�g� �(�w�i�t�h� �a�l�k�a�l�i�n�e� �b�a�t�t�e�r�y�)

�W�i�t�h� �A�c�c�u�m�u�l�a�t�i�o�n� �C�h�a�m�b�e�r� �T�y�p�e� �B� �y�o�u� �c�a�n� �m�e�a�s�u�r�e� �f�l�u�x� 
�2�h�i�g�h�e�r� �t�h�a�n� �1�0�0�0�0� �g�r�a�m�s�/�m � �x� �d�a�y� �w�i�t�h� �m�o�r�e� �a�c�c�u�r�a�c�y�.� 

�I�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�: �0�.�3� �m� �(�3�0�0� �m�m�)
�I�n�t�e�r�n�a�l� �h�e�i�g�h�t�: �0�.�9�7� �m� �(�9�7� �m�m�)

�-�3 �3�I�n�t�e�r�n�a�l� �v�o�l�u�m�e� �c�h�a�m�b�e�r�: �6�.�9�2�5�*�1�0 � �m
�D�e�a�d� �v�o�l�u�m�e�s� �(�e�l�e�c�t�r�i�c� �e�n�g�i�n�e�,� 

�-�5 �3�f�i�l�t�e�r�s� �a�n�d� �d�e�t�e�c�t�o�r� �c�e�l�l�)�: �4�.�6�4�7�*�1�0 � �m

�-�3� � �3�N�e�t� �v�o�l�u�m�e�: �6�.�8�7�8�*�1�0 �m
�-�2 �2�B�a�s�e� �a�r�e�a�: �7�.�1�1�6�*�1�0 � �m

�M�a�s�s�: �1�.�9�0�0� � �K�g� �(�w�i�t�h� �a�l�k�a�l�i�n�e� �b�a�t�t�e�r�y�)

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

�G
�E

�5�.�2

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

�M�o�t�o�r� �:� �R�S�2�4�5�-�6�0�8�9
�M�i�x�i�n�g� �d�e�v�i�c�e� �s�p�e�e�d� �:� �8�0� �R�P�M� �(�r�o�t�a�t�i�o�n�s� �p�e�r� �m�i�n�u�t�e�)

�B�a�t�t�e�r�y�:� �9� �V�o�l�t�s� �M�N�1�6�0�4� �6�L�6�1� �D�u�r�a�c�e�l�l� �o�r� �e�q�u�i�v�a�l�e�n�t
�B�a�t�t�e�r�y� �e�x�p�e�c�t�e�d� �l�i�f�e� � �4�8� �h�o�u�r�s
� 

�B�a�t�t�e�r�y� �r�e�p�l�a�c�e�m�e�n�t

�U�n�s�c�r�e�w� �t�h�e� �4� �s�c�r�e�w� �o�n� �t�h�e� �g�r�a�y� �b�o�x� 
�a�n�d� �r�e�p�l�a�c�e� �t�h�e� �b�a�t�t�e�r�y�.

�T�h�e� �m�i�x�i�n�g� �d�e�v�i�c�e� �i�s� �s�u�p�p�l�i�e�d� �b�y� �a� �9� �v�o�l�t�s� �b�a�t�t�e�r�y�.

�M�i�x�i�n�g� �d�e�v�i�c�e

�T�y�p�e� �C�-�f�l�o�a�t�i�n�g

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

�P
�r�e�s�s�u�r�e� 

�c�o�m
�p�e�n�s�a�t�i�o�n� 

�R�S� �2�4�5�-�6�0�8�9

�I�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�: �0�.�3� �m� �(�3�0�0� �m�m�)
�I�n�t�e�r�n�a�l� �h�e�i�g�h�t�: �0�.�9�7� �m� �(�9�7� �m�m�)

�-�3 �3�I�n�t�e�r�n�a�l� �v�o�l�u�m�e� �c�h�a�m�b�e�r�-�f�l�o�a�t�i�n�g�: �1�1�.�2�7�7�*�1�0 � �m
�D�e�a�d� �v�o�l�u�m�e�s� �(�e�l�e�c�t�r�i�c� �e�n�g�i�n�e�,� 

�-�5 �3�f�i�l�t�e�r�s� �a�n�d� �d�e�t�e�c�t�o�r� �c�e�l�l�)�: �4�.�6�4�7�*�1�0 � �m

�-�3� � �3�N�e�t� �v�o�l�u�m�e�: �1�1�.�2�3�1�*�1�0 �m
�-�2 �2�B�a�s�e� �a�r�e�a�: �6�.�6�9�7�*�1�0 � �m

�M�a�s�s�: �2�.�0�0�0� � �K�g� �(�w�i�t�h� �a�l�k�a�l�i�n�e� �b�a�t�t�e�r�y�)

�W�i�t�h� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�s� �t�y�p�e� �C�-�f�l�o�a�t�i�n�g� �y�o�u� �c�a�n� �m�e�a�s�u�r�e� �f�l�u�x� �o�v�e�r� �l�a�k�e�s� �o�r� �o�t�h�e�r� �w�a�t�e�r� 
�s�o�u�r�c�e�s�.
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�P
�r�e�s�s�u�r�e� 

�c�o�m
�p�e�n�s�a�t�i�o�n� 

�P
�A

�G
�E

�5�.�3

�F�i�l�t�e�r� �I�N

�A�.�C�.� �O�u�t�l�e�t� 
�t�u�b�e� �f�i�t�t�i�n�g

�T�y�g�o�n� �t�u�b�e

�M�g�(�C�l�O �)�4 �2 �S�p�o�n�g�e� �p�l�u�g

�S�p�o�n�g�e� �p�l�u�g

�S�i�r�i�n�g�e� �F�i�l�t�e�r�:� �P�T�F�E� �M�e�m�b�r�a�n�e� �0�.�4�5� �u�m� � 
�C�O�L�E�-�P�A�L�M�E�R� �P�a�r�t� �n�u�m�b�e�r� �0�2�9�1�5�-�3�0� 

�A� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �d�e�s�s�i�c�a�n�t� �t�r�a�p� �c�a�n� �b�e� � �i�n�t�e�g�r�a�t�e�d� 
�c�h�a�m�b�e�r� �b�e�t�w�e�e�n� � �t�h�e� �o�u�t�l�e�t� �f�i�t�t�i�n�g� �o�f� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �a�n�d� �t�h�e� �I�n�l�e�t� �o�f� �t�h�e� �P�T�F�E� 
�F�i�l�t�e�r�:� �I�t� �c�o�u�l�d� �b�e� �u�s�e�d� �w�h�e�n� �y�o�u�'�r�e� �w�o�r�k�i�n�g� �i�n� �a� �v�e�r�y� �w�e�t� �e�n�v�i�r�o�n�m�e�n�t� �t�o� �a�v�o�i�d� 
�c�o�n�d�e�n�s�a�t�i�o�n� �i�n�s�i�d�e� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.
�D�o� �n�o�t� �u�s�e� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �i�f� �t�h�e�r�e� �i�s� �a�n� �h�i�g�h� �m�e�t�h�a�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 
�M�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �c�a�n� �t�r�i�g�g�e�r� �f�i�r�e� �o�r� �e�x�p�l�o�s�i�o�n� �w�h�e�n� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �c�o�m�b�u�s�t�i�b�l�e� 
�g�a�s�e�s�.

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

�I�f� �y�o�u�'�r�e� �u�s�i�n�g� �i�t� �p�l�e�a�s�e� �c�h�e�c�k� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �w�a�t�e�r� �t�r�a�p� �f�r�e�q�u�e�n�t�l�y� �a�n�d� �r�e�p�l�a�c�e� �i�t� �w�h�e�n� 
�n�e�c�e�s�s�a�r�y�.� 

�o�n� � �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� 

�D�A�N�G�E�R�!
�P�a�y� �a�t�t�e�n�t�i�o�n� �w�h�i�l�e� �h�a�n�d�l�i�n�g� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e�.
�I�t� �c�a�u�s�e�s� �i�r�r�i�t�a�t�i�o�n�,� �a�n�d� �c�o�n�t�a�c�t� �w�i�t�h� �c�o�m�b�u�s�t�i�b�l�e� �m�a�t�e�r�i�a�l�s� �o�r� �p�o�w�e�r�e�d� �m�e�t�a�l�s� �c�a�n� �c�a�u�s�e� �f�i�r�e� �o�r� 
�e�x�p�l�o�s�i�o�n�.

�W�E�S�T� �S�y�s�t�e�m�s� �d�o� �n�o�t� �p�r�o�v�i�d�e� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �b�e�c�a�u�s�e� �i�t�s� �s�h�i�p�p�i�n�g� �i�s� �n�o�t� �a�l�l�o�w�e�d� �b�y� �A�i�r� 
�C�a�r�r�i�e�r�s�.
�T�h�e� �'�B�a�k�e�r� �A�n�a�l�y�z�e�d�'� �c�o�m�p�a�n�y� � �m�a�r�k�e�t�s� �m�a�g�n�e�s�i�u�m� �p�e�r�c�h�l�o�r�a�t�e� �w�i�t�h� �u�n�d�e�r� �t�h�e� �"�A�N�Y�D�R�H�O�N�E�"� � 
�b�r�a�n�d�.

�F�i�l�t�e�r� �I�N �A�.�C�.� �o�u�t�l�e�t� �f�i�t�t�i�n�g

�!

�T�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�s
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�T�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �s�u�p�p�l�i�e�d� �w�i�t�h� �t�w�o� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�s�.� �T�h�e� �t�y�p�e� �A� �(�H�e�i�g�h�t� �1�0�0� 
�m�m�)� �i�s� �u�s�e�f�u�l� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �s�e�n�s�i�v�i�t�y� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �t�o� �v�e�r�y� �l�o�w� �f�l�u�x�e�s� �b�y� �a� �f�a�c�t�o�r� �2�.� 
�U�n�d�e�r� �n�o�r�m�a�l� �u�s�e� �w�e� �a�d�v�i�s�e� �u�s�i�n�g� �t�h�e� �t�y�p�e� �B� �(�H�e�i�g�h�t� �2�0�0� �m�m�)� �t�h�a�t� �c�a�n� �c�o�v�e�r� �a� �v�e�r�y� 
�l�a�r�g�e� �r�a�n�g�e� �o�f� �s�o�i�l� �f�l�u�x� �w�i�t�h� �a� �g�o�o�d� �s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �l�i�n�e�a�r�i�t�y�.� 

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

�T�h�e� �m�e�a�s�u�r�i�n�g� �s�i�t�e� �s�h�o�u�l�d� �b�e� � �d�i�s�t�u�r�b�e�d� �a�s� �l�i�t�l�l�e� �a�s� �p�o�s�s�i�b�l�e�.� �J�.�D�.�R�o�g�i�e� �e�t� �a�l�.� 
�h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �i�f� �s�o�i�l� �i�s� �d�i�s�t�u�r�b�e�d�,� �f�o�r� �e�x�a�m�p�l�e� �l�e�v�e�l�l�i�n�g� �t�h�e� �g�r�o�u�n�d� �o�r� 
�d�i�g�g�i�n�g� �a� �h�o�l�e� �i�n� �o�r�d�e�r� �t�o� �p�l�a�c�e� �t�h�e� �c�h�a�m�b�e�r�,� �t�h�e� �f�l�u�x� �c�o�n�d�i�t�i�o�n� �v�a�r�i�e�s� �i�n� �a�n� 
�u�n�p�r�e�d�i�c�t�a�b�l�e� �w�a�y� �a�n�d� �t�a�k�e�s� �a� �l�o�n�g� �t�i�m�e� �t�o� �s�t�a�b�i�l�i�z�e� �a�g�a�i�n

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

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

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

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

�R�S� �2�4�5�-�6�0�8�9

�S�o�i�l

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

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

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

�P�u�m�p� � �d�r�a�w�i�n�g

�T�h�e� �p�u�m�p

�P�u�m�p� �s�p�e�c�i�f�i�c�a�t�i�o�n�s

�R�a�t�e�d� �f�l�o�w�:� �1�0�0�0� �S�C�C�M� �(�S�t�a�n�d�a�r�d� �c�u�b�i�c� �c�e�n�t�i�m�e�t�e�r� �p�e�r� �m�i�n�u�t�e�)� 
�P�o�w�e�r� �s�u�p�p�l�y� �1�5�0� �m�A� �@� �1�2� �V�o�l�t�s� 

�M�a�n�u�f�a�c�t�u�r�e�r� �#�1� �A�S�F� �T�H�O�M�A�S�,� �G�e�r�m�a�n�y
�A�N�R� �5�0�0�2�0�9�7�2

�M�a�n�u�f�a�c�t�u�r�e�r� �#�2� �K�N�F�,� � �G�e�r�m�a�n�y
�N�M�P� �0�2�0�6�7�6�9�4

�P�n�e�u�m�a�t�i�c� �f�i�t�t�i�n�g�s� �d�i�a�m�e�t�e�r� �:� �4� �m�m

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

�P�U�M�P� �P�O�W�E�R� �S�U�P�P�L�Y� �f�e�m�a�l�e� �p�a�n�e�l� �c�o�n�n�e�c�t�o�r

�P�I�N� �1� � �:� �1�2�.�0� �V�o�l�t� � �t�o� �p�o�s�i�t�i�v�e� �p�o�l�e� �o�f� �P�u�m�p
�P�I�N� �4� � �:� �G�r�o�u�n�d� � � �t�o� �n�e�g�a�t�i�v�e� �p�o�l�e� �o�f� �P�u�m�p� 

�1 �2

�3�4
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�P�u�m�p� �m�a�i�n�t�e�n�a�n�c�e

�T�h�e� �p�u�m�p

�T�h�e� �p�u�m�p� �e�f�f�i�c�i�e�n�c�y� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �d�e�p�o�s�i�t�s� �o�f� �d�u�s�t� �o�r� �w�a�t�e�r�.� �W�h�e�n� 
�n�e�c�e�s�s�a�r�y� �i�t�'�s� �p�o�s�s�i�b�l�e� �t�o� �c�l�e�a�n� �t�h�e� �p�u�m�p�:

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

�f�l�o�w�.
�! �R�e�a�s�s�e�m�b�l�e� �t�h�e� �h�e�a�d�.

�U�n�s�c�r�e�w� �t�h�e� �4� �s�c�r�e�w�s

�S�c�r�e�w�s� �(�4�)

�P�u�m�p� �h�e�a�d� �g�a�s�k�e�t� 

�P�u�m�p� �h�e�a�d� �c�o�v�e�r� 

�P�u�m�p� � �d�i�a�p�h�r�a�g�m� 
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�T�h�e� �b�a�t�t�e�r�y

�B�a�t�t�e�r�y� �m�e�c�h�a�n�i�c�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�:
�S�i�z�e�:� �1�1�0� �x� �9�0� �x� �5�5� �m�m
�M�a�s�s�:� � �1�1�0�0� �g�r�a�m�s� 

�B�a�t�t�e�r�y� �s�p�e�c�i�f�i�c�a�t�i�o�n�s
�T�y�p�e� �:� �W�S�1�4�-�4� �N�i�-�M�H� � �S�e�a�l�e�d� �m�a�i�n�t�e�n�a�n�c�e�-�f�r�e�e
�N�o�m�i�n�a�l� �v�o�l�t�a�g�e� �1�4�.�4� �V�o�l�t�s
�N�o�m�i�n�a�l� �c�a�p�a�c�i�t�y� �4�.�0� �A�/�h
�N�o�m�i�n�a�l� �b�a�t�t�e�r�y� �d�u�r�a�t�i�o�n� �4� �h�o�u�r�s
�C�A�U�T�I�O�N

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

�C�h�a�r�g�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�:
�C�h�a�r�g�e� �t�h�e� �b�a�t�t�e�r�i�e�s� �a�f�t�e�r� �e�v�e�r�y� �u�s�e�.

�C�o�n�n�e�c�t�o�r�s�:� �m�a�l�e� �p�a�n�e�l� �4� �p�i�n�:� �B�a�t�t�e�r�y� �i�n�l�e�t

�1
�2

�3
�4

�P�i�n�1� �:� �+�1�4�.�4� �V�o�l�t�s� 
�P�i�n�2�:� �+�1�4�.�4� �V�o�l�t�s
�P�i�n�3�:� �B�a�t�t�e�r�y� �T�e�m�p�-�S�e�n�s�o�r
�P�i�n�4�:� �G�r�o�u�n�d
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�T�h�e� �b�a�t�t�e�r�y

�B�a�t�t�e�r�y� �c�h�a�r�g�e�r

�M�o�d�e�l� �G�E�N�I�U�S� �1�0�0�0�/�1�2

�I�n�p�u�t� �1�0�0�-�2�5�0� �V�A�C� �,� �5�0�/�6�0� �H�z

�O�u�t�P�u�t� �1�,�1� �A� �:� �C�h�a�r�g�i�n�g� �t�i�m�e� � �4� �h�o�u�r�s�~� 

�G�R�E�E�N� �L�E�D� �l�i�g�h�t�:� �P�o�w�e�r� �O�N�.

�Y�E�L�L�O�W�/�R�E�D� �L�E�D�:� 
�Y�E�L�L�O�W� �l�i�g�h�t� �o�n�:� �C�h�a�r�g�i�n�g� �t�h�e� �b�a�t�t�e�r�y�.
�Y�E�L�L�O�W� �l�i�g�h�t� �o�f�f�:� �B�a�t�t�e�r�y� �c�h�a�r�g�e�d�.
�R�E�D� �l�i�g�h�t�:� �R�e�p�l�a�c�e� �b�a�t�t�e�r�y�.

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

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

�I�n

�O�u�t

�R�S�4�8�5

�D�A�T�A� �&� �B�a�t�t�e�r�y
�F�L�U�X�M�E�T�E�R�-� �B�T

�B�T

�A�d�a�p�t�e�r�B�a�t�t�e�r�y� �c�h�a�r�g�e�r

�G
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0�
/�1
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�B�a�t�t�e�r�y� �c�h�a�r�g�e�r
�c�o�n�n�e�c�t�o�r

�!�A�T�T�E�N�T�I�O�N�:� �P�l�e�a�s�e� �d�o� �n�o�t� �t�u�r�n� �o�n� �w�h�e�n� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �c�h�a�r�g�i�n�g� �w�i�t�h� 
�t�h�e� �a�d�a�p�t�e�r�.
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�P�a�l�m�t�o�p� �c�h�a�r�g�e�r� �c�a�b�l�e

�C�a�b�l�e�s

�U�S�B� �t�y�p�e� �A� �F�e�m�a�l�e� �c�o�n�n�e�c�t�o�r

�T�h�e� �c�a�b�l�e� �h�a�v�e� �t�o� �b�e� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �R�S�4�8�5� �p�o�r�t� �o�f� �t�h�e� �e�x�t�e�r�n�a�l� �c�o�n�n�e�c�t�i�o�n� �p�a�n�e�l�.

�T�h�e� �c�a�b�l�e� �h�a�v�e� �a� �p�o�w�e�r� �s�u�p�p�l�y� �o�f� �5� �V�d�c� �,� �5�0�0� �m�A�.� 

�A�m�p�h�e�n�o�l� �6�+�T� �F�e�m�a�l�e� �c�o�n�n�e�c�t�o�r

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�P
�A

�G
�E

�5�.�1�0

�C�S�-�D�0�0�2�3�_�0�1� �B�o�a�r�d� �p�a�n�e�l� 

�S�E�N�S�O�R�S� �P�O�W�E�R� �S�U�P�P�L�Y� �f�e�m�a�l�e� �p�a�n�e�l� �c�o�n�n�e�c�t�o�r
�P�O�W�E�R�-�A� � �P�O�W�E�R�-�B� �c�o�n�n�e�c�t�o�r�s

�P�I�N� �2� � �:� �1�4�.�4� �V�o�l�t� �-� �t�o� �P�I�N� �1� �o�f� �D�e�t�e�c�t�o�r�s� �T�e�r�m�i�n�a�l�s
�P�I�N� �4� � �:� �G�r�o�u�n�d� �-� � �t�o� �P�I�N� �2� �D�e�t�e�c�t�o�r�s� �L�I�8�0�0� �T�e�r�m�i�n�a�l�s

�P�U�M�P� �P�O�W�E�R� �S�U�P�P�L�Y� �f�e�m�a�l�e� �p�a�n�e�l� �c�o�n�n�e�c�t�o�r

�P�I�N� �1� � �:� �1�2�.�0� �V�o�l�t� � �t�o� �p�o�s�i�t�i�v�e� �p�o�l�e� �o�f� �P�u�m�p� 
�P�I�N� �4� � �:� �G�r�o�u�n�d� � � �t�o� �n�e�g�a�t�i�v�e� �p�o�l�e� �o�f� �P�u�m�p� 

�B�A�T�T�E�R�Y� �I�N� � �m�a�l�e� �p�a�n�e�l� �c�o�n�n�e�c�t�o�r

�P�I�N� �1� � �:� �1�4�.�4� �V�o�l�t� � � �t�o� � �b�a�t�t�e�r�y� 
�P�I�N� �3� � �:� �B�a�t�t�e�r�y� �T�e�m�p�.� �S�e�n�s�o�r
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�B�a�c�k�p�a�c�k� �a�s�s�e�m�b�l�y�.
�A�s�s�e�m�b�l�e� �t�h�e� �F�l�u�x�m�e�t�e�r� �o�n� �t�h�e� �b�a�c�k�b�a�c�k� �u�s�i�n�g� �t�h�e� �s�c�r�e�w� �o�n� �t�h�e� �i�n�t�e�r�n�a�l� 
�s�i�d�e� �o�f� �b�a�c�k�p�a�c�k

�T�h�e� �b�a�c�k�p�a�c�k

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

�F�l�u�x�m�e�t�e�r� �c�a�l�i�b�r�a�t�i�o�n

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

�S�k�e�t�c�h� �o�f� �c�a�l�i�b�r�a�t�i�o�n� �d�e�v�i�c�e

�R�S� �2�4�5�-�6�0�8�9

�9�.�0

�9�.�0�1

�3

�5 �7

�S�t�a�n�d�a�r�d� �t�a�o�m�s�.

�1

�3 �5

�7

�S�t�a�n�d�a�r�d� �t
�a�o�m�s�.

�M�a�s�s� �f�l�o�w� �c�o�n�t�r�o�l�l�e�r

�1�0�0�%� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �(�o�r� �t�a�r�g�e�t� �g�a�s�)� 
�c�y�l�i�n�d�e�r� �a�n�d� �p�r�e�s�s�u�r�e� �r�e�d�u�c�i�n�g� �v�a�l�v�e

�C�O � �f�l�u�x�e�s� �f�r�o�m� �s�o�i�l� �a�r�e� �s�i�m�u�l�a�t�e�d� � �b�y� �i�n�j�e�c�t�i�n�g� �a� � �k�n�o�w�n� �f�l�o�w� �o�f� �g�a�s� �i�n�t�o� �t�h�e� �2

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

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

�T�h�e� �a�p�p�a�r�a�t�u�s� �i�s� �s�c�h�e�m�a�t�i�z�e�d� �i�n� �f�i�g�u�r�e� �1�.
�2�F�o�r� �f�l�u�x� �b�e�t�w�e�e�n� �0�.�5� �a�n�d� �3�0�0� �m�o�l�e�s�/�(�m �d�a�y�)� �t�h�e� �i�n�j�e�c�t�e�d� �f�l�u�x� �i�s� �c�o�n�t�r�o�l�l�e�d� �a�n�d� 

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

�e�l�e�c�t�r�o�n�i�c�a�l�l�y� �s�t�a�b�i�l�i�z�e�d� �(�A�c�c�u�r�a�c�y� �1�%�)�.

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

�H�e�r�e� �i�s� �r�e�p�o�r�t�e�d� �t�h�e� �p�r�o�c�e�d�u�r�e� �f�o�l�l�o�w�e�d� �b�y� �W�E�S�T� �S�y�s�t�e�m�s� �t�o� �c�h�e�c�k� �t�h�e� �f�l�u�x�m�e�t�e�r� 
�c�a�l�i�b�r�a�t�i�o�n�.� 

�C�a�l�i�b�r�a�t�i�o�n� �t�a�b�l�e
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�2 �2�F�o�r� �f�l�u�x�e�s� �b�e�t�w�e�e�n� �3�0�0� �m�o�l�e�s�/�(�m �d�a�y�)� �a�n�d� �7�0�0� �m�o�l�e�s�/� �(�m �d�a�y�)� �t�h�e� �i�n�j�e�c�t�e�d� 

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

�b�u�b�b�l�e� �f�l�o�w�m�e�t�e�r� �(�A�c�c�u�r�a�c�y� �3�%�)� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �w�i�t�h� 

�t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�.� 

�2�T�w�o� �s�e�r�i�e�s� �o�f� �m�e�a�s�u�r�e� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �f�l�u�x� �o�f� �3�0�0� �m�o�l�e�s�/�(�m �d�a�y�)� �t�o� 

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

�m�e�a�s�u�r�e�m�e�n�t�.� 

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

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

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

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

�D�u�r�i�n�g� �a�l�l� �t�h�e� �m�e�a�s�u�r�e�s� �a� � �1�0�0�%� �C�O � � � �f�l�o�w� �w�a�s� �u�t�i�l�i�z�e�d�.� � �2

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

�m�e�t�h�a�n�e� �/� �H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e�.

�C�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �m�e�t�e�r

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

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

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

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

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

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

�m�e�a�s�u�r�e�d� �w�i�t�h� �a� �M�i�c�r�o�b�r�i�d�g�e� �M�a�s�s� �A�i�r�f�l�o�w� �s�e�n�s�o�r� �(�A�c�c�u�r�a�c�y� �2�%�)�.� 

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

�p�u�m�p�i�n�g� � �f�l�o�w� �i�s� �l�e�s�s� �t�h�a�n� �2�0�0� �S�C�C�M�.

� 

�- �1�6

�-�1�4

�-�1�2

�-�1�0

�-�8

�-�6

�-�4

�-�2

�0

�2

�4

�1 �1�0 �1�0�0 �1�0�0�0 �1�0�0�0�0 �1�0�0�0�0�0

�I�m�p�o�s�e�d� �f�l�u�x

�E
�r

�r
�o

�r
�%

�1�2�0�0� �S�C�C�M

�1�0�0�0� �S�C�C�M

�8�0�0� �S�C�C�M

�5�0�0� �S�C�C�M

�3�0�0� �S�C�C�M

�1�0�0� �S�C�C�M

�I�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �u�n�w�a�n�t�e�d� �v�a�r�i�a�t�i�o�n� �o�f� �p�u�m�p�i�n�g� �f�l�o�w� �d�u�e� �t�o� �p�o�w�e�r� �s�u�p�p�l�y� �t�h�e� 
�p�u�m�p� �i�s� �s�u�p�p�l�i�e�d� �a�t� �1�2� �V� �D�C� �w�i�t�h� �a� �s�t�a�b�i�l�i�z�e�d� �v�o�l�t�a�g�e� �r�e�g�u�l�a�t�o�r�.

�T�h�e� �p�u�m�p�i�n�g� �f�l�o�w� �,� �a�f�t�e�r� �t�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �s�t�a�b�i�l�i�z�a�t�i�o�n�,� �i�s� �1�0�0�0� �S�C�C�M� � �2�0�%�.� 
�T�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �p�u�m�p� �c�a�n� �v�a�r�y� �d�u�e� �t�o� �d�u�s�t� �o�r� �m�o�i�s�t�u�r�e� �i�n� �t�h�e� �p�u�m�p� �b�o�d�y�.� 
�P�e�r�i�o�d�i�c� �m�a�i�n�t�e�n�a�n�c�e� �i�s� �n�e�c�e�s�s�a�r�y�.

�C�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �m�e�t�e�r
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�R�P�M� �v�s� �b�a�t�t�e�r�y� �v�o�l�t�a�g�e

�0

�2�0

�4�0

�6�0

�8�0

�1�0�0

�1�2�0

�1�4�0

�0 �2 �4 �6 �8 �1�0 �1�2

�V�o�l�t

�R
�P

�M

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

�I�n� �t�h�e� �p�l�o�t� �t�h�e� � �m�i�x�i�n�g� �d�e�v�i�c�e� �R�P�M� �(�R�o�t�a�t�i�o�n� �p�e�r� 
�m�i�n�u�t�e�)� �v�s� �p�o�w�e�r� �s�u�p�p�l�y� �v�o�l�t�a�g�e�.� �T�h�e� �n�o�r�m�a�l� �r�a�n�g�e� 
�f�o�r� �t�h�e� �b�a�t�t�e�r�y� �v�o�l�t�a�g�e� �i�s� �b�e�t�w�e�e�n� �9�.�6� �V� �(�n�e�w� 
�b�a�t�t�e�r�y�)� �a�n�d� �6� �V�o�l�t� �(�d�i�s�c�h�a�r�g�e�d� �b�a�t�t�e�r�y�)
� 

�T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �m�i�x�i�n�g� �d�e�v�i�c�e

�C�a�l�i�b�r�a�t�i�o�n� �o�f� �t�h�e� �f�l�u�x� �m�e�t�e�r

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

�-�0�.�5
�-�0�.�4
�-�0�.�3
�-�0�.�2
�-�0�.�1

�0
�0�.�1
�0�.�2
�0�.�3
�0�.�4
�0�.�5

�0 �2�0 �4�0 �6�0 �8�0 �1�0�0 �1�2�0 �1�4�0

�R�P�M

�E
�r

�r
�o

�r
�%

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

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

�B�a�t�t�e�r�y� �s�t�a�t�u�s� �v�s� �R�P�M�.
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�P�n�e�u�m�a�t�i�c� �c�o�n�n�e�c�t�i�o�n�s

�P
�A

�G
�E

�7�.�1

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

�! �R�I�L�S�A�N� �t�u�b�e� �6� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4� �m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;
�! �S�I�L�I�C�O�N� �t�u�b�e� �8� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �3�.�3� �m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;
�! �S�I�L�I�C�O�N� �1�2�.�5� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4�.�3� �m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;
�! �T�y�g�o�n� �1�3�.�5� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �8� �m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�.

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

�! �2�5� �m�m� �d�i�a�m�e�t�e�r� �0�.�2�2� � � �m� �P�T�F�E� �m�e�m�b�r�a�n�e� �C�o�l�e�-�P�a�l�m�e�r� �2�9�1�5�-�2�0� �o�r� 
�e�q�u�i�v�a�l�e�n�t�;

�! �5�0� �m�m� �d�i�a�m�e�t�e�r� �0�.�4�5� � � �m� �P�T�F�E� �m�e�m�b�r�a�n�e� �C�o�l�e�-�P�a�l�m�e�r� �2�9�1�5�-�3�0� �o�r� 
�e�q�u�i�v�a�l�e�n�t�.

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

�M�1�0� �x� �1�m�m

�W�E�S�T� �S�y�s�t�e�m�s� �T�u�b�e� �f�i�t�t�i�n�g� �f�o�r� �R�I�L�S�A�N� �6�x�4� �a�n�d� �S�i�l�i�c�o�n� �t�u�b�e�s

�M�a�t�e�r�i�a�l� �:� �C�h�r�o�m�e�d� �b�r�a�s�s

�2�.�8� �m�m� �D�i�a�m�e�t�e�r

�T�h�e� �f�i�t�t�i�n�g�s

�4�4� �m�m

�2�5� �m�m

�T�h�e� �f�i�l�t�e�r�s

�T�h�e� �t�u�b�e�s

�T�h�e� �g�a�s� �s�a�m�p�l�i�n�g� �l�i�n�e� �i�s� �a�s�s�e�m�b�l�e�d� �w�i�t�h� �1�/�8�"� �g�a�s� �c�y�l�i�n�d�r�i�c�a�l� �o�r� �c�o�n�i�c�a�l� �t�h�r�e�a�d� �f�i�t�t�i�n�g�s�.� 
�T�h�e� �s�e�a�l�i�n�g� �i�s� �g�u�a�r�a�n�t�e�e�d� �b�y� �(�r�)� �L�o�c�t�i�t�e� �5�4�2� �d�o�p�e�.
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�P�n�e�u�m�a�t�i�c� �c�o�n�n�e�c�t�i�o�n�s

�! �C�-�F�l�e�x� �o�r� �s�i�l�i�c�o�n� � �t�u�b�e� �6� �m�m� �e�x�t�e�r�n�a�l� 
�d�i�a�m�e�t�e�r� �3�.�3� �m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;

�T�u�b�i�n�g� �l�e�g�e�n�d

�I�n�s�i�d�e� �t�h�e� �f�l�u�x�m�e�t�e�r
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�P�n�e�u�m�a�t�i�c� �c�o�n�n�e�c�t�i�o�n�s

�! �R�I�L�S�A�N� �t�u�b�e� �6� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4� �m�m� 
�i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �B�L�U�E� �c�o�l�o�r�;

�T�u�b�i�n�g� �l�e�g�e�n�d

�! �R�I�L�S�A�N� �t�u�b�e� �6� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4� �m�m� 
�i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �R�E�D� �c�o�l�o�r�;

�! �S�I�L�I�C�O�N� �1�2�.�5� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4�.�3� 
�m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;

�P�T�F�E� �f�i�l�t�e�r� �0�.�4�5� �u�m
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�A�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �c�o�n�n�e�c�t�i�o�n�s

�P�r�e�s�s�u�r�e� 
�c�o�m�p�e�n�s�a�t�i�o�n� 

�I�N

�O�U�T

�R�S�4�8�5
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�P�n�e�u�m�a�t�i�c� �c�o�n�n�e�c�t�i�o�n�s

�P
�r

�e
�s

�s
�u

�r
�e

� 
�c

�o
�m

�p
�e

�n
�s

�a
�t�

i�o
�n

� 

�T�u�b�i�n�g� �l�e�g�e�n�d

�! �T�y�g�o�n� �1�3�.�5� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �8� �m�m� 
�i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;

�! �S�I�L�I�C�O�N� �1�2�.�5� �m�m� �e�x�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �4�.�3� 
�m�m� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r�;

�T�y�g�o�n� �t�u�b�e

�M�g�(�C�l�O �)�4 �2 �S�p�o�n�g�e� �p�l�u�g

�S�p�o�n�g�e� �p�l�u�g

�S�i�r�i�n�g�e� �F�i�l�t�e�r�:� �P�T�F�E� �M�e�m�b�r�a�n�e� �0�.�4�5� �u�m� � 
�C�O�L�E�-�P�A�L�M�E�R� �P�a�r�t� �n�u�m�b�e�r� �0�2�9�1�5�-�3�0� 

�F�i�l�t�e�r� �I�N �A�.�C�.� �o�u�t�l�e�t� �f�i�t�t�i�n�g

�F�o�r� �t�h�e� �u�s�a�g�e� �o�f� �w�a�t�e�r� �t�r�a�p� �s�e�e� �t�h�e� �w�a�r�n�i�n�g� �o�f� �p�a�g�e� �5�.�3�.�!
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�A�)� �P�o�w�e�r� �s�u�p�p�l�y� �r�e�l�a�t�e�d� �p�r�o�b�l�e�m�s

�T�r�o�u�b�l�e�s�h�o�o�t�i�n�g

�T�h�e� �F�l�u�x�M�e�t�e�r� �d�o�e�s� �n�o�t� �t�u�r�n� �O�n�:
�T�h�e� �L�E�D� �l�i�g�h�t� �o�n� �t�h�e� �O�n�/�O�f�f� �b�u�t�t�o�n� �d�o� �n�o�t� �b�e�c�o�m�e� �g�r�e�e�n�:
�! �T�h�e� �b�a�t�t�e�r�y� �p�a�c�k� �i�s� �p�l�u�g�g�e�d� �t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�?
�! �T�h�e� �b�a�t�t�e�r�y� �p�a�c�k� �i�s� �c�h�a�r�g�e�d�?

�H�i�n�t�s
�! �A� �c�h�a�r�g�e�d� �b�a�t�t�e�r�y�'�s� �v�o�l�t�a�g�e� �m�u�s�t� �b�e� �m�o�r�e� �t�h�a�n� �1�4�.�4� �V�o�l�t�s�.
�! �N�i�M�H� �b�a�t�t�e�r�i�e�s� �c�a�n� �b�e� �r�e�c�h�a�r�g�e�d� �i�n� �a�n�y� �c�h�a�r�g�e� �s�t�a�t�u�s�.� �T�h�e�y� �d�o� �n�o�t� 

�h�a�v�e� �"�m�e�m�o�r�y� �e�f�f�e�c�t�"�.
�! �T�h�e� �L�E�D� �l�i�g�h�t� �o�n� �t�h�e� �p�o�w�e�r� �b�u�t�t�o�n� �i�s� �f�l�a�s�h�i�n�g� �g�r�e�e�n�/�r�e�d�:� �T�h�i�s� �m�e�a�n�s� 

�t�h�a�t� �t�h�e� �b�a�t�t�e�r�y� �c�h�a�r�g�e� �s�t�a�t�u�s� �i�s� �L�O�W�.

�B�)� �B�a�s�i�c� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�b�l�e�m�s

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

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

�M�e�s�s�a�g�e�:� � �C�o�n�n�e�c�t�i�o�n� �f�a�i�l�e�d� �/� �n�o�t� �c�o�n�n�e�c�t�e�d
�F�l�u�x�m�a�n�a�g�e�r� � �c�a�n�n�o�t� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t�:
�! �T�h�e� �s�e�l�e�c�t�e�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�o�r�t� �i�s� �n�o�t� �t�h�e� �c�o�r�r�e�c�t� �o�n�e�;
�! �T�h�e� �b�l�u�e�t�o�o�t�h� �o�f� �t�h�e� �p�a�l�m�t�o�p� �i�s� �O�F�F�;
�! �T�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �O�F�F�;
�! �T�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �t�h�e� �p�a�l�m�t�o�p� �e�x�c�e�e�d� �t�h�e� 

�b�l�u�e�t�o�o�t�h� �r�a�n�g�e�.

�P�l�e�a�s�e� �s�e�e� �A�p�p�e�n�d�i�x� �P

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

�! �R�e�s�e�t� �t�h�e� �p�a�l�m�t�o�p� �b�y� �p�r�e�s�s�i�n�g� �t�h�e� �r�e�s�e�t� �b�u�t�t�o�n� �i�n� �t�h�e� �p�a�l�m�t�o�p� 
�b�o�t�t�o�m�.

�! �S�w�i�t�c�h� �o�f�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�,� �w�a�i�t� �1�0� �s�e�c�o�n�d�s� �a�n�d� �t�u�r�n� �o�n� �i�t� �a�g�a�i�n�.
�! �R�e�s�t�a�r�t� �w�i�t�h� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �(�s�e�e� �A�p�p�e�n�d�i�x� �P�)�.
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�T�r�o�u�b�l�e�s�h�o�o�t�i�n�g

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

�e�-�m�a�i�l� �t�o�:� � �g�.�v�i�r�g�i�l�i�@�w�e�s�t�s�y�s�t�e�m�s�.�c�o�m
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�S�o�f�t�w�a�r�e� �F�l�u�x�R�e�v�i�s�i�o�n

�F�l�u�x�R�e�v�i�s�i�o�n� �i�s� �t�h�e� �s�o�f�t�w�a�r�e� �t�h�a�t� �a�l�l�o�w�s� �t�o� �q�u�i�c�k�l�y� �e�l�a�b�o�r�a�t�e� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� 
�f�i�l�e�s� �c�r�e�a�t�e�d� �b�y� �F�l�u�x�M�a�n�a�g�e�r�.� �N�o�t�e�:� �F�l�u�x�R�e�v�i�s�i�o�n� �r�u�n�s� �o�n� �M�i�c�r�o�s�o�f�t� �W�i�n�d�o�w�s� 
�o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s�;� �t�h�e� �M�i�c�r�o�s�o�f�t� �.�N�E�T� �f�r�a�m�e�w�o�r�k� �i�s� �r�e�q�u�i�r�e�d� �o�n� �t�h�e� �m�a�c�h�i�n�e�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �w�a�y�s� �t�o� �d�o�w�n�l�o�a�d� �t�h�e� �F�l�u�x�M�a�n�a�g�e�r� �f�i�l�e�s� �f�r�o�m� �t�h�e� �P�D�A� �t�o� �a� 
�p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r�:

�- �C�o�p�y� �t�h�e� �f�i�l�e�s� �f�r�o�m� �t�h�e� �l�o�c�a�t�i�o�n� �\�M�y� �D�o�c�u�m�e�n�t�s�\�F�l�u�x�M�a�n�a�g�e�r�F�i�l�e�s� �t�o� �t�h�e� 
�s�t�o�r�a�g�e� �c�a�r�d� �(�S�D� �o�r� �M�i�c�r�o�S�D� �c�a�r�d�)� �a�n�d� �p�l�u�g� �t�h�e� �m�e�m�o�r�y� �c�a�r�d� �t�o� �a� �P�C� 
�(�u�s�i�n�g� �a� �c�a�r�d� �r�e�a�d�e�r�)�.

�- �I�n�s�t�a�l�l� �o�n� �t�h�e� �P�C� �t�h�e� �s�o�f�t�w�a�r�e� �M�i�c�r�o�s�o�f�t� �A�c�t�i�v�e�s�y�n�c� �(�t�h�e� �i�n�s�t�a�l�l�e�r� �i�s� �o�n� �t�h�e� 
�C�D� �f�u�r�n�i�s�h�e�d� �w�i�t�h� �t�h�e� �P�D�A�,� �o�r� �i�t� �c�a�n� �b�e� �f�r�e�e�l�y� �d�o�w�n�l�o�a�d�e�d� �f�r�o�m� �t�h�e� 
�M�i�c�r�o�s�o�f�t� �w�e�b�s�i�t�e�)�.� �T�h�e�n� �p�l�u�g� �t�h�e� �P�D�A� �t�o� �t�h�e� �P�C� �w�i�t�h� �t�h�e� �U�S�B� �c�a�b�l�e�.� �T�h�e� 
�A�c�t�i�v�e�S�y�n�c� �w�i�n�d�o�w� �w�i�l�l� �a�p�p�e�a�r� �a�n�d� �w�i�l�l� �a�l�l�o�w� �t�o� �n�a�v�i�g�a�t�e� �i�n�t�o� �t�h�e� �P�D�A� 
�d�i�r�e�c�t�o�r�i�e�s�.� �G�o� �t�o� �t�h�e� �p�a�t�h� �\�M�y� �D�o�c�u�m�e�n�t�s�\�F�l�u�x�M�a�n�a�g�e�r�F�i�l�e�s� �a�n�d� �c�o�p�y� 
�t�h�e� �f�i�l�e�s� �t�o� �t�h�e� �P�C�.

�O�n�c�e� �y�o�u� �h�a�v�e� �t�h�e� �f�i�l�e�s� �i�n� �t�h�e� �P�C�,� �s�t�a�r�t� �t�h�e� �F�l�u�x�R�e�v�i�s�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� �I�n� �t�h�e� �f�i�r�s�t� 
�i�n�s�t�a�n�c�e� �y�o�u�'�l�l� �b�e� �a�s�k� �t�o� �s�e�l�e�c�t� �t�h�e� �f�o�l�d�e�r� �w�h�e�r�e� �y�o�u� �h�a�v�e� �t�h�e� �f�i�l�e�s� �t�o� �b�e� 
�e�x�a�m�i�n�a�t�e�d�.� �T�h�e� �f�o�l�d�e�r� �y�o�u� �s�e�l�e�c�t� �w�i�l�l� �b�e� �p�r�o�p�o�s�e�d� �t�h�e� �n�e�x�t� �t�i�m�e� �y�o�u� �s�t�a�r�t� �t�h�e� 
�s�o�f�t�w�a�r�e�.� �S�e�l�e�c�t� �t�h�e� �f�o�l�d�e�r� �a�n�d� �p�r�e�s�s� �O�K�.� �I�f� �t�h�e�r�e� �a�r�e� �v�a�l�i�d� �f�i�l�e�s�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� 
�w�i�l�l� �s�t�a�r�t� �t�o� �p�a�r�s�e� �t�h�e� �d�a�t�a�.

�T�o� �e�s�t�i�m�a�t�e� �t�h�e� �f�l�u�x� �f�r�o�m� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�i�l�l� 
�n�e�e�d� �t�o� �k�n�o�w� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�m�e�t�e�r�s� �(�s�e�e� �c�h�a�p�t�e�r� �4� �f�o�r� �d�e�t�a�i�l�s�)�:

�- �A�i�r� �t�e�m�p�e�r�a�t�u�r�e
�- �B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e
�- �V�o�l�u�m�e� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r

�I�f� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �i�s� �m�i�s�s�i�n�g� �(�b�e�c�a�u�s�e� �y�o�u� �d�o�n�'�t� �h�a�v�e� �a� �p�r�e�s�s�u�r�e� �p�r�o�b�e� 
�i�n�s�i�d�e� �t�h�e� �f�l�u�x�m�e�t�e�r� �a�n�d� �y�o�u� �d�i�d�n�'�t� �m�a�n�u�a�l�l�y� �i�n�s�e�r�t�e�d� �t�h�e� �v�a�l�u�e� �i�n� �t�h�e� 
�F�l�u�x�M�a�n�a�g�e�r� �s�a�v�i�n�g� �w�i�n�d�o�w�)�,� �b�u�t� �t�h�e� �f�l�u�x�m�e�t�e�r� �o�f� �t�h�e� �P�D�A� �i�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� 
�G�P�S� �a�n�t�e�n�n�a�,� �F�l�u�x�R�e�v�i�s�i�o�n� �c�a�n� �e�s�t�i�m�a�t�e� �t�h�e� �p�r�e�s�s�u�r�e� �f�r�o�m� �t�h�e� �e�l�e�v�a�t�i�o�n� �(�o�f� 
�c�o�u�r�s�e� �t�h�i�s� �c�a�l�c�u�l�a�t�i�o�n� �c�a�n�'�t� �b�e� �a�s� �a�c�c�u�r�a�t�e� �a�s� �h�a�v�i�n�g� �a� �s�e�n�s�o�r�)�.

�I�f� �s�o�m�e� �f�i�l�e�s� �a�r�e� �m�i�s�s�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� �p�a�r�a�m�e�t�e�r�s�,� �y�o�u�'�l�l� �s�e�e� �t�h�e� �w�i�n�d�o�w� 
�a�p�p�e�a�r�.
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�S�o�f�t�w�a�r�e� �F�l�u�x�R�e�v�i�s�i�o�n

�T�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �i�s� �o�b�t�a�i�n�e�d� �w�i�t�h� �t�h�e� �t�y�p�e� �o�f� �c�h�a�m�b�e�r� 
�(�A�,� �B� �o�r� �C�)� �t�h�a�t� �y�o�u� �i�n�s�e�r�t�e�d� �i�n� �t�h�e� �F�l�u�x�M�a�n�a�g�e�r� �s�o�f�t�w�a�r�e�.� �C�h�e�c�k� �t�h�a�t� �t�h�e� 
�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �c�h�a�m�b�e�r� �t�y�p�e� �(�A� �i�n� �t�h�e� �i�l�l�u�s�t�r�a�t�i�o�n�)� �i�s� �c�o�r�r�e�c�t�:� �t�h�e� 
�d�i�s�p�l�a�y�e�d� �t�y�p�e� �i�s� �t�h�e� �o�n�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �f�i�l�e�s�.� �I�f� �t�h�e� �f�i�l�e�s� �p�r�e�s�e�n�t� �m�o�r�e� �t�h�a�n� 
�o�n�e� �c�h�a�m�b�e�r� �t�y�p�e�s�,� �a�n� �a�s�t�e�r�i�s�k� �w�i�l�l� �s�i�g�n�a�l� �t�h�i�s�.� �F�o�r� �e�x�a�m�p�l�e� �i�f� �y�o�u� �s�e�l�e�c�t� �a� �f�o�l�d�e�r� 
�w�i�t�h� �s�o�m�e� �f�i�l�e� �w�i�t�h� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �A� �a�n�d� �s�o�m�e� �w�i�t�h� �t�y�p�e� �B�,� �y�o�u� �w�i�l�l� �s�e�e� �a� 
�w�i�n�d�o�w� �l�i�k�e� �t�h�i�s�:
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�T�o� �s�e�t� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �o�r� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �t�h�e� �m�e�a�s�u�r�e�s� �t�h�a�t� �a�r�e� 
�m�i�s�s�i�n�g� �t�h�i�s� �p�a�r�a�m�e�t�e�r�,� �r�e�p�l�a�c�e� �t�h�e� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �(�1�0�1�3� �m�B�a�r� �a�n�d� �2�0�°�C�)� �a�n�d� 
�p�r�e�s�s� �O�K�.� �I�f� �t�h�e�  ��A�p�p�l�y� �t�o� �a�l�l� �a�n�a�l�y�s�i�s �� �b�o�x� �i�s� �c�h�e�c�k�e�d�,� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� 
�m�e�a�s�u�r�e�s� �t�h�a�t� �a�l�r�e�a�d�y� �h�a�d� �t�h�e�m� �w�i�l�l� �b�e� �o�v�e�r�w�r�i�t�t�e�n�.

�O�n�c�e� �a�l�l� �t�h�e� �f�i�l�e�s� �a�r�e� �p�a�r�s�e�d�,� �y�o�u�'�l�l� �s�e�e� �t�h�e� �m�e�a�s�u�r�e�s� �i�n� �t�h�e� �l�i�s�t� �o�f� �t�h�e� �l�e�f�t�.

�S�o�f�t�w�a�r�e� �F�l�u�x�R�e�v�i�s�i�o�n

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

�C�r�e�a�t�e� �r�e�p�o�r�t�:� �A�l�l�o�w�s� �t�o� 
�c�r�e�a�t�e� �t�h�e� �r�e�p�o�r�t� �f�i�l�e�.� �S�e�e� 
�t�h�e� �p�a�r�a�g�r�a�p�h� �f�o�r� �d�e�t�a�i�l�s�.

�C�u�r�v�e�:� �Y�o�u� �c�a�n� �c�h�o�o�s�e� �t�h�e� 
�c�u�r�r�e�n�t�l�y� �d�i�s�p�l�a�y�e�d� �g�a�s� �s�p�e�c�i�e�.� 
�C�h�a�n�g�i�n�g� �t�h�e� �s�p�e�c�i�e� �h�a�s� �t�h�e� 
�e�f�f�e�c�t� �t�o� �d�i�s�p�l�a�y� �t�h�e� �E�r�r�Q� �a�n�d� 
�t�h�e� �F�l�u�x� �o�n� �t�h�e� �l�i�s�t�.� �S�o� �t�h�e� �f�i�l�t�e�r� 
�a�n�d� �t�h�e� �s�o�r�t�i�n�g� �o�f� �t�h�e� �l�i�s�t� �w�i�l�l� 
�r�e�f�e�r� �t�o� �t�h�e� �s�e�l�e�c�t�e�d� �s�p�e�c�i�e�.

�C�r�e�a�t�e� �K�M�L�:� �I�f� �t�h�e� �f�i�l�e�s� 
�c�o�n�t�a�i�n� �G�P�S� �d�a�t�a�,� �w�i�l�l� �b�e� 
�g�e�n�e�r�a�t�e�d� �a� �K�M�L� �f�i�l�e�,� �j�u�s�t� 
�t �o � �h �a �v �e � �a � �q �u �i �c �k � 
�r�e�p�r�e�s�e�n�t�a�t�i �o�n� �o�f� �t�h�e� 
�s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 
�m�e�a�s�u�r�e� �p�o�i�n�t�s�.� �T�h�e� �f�i�l�e� 
�c �a�n� �b �e� �o �p�e�n�e�d� �w�i �t �h � 
�s�o�f�t�w�a�r�e� �l�i�k�e� �G�o�o�g�l�e� �E�a�r�t�h�.

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

�N�e�v�e�r� �r�e�v�i�s�e�d�:� �C�h�e�c�k�i�n�g� �t�h�i�s� 
�b�o�x�,� �t�h�e� �l�i�s�t� �w�i�l�l� �c�o�n�t�a�i�n� �o�n�l�y� �t�h�e� 
�m�e�a�s�u�r�e�s� �t�h�a�t� �h�a�v�e� �n�e�v�e�r� �b�e�e�n� 
�r�e�v�i�s�e�d� �(�w�i�t�h� �n�o� �r�e�v�i�s�i�o�n� �d�a�t�e�)�.

�E�r�r�Q� �a�n�d� �F�l�u�x�:� �E�n�t�e�r�i�n�g� �a� �v�a�l�u�e� 
�i�n� �t�h�e�s�e� �2� �b�o�x�e�s� �w�i�l�l� �e�x�c�l�u�d�e� �t�h�e� 
�m�e�a�s�u�r�e�s� �w�i�t�h� �F�l�u�x� �o�r� �E�r�r�q� 
�h�i�g�h�e�r� �o�r� �l�o�w�e�r� �t�h�a�n� �t�h�e� �i�n�s�e�r�t�e�d� 
�t�h�r�e�s�h�o�l�d�.� �P�r�e�s�s�i�n�g� �t�h�e� �>�=� 
�b�u�t�t�o�n� �w�i�l�l� �i�n�v�e�r�t� �t�h�e� �s�i�g�n�.

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

�- �B�e�s�t� �S�l�o�p�e�:� �t�h�e� �i�n�t�e�r�v�a�l� �w�h�i�c�h� 

�d�e�t�e�r�m�i�n�e�s� �t�h�e� �h�i�g�h�e�s�t� �s�l�o�p�e� 

�i�s� �c�h�o�s�e�n�.

�- �B�e�s�t� �E�r�r�q�:� �t�h�e� �i�n�t�e�r�v�a�l� �w�h�i�c�h� 

�d�e�t�e�r�m�i�n�e�s� �t�h�e� �h�i�g�h�e�s�t� �E�r�r�q� �i�s� 

�c�h�o�s�e�n�.

�- �B�e�s�t� �P�r�o�d�u�c�t�:� �t�h�e� �a�l�g�o�r�i�t�h�m� 

�l�o�o�k�s� �f�o�r� �a� �g�o�o�d� �c�o�m�p�r�o�m�i�s�e� 

�b�e�t�w�e�e�n� �t�h�e� �2� �p�r�e�v�i�o�u�s� 

�p�a�r�a�m�e�t�e�r�s�.

�F�i�r�s�t�.�.�L�a�s�t�:� �N�a�v�i�g�a�t�e�s� �t�h�e� 
�m�e�a�s�u�r�e� �l�i�s�t�.� �Y�o�u� �c�a�n� �s�o�r�t� �t�h�e� 
�m�e�a�s�u�r�e�s� �b�y� �c�l�i�c�k�i�n�g� �o�n� �t�h�e� 
�c�o�l�u�m�n� �h�e�a�d�e�r�.

�P�o�i�n�t�:� �i�t�'�s� �t�h�e� �v�a�l�u�e� �y�o�u� �i�n�s�e�r�t�e�d� �i�n� �t�h�e�  ��P�o�i�n�t �� �f�i�e�l�d� �i�n� 
�t�h�e� �F�l�u�x�M�a�n�a�g�e�r� �s�a�v�i�n�g� �w�i�n�d�o�w�.� �B�y� �d�e�f�a�u�l�t� �i�t�'�s� 
�n�u�m�e�r�i�c�a�l� �a�n�d� �a�u�t�o� �i�n�c�r�e�m�e�n�t�a�l� �b�u�t� �y�o�u� �c�a�n� �i�n�s�e�r�t� 
�a�l�s�o� �w�o�r�d�s�.
�S�a�m�p�l�i�n�g� �d�a�t�e�:� �i�t�'�s� �t�h�e� �d�a�t�e� �a�n�d� �t�h�e� �t�i�m�e� �t�h�e� 
�m�e�a�s�u�r�e� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �W�a�r�n�i�n�g�:� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� 
�t�a�k�e�n� �f�r�o�m� �t�h�e� �P�D�A� �c�l�o�c�k� �s�o� �c�h�e�c�k� �i�t� �b�e�f�o�r�e� �t�o� �s�t�a�r�t� �t�h�e� 
�a�n�a�l�y�s�i�s�'� �s�e�q�u�e�n�c�e�.
�R�e�v�i�s�i�o�n� �d�a�t�e�:� �i�t�'�s� �t�h�e� �d�a�t�e� �a�n�d� �t�i�m�e� �t�h�e� �m�e�a�s�u�r�e� 
�w�a�s� �e�d�i�t�e�d� �(�w�i�t�h� �F�l�u�x�R�e�v�i�s�i�o�n�)� �b�y� �m�o�d�i�f�y�i�n�g� �l�e�f�t� �a�n�d� 
�r�i�g�h�t� �l�i�m�i�t�s� �o�f� �f�l�u�x� �i�n�t�e�r�p�o�l�a�t�i�o�n� �a�n�d� �t�h�e�n� �m�o�d�i�f�y�i�n�g� 
�t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �f�l�u�x�.
�E�r�r�Q�:� �i�t�'�s� �t�h�e� �v�a�l�u�e� �r�e�f�e�r�r�e�d� �t�o� �t�h�e� �c�u�r�r�e�n�t�l�y� �d�i�s�p�l�a�y�e�d� 
�g�a�s� �s�p�e�c�i�e�.� �F�o�r� �e�x�a�m�p�l�e� �s�e�l�e�c�t� �E�r�r�q� �<�=� �0�.�9� �t�o� �e�v�a�l�u�a�t�e� 
�i�f� �t�h�e�r�e� �a�r�e� �c�u�r�v�e�s� �w�i�t�h� �a� �b�a�d� �l�i�n�e�a�r� �i�n�t�e�r�p�o�l�a�t�i�o�n�.
�F�l�u�x�:� �i�t�'�s� �t�h�e� �v�a�l�u�e� �r�e�f�e�r�r�e�d� �t�o� �t�h�e� �c�u�r�r�e�n�t�l�y� �d�i�s�p�l�a�y�e�d� 
�g�a�s� �s�p�e�c�i�e�.

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�P
�A

�G
�E

�9�.�4

�S�o�f�t�w�a�r�e� �F�l�u�x�R�e�v�i�s�i�o�n

�S�e�l�e�c�t�i�n�g� �a�n� �i�t�e�m� �i�n� �t�h�e� �l�i�s�t� �o�r� �p�r�e�s�s�i�n�g� �o�n�e� �o�f� �t�h�e� �n�a�v�i�g�a�t�e� �b�u�t�t�o�n�s�,� �t�h�e� �f�l�u�x� 
�c�u�r�v�e�s� �a�r�e� �d�i�s�p�l�a�y�e�d�.� �L�i�k�e� �i�n� �F�l�u�x�M�a�n�a�g�e�r�,� �a�r�e� �d�i�s�p�l�a�y�e�d� �t�h�e� �g�r�a�p�h�s� �o�f� �t�h�e� 
�s�e�n�s�o�r�s� �w�i�t�h� �T�R�A�C�K�=�O�N�.� �T�h�e�y� �a�r�e� �u�s�u�a�l�l�y� �t�h�e� �g�a�s� �s�e�n�s�o�r�s�.
�T�h�e� �w�i�n�d�o�w� �i�s� �c�o�m�p�o�s�e�d� �b�y� �3� �p�a�n�e�l�s�:

�- �T�h�e� �g�r�a�p�h�:� �t�i�m�e� �v�s�.� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�o�r� �w�h�a�t�e�v�e�r� �m�e�a�s�u�r�e� �u�n�i�t� �i�s�)�.� 
�C�l�i�c�k�i�n�g� �w�i�t�h� �t�h�e� �m�i�d�d�l�e� �m�o�u�s�e� �b�u�t�t�o�n�,� �t�h�e� �X� �a�n�d� �Y� �v�a�l�u�e� �w�i�l�l� �b�e� �s�h�o�w�n�.� 
�C�l�i�c�k�i�n�g� �w�i�t�h� �t�h�e� �r�i�g�h�t� �m�o�u�s�e� �b�u�t�t�o�n�s�,� �i�t� �w�i�l�l� �b�e� �p�o�s�s�i�b�l�e� �t�o� �e�x�p�o�r�t� �t�h�e� 
�p�l�o�t� �a�s� �a� �J�P�E�G� �i�m�a�g�e� �f�i�l�e�,� �o�r� �t�o� �p�e�r�f�o�r�m� �a�n� �a�u�t�o�m�a�t�i�c� �r�e�g�r�e�s�s�i�o�n� �(�i�n� �t�h�e� 
�s�a�m�e� �w�a�y� �a�s� �t�h�e� �A�u�t�o� �R�e�g�r�e�s�s�i�o�n� �w�o�r�k�,� �b�u�t� �o�n�l�y� �f�o�r� �t�h�i�s� �f�i�l�e�)�.

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

�m�e�a�s�u�r�e� �p�o�i�n�t�.� 

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

�T�h�e� �r�e�d� �p�o�i�n�t�s� �a�r�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �l�i�n�e� �(�a�n�d� �s�o�,� �t�h�e� �f�l�u�x�)�,� �t�h�e� 
�g�r�e�e�n� �o�n�e�s� �a�r�e� �i�g�n�o�r�e�d�.� �T�o� �m�o�d�i�f�y� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �m�o�v�e� �t�h�e� �l�e�f�t� 
�a�n�d� �r�i�g�h�t� �l�i�m�i�t�s� �w�i�t�h� �t�h�e� �m�o�u�s�e� �l�e�f�t� �b�u�t�t�o�n�.� �A�s� �y�o�u� �l�e�a�v�e� �t�h�e� �b�u�t�t�o�n�,� �t�h�e� �l�i�n�e� �i�s� 
�a�u�t�o�m�a�t�i�c�a�l�l�y� �r�e�c�o�m�p�u�t�e�d� �a�n�d� �d�r�a�w�n�:� �y�o�u� �w�i�l�l� �s�e�e� �t�h�e� �l�a�b�e�l�s� �S�l�o�p�e�,� �F�l�u�x�,� �E�r�r�Q�,� 
�L�e�f�t� �L�i�m�i�t�,� �R�i�g�h�t� �l�i�m�i�t� �c�h�a�n�g�e�.� �A�s� �y�o�u� �d�e�c�i�d�e� �t�h�e� �i�n�t�e�r�v�a�l� �i�s� �c�o�r�r�e�c�t�,� �c�l�i�c�k� �t�h�e� �S�a�v�e� 
�t�o� �F�i�l�e� �b�u�t�t�o�n�.� 

�W�a�r�n�i�n�g�:� �B�y� �s�a�v�i�n�g�,� �t�h�e� �f�i�l�e� �o�f� �t�h�a�t� �m�e�a�s�u�r�e� �w�i�l�l� �b�e� �u�p�d�a�t�e�d�,� �a�n�d� �t�h�e� �i�n�t�e�r�v�a�l� 
�y�o�u� �c�h�o�s�e� �i�n� �t�h�e� �P�D�A� �w�i�t�h� �F�l�u�x�M�a�n�a�g�e�r� �w�i�l�l� �b�e� �o�v�e�r�w�r�i�t�t�e�n�.

�Y�o�u� �w�i�l�l� �s�e�e� �a�l�s�o� �t�h�e� �f�i�e�l�d� �R�e�v�i�s�i�o�n� �d�a�t�e� �i�n� �t�h�e� �l�i�s�t� �w�i�l�l� �b�e� �u�p�d�a�t�e�d� �w�i�t�h� �t�h�e� �c�u�r�r�e�n�t� 
�t�i�m�e�.
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�S�o�f�t�w�a�r�e� �F�l�u�x�R�e�v�i�s�i�o�n

�R�e�p�o�r�t� �f�i�l�e

�T�h�e� �r�e�p�o�r�t� �f�i�l�e� �i�s� �a� �t�a�b�l�e� �w�h�e�r�e� �e�a�c�h� �r�o�w� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a� �m�e�a�s�u�r�e� �p�o�i�n�t�.� �T�h�e� 
�n�u�m�b�e�r� �o�f� �t�h�e� �c�o�l�u�m�n�s� �i�s� �v�a�r�i�a�b�l�e�,� �s�i�n�c�e� �t�h�e� �3� �r�e�d� �f�i�e�l�d�s� �a�r�e� �r�e�p�e�a�t�e�d� �f�o�r� �e�v�e�r�y� 
�s�e�n�s�o�r� �w�i�t�h� �T�R�A�C�K�=�O�N�.� �T�h�e� �f�i�e�l�d�s� �a�r�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:

�- �D�A�T�E
�- �T�I�M�E
�- �S�I�T�E
�- �P�O�I�N�T
�- �L�O�N�G�I�T�U�D�E
�- �L�A�T�I�T�U�D�E
�- �U�T�M� �Z�O�N�E
�- �U�T�M� �L�O�N�G�I�T�U�D�E
�- �U�T�M� �L�A�T�I�T�U�D�E
�- �E�L�E�V�A�T�I�O�N
�- �N�O�T�E
�- �P�R�E�S�S�U�R�E� �(�H�p�a�)
�- �A�I�R� �T�E�M�P�E�R�A�T�U�R�E� �(�°�C�)
�- �S�O�I�L� �T�E�M�P�E�R�A�T�U�R�E� �(�°�C�)
�- �S�O�I�L� �R�E�L�A�T�I�V�E� �H�U�M�I�D�I�T�Y� �(�%�)
�- �A�C�C�U�M�U�L�A�T�I�O�N� �C�H�A�M�B�E�R
�- �A�C�K

�- �F�I�L�E�N�A�M�E

�T�h�e� �r�e�p�o�r�t� �f�i�l�e� �i�s� �a� �t�e�x�t� �f�i�l�e�,� �t�h�e� �f�i�e�l�d�s� �a�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �t�h�e� �T�A�B� �c�h�a�r�a�c�t�e�r�,� �s�o� �t�h�e� 
�f�i�l�e� �c�a�n� �b�e� �e�a�s�i�l�y� �o�p�e�n�e�d� �w�i�t�h� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �M�i�c�r�o�s�o�f�t� �E�x�c�e�l� �o�r� �O�p�e�n�O�f�f�i�c�e� 
�C�a�l�c�.

�- �S�L�O�P�E� �[�p�p�m�/�s�]
�- �F�L�U�X� �[�m�o�l�/�m�q�/�d�a�y�]
�- �E�R�R�Q
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�P�a�g�e� �l�e�f�t� �b�l�a�n�k�i�n�t�e�n�t�i�o�n�a�l�l�y� 
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�1� �G�n�d
�2� �R�S�4�8�5�-�A
�3� �R�S�4�8�5�-�B
�6� �+�1�2�V� 

�S�o�i�l� �T�&�R�H

�R�S�4�8�5�/�1

�R�S�4�8�5�/�2
�1� �G�n�d
�2� �R�S�4�8�5�-�A
�3� �R�S�4�8�5�-�B
�6� �+�1�2�V� 

�1� �+�1�2�V
�2� �T�D
�3� �n�.�c�.
�T� �G�n�d� 
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�D�A�T�A� �a�n�d� �B�A�T�T�E�R�Y�F�L�U�X�M�E�T�E�R�-� �B�T

�B�T

�I�n�s�t�a�l�l�a�t�i�o�n

�S�o�i�l� �p�r�o�b�e

�A�i�r� �p�r�o�b�e

�T�h�e� �d�e�s�i�g�n� �b�e�l�o�w� �s�h�o�w�s� �t�h�e� �c�o�n�n�e�c�t�i�o�n�s� �o�f� �a�i�r� �a�n�d� �s�o�i�l� �p�r�o�b�e�s�.
�T�h�e� �s�o�i�l� �p�r�o�b�e� �n�e�e�d�s� �t�o� �b�e� �c�o�m�p�l�e�t�e�l�y� �c�o�v�e�r�e�d� �b�y� �s�o�i�l� �(�n�o�t� �j�u�s�t� �t�h�e� �f�o�r�k�)�.
�W�h�e�n� �r�e�m�o�v�i�n�g� �t�h�e� �s�o�i�l� �p�r�o�b�e�,� �d�o� �n�o�t� �p�u�l�l� �i�t� �b�y� �t�h�e� �c�a�b�l�e�:� �t�h�i�s� �c�o�u�l�d� �b�r�e�a�k� 
�t�h�e� �i�n�t�e�r�n�a�l� �w�i�r�e�s�.
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�R�S�4�8�5� �C�o�n�f�i�g�u�r�a�t�i�o�n

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

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

�S�o�i�l� �t�e�m�p�e�r�a�t�u�r�e
�R�a�n�g�e�:� �-�4�0� �t�o� �+�5�0�°�C
�R�e�s�o�l�u�t�i�o�n�:� �0�.�1� �°�C
�A�c�c�u�r�a�c�y�:� �±�1�°�C

�S�o�i�l� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y
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�T�w�o� �s�e�n�s�o�r�s� �f�o�r� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �&� �t�e�m�p�e�r�a�t�u�r�e�:� � � � 
�-� � �M�e�a�s�u�r�e�m�e�n�t� �r�a�n�g�e�:� �0�-�1�0�0�%� �R�H� � � � 
�-� � �A�b�s�o�l�.� �R�H� �a�c�c�u�r�a�c�y�:� �+�/�-� �2�%� �R�H� �(�1�0�.�.�.�9�0�%� �R�H�)� � � � 
�-� � �R�e�p�e�a�t�a�b�i�l�i�t�y� �R�H�:� �+�/�-� �0�.�1�%� �R�H� � � � 
�-� � �T�e�m�p�.� �a�c�c�u�r�a�c�y�:� �+�/�-� �0�.�4�°�C� �(�5�.�.�.�4�0� �°�C�)� � � � 
�-� � �C�a�l�i�b�r�a�t�e�d� �&� �d�i�g�i�t�a�l� �o�u�t�p�u�t� � � � � 
�-� � �F�a�s�t� �r�e�s�p�o�n�s�e� �t�i�m�e� �<� �3� �s�e�c�.

�G�N�D �1�D�A�T�A �2�S�C�K �3�V�D�D �4
�S�E�N�1

�S�H�T�1�X

�V�D�D
�S�C�K
�D�A�T�A
�G�N�D

�D�1
�T�M�M�B�A�T�4�6

�R�1
�1�K

�R�2�1�K
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�+�5�V
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�1
�2
�3
�4
�5
�6
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�J�1
�A�M�P� �6�+�T� �M�A�L�E

�P�r�o�b�e� �s�c�h�e�m�a�t�i�c�s

�P�r�o�b�e� �L�a�y�o�u�t� �(�a�c�t�u�a�l� �s�i�z�e�)

�A�m�p�h�e�n�o�l� �6�T� �m�a�l�e

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

�S�i�l�i�c�o�n� �A�i�r� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� 
�g�a�u�g�e

�6� �G�N�D

�2� �+�5�V

�1
�4

�3� �D�a�t �a
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�G�n�d

�S�c�k

�D�a�t �a
�W�E�S�T� �A�i�r �T�&�R�H
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�5� �S�c�k

�R�1�1�K

�R�2�1�K
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�E

�B�.�1

�G�l�o�s�s�a�r�y� �o�f� �t�e�r�m�s

�A�c�t�i�v�e�s�y�n�c�h�:� �C�o�m�m�u�n�i�c�a�t�i�o�n� �s�o�f�t�w�a�r�e�,� �f�u�r�n�i�s�h�e�d� �w�i�t�h� �t�h�e� 
�p�a�l�m�t�o�p�,� � �t�h�a�t� �a�l�l�o�w�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �p�a�l�m�t�o�p� 
�a�n�d� �t�h�e� �d�e�s�k�t�o�p� �c�o�m�p�u�t�e�r�s� �v�i�a� �d�o�c�k�i�n�g� �c�r�a�d�l�e� �a�n�d� �U�S�B� 
�c�o�n�n�e�c�t�i�o�n�.� 

�A�c�K� �:� �C�o�n�v�e�r�s�i�o�n� �f�a�c�t�o�r� �b�e�t�w�e�e�n� �t�h�e� �n�a�t�i�v�e� �u�n�i�t� �o�f� �i�n�s�t�r�u�m�e�n�t� 
�(�p�p�m�/�s�e�c�)� �a�n�d� �t�h�e� �u�s�e�r� �u�n�i�t� �(�N�o�r�m�a�l�l�y� �m�o�l�e�s�/�s�q�u�a�r�e�m�e�t�e�r�/�d�a�y�)

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

�D�o�c�k�i�n�g� �C�r�a�d�l�e�:� �d�e�s�k�t�o�p� �b�a�s�e� �u�s�e�d� �t�o� �c�o�n�n�e�c�t� �t�h�e� �p�a�l�m�t�o�p� �t�o� �a� 
�p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r� �v�i�a� �U�S�B� �u�s�i�n�g� �M�S� �A�c�t�i�v�e�S�y�n�c�h� �(�S�e�e� �t�h�e� 
�p�a�l�m�t�o�p� �m�a�n�u�a�l�)�.

�E�r�r�e�Q�,� �r�^�2�,� �s�r�:� �T�h�e� �q�u�a�l�i�t�y� �f�a�c�t�o�r� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n�.� �A� �v�a�l�u�e� �o�f� 
�E�r�r�e�Q� �h�i�g�h�e�r� �t�h�a�n� � �0�.�9� � �m�e�a�n�s� �t�h�a�t� �t�h�e� �r�e�g�r�e�s�s�i�o�n� � �q�u�a�l�i�t�y� �i�s� �v�e�r�y� 
�g�o�o�d�.

�F�i�l�t�e�r�:� � �P�T�F�E� �m�e�m�b�r�a�n�e� �s�y�r�i�n�g�e� �f�i�l�t�e�r�.

�L�I�C�O�R�,�L�I�8�2�0�,�L�I�8�x�0� �L�I�8�0�0�,� �G�a�s�H�o�u�n�d� �:� � �A� �c�a�r�b�o�n� �d�i�o�x�i�d�e� 
�d�e�t�e�c�t�o�r�.

�L�P�M� �:� �F�l�o�w� �u�n�i�t�,� � �L�i�t�e�r� �p�e�r� �m�i�n�u�t�e

�P�D�A�,� �P�a�l�m�T�o�p� �:� �T�h�e� � �C�o�m�p�a�q� �i�P�A�Q� �o�r� �H�e�w�l�e�e�t� �P�a�c�k�a�r�d� � �P�o�c�k�e�t� 
�P�C� � �p�a�l�m�t�o�p� �c�o�m�p�u�t�e�r�.

�p�.�p�.�m�.� �:� �G�a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� � �i�n� �p�a�r�t�s� �p�e�r� �m�i�l�l�i�o�n� � �p�e�r� �v�o�l�u�m�e�.

�P�T�F�E� �:� �P�o�l�y�t�e�t�r�a�f�l�u�o�r�e�t�h�y�l�e�n�e� �o�r� �(�r�)� �T�E�F�L�O�N�,� �i�n�e�r�t� �p�l�a�s�t�i�c� �t�h�a�t� �d�o� 
�n�o�t� �s�u�f�f�e�r� �c�h�e�m�i�c�a�l� �a�t�t�a�c�k�s�.� 

�S�C�C�M� �:� �F�l�o�w� �u�n�i�t�,� �S�t�a�n�d�a�r�d� �c�u�b�i�c� �c�e�n�t�i�m�e�t�e�r� �p�e�r� �m�i�n�u�t�e�.

�S�D� �S�e�c�u�r�e� �d�i�g�i�t�a�l� �m�e�m�o�r�y� �c�a�r�d� �:� �A� �n�o�n� �v�o�l�a�t�i�l�e� �m�e�m�o�r�y� �c�a�r�d� 
�(�s�e�e� �C�F� � �c�o�m�p�a�c�t� � �f�l�a�s�h� � �a�n�d� �a�p�p�e�n�d�i�x� �A�)�.� � 
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�C�.�1�R�e�f�e�r�e�n�c�e�s

�I�f� �y�o�u�'�d� �l�i�k�e� � �t�o� �h�a�v�e� �y�o�u�r� �p�a�p�e�r�(�s�)� �r�e�p�o�r�t�e�d� �h�e�r�e� �p�l�e�a�s�e� �s�e�n�d� �u�s� �t�h�e� 
�p�a�p�e�r� �a�b�s�t�r�a�c�t� �a�n�d� �w�e�'�l�l� �i�n�c�l�u�d�e� �i�t� �i�n� �t�h�e� �n�e�x�t� �r�e�l�e�a�s�e�s�.� �T�h�a�n�k�s�.

�M�o�n�i�t�o�r�a�g�g�i�o� �d�e�l� �f�l�u�s�s�o� �d�i� �b�i�o�g�a�s� �d�i�f�f�u�s�o� �d�a�l� �s�u�o�l�o� �d�a� �d�i�s�c�a�r�i�c�h�e� �R�S�U�:�I�l� 
�c�a�s�o� �d�i� �L�e�g�o�l�i�,� �P�e�c�c�i�o�l�i� �(�P�I�)�.
�R�a�c�o� �B�.�,� �C�i�o�n�i� �R�.�,� �G�u�i�d�i� �M�.�,� �S�c�o�z�z�a�r�i� �A�.�,� �L�e�l�l�i� �M�.�,� �L�i�p�p�o� �G�.�,� �R�i�f�i�u�t�i� �S�o�l�i�d�i� �V�o�l�.� 
�X�X� �n�°�2�,� �p�a�g�g�.� �1�1�9�-�1�3�5�,� �2�0�0�6�.� 

�C�a�r�b�o�n� �d�i�o�x�i�d�e� �d�e�g�a�s�s�i�n�g� �b�y� �a�d�v�e�c�t�i�v�e� �f�l�o�w� �f�r�o�m� �U�s�u� �V�o�l�c�a�n�o�,� �J�a�p�a�n�.
�H�e�r�n�a�n�d�e�z� �P�.�A� �,� �K�.�N�o�t�s�u�,� �J�.�M�.�S�a�l�a�z�a�r�,� �T�.�M�o�r�i�,� �G�.�N�a�t�a�l�e�,� �H�.�O�k�a�d�a�,� �G�.�V�i�r�g�i�l�i�,� 
�Y�.�S�h�i�m�o�i�k�e�,� �M�.�S�a�t�o� �a�n�d� �N�.�M�.�P�e�r�e�z�,� �S�c�i�e�n�c�e� �2�9�2�,� �8�3�-�8�6�,� �2�0�0�1�.

�D�y�n�a�m�i�c�s� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �e�m�i�s�s�i�o�n� �a�t� �M�a�m�m�o�t�h� �M�o�u�n�t�a�i�n
�J�.�D�.�R�o�g�i�e�,� �D�.�M�.�K�e�r�r�i�c�k�,� �M�.�L�.�S�o�r�e�y�,� �G�.�C�h�i�d�i�n�i�,� �D�.�L�.�G�a�l�l�o�w�a�y�,� �C�a�l�i�f�o�r�n�i�a�.� 
�E�a�r�t�h� �a�n�d� �P�l�a�n�e�t�a�r�y� �S�c�i�e�n�c�e� �L�e�t�t�e�r�s� �1�8�8�,� �5�3�5�-�5�4�1�,� �2�0�0�1�.

�C�o�n�t�i�n�u�o�u�s� �m�o�n�i�t�o�r�i�n�g� �o�f� �d�i�f�f�u�s�e� �C�O�2� �d�e�g�a�s�s�i�n�g�,� �H�o�r�s�e�S�h�o�e� �L�a�k�e� � � 
�M�a�m�m�o�t�h� �M�n�t�.� �C�a�l�i�f�o�r�n�i�a�.
�J�.�D�.� �R�o�g�i�e�,� �D�.�M�.� �K�e�r�r�i�c�k�,� �M�.�L�.� �S�o�r�e�y�,� �G�.� �C�h�i�o�d�i�n�i�,� �M�.�L�.� �S�o�r�e�y�,� �G�.� �V�i�r�g�i�l�i� � 
�P�r�o�c�.� �A�G�U� �E�O�S� �T�r�a�n�s� �8�1� �(�1�9�9�8�)� �F�1�3�2�3�.

�S�o�i�l� �C�O�2� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �v�o�l�c�a�n�i�c� �a�n�d� �g�e�o�t�h�e�r�m�a�l� �a�r�e�a�s�.
�G�.� �C�h�i�o�d�i�n�i�,� �R�.� �C�i�o�n�i�,� �M�.� �G�u�i�d�i�,� �B�.� �R�a�c�o� �a�n�d� �L�.� �M�a�r�i�n�i�,� �A�p�p�l�.� �G�e�o�c�h�e�m� �1�3�,� 
�5�4�3�-�5�5�2�,� �1�9�9�8�.

�D�i�f�f�u�s�e� �C�O�2� �e�f�f�l�u�x� �f�r�o�m� �I�w�o�j�i�m�a� �v�o�l�c�a�n�o�,� �I�z�u�-�O�g�a�s�a�w�a�r�a� �a�r�c�,� �J�a�p�a�n�:� 
�N�o�t�s�u� �K�.�,� �S�u�g�i�y�a�m�a� �K�.�,� �H�o�s�o�e� �M�.�,� �U�e�m�u�r�a� �A�.�,� �S�h�i�m�o�i�k�e� �Y�.�,� �T�s�u�n�o�m�o�r�i� �F�.�,� 
�S�u�m�i�n�o� �H�.�,� �Y�a�m�a�m�o�t�o� �J�.�,� �M�o�r�i� �T�.� �a�n�d� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� � �J�o�u�r�n�a�l� �V�o�l�c�a�n�o�l�o�g�y� 
�a�n�d� �G�e�o�t�h�e�r�m�a�l� �R�e�s�e�a�r�c�h�.� �V�o�l�u�m�e�n� �1�3�9�,� �1�4�7�-� �1�6�1�,� �2�0�0�5�.

�G�r�a�b�e�n� �s�t�r�u�c�t�u�r�e� �i�n� �t�h�e� �L�a�s� �C�a�n�a�d�a�s� �e�d�i�f�i�c�e� �(�T�e�n�e�r�i�f�e�,� �C�a�n�a�r�y� �I�s�l�a�n�d�s�)�:� 
�i�m�p�l�i�c�a�t�i�o�n� �f�o�r� �a�c�t�i�v�e� �d�i�f�f�u�s�e� �d�e�g�a�s�s�i�n�g� �a�n�d� �i�n�s�i�g�h�t�s� �o�n� �t�h�e� �c�a�l�d�e�r�a� 
�f�o�r�m�a�t�i�o�n�.� �G�a�l�i�n�d�o� �I�.�,� �S�o�r�i�a�n�o� �C�.�,� �M�a�r�t�i� �J�.� �a�n�d� �P�é�r�e�z� �N�.� �J�o�u�r�n�a�l� �o�f� 
�v�o�l�c�a�n�o�l�o�g�y� �G�e�o�t�h�e�r�m�a�l� �R�e�s�e�r�c�h�.� �V�o�l� �1�4�4�,� �7�3�-�8�7�,� �2�0�0�5�.

�D�y�n�a�m�i�c�s� �o�f� �d�i�f�f�u�s�e� �d�e�g�a�s�s�i�n�g� �a�t� �I�l�o�p�a�n�g�o� �c�a�l�d�e�r�a� �E�l� �S�a�l�v�a�d�o�r�,� �C�e�n�t�r�a�l� 
�A�m�e�r�i�c�a�,� �L�ó�p�e�z� �d�.�,� �R�a�n�s�a�m� �L�.�,� �P�é�r�e�z� �N�.�M�.�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� �M�o�n�t�e�r�r�o�s�a� �J�.� 
�a�n�d� �N�o�t�s�,� �B�u�l�l�e�t�i�n� �G�e�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �A�m�e�r�i�c�a� �S�p�e�c�i�a�l� �P�a�p�e�r�,� �V�o�l�u�m�e�n� 
�3�7�5�,� �1�9�1�-�2�0�2�,� �2�0�0�4�.

�D�i�f�f�u�s�e� �d�e�g�a�s�s�i�n�g� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e�,� �r�a�d�o�n� �a�n�d� �m�e�r�c�u�r�y� �a�t� �S�a�n� �M�i�g�u�e�l� 
�v�o�l�c�a�n�o�,� �E�l� �S�a�l�v�a�d�o�r�,� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�,� �C�a�r�t�a�g�e�n�a� �R�.�,� �O�l�m�o�s� �R�.�,� �L�ó�p�e�z� �D�.�,� 
�B�a�r�a�h�o�n�a� �F�.�,� �S�o�r�i�a�n�o� �T�.�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.� �a�n�d� �P�é�r�e�z� �N�.�M�.� �B�u�l�l�e�t�i�n� �G�e�o�l�o�g�i�c�a�l� 
�S�o�c�i�e�t�y� �o�f� �A�m�e�r�i�c�a� �S�p�a�e�c�i�a�l� �P�a�p�e�r�.� �V�o�l�u�m�e�n� �3�7�5�,� �2�0�3� �-� �2�1�2�,� �2�0�0�4�.

�D�i�f�f�u�s�e� �C�O�2� �a�n�d� �2�2�2�R�n� �d�e�g�a�s�s�i�n�g� �f�r�o�m� �S�a�n� �S�a�l�v�a�d�o�r� �v�o�l�c�a�n�o�,� �E�l� �S�a�l�v�a�d�o�r�,� 
�C�e�n�t�r�a�l� �A�m�e�r�i�c�a�,� �P�é�r�e�z� �N�.�M�.�,� �S�a�l�a�z�a�r� �J�.�M�.�L�.�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� �S�o�r�i�a�n�o� �T�.�,� 
�L�o�p�e�z� �K�.� �a�n�d� �N�o�t�s�u� �K�.� �B�u�l�l�e�t�i�n� �G�e�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �A�m�e�r�i�c�a�,� �V�o�l� �3�7�5�,� 
�2�2�7�-�2�3�6�,� �2�0�0�4�.

�S�p�a�t�i�a�l� �a�n�d� �t�e�m�p�o�r�a�l� �v�a�r�i�a�t�i�o�n�s� �o�f� �d�i�f�f�u�s�e� �C�O�2� �d�e�g�a�s�s�i�n�g� �a�t� �S�a�n�t�a� �A�n�a�-
�I�z�a�l�c�o�-�C�o�a�t�e�p�e�q�u�e� �v�o�l�c�a�n�i�c� �c�o�m�p�l�e�x�,� �E�l� �S�a�l�v�a�d�o�r�,� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�,� 
�S�a�l�a�z�a�r� �J�.�M�.�L�.�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� �P�é�r�e�z� �N�.�M�.�,� �O�l�m�o�s� �R�.�,� �B�a�r�a�h�o�n�a� �F�.�,� 
�C�a�r�t�a�g�e�n�a� �R�.�,� �S�o�r�i�a�n�o� �T�.�,� �L�o�p�e�z� �K�.�,� �a�n�d� �N�o�t�s�u� �K�.� �,�B�u�l�l�e�t�i�n� �G�e�o�l�o�g�i�c�a�l� 
�S�o�c�i�e�t�y� �o�f� �A�m�e�r�i�c�a�,� �V�o�l�u�m�e�n� �3�7�5�,� �1�3�5�-�1�4�6�,� �2�0�0�4�.
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�R�e�f�e�r�e�n�c�e�s

�S�o�i�l� �G�a�s� �R�a�d�o�n� �a�n�d� �H�e�l�i�u�m� �D�i�s�t�r�i�b�u�t�i�o�n� �a�t� �C�a�ñ�a�d�a�s� �c�a�l�d�e�r�a�,� �T�e�n�e�r�i�f�e�,� 
�C�a�n�a�r�y� �I�s�l�a�n�d�s�,� �S�p�a�i�n�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� �P�é�r�e�z� �N�.�M�.�,� �S�a�l�a�z�a�r� �J�.�M�.�,� �R�e�i�m�e�r� 
�G�.�M�.�,� �N�o�t�s�u� �K�.�,� �a�n�d� �W�a�k�i�t�a� �H�.�,� �J�o�u�r�n�a�l� �o�f� �V�o�l�c�a�n�o�l�o�g�y� �a�n�d� �G�e�o�t�h�e�r�m�a�l� 
�R�e�s�e�a�r�c�h�,� �V�o�l� �1�3�1�,� �5�9�-�7�6�,� �2�0�0�4�.

�D�i�f�f�u�s�e� �d�e�g�a�s�s�i�n�g� �a�n�d� �r�e�l�a�t�i�o�n� �t�o� �s�t�r�u�c�t�u�r�a�l� �f�l�o�w� �p�a�t�h�s� �a�t� �A�h�u�a�c�h�a�p�a�n� 
�G�e�o�t�h�e�r�m�a�l� �F�i�e�l�d�,� �E�l� �S�a�l�v�a�d�o�r�,� �P�a�d�r�ó�n� �E�.�,� �L�ó�p�e�z� �D�.�L�.�,� �M�a�g�a�ñ�a� �M�.�I�.�,� �M�a�r�r�e�r�o� 
�R�.�,� �a�n�d� �P�é�r�e�z� �N�.�M�.�,� �G�e�o�t�h�e�r�m�a�l� �R�e�s�o�u�r�c�e�s� �C�o�u�n�c�i�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �V�o�l�u�m�e�n� 
�2�7�,� �3�2�5�-�3�3�0�,� �2�0�0�3�.

�C�a�r�b�o�n� �d�i�o�x�i�d�e� �e�m�i�s�s�i�o�n�s� �f�r�o�m� �s�o�i�l�s� �a�t� �H�a�k�k�o�d�a�,� �N�o�r�t�h� �J�a�p�a�n�,� �H�e�r�n�á�n�d�e�z�,� 
�P�.�A�.�,� �N�o�t�s�u�,� �K�.�,� �T�s�u�r�u�m�i� �M�.�,� �M�o�r�i� �T�.�,� �O�h�n�o� �M�.�,� �S�h�i�m�o�i�k�e� �Y�.�,� �S�a�l�a�z�a�r� �J�.�M�.� �a�n�d� 
�P�é�r�e�z� �N�.�M�.�,� �J�o�u�r�n�a�l� �G�e�o�p�h�y�s�i�c�a�l� �R�e�s�e�a�r�c�h�,� �V�o�l�u�m�e�n� �1�0�8�,� �6�-�1� �t�o� �6�-�1�0�,� 
�2�0�0�3�.

�D�y�n�a�m�i�c�s� �o�f� �n�o�n�-�c�o�n�t�r�o�l�l�e�d� �e�m�i�s�i�o�n� �o�f� �b�i�o�g�a�s� �f�r�o�m� �l�a�n�d�f�i�l�l�s�,� �L�i�m�a� �N�.�,� 
�N�o�l�a�s�c�o� �D�.�,� �S�a�l�a�z�a�r� �J�.�M�.�L�.�,� �H�e�r�n�á�n�d�e�z� �P�.�A�.�,� �a�n�d� �P�é�r�e�z� �N�.�M�.�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�t�h�e� �F�i�r�s�t� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� 
�E�n�v�i�r�o�n�m�e�n�t�,� �4�6�9�-�4�7�8�,� �2�0�0�2�.

�P�r�e�c�u�r�s�o�r�y� �d�i�f�f�u�s�e� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �d�e�g�a�s�s�i�n�g� �r�e�l�a�t�e�d� �t�o� �a� �5�.�1� �m�a�g�n�i�t�u�d�e� 
�e�a�r�t�h�q�u�a�k�e� �i�n� �E�l� �S�a�l�v�a�d�o�r�,� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�,� �J�.� �M�.� �L�.� �S�a�l�a�z�a�r�,� �N�.� �M�.� �P�é�r�e�z�,� �P�.� 
�A�.� �H�e�r�n�á�n�d�e�z�,� �T�.� �S�o�r�i�a�n�o�,� �F�.� �B�a�r�a�h�o�n�a�,� �R�.� �O�l�m�o�s�,� �R�.� �C�a�r�t�a�g�e�n�a�,� �D�.� �L�.� 
�L�ó�p�e�z�,� �N�.� �L�i�m�a�,� �G�.� �M�e�l�i�á�n�,� �E�.� �P�a�d�r�ó�n�,� �I�.� �G�a�l�i�n�d�o�,� �K�.� �N�o�t�s�u�,� �E�a�r�t�h� �a�n�d� 
�P�l�a�n�e�t�a�r�y� �S�c�i�e�n�c�e� �L�e�t�t�e�r�s� �,� �V�o�l� �2�0�5�,� �1�-�2�,� �8�1�-�8�9�,� �2�0�0�2�.

�P�r�e�l�i�m�i�n�a�r�y� �R�e�s�u�l�t�s� �o�f� �D�i�f�f�u�s�e� �E�m�i�s�s�i�o�n�s� �o�f� �C�O�2� �a�n�d� �S�o�i�l� �G�a�s� �P�r�e�s�s�u�r�e� 
�G�r�a�d�i�e�n�t� �M�e�a�s�u�r�e�m�e�n�t�s� �a�t� �T�a�r�u�m�a�e� �V�o�l�c�a�n�o�,� �J�a�p�a�n�,� �P�.� �A�.� �H�e�r�n�á�n�d�e�z�,� �G�.� 
�N�a�t�a�l�e�,� �F�.� �T�s�u�n�o�m�o�r�i�,� �K�.� �S�u�g�i�y�a�m�a�,� �T�.� �I�t�o�,� �K�.� �N�o�t�s�u�,� �H�.� �O�k�a�d�a�,� �N�.� �M�.� �P�é�r�e�z�,� 
�B�u�l�l�e�t�i�n� �V�o�l�c�a�n�o�l�.� �S�o�c�.� �J�a�p�a�n�.�,� �V�o�l�u�m�e�n� �4�6�,� �1�2�1�-�1�2�5� �,� �2�0�0�1�.

�D�i�f�f�u�s�e� �e�m�i�s�s�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �f�r�o�m� �C�e�r�r�o� �N�e�g�r�o� �v�o�l�c�a�n�o�,� �N�i�c�a�r�a�g�u�a�,� 
�C�e�n�t�r�a�l� �A�m�e�r�i�c�a� �,� � �J�.� �M�.� �L�.� �S�a�l�a�z�a�r�,� �P�.� �A�.� �H�e�r�n�á�n�d�e�z�,� �N�.� �M�.� �P�é�r�e�z�,� �G�.� �M�e�l�i�á�n�,� 
�J�.� �Á�l�v�a�r�e�z�,� �K� �N�o�t�s�u� �,� �G�e�o�p�h�y�s�i�c�a�l� �R�e�s�e�a�r�c�h� �L�e�t�t�e�r�s�,� �V�o�l� �2�8�,� �4�2�7�5�-�4�2�7�8�,� � � � � 
�2�0�0�1�.

�D�i�f�f�u�s�e� �e�m�i�s�s�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �f�r�o�m� �M�i�y�a�k�e�-�j�i�m�a� �v�o�l�c�a�n�o�,� �J�a�p�a�n�,� �P�.� �A�.� 
�H�e�r�n�á�n�d�e�z�,� �J�.� �M�.� �L�.� �S�a�l�a�z�a�r�,� �Y�.� �S�h�i�m�o�i�k�e�,� �T�.� �M�o�r�i�,� �K�.� �N�o�t�s�u�,� �N�.� �M�.� �P�é�r�e�z�,� 
�C�h�e�m�i�c�a�l� �G�e�o�l�o�g�y�,� � �V�o�l� �1�7�7�,� �1�7�5�-�1�8�5�,� �2�0�0�1�.

�B�e�r�n�a�r�d� �A�.� �a�n�d� �M�a�z�o�t� �A�.� �(�2�0�0�4�)�.� �G�e�o�c�h�e�m�i�c�a�l� �e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �y�o�u�n�g� 
�c�r�a�t�e�r� �l�a�k�e� �o�f� �K�e�l�u�d� �v�o�l�c�a�n�o� �i�n� �I�n�d�o�n�e�s�i�a�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �E�l�e�v�e�n�t�h� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �S�y�m�p�o�s�i�u�m� �o�n� �W�a�t�e�r�-�R�o�c�k� �I�n�t�e�r�a�c�t�i�o�n�,� �S�a�r�a�t�o�g�a� �S�p�r�i�n�g�s�,� 
�N�e�w� �Y�o�r�k�,� �U�S�A�,� �v�o�l�.�1�,� �p�.�8�7�-�9�0�.

�B�e�r�n�a�r�d� �A�.�,� �E�s�c�o�b�a�r� �C�.� �D�.�,� �M�a�z�o�t� �A�.� �a�n�d� �G�u�t�i�e�r�r�e�z� �R�.� �E�.� �(�2�0�0�4�)�.� �T�h�e� �a�c�i�d� 
�v�o�l�c�a�n�i�c� �l�a�k�e� �o�f� �S�a�n�t�a� �A�n�a� �v�o�l�c�a�n�o�,� �E�l� �S�a�l�v�a�d�o�r�.� �G�e�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� 
�A�m�e�r�i�c�a�,� �S�p�e�c�i�a�l� �P�a�p�e�r� �3�7�5�,� �p�.� �1�2�1�-�1�3�3�.� 
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�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e� �(�H �S�)� �D�e�t�e�c�t�o�r�2

�S�e�n�s�o�r� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 
�A�m�b�i�e�n�t� �c�o�n�d�i�t�i�o�n�s�:
�A�i�r� �t�e�m�p�e�r�a�t�u�r�e� �-�3�0�°�C� �t�o� �5�0� �°�C� 
�A�i�r� �p�r�e�s�s�u�r�e� �8�0�0� �h�P�a� �t�o� �1�2�0�0� �h�P�a� 
�A�i�r� �R�H� �1�5�%� �.�.�.� �9�0�%� �n�o�n� �c�o�n�d�e�n�s�a�t�i�n�g�.
�E�x�p�e�c�t�e�d� �s�e�n�s�o�r� �l�i�f�e� �>� �2�4� �m�o�n�t�h�s�.
�C�h�e�m�i�c�a�l� �c�e�l�l� �o�r�d�e�r� �c�o�d�e�:� �W�E�S�T� �H�2�S�-�B�H� 
�D�e�t�e�c�t�o�r� �o�r�d�e�r� �c�o�d�e�:� �W�E�S�T� �T�O�X�-�0�5�-�H�2�S�-�B�H
�F�a�c�t�o�r�y� �c�a�l�i�b�r�a�t�i�o�n� �:� �2�0� �p�p�m
�R�M�S� �N�o�i�s�e� �<� �0�.�0�2� �p�p�m
�Z�e�r�o� �O�f�f�s�e�t� �<� �±�0�.�0�5� �p�p�m
�M�a�x� �O�v�e�r�r�a�n�g�e� �2�0�0� �p�p�m

�T�h�e� � �c�h�e�m�i�c�a�l� �c�e�l�l� �r�e�a�c�t�i�o�n� �i�s�:

�r �r �t �o�x

�I�n�l�e�t �O�u�t�l�e�t

�P�o�w�e�r� �s�u�p�p�l�y� �i�n� 
�&

�R�S�4�8�5� �O�u�t�p�u�t

�P
�A

�G
�E

�H�.�1

�H �S� �+� �2�O � �=� �H �S�O�2 �2 �2 �4

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

�-�1�0�2�.�5� � �x� �1�0 � �m�o�l�e�s�/�s�e�c� �p�e�r� �p�p�m

�P�i�n
�1
�2
�3
�4
�5
�6
�7
�8
�9

�S�i�g�n�a�l
�G�n�d
�+�V�D�C
�G�n�d
�R�S�4�8�5�-�B
�R�S�4�8�5�-�A
�G�n�d
�+�1�2�V
�G�n�d
�R�S�4�8�5�-�B

�L�e�g�e�n�d�a
�G�n�d�:� �G�r�o�u�n�d� �r�e�f�e�r�e�n�c�e� �f�o�r� �p�o�w�e�r� �s�u�p�p�l�y� �a�n�d� �R�S�4�8�5
�+�V�D�C�:� �1�0�-�2�8� �V�o�l�t�s� �P�o�w�e�r� �s�u�p�p�l�y� �i�n�p�u�t
�R�S�4�8�5�-�A�:� �D�i�g�i�t�a�l� �s�i�g�n�a�l� �o�u�t�p�u�t� �A
�R�S�4�8�5�-�B�:� �D�i�g�i�t�a�l� �s�i�g�n�a�l� �o�u�t�p�u�t� �B

�D�u�e� �t�o� �t�h�i�s� �c�o�n�s�u�p�t�i�o�n� �t�h�e� �H�2�S� �f�l�u�x� �i�s� �m�e�t�h�o�d�i�c�a�l�l�y� 
�u�n�d�e�r�s�t�i�m�a�t�e�d� �b�y� �a� �-�1�0�%� �w�i�t�h� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �A� 
�a�n�d� �b�y� �a� �-�5�%� �w�h�e�n� �u�s�i�n�g� � �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �B�.� 
�T�h�e�n� �w�e� �a�d�v�i�s�e� �t�o� �u�s�e� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �B� �e�x�c�e�p�t� 
�w�h�e�n� �t�h�e� �f�l�u�x� �i�s� �v�e�r�y� �v�e�r�y� �l�o�w�.� �W
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�P
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�E

�H�.�2 �H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2

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

�E�x�a�m�p�l�e�:� �i�f� �t�h�e� �d�e�t�e�c�t�o�r� �i�s� �e�x�p�o�s�e�d� �t�o� �a� �2�0� �p�p�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�u�l�f�u�r� �d�i�o�x�i�d�e� � 
�t�h�e� �r�e�a�d�i�n�g� �c�a�n� �r�e�a�c�h� �a� �m�a�x�i�m�u�m� �o�f� �1�0� �p�p�m�.� 
�T�h�e� �r�e�a�d�i�n�g� �i�s� �n�e�g�a�t�i�v�e� �w�h�e�n� �e�x�p�o�s�e�d� �t�o� �c�h�l�o�r�i�n�e� �o�r� �n�y�t�r�o�g�e�n� �d�i�o�x�i�d�e�.� � 
� 

�T�e�s�t� �@� �p�p�m �R�e�a�d�i�n�g� �p�p�m
�S�O�2 �S�u�l�f�u�r� �D�i�o�x�i�d�e �2�0 �< �2
�N�O �N�y�t�r�o�g�e�n� �m�o�n�o�x�i�d�e �5�0 �< �1�.�5
�N�O�2 �N�y�t�r�o�g�e�n� �d�i�o�x�i�d�e �1�0 �< �-�3
�C�l�2 �C�h�l�o�r�i�n�e �1�0 �< �-�2�.�5
�H�2 �H�y�d�r�o�g�e�n �4�0�0 �< �1
�C�2�H�4 �E�t�h�y�l�e�n�e �4�0�0 �< �0�.�4
�C�O �C�a�r�b�o�n� �m�o�n�o�x�i�d�e �4�0�0 �< �4
�N�H�3 �A�m�m�o�n�i�a �2�0 �< �0�.�0�2
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�H�.�3

�H�y�d�r�o�g�e�n� �s�u�l�f�i�d�e� �d�e�t�e�c�t�o�r� �c�a�l�i�b�r�a�t�i�o�n� �d�a�t�e�s�:

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�D�a�t�e�:� � 

�S�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e�:

�B�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� 

�Z�e�r�o�: �p�p�m�p�p�m

�H�P�a �A�i�r� �T�.� �°�C

�B�y�:� � 

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�H�.�4 �H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2

�C�a�l�i�b�r�a�t�i�o�n

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

�S�t�e�p�1�:� �V�e�r�i�f�y�i�n�g� �t�h�e� �z�e�r�o�:

�I�n�j�e�c�t� �a� �f�l�o�w� �(�1� �l�i�t�e�r� �p�e�r� �m�i�n�u�t�e�)� �o�f� �n�i�t�r�o�g�e�n�,� �o�r� �s�y�n�t�h�e�t�i�c� �a�i�r�,� �i�n�t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �o�n� 
�t�h�e� �p�a�l�m�t�o�p� �s�c�r�e�e�n� �r�e�a�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e�.� �O�b�v�i�o�u�s�l�y�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� 
�t�h�a�t� �t�h�e� �i�n�j�e�c�t�e�d� �m�i�x�t�u�r�e� �n�o�t� �c�o�n�t�a�i�n� �H�y�d�r�o�g�e�n� �S�u�l�p�i�d�e�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �s�t�a�n�d�a�r�d� 
�m�i�x�t�u�r�e� �w�i�t�h� �t�h�e�s�e� �c�a�r�a�c�t�e�r�i�s�t�i�c�s� �y�o�u� �c�a�n� �i�n�t�a�k�e� �a�t�m�o�s�p�h�e�r�i�c� �a�i�r�,� �a�s� �l�o�n�g� �a�s� �i�t� �i�s� �o�u�t�s�i�d�e� 
�t�h�e� �a�r�e�a� �o�f� �a�b�n�o�r�m�a�l� �e�m�i�s�s�i�o�n�s�.

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

�S�t�e�p�2�:� �V�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�p�a�n�:� 

�I�n�j�e�c�t� �a� �s�t�a�n�d�a�r�d� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �p�p�m� �o�f� �H �S� �a�n�d� �c�h�e�c�k� �t�h�e� �2

�r�e�s�p�o�n�s�e� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.

�L�e�t�'�s� �s�u�p�p�o�s�e� �t�h�a�t� �t�h�e� �c�h�e�c�k� �p�e�r�f�o�r�m�e�d� �g�a�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�s�u�l�t�s�:

�I�n�j�e�c�t�i�n�g� �a� �m�i�x�t�u�r�e� �a�t� �z�e�r�o� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �H �S� �t�h�e� �d�e�t�e�c�t�o�r� �r�e�t�u�r�n�s� �a� �r�e�a�d�i�n�g� �o�f� �0�.�2� �2

�p�p�m�.

�I�n�j�e�c�t�i�n�g� �a� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �a� �2�0� �p�p�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �H �S� �t�h�e� �d�e�t�e�c�t�o�r� �r�e�t�u�r�n�s� �a� �r�e�a�d�i�n�g� �2

�o�f� �1�9�.�7� �p�p�m�.

�A�t� �a� �v�a�r�i�a�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n� �s�e�t� �a�t� �2�0� �p�p�m� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �h�a�s� �a� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� 
�r�e�s�p�o�n�s�e�:� �1�9�.�5� �p�p�m� �(�=�1�9�.�7� �-� �0�.�2� �p�p�m�)�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �e�r�r�o�r� �i�s� �o�f� �a�b�o�u�t� �0�.�5� �p�p�m�,� �w�h�i�c�h� 
�i�n� �p�e�r�c�e�n�t�a�g�e� �p�o�i�n�t�s� �o�v�e�r� �t�h�e� �s�p�a�n� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �2�.�5�%� �l�e�s�s�.

�T�h�e� �e�r�r�o�r� �i�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �i�n�c�r�e�m�e�n�t� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �m�a�n�i�f�e�s�t�s� �a�s� �a� �s�y�s�t�e�m�a�t�i�c� �e�r�r�o�r� �i�n� �t�h�e� 
�e�v�a�l�u�a�t�i�o�n� �o�f� �f�l�u�x� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �m�u�s�t� �b�e� �c�o�r�r�e�c�t�e�d� �b�y� �c�a�l�i�b�r�a�t�i�n�g� �t�h�e� �i�n�s�t�r�u�m�e�n�t�s� �w�h�e�n� �i�t� �i�s� �t�o�o� 
�h�i�g�h� �(�>� �5�%�)�.

�A�s� �e�x�p�l�a�i�n�e�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �C�h�a�p�t�e�r� �4� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �s�l�o�p�e� �o�f� 
�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �c�u�r�v�e� �v�e�r�s�u�s� �t�i�m�e�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n�a�l�i�t�y� �f�a�c�t�o�r� �d�e�p�e�n�d�s� �o�n� �t�h�e� 
�v�o�l�u�m�e�/�s�u�r�f�a�c�e� �r�a�t�i�o� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �u�s�e�d� �f�o�r� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�,� �a�s� �w�e�l�l� 
�a�s�,� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �a�n�d� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �t�h�e� �m�o�m�e�n�t� �o�f� �m�a�k�i�n�g� �t�h�e� 
�m�e�a�s�u�r�e�m�e�n�t�.

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

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

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

�T�o� �s�i�m�p�l�i�f�y� �t�h�e� �e�x�p�l�a�n�a�t�i�o�n� �s�e�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�a�m�p�l�e�:
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�I�D�C�1�0�O

�1

�3

�5�7

�S�t�a�n�d�a�r�d� �t�a�o�m�s�.

�1

�3�5

�7

�S�t
�a�n

�d�a
�r�d�

 �t�a�
o�m

�s�.

�W�a�s�t�e

�F�l�o�w�-�m�e�t�e�r

�N�e�e�d�l�e�-�t�y�p�e� �F�l�o�w� �r�e�g�u�l�a�t�o�r� 
�o�r

�M�a�s�s� �f�l�o�w� �c�o�n�t�r�o�l�l�e�r

�1�.�0� � �L�P�M

�O�p�t�i�o�n� �A�)� 

�I�n�j�e�c�t� �a� �f�l�o�w� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �l�i�t�e�r� �p�e�r� �m�i�n�u�t�e�)� � �o�f� �n�i�t�r�o�g�e�n�,� �o�r� �s�y�n�t�h�e�t�i�c� �a�i�r�,� �i�n�t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t� 
�u�s�i�n�g� �a� �M�a�s�s� �F�l�o�w� �C�o�n�t�r�o�l�l�e�r� �o�r� �a� �n�e�e�d�l�e� �t�y�p�e� � �f�l�o�w� �r�e�g�u�l�a�t�o�r� �a�n�d� �a� �f�l�o�w� �m�e�t�e�r� � � �f�o�l�l�o�w�i�n�g� �t�h�e� 
�s�c�h�e�m�e� �b�e�l�o�w�.� � � 

�S�t�e�p� �1� �:� �C�a�l�i�b�r�a�t�i�n�g� �t�h�e� �Z�e�r�o

�O�p�t�i�o�n� �B�)� � �P�r�e�f�e�r�r�e�d

�F�i�l�l� � �t�h�e� � �5� �l�i�t�e�r�s� �T�e�d�l�a�r�-�b�a�g� � � �w�i�t�h� � �n�i�t�r�o�g�e�n�,� �o�r� �s�y�n�t�h�e�t�i�c� �a�i�r� �a�n�d� �c�o�n�n�e�c�t� � �i�t� �t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�:� � � � 

�I�D�C�1�0�O

�W�a�s�t�e

�5� �L�i�t�e�r�s� �T�e�d�l�a�r�-�b�a�g

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

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

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�S�t�e�p� �1� �:� �C�a�l�i�b�r�a�t�i�n�g� �t�h�e� �Z�e�r�o

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

�C�a�l�i�b�r�a� �r�e�a�d�s� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �m�a�d�e� �b�y� �F�l�u�x�M�a�n�a�g�e�r�,� �t�h�e�n� �b�e�f�o�r�e� �t�o� �r�u�n� 
�C�a�l�i�b�r�a� �b�e� �s�u�r�e� �t�h�a�t� �F�l�u�x�M�a�n�a�g�e�r� �r�e�c�o�g�n�i�z�e�d� �t�h�e� �c�o�r�r�e�c�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �i�n�s�t�r�u�m�e�n�t�.

�1�1�:�0�5
�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �s�e�r�i�a�l

�C�a�l�i�b�r�a

�C�o�m�m� �p�o�r�t�.

�S�e�l�e�c�t� �s�e�n�s�o�r�.

�S�e�l�e�c�t� �t�h�e� �H�2�S� �d�e�t�e�c�t�o�r�:� � �0�9�:� �H�2�S� 

�0�9�:� �H�2�S� 

�2� �d�e�v�i�c�e�s� �f�o�u�n�d

�1�1�:�0�5
�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �s�e�r�i�a�l

�C�a�l�i�b�r�a

�C�o�m�m� �p�o�r�t�.

�S�e�l�e�c�t� �s�e�n�s�o�r�.

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�E�x�i�t

�C�h�e�c�k� �t�h�a�t� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�o�r�t� �i�s� �t�h�e� �c�o�r�r�e�c�t� 
�o�n�e�:� 
�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �f�o�r� �t�h�e� �w�i�r�e�l�e�s�s� �c�o�n�n�e�c�t�i�o�n
�C�O�M�1�:� �S�e�r�i�a�l� � �f�o�r� �t�h�e� �w�i�r�e�d� �c�o�n�n�e�c�t�i�o�n�.

�T�h�e� �p�o�r�t� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �t�a�k�e�n� �f�r�o�m� �t�h�e� 
�F�l �u�x�M�a�n�a�g�e�r � �c�o�n�f �i �g�u�r�a�t �i �o�n� �f �i �l �e�, � �t �h�e�n� �i �f � 
�F�l�u�x�M�a�n�a�g�e�r� �w�a�s� �w�o�r�k�i�n�g� �a�l�s�o� �C�a�l�i�b�r�a� �h�a�s� �t�o� �w�o�r�k�.

�T�o� �c�a�l�i�b�r�a�t�e� �t�h�e� �d�e�t�e�c�t�o�r� �y�o�u� �n�e�e�d� �:
�!
�!�A� �c�y�l�i�n�d�e�r� �w�i�t�h� �n�i�t�r�o�g�e�n� �o�r� �U�P�P� �a�i�r� �(�M�i�x�t�u�r�e� �o�f� �7�9�%� �o�f� �N�2� �a�n�d� �2�1�%� �o�f� �o�x�i�g�e�n�)�;� 
�!�A� �c�y�l�i�n�d�e�r� �w�i�t�h� �1�5� �/� �2�0� �p�p�m� �o�f� �H�2�S� �i�n� �n�i�t�r�o�g�e�n� �o�r� �U�P�P� �a�i�r�;
�!�A� �5� �(�1�0�)� �l�i�t�e�r�s� �T�E�D�L�A�R� �b�a�g�;
�!�W�a�r�m� �u�p� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �f�o�r� �a� �3�0� �m�i�n�u�t�e�s� �p�e�r�i�o�d� �b�e�f�o�r�e� �t�o� �s�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n�.

�A�c�t�u�a�l� �r�e�a�d�i�n�g� �:� �5�.�0�0� �p�p�m

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�E�x�i�t

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

�2� �d�e�v�i�c�e�s� �f�o�u�n�d

�1�1�:�0�5
�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �s�e�r�i�a�l

�C�a�l�i�b�r�a

�C�o�m�m� �p�o�r�t�.

�S�e�l�e�c�t� �s�e�n�s�o�r�.�H�2�S

�A�c�t�u�a�l� �r�e�a�d�i�n�g� �:� �5�.�0�0� �p�p�m

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

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�E�x�i�t

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�S�t�e�p� �2� �:� �C�a�l�i�b�r�a�t�i�n�g� �t�h�e� �S�p�a�n

�C�u�r�r�e�n�t� �v�a�l�u�e� �:� �3�3�.�4�0�0� �p�p�m
�A�v�e�r�a�g�e� �:� �2�8�.�0�0� �p�p�m
�d�r�i�f�t� �:� �0�.�2�0�0� �p�p�m�/�s�e�c

�H�2�S� �a�c�t�u�a�l� �r�e�a�d�i�n�g� 

�H�2�S� �D�r�i�f�t� �a�n�d� �a�v�e�r�a�g�e

�l�e�f�t� �a�n�d� �r�i�g�h�t� �l�i�m�i�t�s� �m�a�r�k�e�r

�H�2�S� � �z�e�r�o� �c�u�r�v�e

�2�0�.�3

�4�0�.�0

�N�e�x�t�> �C�a�n�c�e�l

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

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

�O�n�c�e� �r�e�a�d�y� �p�r�e�s�s� �t�h�e� � �"�N�E�X�T�>�"� � �b�u�t�t�o�n� �t�o� �p�r�o�c�e�e�d� �w�i�t�h� �c�a�l�i�b�r�a�t�i�o�n�.

�2� �d�e�v�i�c�e�s� �f�o�u�n�d

�1�1�:�0�5
�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �s�e�r�i�a�l

�C�a�l�i�b�r�a

�C�o�m�m� �p�o�r�t�.

�S�e�l�e�c�t� �s�e�n�s�o�r�.

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

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

�F�i�l�l� �t�h�e� �T�E�D�L�A�R� �b�a�g� �w�i�t�h� �t�h�e� �H�2�S� �f�r�e�e� �g�a�s� 
�m�i�x�t�u�r�e� �a�n�d� �c�o�n�n�e�c�t� �i�t� �t�o� �t�h�e� �i�n�l�e�t� �p�o�r�t� �o�f� �t�h�e� 
�i�n�s�t�r�u�m�e�n�t�.

�H�2�S� �W�e�s�t

�A�c�t�u�a�l� �r�e�a�d�i�n�g� �:� �5�.�0�0� �p�p�m

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

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�E�x�i�t

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�C�u�r�r�e�n�t� �v�a�l�u�e� �:� �7�5�0�0� �p�p�m
�A�v�e�r�a�g�e� �:� �7�5�2�0�.�0�0� �p�p�m

�d�r�i�f�t� �:� �0�.�2�0�0� �p�p�m�/�s�e�c

�H�2�S� �d�e�t�e�c�t�o�r� �a�c�t�u�a�l� �r�e�a�d�i�n�g�.

�D�r�i�f�t�/�A�v�e�r�a�g�e

�l�e�f�t� �a�n�d� �r�i�g�h�t� �l�i�m�i�t�s� �m�a�r�k�e�r

�H�2�S� �a�t� �s�p�a�n� �c�u�r�v�e

�7�0�0�0�.�0

�8�5�0�0�.�0

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

�N�o�w� �c�o�n�n�e�c�t� �t�h�e� �T�E�D�L�A�R� �b�a�g� �f�i�l�l�e�d� �w�i�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�s� �m�i�x�t�u�r�e� �(�8�0�0�0� �p�p�m� �o�f� 
�H�2�S� �,� �i�n� �t�h�e� �e�x�a�m�p�l�e�)� �t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.
�A�l�s�o� �h�e�r�e� �t�h�e� �g�o�a�l� �i�s� �t�o� �w�a�i�t� �t�h�e� �s�t�a�b�i�l�i�z�a�t�i�o�n� �o�f� �r�e�a�d�i�n�g� �a�n�d� �t�h�e�n� �t�o� �s�e�l�e�c�t� �a�n� 
�i�n�t�e�r�v�a�l� �w�h�e�r�e� �t�h�e� �r�e�a�d�i�n�g�s� �a�r�e� �s�t�a�b�l�e�.

�C�a�l�i�b�r�a�t�e �C�a�n�c�e�l�S�e�t� �S�p�a�n

�T�h�e�n� �y�o�u�'�v�e� �t�o� �e�n�t�e�r� �t�h�e� �e�x�a�c�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 
�H�2�S� �i�n� �t�h�e� �g�a�s� �m�i�x�t�u�r�e� �y�o�u�'�d� �l�i�k�e� �t�o� �u�s�e� �f�o�r� �t�h�e� 
�c�a�l�i�b�r�a�t�i�o�n�:� �f�o�r� �i�n�s�t�a�n�c�e� �8�0�0�0� �p�p�m�.
�C�l�i�c�k� �o�n� �t�h�e� � �"�S�e�t�S�p�a�n�"� �l�a�b�e�l� �a�n�d�,� �u�s�i�n�g� �t�h�e� �v�i�r�t�u�a�l� 
�k�e�y�b�o�a�r�d�,� �e�n�t�e�r� �t�h�e� �v�a�l�u�e� �,� �e�x�p�r�e�s�s�e�d� �i�n� �p�p�m� �:� 
�8�0�0�0�,� �o�n�c�e� �f�i�n�i�s�h�e�d� �c�l�i�c�k� �a�g�a�i�n� �"�S�e�t�S�p�a�n�"� �t�o� �h�i�d�e� 
�t�h�e� �k�e�y�b�o�a�r�d�.� 

�C�a�l�i�b�r�a�t�e �C�a�n�c�e�l�S�e�t� �S�p�a�n

�C�a�l�i�b�r�a�t�e �C�a�n�c�e�l�S�e�t� �S�p�a�n�8�0�0�0

�8�0�0�0
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�H�.�8 �H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2

�S�t�e�p� �2� �:� �C�a�l�i�b�r�a�t�i�n�g� �t�h�e� �S�p�a�n
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�C�u�r�r�e�n�t� �v�a�l�u�e� �:� �7�5�0�0� �p�p�m
�A�v�e�r�a�g�e� �:� �7�5�2�0�.�0�0� �p�p�m

�d�r�i�f�t� �:� �0�.�2�0�0� �p�p�m�/�s�e�c

�7�0�0�0�.�0

�8�5�0�0�.�0

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

�C�a�l�i�b�r�a�t�e �C�a�n�c�e�l�S�e�t� �S�p�a�n�8�0�0�0

�2� �d�e�v�i�c�e�s� �f�o�u�n�d

�C�O�M�6�:� �B�l�u�e�t�o�o�t�h� �s�e�r�i�a�l

�C�a�l�i�b�r�a

�C�o�m�m� �p�o�r�t�.

�S�e�l�e�c�t� �s�e�n�s�o�r�.

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�H�2�S� �W�e�s�t

�A�c�t�u�a�l� �r�e�a�d�i�n�g� �:� �5�.�0�0� �p�p�m

�S�t�a�r�t� �c�a�l�i�b�r�a�t�i�o�n

�E�x�i�t

�R�e�s�t�o�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n

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

�I�f� �y�o�u� �p�r�e�s�s� �E�x�i�t� �y�o�u�'�l�l� �u�s�e� �t�h�e� �"�s�t�a�n�d�a�r�d� �c�a�l�i�b�r�a�t�i�o�n�"� � 
�t�h�a�t� �c�o�u�l�d� �b�e� �n�o�t� �s�o� �a�c�c�u�r�a�t�e�.

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

�I�f� �y�o�u� �w�a�n�t� �t�o� �a�b�o�r�t� �t�h�e� �o�p�e�r�a�t�i�o�n� �p�r�e�s�s� �t�h�e� �C�a�n�c�e�l� �b�u�t�t�o�n�:� 
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�P
�A

�G
�E

�H�.�1�0

�I�D�C�1�0�O

�R�e�m�o�v�e� �t�h�e� � �2� �s�o�c�k�e�t� �h�e�a�d� �s�c�r�e�w�s

�R�e�p�l�a�c�i�n�g� �t�h�e� �s�e�n�s�o�r� �h�e�a�d

�I�D�C�1�0�O

�(�S�t�e�p� �1�)� � �r�e�m�o�v�e� �t�h�e� �s�o�c�k�e�t� �h�e�a�d� �s�c�r�e�w�s

�(�S�t�e�p� �2�)� � �r�e�m�o�v�e� �t�h�e� �f�l�a�n�g�e

�(�S�t�e�p� �3�)� � �r�e�m�o�v�e� �t�h�e� �o�n�l�i�n�e� �a�d�a�p�t�e�r

�N�o�w� �p�r�o�c�e�e�d� �f�o�l�l�o�w�i�n�g� �t�h�e� 
�i�n�s�t�r�u�c�t�i�o�n� �f�r�o�m� �s�t�e�p� �1� �t�o� �s�t�e�p� �4�.

�(�S�t�e�p� �4�)� �R�e�m�o�v�e� �t�h�e� �O�-�r�i�n�g� �g�a�s�k�e�t

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�F�l�u�x� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �c�a�l�i�b�r�a�t�i�o�n� �r�e�s�u�l�t�s

�H �S� �f�l�u�x�e�s� �f�r�o�m� �s�o�i�l� �a�r�e� �s�i�m�u�l�a�t�e�d� � �b�y� �i�n�j�e�c�t�i�n�g� �a� � �k�n�o�w�n� �f�l�o�w� �o�f� �g�a�s� �i�n�t�o� �t�h�e� �2

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

�a�n�d� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �t�a�b�l�e� �i�s� �b�u�i�l�t� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� � �g�a�s� �l�e�a�k�a�g�e�.
�2�F�o�r� �f�l�u�x� �b�e�t�w�e�e�n� �0�.�0�0�0�2� �a�n�d� �0�.�0�2� �m�o�l�e�s�/�(�m �d�a�y�)� �t�h�e� �i�n�j�e�c�t�e�d� �f�l�u�x� �i�s� 

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

�e�l�e�c�t�r�o�n�i�c�a�l�l�y� �s�t�a�b�i�l�i�z�e�d� �(�A�c�c�u�r�a�c�y� �3�%�)�.

�2 �2�F�o�r� �f�l�u�x�e�s� �b�e�t�w�e�e�n� �0�.�0�6� � �m�o�l�e�s�/�m �/�d�a�y� �a�n�d� �0�.�6� �m�o�l�e�s�/�m �/�d�a�y� �t�h�e� �i�n�j�e�c�t�e�d� 

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

�a� �b�u�b�b�l�e� �f�l�o�w�m�e�t�e�r� �(�A�c�c�u�r�a�c�y� �3�%�)� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� 

�w�i�t�h� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r�.� 

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

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

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

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

�C�a�r�b�o�n� �D�i�o�x�i�d�e�.
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�I�n� �t�h�e� �p�l�o�t� �b�e�l�o�w� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �h�y�d�r�o�g�e�n� �s�u�l�f�i�d�e� �d�e�t�e�c�t�o�r� �o�u�t�p�u�t� �i�s� �r�e�p�o�r�t�e�d�.� � 
�T�h�e� �i�n�j�e�c�t�e�d� �g�a�s� �m�i�x�t�u�r�e� �a�t� �1� �l�i�t�e�r� �p�e�r� �m�i�n�u�t�e� �w�a�s� �2�0� �p�p�m� �o�f� �H �S� �i�n� �n�i�t�r�o�g�e�n�.�2

�H�y�d�r�o�g�e�n� �S�u�l�f�i�d�e � �D�e�t�e�c�t�o�r� �(�H �S�)�2
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�G�e�n�e�r�a�l� �d�i�s�c�u�s�s�i�o�n

�C�a�l�i�b�r�a�t�i�o�n� �o�f� �L�I�C�O�R

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

�S�t�e�p�1�:� �V�e�r�i�f�y�i�n�g� �t�h�e� �z�e�r�o�:

�I�n�j�e�c�t� �a� �f�l�o�w� �o�f� �n�i�t�r�o�g�e�n�,� �o�r� �s�y�n�t�h�e�t�i�c� �a�i�r�,� �i�n�t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �o�n� �t�h�e� �p�a�l�m�t�o�p� 
�s�c�r�e�e�n� �r�e�a�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e�.� �O�b�v�i�o�u�s�l�y�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�h�a�t� 
�t�h�e� �i�n�j�e�c�t�e�d� �m�i�x�t�u�r�e� �n�o�t� �c�o�n�t�a�i�n� �c�a�r�b�o�n� �d�i�o�x�i�d�e�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �s�t�a�n�d�a�r�d� 
�m�i�x�t�u�r�e� �w�i�t�h� �t�h�e�s�e� �c�a�r�a�c�t�e�r�i�s�t�i�c�s� �y�o�u� �c�a�n� �i�n�t�a�k�e� �a�t�m�o�s�p�h�e�r�i�c� �a�i�r�,� �a�s� �l�o�n�g� �a�s� �i�t� �i�s� 
�o�u�t�s�i�d�e� �t�h�e� �a�r�e�a� �o�f� �a�b�n�o�r�m�a�l� �e�m�i�s�s�i�o�n�s�,� �a�n�d� �t�a�k�i�n�g� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �a� 
�s�t�a�n�d�a�r�d� �v�a�l�u�e� �o�f� �3�5�0� �p�p�m� �f�o�r� �c�a�r�b�o�n� �d�i�o�x�i�d�e�.

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

�S�t�e�p�2�:� �V�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�p�a�n�:� 

�I�n�j�e�c�t� �a� �s�t�a�n�d�a�r�d� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�%� �(�1�0�,�0�0�0� �p�p�m�)� �o�f� 
�c�a�r�b�o�n� �d�i�o�x�i�d�e� �a�n�d� �c�h�e�c�k� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.

�L�e�t�'�s� �s�u�p�p�o�s�e� �t�h�a�t� �t�h�e� �c�h�e�c�k� �p�e�r�f�o�r�m�e�d� �g�a�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�s�u�l�t�s�:

�I�n�j�e�c�t�i�n�g� �a� �m�i�x�t�u�r�e� �a�t� �z�e�r�o� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �t�h�e� �C�O�2� �d�e�t�e�c�t�o�r� 
�r�e�t�u�r�n�s� �a� �r�e�a�d�i�n�g� �o�f� �1�0� �p�p�m�.

�I�n�j�e�c�t�i�n�g� �a� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �a� �1�0�,�0�0�0� �p�p�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� 
�t�h�e� �C�O�2� �d�e�t�e�c�t�o�r� �r�e�t�u�r�n�s� �a� �r�e�a�d�i�n�g� �o�f� �9�9�4�0� �p�p�m�.

�A�t� �a� �v�a�r�i�a�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n� �s�e�t� �a�t� �1�0�,�0�0�0� �p�p�m� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �h�a�s� �a� �s�l�i�g�h�t�l�y� 
�d�i�f�f�e�r�e�n�t� �r�e�s�p�o�n�s�e�:� �9�9�3�0� �p�p�m� �(�=�9�9�4�0�-�1�0� �p�p�m�)�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �e�r�r�o�r� �i�s� �o�f� �a�b�o�u�t� 
�7�0� �p�p�m�,� �w�h�i�c�h� �i�n� �p�e�r�c�e�n�t�a�g�e� �p�o�i�n�t�s� �o�v�e�r� �t�h�e� �s�p�a�n� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �0�.�6�%� �l�e�s�s

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

�A�s� �e�x�p�l�a�i�n�e�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �C�h�a�p�t�e�r� �4� �t�h�e� �f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� 
�t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �c�u�r�v�e� �v�e�r�s�u�s� �t�i�m�e�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n�a�l�i�t�y� �f�a�c�t�o�r� 
�d�e�p�e�n�d�s� �o�n� �t�h�e� �v�o�l�u�m�e�/�s�u�r�f�a�c�e� �r�a�t�i�o� �o�f� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �c�h�a�m�b�e�r� �u�s�e�d� �f�o�r� �t�h�e� 
�m�e�a�s�u�r�e�m�e�n�t�,� �a�s� �w�e�l�l� �a�s�,� �t�h�e� �b�a�r�o�m�e�t�r�i�c� �p�r�e�s�s�u�r�e� �a�n�d� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �t�h�e� 
�m�o�m�e�n�t� �o�f� �m�a�k�i�n�g� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�.

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

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

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

�T�o� �s�i�m�p�l�i�f�y� �t�h�e� �e�x�p�l�a�n�a�t�i�o�n� �s�e�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�a�m�p�l�e�:

�T�h�e� �e�r�r�o�r� �i�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �i�n�c�r�e�m�e�n�t� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �m�a�n�i�f�e�s�t�s� �a�s� �a� 
�s�y�s�t�e�m�a�t�i�c� �e�r�r�o�r� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �f�l�u�x� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �m�u�s�t� �b�e� �c�o�r�r�e�c�t�e�d� 
�b�y� �c�a�l�i�b�r�a�t�i�n�g� �t�h�e� �i�n�s�t�r�u�m�e�n�t�s� �w�h�e�n� �i�t� �i�s� �t�o�o� �h�i�g�h� �(�>� �5�%�)�.

�L�I�8�2�0� �C�O�2� �D�e�t�e�c�t�o�r

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�W
�E

�S
�T

� �
S

�y
�s

�t�
e�

m
�s

�w
�w

�w
�.�

w
�e

�s
�t�

s�
y�

s�
t�e

�m
�s

�.�
c�

o�
m

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 � 
�8

�.�
2�

 �-
� �

S
�e

�p
�t�

e�
m

�b
�e

�r
� �

2�
0�

1�
2

�P
�o

�r
�t�

a�
b�

l�e
� �

F
�l�

u�
x�

 �M
�e

�t�
e�

r
�H

�a
�n

�d
�b

�o
�o

�k
� �

-�
 �R

�e
�l�

e�
a�

s�
e�

 �8
�.�

2�
 �-

� �
S

�e
�p

�t�
e�

m
�b

�e
�r

� �
2�

0�
1�

2



�>

�>

�P
�A

�G
�E

�L�.�2 �L�I�8�2�0� �C�O�2� �D�e�t�e�c�t�o�r

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

�R�u�n� �t�h�e� �L�I�C�O�R� �w�i�n�d�o�w�s� �s�o�f�t�w�a�r�e� �(�F�u�r�n�i�s�h�e�d� �w�i�t�h� �t�h�e� �L�I�C�O�R� �s�e�n�s�o�r�)� �o�n� �y�o�u�r� � 
�p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r�.

�F�l�o�w� �t�h�e� �g�a�s� �m�i�x�t�u�r�e� �i�n�t�o� �t�h�e� �L�I�C�O�R� �,� �n�o�t� �e�x�c�e�e�d�i�n�g� �1�0�0�0� �S�C�C�M� �(�S�t�a�n�d�a�r�d� 
�C�u�b�i�c� �C�e�n�t�i�m�e�t�e�r� �p�e�r� �m�i�n�u�t�e�)

�F�o�l�l�o�w� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n� �o�f� �L�I�C�O�R� �h�a�n�d�b�o�o�k� � �t�o� �c�a�l�i�b�r�a�t�e� �t�h�e� �z�e�r�o� �a�n�d� �t�h�e� �s�p�a�n� �o�f� 
�y�o�u�r� �d�e�t�e�c�t�o�r�:
�L�I�8�0�0� �(�p�a�g�e� �3� �t�o� �1�1� �o�f� �t�h�e� �L�I�8�0�0� �h�a�n�d�b�o�o�k�)� 
�L�I�8�2�0� �P�a�g�e� �3�.�2�4� �o�f� �t�h�e� �L�I�8�2�0� �h�a�n�d�b�o�o�k

�T�o� �t�h�e� �R�S�2�3�2� �p�o�r�t� �o�f� �y�o�u�r� �c�o�m�p�u�t�e�r

�9� �P�I�N� �N�u�l�l�M�O�D�E�M� � �s�e�r�i�a�l� �c�a�b�l�e� 
�(�f�e�m�a�l�e� �-� �f�e�m�a�l�e� �c�o�n�n�e�c�t�o�r�s�)

�T�h�i�s� �c�a�b�l�e� �i�s� �f�u�r�n�i�s�h�e�d� 
�w�i�t�h� �y�o�u�r� �L�I�8�0�0� �(�L�I�8�2�0�)� 

�! �A� �p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r� �r�u�n�n�i�n�g� �M�S� �W�i�n�d�o�w�s� �9�x�,� �o�r� �N�T�4�.�0� �o�r� �W�i�n�d�o�w�s� �2�0�0�0� �o�r� �X�P�;
�! �A� �n�u�l�l� �m�o�d�e�m� �c�a�b�l�e�,� �f�u�r�n�i�s�h�e�d� �w�i�t�h� �t�h�e� �L�I�C�O�R� �L�I�8�x�0�;
�! �A� �c�y�l�i�n�d�e�r� �o�f� �n�i�t�r�o�g�e�n� �o�r� �s�y�n�t�h�e�t�i�c� �U�P�P� �A�i�r�,� �o�r� �a� �S�O�D�A� �L�I�M�E� �t�r�a�p� �o�r� �a� �D�R�A�G�E�R� 

�P�I�P�E� �t�o� �t�r�a�p� �t�h�e� �c�a�r�b�o�n� �d�i�o�x�i�d�e�.
�! �A� �c�y�l�i�n�d�e�r� �o�f� �s�t�a�n�d�a�r�d� �m�i�x�t�u�r�e� �o�f� �1�%� �o�f� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �i�n� �a�i�r� �(�o�r� �n�i�t�r�o�g�e�n�)�;� � �T�h�e� 

�C�O�2� �c�o�n�c�e�n�t�r�a�t�i�o�n� �h�a�s� �t�o� �b�e� �m�i�n�i�m�u�m� �t�h�e� �5�0�%� �o�f� �t�h�e� �f�u�l�l� �s�c�a�l�e� �v�a�l�e� �o�f� �L�I�8�x�0� �a�n�d� 
�m�a�x�i�m�u�m� �t�h�e� �9�5�%� �o�f� �t�h�i�s� �v�a�l�u�e�.� �I�f� �t�h�e� �f�u�l�l� �s�c�a�l�e� �v�a�l�u�e� �i�s� �2�%� �b�y� �v�o�l�u�m�e� �o�f� �C�O�2� � 
�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�t�a�n�d�a�r�d� �m�u�s�t� �b�e� �i�n� �t�h�e� �r�a�n�g�e� �f�r�o�m� �1�%� �u�p� �t�o� �1�.�9�%� �o�f� �C�O�2�;

�! �A� � �f�l�o�w� �m�e�t�e�r� �a�b�l�e� �t�o� �m�e�a�s�u�r�e� �u�p� �t�o� �2�0�0�0� �c�u�b�i�c� �c�e�n�t�i�m�e�t�e�r� �p�e�r� �m�i�n�u�t�e� �(�n�o�t� 
�s�t�r�i�c�t�l�y� �n�e�c�e�s�s�a�r�y�)�;

�! �A� �s�c�r�e�w�d�r�i�v�e�r� �a�n�d� �a� �h�e�x�a�g�o�n�a�l� �w�r�e�n�c�h� �t�o� �a�c�c�e�s�s� �t�h�e� �D�B�9� �c�o�n�n�e�c�t�o�r�.

�W�h�a�t� �y�o�u� �n�e�e�d� �t�o� �c�a�l�i�b�r�a�t�e� �t�h�e� �L�I�C�O�R� �L�I�8�2�0�/�L�I�8�0�0

�O�n�c�e� �r�e�a�d�y� �r�e�a�s�s�e�m�b�l�e� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.

�W�h�e�n� �y�o�u� �n�e�e�d� �t�o� �c�a�l�i�b�r�a�t�e� �t�h�e� �L�I�C�O�R� �L�I�8�2�0�/�L�I�8�0�0
�T�h�e� �L�I�C�O�R� �i�s� �a� �v�e�r�y� �s�t�a�b�l�e� �d�e�t�e�c�t�o�r�,� �t�h�e� �p�r�e�s�s�u�r�e� �c�o�m�p�e�n�s�a�t�i�o�n� �a�n�d� �t�h�e� �t�h�e�r�m�a�l� 
�s�t�a�b�i�l�i�z�a�t�i�o�n� � �f�e�a�t�u�r�e�s� � �a�l�l�o�w�s� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �t�o� �m�a�i�n�t�a�i�n� �i�t� �c�a�l�i�b�r�a�t�i�o�n� �f�o�r� �l�o�n�g� 
�p�e�r�i�o�d�s�.� �T�h�e� �c�a�l�i�b�r�a�t�i�o�n� �i�s� �n�e�c�e�s�s�a�r�y� �i�f� �y�o�u� �d�e�c�i�d�e� �t�o� �c�h�a�n�g�e� �t�h�e� �o�p�t�i�c�a�l� �p�a�t�h� �o�r� 
�t�o� �c�l�e�a�n� �i�t�.� �I�n� �a�n�y� �c�a�s�e� �w�e� �a�d�v�i�s�e� �c�a�l�i�b�r�a�t�i�n�g� �i�t� �o�n�l�y� �i�f� �n�e�c�e�s�s�a�r�y�.

�T�o� �a�c�c�e�s�s� �t�h�e� �L�I�C�O�R� �D�B�9� �s�e�r�i�a�l� 
�p�o�r�t� �y�o�u�'�v�e� �t�o� �r�e�m�o�v�e� �t�h�e� 
�c�a�b�l�e� �t�h�a�t� �c�o�n�n�e�c�t� �t�h�e� �L�I�8�2�0� �t�o� 
�t�h�e� �i�n�s�t�r�u�m�e�n�t�.� 
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�T�h�e� �L�I�8�0�0�/�8�2�0� �s�e�t�t�i�n�g�s�.

�I�n� �t�h�e� �f�i�g�u�r�e� �a�t� �t�h�e� �l�e�f�t� �t�h�e� �m�a�i�n� �s�c�r�e�e�n� �o�f� �t�h�e� �L�I�8�2�0� 
�c�o�n�f�i�g�u�r�a�t�i�o�n� �/� �c�h�e�c�k�i�n�g� �s�o�f�t�w�a�r�e�.

�S�e�l�e�c�t�i�n�g� �[�V�i�e�w�]�[�S�e�t�t�i�n�g�s�]� �y�o�u� �a�c�c�e�s�s� �t�o� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� 
�s�c�r�e�e�n�.
�E�n�a�b�l�e� �h�e�a�t�e�r� �m�u�s�t� �b�e� �c�h�e�c�k�e�d
�P�r�e�s�s�u�r�e� �c�o�m�p�e�n�s�a�t�i�o�n� �m�u�s�t� �b�e� �c�h�e�c�k�e�d
�T�h�e� �S�p�a�n� �r�a�n�g�e� � �(�T�h�a�s� �t�h�e� �F�u�l�l� �s�c�a�l�e� �o�f� �L�I�C�O�R�)� �f�o�r� �t�h�e� �n�o�r�m�a�l� 
�u�s�e� �i�s� �s�e�t� �t�o� �2�0�,�0�0�0� �p�p�m� �(�2�%�)�.� �I�f� �y�o�u� �w�a�n�t� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �l�o�w� 
�f�l�u�x� �m�e�a�s�u�r�e�m�e�n�t� �a�c�c�u�r�a�c�y� �y�o�u� �c�a�n� �s�e�t� �t�h�e� �S�p�a�n� �r�a�n�g�e� �t�o� �5�,�0�0�0� 
�p�p�m� �(�0�.�5�%�)�.� �W�i�t�h� �t�h�e� �F�S� �s�e�t� �a�t� �5�0�0�0� �p�p�m� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �o�f� 
�m�e�a�s�u�r�i�n�g� �h�i�g�h� �f�l�u�x� �w�i�l�l� �b�e� �r�e�d�u�c�e�d� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �1�0�0� �m�o�l�e�s� 
�p�e�r� �s�q�u�a�r�e� �m�e�t�e�r� �p�e�r� �d�a�y�.� 

�S�e�l�e�c�t�i�n�g� �[�V�i�e�w�]�[�C�a�l�i�b�r�a�t�i�o�n�]� �y�o�u� �a�c�c�e�s�s� �t�o� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� 
�s�c�r�e�e�n�.
�C�a�l�i�b�r�a�t�e� �f�o�r� �f�i�r�s�t� �t�h�e� �z�e�r�o� �a�n�d� �t�h�e�n� �t�h�e� �s�p�a�n�.

�T�E�D�L�A�R� �B�A�G

�T�o� �a�p�p�l�y� �t�h�e� �g�a�s� �m�i�x�t�u�r�e� �t�o� �t�h�e� �L�I�8�2�0� �f�i�l�l� �a�n�d� �c�o�n�n�e�c�t� �a� �T�E�D�L�A�R� �B�A�G� �t�o� �t�h�e� �i�n�l�e�t� �p�o�r�t�;� �t�h�e�n� �t�o� 
�t�u�r�n� �o�n� �t�h�e� �p�u�m�p� �S�T�A�R�T� �a� �m�e�a�s�u�r�e�m�e�n�t� �w�i�t�h� �F�l�u�x�M�a�n�a�g�e�r�.
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�P�a�g�e� �l�e�f�t� �b�l�a�n�k�i�n�t�e�n�t�i�o�n�a�l�l�y� 

�L�I�8�2�0� �C�O�2� �D�e�t�e�c�t�o�r
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WS-HC Hydrocarbon Flux measurement:
The HydroCarbon detector is based on a double beam infrared
spectrometer able to detect methane, hexane , propane and other
molecules with HC linkages. The instrument comes calibrated for the
methane. The instrument requires a frequent zero base-line
calibration that will be done using atmospheric air. The calibration requires
20 second .

Detector specifications:

Accuracy 5%

Repeatibility 2%

Resolution 22 ppm (Methane equivalent)

Full scale range is 10000 ppm of methane.

Detection limit 60 ppm.

Methane flux measurement range from 0.2 to 300 moles/m per day2

(accumulation chamber A or C) and from 0.2 to 600 moles/m per day2

(accumulation chamber B).
The precision depends on the measured flux:

range 0.2 - 10 moles/ m per day ±25%2

10 - 600 moles/ m per day ±10%2

The measurement of very low fluxes (< 0.2 moles/m per day ) is possible2

but the error will increase due to the low detector sensitivity.

IN OUT

R
S

48
5

www.westsystems.com

CE

WS-HC Detector

RS485 Connector

Pin 1
Pin 2
Pin 3
Pin 4
Pin 5
Pin 6
Pin 7
Pin 8
Pin 9

DB9 Male panel

Gnd
+Power supply
Gnd
RS485 B
RS485 A
Gnd
+Power supply
Gnd
RS485 B

The gas fittings can be used with rilsan 6x4 mm tubes or silicon
5x3.2 tubes. Please respect inlet and outlet ports.

WS-HC Methane Detector
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WS-HC detector / technical informations

1 8

Systems
West

Rel_00

J1

C40
F1

C1

C2

C
3

C5

C6

C8 C9

C10

C
11

C12

C13

C14

C15

U1

C
20

C21

C39

CR

D1

D2

D5

D6 D7 D8

D
9

D
10

D11

D
20

J2

Ir
id

iu
m

1

J3 ToD9F-Port2

1 J6
JP1

JP2

R1
R3

R
4

R7

R10

R11 R12 R13

R14

R15

R16

R17

R18

R19

S
1

S3

U3

1

U4

U7

U8

9

51

6

J5

D
B

9 
m

al
e

Y1

Factory Configuration

Factory Configuration

Description Conf Unit Sw1 On Sw1 Off
Methane E6 ppm 0A01
Temperature E9 °C 0B02

DIP switch settings
DIP Enable Default
SW1 Base Address On
SW2 Reserved Off
SW3 Reserved Off
SW4 Reserved Off
SW5 Temperature On/Off On
SW6 Reserved Off
SW7 Reserved Off
SW8 Reserved Off

Dip switches

WS-HC Methane Detector

WS-HC detector / Set of baseline

The WS_HC detector requires a frequent baseline correction: From FluxManager
start a measurement taking the accumualtion chamber far from the soil in order to
sample atmospheric air instead of soil gas.
Select the {Tools} {Set zero} menu voice and wait for 15-20 seconds. During this
period the WS-HC will not send any concentration data. Once finished the base line
(then the readings) of WS-HC will be zero and the instrument will be ready to
work.

remove the 4 hexagonal screw and then remove the cover

To access the DIP switches

The dip switch
1 ON  = Address base
5 ON  = Temperature active

Re-assemble the cover.

W
E

S
T

 S
ys

te
m

s
w

w
w

.w
es

ts
ys

te
m

s.
co

m

W
E

S
T

 S
ys

te
m

s
w

w
w

.w
es

ts
ys

te
m

s.
co

m
P

or
ta

bl
e 

F
lu

x 
M

et
er

H
an

db
oo

k 
- 

R
el

ea
se

 8
.2

 -
 S

ep
te

m
be

r 
20

12

P
or

ta
bl

e 
F

lu
x 

M
et

er
H

an
db

oo
k 

- 
R

el
ea

se
 8

.2
 -

 S
ep

te
m

be
r 

20
12



P
A

G
E

M.3

WS-HC Detector s/n WS-HC 2007/33
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0.008

0.01

0 50 100 150 200 250 300

WS-HC detector

The WS-HC readings are very stable: here is reported the record of 300 seconds
while injecting UPP air or nitrogen at 1 liter per minute flow rate.

WS-HC s/n WS-HC 2007/33

9940

9950

9960

9970

9980

9990

10000

0 50 100 150 200 250 300 350

sec

p
p

m

The drift is the most important parameter to control while measuring flux.
Since it's not possible to distinguish between a drift, due to thermal and
electrical instability of the detector, and a real variation of concentration
due to the flux the drift of detector reduce the precision while measuring
flux.

The drift of 0.086ppm/sec (at 1013 and 26°C ) correspond to a 0.03
moles/m per day value of flux.2

Here is reported the record of 300 seconds while injecting a standard mixture of
10000 ppm of methane in nitrogen at 1 liter per minute flow rate. The readings
drift is 0.086 ppm/sec. The average value is 9975 ppm and the error is -0.25%.

!

WS-HC Methane Detector
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WS-HC s/n WS-HC 2007/33

0
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25000

0 10 20 30 40 50 60 70 80 90 100
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m

In the plot a typical methane flux curve: the flux is about 80 moles/m /day. 2

WS-HC s/n WS-HC 2007/33
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In the plot the typical curve at very low flux: 0.18 moles/m /day. 2

WS-HC Methane Detector
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Calibration of the methane detector

General discussion

Calibration control example:

Before verifying the calibration turn on the instrument and leave it on for a
minimum of 20 minutes to stabilise the temperature of the detectors.

Step1: Verifying the zero:

Inject a flow of nitrogen, or synthetic air, into the instrument and on the palmtop
screen read the concentration. Obviously, it is important that the injected
mixture not contain methane. In the absence of a standard mixture withdo
these c aracteristics you can intake atmospheric air, as long as it is outside theh
area of abnormal emissions, and taking into co sideration that you can haven
few ppm of meth ne in air.a

The method for injecting standard gas mixtures is explained in detail in the
following pages.

The WS/HC requires a frequent set of base line, then before to proceed is
necessary to start the measurement in order to turn on the pump, then wait that
the reading is stable and then set the base line by selecting menuTools Set zero
voice fluxmanager. As shown in the previous chapter the WS-HC base line isof
very stable and after the Set Zero procedure the methane reading will be zero.

Step2: Verification of the span:

Inject a standard mixture containing approximately methane in the range from
7000 up to 10000 ppm and check the response of the instrument.

Let's suppose that the check performed gave the following results:

Injecting a mixture at zero concentration of the detector returns a readingCH4

of 0 ppm.

Injecting a mixture containing a 10,000 ppm concentration of detectorCH4

returns a reading of 9930 ppm.

At a variation of concentration set at 10,000 ppm the instrument has a slightly
different response: 9930 ppm . The evaluation error is of about 70 ppm, which
in percentage points over the span corresponds to 0.6% less

The subjects regarding calibration of your portable instrument for the
measurement of diffuse flux will be discussed in this chapter.

As explained previously in Chapter 4 the flux measurement is proportional to
the slope of the concentration curve versus time. The proportionality factor
depends on the volume/surface ratio of the accumulation chamber used for the
measurement, as well as, the barometric pressure and air temperature at the
moment of the measurement.

The most important aspect to understand is that the flux is proportional to the
gradient of concentration over time: ppm/second.

This aspect allows us to simplify the control of the response of the gas sensors
utilised.

Each time a measurement campaign is initiated the instrumental response of
the gas sensors must be verified and, if necessary, their calibration fine tuned.

To simplify the explanation see the following example:

The error in evaluating the increment in concentration manifests as a
systematic error in the evaluation of flux and, therefore, must be corrected
by calibrating the instruments when it is too high (> 5%).

WS-HC Methane Detector
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Calibration of the methane detector

Open the calibration software supplied with the instrument: Calibra

Calibra reads the instrument configuration made by FluxManager, then before to run
Calibra be sure that FluxManager reconnized the correct configuration of instrument.

11:05
COM6: Bluetooth serial

Calibra

Comm port.

Select sensor.

Select the methane detector: CH4

CH4

2 devices found

11:05
COM6: Bluetooth serial

Calibra

Comm port.

Select sensor.

Start calibration

Exit

Check that the communication port is the correct
one:
COM6: Bluetooth for the wireless connection
COM1: Serial for the wired connection.

The port information is taken from the
FluxManager configurat ion f i le, then if
FluxManager was working also Calibra has to work.

To calibrate the detector you need :
!A cylinder with nitrogen or methane free air UPP;
!A cylinder with 7500 / 10000 ppm of methane in nitrogen or UPP air;
!A 5 liters TEDLAR bag;
!Warm up the instrument for a 30 minutes period before to start calibration.

Actual reading : 5.00 ppm

Restore configuration

Start calibration

Exit

Restore configuration

Restore configuration

WS-HC Methane Detector
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Calibration of the methane detector

Gas outlet

Pump Gas inlet
Filter

5 liters TEDLAR bag

Here following the pneumatic connections while calibrating.

2 devices found

11:05
COM6: Bluetooth serial

Calibra

Comm port.

Select sensor. CH4

Actual reading : 5.00 ppm

Once selected the sensor you want to calibrate you
can see the actual reading.

IN
O

U
T

RS485

w
w

w
.w

es
ts

ys
te

m
s.

co
m

C
EW
S

-H
C

 D
et

ec
to

r

Start calibration

Exit

Restore configuration

>

>

WS-HC Methane Detector
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Calibration of the methane detector

Current value : 33.400 ppm
Average : 28.00 ppm
Drift : 0.200 ppm/sec

CH4 actual reading

CH4 Drift and average

Left and right limits marker

CH4 zero curve

20.3

40.0

Next> Cancel

Now the gas mixture is injected into the detector and the concentration readings
are shown in the botton part of the screen.
The goal is to wait the stabilization of reading and then to select an interval where
the readings are stable.

Once selected an interval you can read the average value and the drift in the
interval. The average value of the selected interval will be used to calibrate the
detector. The drift value will give you an idea of "readings stabilization". The drift
value must be close to zero as possible.

Once ready press the "NEXT>" button to proceed with calibration.

2 devices found

11:05
COM6: Bluetooth serial

Calibra

Comm port.

Select sensor.

Start calibration

By pressing the detectorStart Calibration
configuration is reset to default value and the pump
is switched on.

Fill the TEDLAR bag with the methane free gas
mixture and connect it to the inlet port of the
instrument.

CH4 West

Actual reading : 5.00 ppm

By pressing Calibra asks the current calibration values to the detectorStart Calibration
and store it in a file. These saved values can be used to restore the current calibration if
something worog will happen.

Start calibration

Exit

Restore configuration

WS-HC Methane Detector
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Current value : 7500 ppm
Average : 7520.00 ppm
Drift : 0.200 ppm/sec

CH4 detector actual reading.

Drift/Average

Left and right limits marker

CH4 at span curve

7000.0

8500.0

Once selected an interval you can read the average value and the drift in the
interval. The average value of the selected interval will be used to calibrate the
detector. The drift value will give you an idea of "readings stabilization". The drift
value must be close to zero as possible.

Now connect the TEDLAR bag filled with the standard gas mixture (8000 ppm of
CH4 , in the example) to the instrument.
Also here the goal is to wait the stabilization of reading and then to select an
interval where the readings are stable.

Calibrate CancelSet Span

Then you've to enter the exact concentration of
methane in the gas mixture you'd like to use for the
calibration: for instance 8000 ppm.
Click on the "SetSpan" label and, using the virtual
keyboard, enter the value , expressed in ppm :
8000, once finished click again "SetSpan" to hide
the keyboard.

Calibrate CancelSet Span

Calibrate CancelSet Span 8000

8000
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Calibration of the methane detector

WS-HC Methane Detector
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Current value : 7500 ppm
Average : 7520.00 ppm

drift : 0.200 ppm/sec

7000.0

8500.0

If you want to cancel the current calibration,
because troubles during the procedure or.., press
the button "cancel", the main calibra screen will
appear.

Calibrate CancelSet Span 8000

2 devices found

COM6: Bluetooth serial

Calibra

Comm port.

Select sensor.

Start calibration

CH4 West

Actual reading : 5.00 ppm

Start calibration

Exit

Restore configuration

Then press the Restore configuration to reset the
previuos calibration.

If you press Exit you'll use the "standard calibration"
that could be not so accurate.

Calibration of the methane detector

Now, if you press the detector will be calibrated with the newcalibrate
parameters.

If you want to abort the operation press the button:Cancel

WS-HC Methane Detector
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WS-CH4-TLD Methane Flux measurement:
The detector is based on a TLD (tunable laser diode) coupled with a 
multipass cell. The Tunable Diode Laser Absorption Spectroscopy 
detection method is based on the principle of absorption of the light by 
a medium which is described by the Beer Lambert law.
The operational wavelength of the laser diode is 1650nm. The  signal is 
then optimized by adding a multipass optical cell, which allows 
increasing the pathlength in the gas.

RS485 Connector

Pin 1
Pin 2
Pin 3
Pin 4
Pin 5
Pin 6
Pin 7
Pin 8
Pin 9

Pin 10

Gnd
Gnd
+Power supply
+Power supply
Gnd
Gnd
RS485 B
RS485 B
RS485 A
Rs485 A

The IN and OUT gas fittings can be used with rilsan 6x4 mm tu bes or 
silicon 5x3.2 tubes. Please respect inlet and outlet ports.

WS-CH4-TLD Methane Detector

!
Always make sure that a filter (porosity 0.20  m or less) is 
applied between the inlet on the fluxmeter and the inlet of WS-
CH4-TLD detector. If water, dust, dirt or any other polluting 
substance comes inside the cell, it will alter the behaviour of the  
mirrors. In the best case, it will be necessary to send the 
instrument to West Systems for a cleaning, which is a long and 
expensive procedure.
Never open the protective case of the WS-CH4-TLD. Some 
components like the optical fiber could be damaged if touched or 
moved.

The RS485 cable provides both power supply and communicatio n
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Detector specifications:

Resolution: 0.1 ppm

Concentration measurement range: from 0.1 ppm to 10% vol*

Accuracy: ±10%

Operating temperature: -10°C...+45°C

Selectivity to methane

Start-up time
The methane detector is ready to measure in less than a minute. 
During the warm-up time, the shown methane concentration is 0.

Flux Measurement range: from 1 to 900,000 millimoles/m2  per day

Range     Unit     Precision 
20-1000    mmoles/m  per day   ±25% 
21000 – 150,000  mmoles/m  per day            ±10% 
2150,000 – 900,000   mmoles/m  per day       ±20% 

The following plot (ppm vs. seconds) shows a stability test while 
injecting atmospheric air for about 1,000 seconds.

*The detector is actually able to measure concentration up to 100% vol,
 which is not purpose of soil emission measurement.
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The plot (ppm vs. seconds) shows an accumulation curve while measur ing 
a flux of 18 mmoles/m2 per day  

WS-CH4-TLD  Methane Detector

The plot (ppm vs. seconds) shows an accumulation curve while measur ing 
a flux of 1.7 mmoles/m2 per day
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Computing flux
The sensor presents a first change of scale around 140-150 ppm and a second 
change around 2300-2400 ppm. During a change of scale, the val ue remains 
constant for about 10 seconds.

WS-CH4-TLD  Methane Detector

 1st  change 
of scale 

If you cross that threshold during the accumulation curve, please appl y the 
interpolation on the second part of the curve. Do not include the ten-seconds 
gap into the linear regression in order to prevent measure erro rs. Extend the 
duration of the accumulation curve if necessary.

 Change 
of scale 

 

Regression on 
the second part 

In order to guarantee the measuring of CH4 concentration in a wide range 
(0-100% vol),the sensor needs to apply different settings on the la ser 
diode.This adaptations produce a gap of a few seconds during which a va lid 
concentration value is not available.
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Calibration of the methane detector

General discussion

Calibration control example:

Before verifying the calibration turn on the instrument and le ave it on for a 
minimum of 5 minutes to stabilise the temperature of the detectors.

In order to injext a mixture into the detector, we suggest filling a gas sampling 
bag (e.g. Tedlar bag) from the cylinder and then let the pump of th e fluxmeter 
flow the gas inside the detectors. In this way, it's possible to recreate  a scenario 
as mush as possible similar to the on field measurement.

Step1: Verifying the zero:

Inject a flow of nitrogen, or synthetic air, into the instrumen t and read the 
concentration on the palmtop screen. Obviously, it is important that th e injected 
mixture doesn't contain methane. 

The method for injecting standard gas mixtures is explained in detail  in the 
following pages.

Step2: Verification of the span:

Inject a standard mixture containing methane in a concentration po ssibly close 
to the values you reach when measurering maximum fluxes (e xample 10,000 
ppm).

Let's suppose that the performed test gave the following results:

Injecting a mixture at zero concentration of CH the detector retur ns a reading of 
0 ppm.

Injecting a mixture containing a 10,000 ppm concentration of CH detector 
returns a reading of 9930 ppm.

At a variation of concentration set at 10,000 ppm the instrument h as a slightly 
different response: 9930 ppm. The evaluation error is of abou t 70 ppm, which in 
percentage points over the span corresponds to -0.6% 

The subjects regarding calibration of your portable instrument for the 
measurement of diffuse flux will be discussed in this chapter.

As explained previously in Chapter 4 the flux measurement is pr oportional to 
the slope of the concentration curve versus time. The proportional ity factor 
depends on the volume/surface ratio of the accumulation chamber u sed for the 
measurement, as well as the barometric pressure and air temperatur e at the 
moment of the measurement.

The most important aspect to understand is that the flux is proportional to the 
gradient of concentration over time: ppm/second.

This aspect allows us to simplify the control of the response of the used gas 
sensors.

Each time a measurement campaign is initiated the instrumental respo nse of 
the gas sensors must be verified. If the error is not acceptable, the instrument 
has to be sent to West Systems for calibration.

To simplify the explanation see the following example:

The error in evaluating the increment in concentration manif ests as a 
systematic error in the evaluation of flux and, therefore, m ust be corrected 
by calibrating the instruments when it is too high (> 5%).

WS-CH4-TLD  Methane Detector
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�F�l�u�x�M�a�n�a�g�e�r� �i�n�s�t�a�l�l�a�t�i�o�n
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�T�h�e� �F�l�u�x�M�a�n�a�g�e�r� �s�o�f�t�w�a�r�e� �i�s� �f�u�r�n�i�s�h�e�d� �b�y� �W�e�s�t� �S�y�s�t�e�m�s� �o�n� �t�w�o� �d�i�f�f�e�r�e�n�t� 
�s�u�p�p�o�r�t�s�:

�- �O�n� �t�h�e� �W�e�s�t� �S�y�s�t�e�m�s� �s�o�f�t�w�a�r�e� �C�D�.
�- �O�n� �t�h�e� �S�D� �m�e�m�o�r�y� �c�a�r�d�.

�P�C� �b�a�s�e�d� �i�n�s�t�a�l�l�a�t�i�o�n

�1�- �C�o�n�n�e�c�t� �t�h�e� �P�D�A� �t�o� �y�o�u�r� �c�o�m�p�u�t�e�r� �u�s�i�n�g� �t�h�e� �U�S�B� �c�a�b�l�e�.� �I�f� �M�i�c�r�o�s�o�f�t� 
�A�c�t�i�v�e�s�y�n�c� �i�s� �i�n�s�t�a�l�l�e�d�,� �i�t�s� �w�i�n�d�o�w� �w�i�l�l� �a�p�p�e�a�r�:

�2�- �P�r�e�s�s�i�n�g� �t�h�e� �E�x�p�l�o�r�e� �b�u�t�t�o�n�,� �A�c�t�i�v�e�s�y�n�c� �w�i�l�l� �a�l�l�o�w� �t�o� �n�a�v�i�g�a�t�e� �i�n�t�o� �t�h�e� 
�P�D�A� �d�i�r�e�c�t�o�r�i�e�s�.

�3�- �N�a�v�i�g�a�t�e� �t�o� �t�h�e� �p�a�t�h� �\�W�i�n�d�o�w�s�\�S�t�a�r�t� �M�e�n�u� �a�n�d� �c�o�p�y� �h�e�r�e� �t�h�e� �t�w�o� �f�i�l�e�s� 
�c�a�l�i�b�r�a�.�e�x�e� �a�n�d� �F�l�u�x�M�a�n�a�g�e�r�.�e�x�e� �f�r�o�m� �t�h�e� �s�o�f�t�w�a�r�e� �C�D�.� �F�r�o�m� �n�o�w� �o�n� �t�h�e� 
�e�x�e�c�u�t�a�b�l�e�s� �f�i�l�e�s� �y�o�u� �j�u�s�t� �c�o�p�i�e�d� �w�i�l�l� �a�p�p�e�a�r� �w�h�e�n� �p�r�e�s�s�i�n�g� �t�h�e� �S�t�a�r�t� 
�M�e�n�u� �o�f� �t�h�e� �P�D�A�.� �T�h�e� �P�D�A� �f�u�r�n�i�s�h�e�d� �b�y� �W�e�s�t� �S�y�s�t�e�m�s� �h�a�s� �a�l�r�e�a�d�y� �t�h�e� 
�t�w�o� �f�i�l�e�s� �i�n�s�t�a�l�l�e�d�.
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�F�l�u�x�M�a�n�a�g�e�r� �i�n�s�t�a�l�l�a�t�i�o�n

�P
�A

�G
�E

�P�.�3

�S�t�o�r�a�g�e� �c�a�r�d� �b�a�s�e�d� �i�n�s�t�a�l�l�a�t�i�o�n

�1�- �I�n�s�e�r�t� �t�h�e� �S�D� �c�a�r�d� �i�n�t�o� �t�h�e� �S�D� �s�l�o�t� �o�f� �t�h�e� �p�a�l�m�t�o�p�.
�2�- �O�n� �t�h�e� �P�D�A�:� �p�r�e�s�s� �t�h�e� �S�t�a�r�t� �b�u�t�t�o�n� �a�n�d� �t�h�e�n� �P�r�o�g�r�a�m�s�.� �R�u�n� �F�i�l�e� �E�x�p�l�o�r�e�r�.

�3�- �N�a�v�i�g�a�t�e� �t�o� �S�t�o�r�a�g�e� �c�a�r�d�.
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�P
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�G
�E

�P�.�4

�4�- � �C�o�p�y� �F�l�u�x�M�a�n�a�g�e�r�.�e�x�e� �b�y� �h�o�l�d�i�n�g� �t�h�e� �s�t�y�l�u�s� �o�n� �t�h�e� �f�i�l�e� �f�o�r� �f�e�w� �s�e�c�o�n�d�s�.

�5�- �N�a�v�i�g�a�t�e� �t�o� �M�y� �D�e�v�i�c�e�,� �t�h�e�n� �t�o� �t�h�e� �p�a�t�h� �\�W�i�n�d�o�w�s�\�S�t�a�r�t� �M�e�n�u

�F�l�u�x�M�a�n�a�g�e�r� �i�n�s�t�a�l�l�a�t�i�o�n
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�P
�A

�G
�E

�P�.�5

�6�- �H�o�l�d� �t�h�e� �s�t�y�l�u�s� �i�n� �t�h�e� �w�h�i�t�e� �a�r�e�a� �a�n�d� �a�s� �t�h�e� �p�o�p�u�p� �a�p�p�e�a�r�s� �p�r�e�s�s� �P�a�s�t�e�.� 
�F�r�o�m� �n�o�w� �o�n� �t�h�e� �e�x�e�c�u�t�a�b�l�e�s� �f�i�l�e�s� �y�o�u� �j�u�s�t� �c�o�p�i�e�d� �w�i�l�l� �a�p�p�e�a�r� �w�h�e�n� 
�p�r�e�s�s�i�n�g� �t�h�e� �S�t�a�r�t� �M�e�n�u� �o�f� �t�h�e� �P�D�A�.

�F�l�u�x�M�a�n�a�g�e�r� �i�n�s�t�a�l�l�a�t�i�o�n
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�G
�E

�P�.�6

�T�h�e� �B�l�u�e�t�o�o�t�h� �c�o�n�n�e�c�t�i�o�n� �s�y�s�t�e�m� �a�l�l�o�w�s� �t�h�e� �w�i�r�e�l�e�s�s� �m�a�n�a�g�e�m�e�n�t� �o�f� �t�h�e� 
�p�o�r�t�a�b�l�e� �f�l�u�x�m�e�t�e�r�.� �A� �B�l�u�e�t�o�o�t�h� �R�S�2�3�2� �a�d�a�p�t�e�r� �i�s� �e�m�b�e�d�d�e�d� �i�n�t�o� �t�h�e� �f�l�u�x�m�e�t�e�r� 
�a�n�d� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �p�a�l�m�t�o�p� �v�i�a� �r�a�d�i�o�.� �T�h�e� �o�p�e�r�a�t�i�n�g� �r�a�n�g�e� �i�s� �u�p� �t�o� �1�0� �m�e�t�e�r�s�.
�T�o� �s�e�t�u�p� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �P�D�A� �a�n�d� �t�h�e� �f�l�u�x�m�e�t�e�r�:

�1�- �S�w�i�t�c�h� �o�n� �t�h�e� �f�l�u�x�m�e�t�e�r�.
�2�- �S�w�i�t�c�h� �o�n� �t�h�e� �p�a�l�m�t�o�p�.� �O�n�c�e� �t�h�e� �W�i�n�d�o�w�s� �M�o�b�i�l�e� �m�a�i�n� �p�a�g�e� �d�i�s�p�l�a�y�s�,� 

�p�r�e�s�s� �S�t�a�r�t� �a�n�d� �s�e�l�e�c�t� �S�e�t�t�i�n�g�s�.� �G�o� �t�o� �C�o�n�n�e�c�t�i�o�n�s� �t�a�b� �a�n�d� �s�e�l�e�c�t� 
�B�l�u�e�t�o�o�t�h�.

�M�a�k�e� �s�u�r�e� �B�l�u�e�t�o�o�t�h� �i�s� �a�c�t�i�v�e�.

�B�l�u�e�t�o�o�t�h� �c�o�m�m�u�n�i�c�a�t�i�o�n
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�P�.�7

�3�- �G�o� �t�o� �D�e�v�i�c�e�s� �t�a�b� �a�n�d� �c�h�e�c�k� �i�f� �t�h�e�r�e� �i�s� �a�n� �i�t�e�m� �w�i�t�h� �t�h�e� �s�e�r�i�a�l� �n�u�m�b�e�r� 
�o�f� �y�o�u�r� �f�l�u�x�m�e�t�e�r� �(�e�.�g�.� �W�S�0�0�0�1�)�.� 

�I�f� �i�t�'�s� �d�i�s�p�l�a�y�e�d�,� �g�o� �f�o�r�w�a�r�d� �t�o� �p�o�i�n�t� �4�.� �I�f� �i�t�'�s� �n�o�t� �(�l�i�k�e� �i�n� �t�h�e� �p�i�c�t�u�r�e�)�,� �c�l�i�c�k� 
�A�d�d� �n�e�w� �d�e�v�i�c�e &� �t�o� �s�t�a�r�t� �a� �B�l�u�e�t�o�o�t�h� �s�e�a�r�c�h�.

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

�B�l�u�e�t�o�o�t�h� �c�o�m�m�u�n�i�c�a�t�i�o�n
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�P
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�E

�P�.�8

�E�n�t�e�r� �t�h�e� �p�a�s�s�k�e�y�  ��1�2�3�4 �� �a�n�d� �c�l�i�c�k� �N�e�x�t�,� �t�h�e�n� �F�i�n�i�s�h�.� 

�N�o�w� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �i�n� �t�h�e� �l�i�s�t�.

�B�l�u�e�t�o�o�t�h� �c�o�m�m�u�n�i�c�a�t�i�o�n
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�P�.�9

�4�- �G�o� �t�o� �t�h�e� �C�O�M� �P�o�r�t�s� �t�a�b� �a�n�d� �c�l�i�c�k� �N�e�w� �O�u�t�g�o�i�n�g� �P�o�r�t�.� 

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

�B�l�u�e�t�o�o�t�h� �c�o�m�m�u�n�i�c�a�t�i�o�n
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�P
�A

�G
�E

�P�.�1�0

�U�n�c�h�e�c�k� �S�e�c�u�r�e� �C�o�n�n�e�c�t�i�o�n� �a�n�d� �s�e�l�e�c�t� �a� �p�o�r�t� �(�e�.�g�.� �C�O�M�1�)�.� �C�l�i�c�k� �F�i�n�i�s�h�.

�5�- �N�o�w� �y�o�u� �c�a�n� �s�t�a�r�t� �F�l�u�x�M�a�n�a�g�e�r�.� �C�l�i�c�k� �T�o�o�l�s� �a�n�d� �t�h�e�n� �S�e�t�t�i�n�g�s� �a�n�d� �s�e�l�e�c�t� 
�t�h�e� �p�o�r�t� �y�o�u� �e�n�t�e�r�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �p�o�i�n�t� �(�e�.�g�.� �C�O�M�1�)�.� 

�B�l�u�e�t�o�o�t�h� �c�o�m�m�u�n�i�c�a�t�i�o�n
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Please note that the soilbox is designed to works only with the CS616 CS water
content TDR probe. The obsolete CS615 can not be used.

S.1

Soil Box

The Soil.box is an hardware/software i that convert the signal of Soilnterface
Temperature and of the Soil Water Content TDR CS616 sensor to a digital format
compatible with the DF1A soilflux station.

The output of the Soil.box is a RS485 with the standard WEST Systems pin out.
Since the SoilBox is designed to be the last device in the bus the RS485 line is
terminated with a 120 Ohm embedded resistor.

General description

Connections:
! RS485 --> IN A
! CS616 --> IN-B
! Pt100 --> OUT

Addresses

Where:
LCD is the caption that the station display when the channel is selected.
Conf. Is the channel type
Unit is the measure unit.
LS is the minimum reading
FS is the maximum reading

The RED highlighted is the default set.
ID0 ID3.. are the base RS485 address of the device that you can set following the
next table:

Please follow the instructions on the RS485 Expansion chapter of the station
Handbook to configure the station.

Dip SW 8 :Reserved for calibration / no actual function.
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DIP SW SW5 SW6 SW7 Addr 0

ID0 0 0 0 01

ID1 0 0 1 05

ID2 0 1 0 09

ID3 0 1 1 13

Description LCD Conf Unit LS FS ID0 ID1 ID2 ID3
Water Content % TDR A0 % 0 100 1 5 9 0D
Water C. Pulse TDR RAW A1 uSec 15 35 2 6 0A 0E
Soil temperature 6B13 22 °C 0 200 3 7 0B 0F
PT100 Resistance 6B13 R. A2 Ohm 4 8 0C 10
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SoilBox
S.2

Soil Temperature Pt100 Connections

Panel 3+T female connector
Pin 1:    Red 1
Pin 2:    Red 2
Pin 3: White 1
Pin T: White 2

CS616 Connections

Panel 6+T female connector
Pin 1: Orange (Ignition)
Pin 2: Red (Power supply)
Pin 3: Green (Signal)
Pin 4: Black + Screen (Ground)

RS485 Connections

Panel 6+T male connector
Pin 1: Gnd Black
Pin 2: A Yellow
Pin 3: B Green
Pin 6: +V12 Red

DIP switch settings

Connectors pinout

If you!re using a old Pt100 probe , supplied with the Rs485 HUB check that the
pin T is connected to the White 2 wire of the Pt100 probe. If NOT please modify
the Pt100 connection. A simple bridge between pin 3 and pin T can be enough ,
also if this simple solution can reduce the temperature measurement accuracy.

DIP SW Enable/Disable Factory Default

SW1 TDR 1
SW2 TDR RAW 1
SW3 6B13 1
SW4 6B13 R. 1

DIP SW Enable/Disable Factory Default

SW5 ID Set 0 0

SW6 ID Set 1 0

SW7 ID Set 2 0

SW8 Calibration 0

See page S.1
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SoilBox

Schematic
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White 1 Pin 3
Red 2   Pin 2
Red 1   Pin 1
Ignition Pin 1(Yellow)
P.Supply Pin 2(Red)
Signal   Pin 3(Green)
Gnd      Pin 4(Blue)

Gnd       Pin 1  (Blue)
RS485-A   Pin 2  (Green)
RS485-B   Pin 3  (Yellow)

+12Volts  Pin 6  (Red)

Testing temperature channel

Connect the dummy Pt100 probe , you can ask with no charge to WEST Systems, to the soil box
and check that the 6B13 channel reading is equal to the reading reported on the label attached to
the dummy probe. The Dummy probe resistance has a tolerance of 1/1000 of the value reported
on the label. The temperature reading error must be less than 0.5°C

WEST Systems provide a 100 Ohm (Zero degree Celsius) and a 154 Ohm (141.1°C ) dummy
probes.

Dummy Pt100
154 Ohm
141.1 °C

To check the soil pt100 probe use a calibrated termocouple or pt100 (better) portable gauge
and compare the reading with the station one. A 1.6°C tollerance must be acceptedt if you
use a K termocouple, a 0.5°C tollerance is normal if you use a Pt100 probe.
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S.5

SoilBox

Soil water

6+T Male cable connector   (To the SoilBox)
Pin 1 : Red  +12 Volt
Pin 2 : Orange    Ignition
Pin 3 : Green     Frequency signal out
Pin 4 : Black+Sh. Ground
Pin 5 : n.c.
Pin 6 : n.c.
Pin T : n.c.

Manufatcurer : Campbell Scientific
Ordering code : CS616 / CS615 (Out of stock)
Water content

Range 5-50 %
Accuracy 3%

The CS616 (CS615) Water Content Reflectometer measures the volumetric water content of porous
media using time-domain measurement methods.
The Water Content Reflectometer consists of two stainless steel rods connected to a printed circuit
board. A shielded four-conductor cable is connected to the circuit board to supply power, enable the
probe, and monitor the pulse output. The circuit board is encapsulated in epoxy. The probe rods can
be inserted from the surface or the probe can be buried at any orientation to the surface.
The CS616 (CS615) response is dependent on the dielectric constant of the material surrounding
the probe rods. Water is the principal contributor to the dielectric constant value, but the solid
constituents such as quartz, clay and organic matter also affect the measurement. The same
calibration of volumetric water content to probe output signal period may not apply to all soils.
Accuracy can be optimized by using calibrations derived for a specific soil. Accuracy of ± 2.0% over
the entire water content range and for a wide range of soil types is routinely obtained in our
laboratory. Applying the general calibrations from the operating manual provides accuracy of ±
3.0%.

W
E

S
T

 S
ys

te
m

s
w

w
w

.w
es

ts
ys

te
m

s.
co

m

W
E

S
T

 S
ys

te
m

s
w

w
w

.w
es

ts
ys

te
m

s.
co

m
P

or
ta

bl
e 

F
lu

x 
M

et
er

H
an

db
oo

k 
- 

R
el

ea
se

 8
.2

 -
 S

ep
te

m
be

r 
20

12

P
or

ta
bl

e 
F

lu
x 

M
et

er
H

an
db

oo
k 

- 
R

el
ea

se
 8

.2
 -

 S
ep

te
m

be
r 

20
12

P
A

G
E

P
A

G
E



S.6

Soil temperature

Manufatcurer : RS
Ordering code :RS 321-6090
Type : Pt100 DIN IEC 751 Class B 4 wires
Range 0 to 200 °C
Max operating temperature 200°C
Accuracy 0.3°C
Probe length 300 mm
Probe diameter 6 mm
Cable length 3 Meter
Cable PTFE and silicon insulated

3+T Male connector (to the SoilBox)
Pin 1 : RED
Pin 2 : RED
Pin 3 : White
Pin T : White

300 mm

SoilBox
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