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,I� SODWH� W\SH� VRODU� FROOHFWRU�DGVRUEHU� LV� XVHG� IRU�UHIULJHUDWRU��LW�LV�QHHGHG�IRU�JRRG�KHDWLQJ�GXULQJ�WKH�GD\�DQG� JRRG� FRROLQJ� GXULQJ� WKH� QLJKW�� 7KH� QHHGV� IRU�KHDWLQJ� DQG� FRROLQJ� DUH� LQ� FRQWUDGLFWLRQ�� QRUPDOO\� D�FRPSURPLVH� ZLOO� EH� XVHG� WR� HQVXUH� FRROLQJ� HIIHFWLYHO\�LQ� WKH�QLJKW�DQG�PHDQZKLOH�KDYH�VPDOO�KHDW�GLVVLSDWLRQ�GXULQJ�WKH�GD\>�@�� �,Q� RUGHU� WR� JHW� KLJK� HIILFLHQF\� RI� VRODU� KHDWLQJ��HYDFXDWHG� WXEH� FROOHFWRU� VKRXOG� EH� XVHG�� WKH� JRRG�KHDWLQJ�ZLOO�EH�XVHG�WR�UDLVH�WKH�WHPSHUDWXUH�RI�ZDWHU�LQ�WKH� ZDWHU� WDQN�� WKH� ZDWHU� WDQN� LV� ZHOO� LQVXODWHG� E\�H[SDQGHG�IRDP��,I�WKH�DGVRUEHU�LV�LPPHUVHG�LQ�WKH�ZDWHU�WDQN��WKH�DGVRUEHQW�EHG�ZLOO�EH�KHDWHG�E\�ZDWHU�WKURXJK�KHDW� FRQGXFWLRQ�� +HDWLQJ� WR� WKH� DGVRUEHU� LV� WKXV� ZHOO�WKHUPDO�LQVXODWHG�DQG�WKH�HIILFLHQF\�LV�KLJK��'XULQJ�WKH�QLJKW��LI�WKH�KRW�ZDWHU�LV�GUDLQHG�RXW�WR�DQRWKHU�KRW�ZDWHU�UHVHUYRLU� RU� XVHG� RXW� GLUHFWO\�� FLW\� ZDWHU� ZLOO� WKHQ� EH�ILOOHG�WR�WKH�ZDWHU�WDQN��WKH�FROG�ZDWHU�ZLOO�WKHQ�FRRO�WKH�DGVRUEHU� YHU\� TXLFNO\�� DQG�FRROLQJ�DGVRUSWLRQ�HYDSRUDWLRQ� SURFHVV� FDQ� WKHUHE\�LQLWLDOL]HG�� 'XULQJ� WKH� FRROLQJ�DGVRUSWLRQ�HYDSRUDWLRQ�SURFHVV��WKH�VHQVLEOH�KHDW�RI�WKH�DGVRUEHU�DQG�WKH�KHDW�RI�DGVRUSWLRQ�ZLOO�WKHQ�EH�WUDQVIHUUHG�WR�ZDWHU�LQ�WKH�WDQN��$IWHU� WKH� DGVRUSWLRQ� SURFHVV�� WKH� ZDWHU� WHPSHUDWXUH� LQ�WKH� ZDWHU� WDQN� ZLOO� EH� KLJKHU� WKDQ� WKH� ILOOHG� ZDWHU�WHPSHUDWXUH�� WKLV� KHDW� UHFRYHU\� SURFHVV� LV� LPSRUWDQW� WR�VDYH�HQHUJ\�DQG�WKH�WRWDO�VRODU�HQHUJ\�HIILFLHQF\�LV�WKHQ�LQFUHDVHG��$�K\EULG�V\VWHP�RI�VRODU�SRZHUHG�ZDWHU�KHDWHU�DQG�LFH�PDNHU�LV�FRQVWUXFWHG��ZKLFK�LV�MXVW�D�FRPELQDWLRQ�RI�VRODU� ZDWHU� KHDWHU� DQG� VRODU� DGVRUSWLRQ� LFH� PDNHU��VKRZQ�DV�)LJ���7KH�KRW�ZDWHU�LV�H[SHFWHG�WR�EH�KLJKHU�WKDQ����R&�IRU� WKH�DGVRUSWLRQ�LFH�PDNHU�WR�ZRUN�SURSHUO\�� WKLV�ZLOO�HQVXUH� HQRXJK� GHVRUSWLRQ� RI� PHWKDQRO� IURP� WKH�DGVRUEHQW�DFWLYDWHG�FDUERQ��'XH�WR�WKH�XVH�RI�ZDWHU�WDQN�
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ZKHUH� [� LV� WKH� DGVRUSWLRQ� FDSDFLW\� N DQG Q DUH� WKH�FKDUDFWHULVWLF�SDUDPHWHUV�RI�DGVRUSWLRQ�UHIULJHUDWLRQ�SDLU��[� LV� WKH�DGVRUSWLRQ�FDSDFLW\�DW�7 7V DQG�3 V3 �ZKHUH�7V LV WKH� VDWXUDWLRQ WHPSHUDWXUH� DW� � SUHVVXUH� 3V ��7� LV�WKH� DGVRUSWLRQ� WHPSHUDWXUH�� � 7\SLFDO� SDUDPHWHU� YDOXHV�IRU�WKH DFWLYDWHG�FDUERQ�PHWKDQRO�SDLU�DUH�� [� �������N ������� Q ������ 7V ������ .�� ZKHUH� 6KDQJKDL� ³<.´��FRFRQXW�VKHOO�W\SH�DFWLYDWHG�FDUERQ��LV�XVHG� GK FDQ�EH�FDOFXODWHG� IURP� &ODXVLXV�&ODSH\URQ� HTXDWLRQ�� ZKHUH�

FV 77  �FRQGHQVLQJ�WHPSHUDWXUH��
FG 775$K  ���
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���� �LWHP� �� LV� WKH� VHQVLEOH� KHDW� RI� DGVRUEHQW� GXULQJ�DGVRUSWLRQ� SURFHVV�� � 7KH� VHQVLEOH� KHDW� IRU� FRROLQJ� LV�WUDQVIHUUHG�WR�WKH�ILOOHG�FROG�ZDWHU�LQ�WKH�WDQN��WKLV PD\�FDXVH�WKH�WHPSHUDWXUH�LQFUHDVH�IRU�VHYHUDO�GHJUHHV�RI WKH�ZDWHU�LQ�WKH�WDQN��,I� WKH�ILOOHG�ZDWHU�KDV D�WHPSHUDWXUH�7���WKHQ�WKH�ZDWHU�WHPSHUDWXUH�DIWHU�DGVRUSWLRQ�LV� � �
SZDWHUZDWHU

FD &0 477 u� �� ����
ZKLFK� LV� DOVR� WKH� DGVRUSWLRQ� WHPSHUDWXUH� IRU� WKH�UHIULJHUDWRU�� � � �7KH� GHVRUEHG� UHIULJHUDQW� LV� FRQGHQVHG� LQ� WKH�FRQGHQVHU� DQG� IORZV LQWR� WKH� HYDSRUDWRU�� :KHQ� WKH�DGVRUEHQW� EHG� SUHVVXUH� LV� ORZHU� WKDQ� HYDSRUDWLRQ�SUHVVXUH�� WKH� UHIULJHUDQW� OLTXLG� LQ� WKH� HYDSRUDWRU� ZLOO�

HYDSRUDWH� ZKLFK� FDXVHV� WKH� UHIULJHUDWLRQ� HIIHFW�� 7KH�UHIULJHUDWLRQ�TXDQWLW\�LV
HDUHI /[04 ' ����

GLOFRQF [[[ � ' ���ZKHUH H/ LV� WKH� ODWHQW� KHDW� RI� YDSRUL]DWLRQ� FRQF[ LV� WKH�DGVRUEHQW� FDSDFLW\� EHIRUH� GHVRUSWLRQ� DQG� GLO[ LV� WKH�DGVRUSWLRQ�FDSDFLW\�DIWHU�GHVRUSWLRQ•6RPH�RI� WKH� FRROLQJ�TXDQWLW\ ZLOO� EH� FRQVXPHG� WR�FRRO�WKH�UHIULJHUDQW�OLTXLG�IURP�FRQGHQVLQJ�WHPSHUDWXUH�
F7 WR�HYDSRUDWLRQ�WHPSHUDWXUH H7 �� HFSODFF 77[&04 �' ����5HIULJHUDWLRQ�&\FOH�&23�FDQ�EH�ZULWWHQ�DV

J
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ZKHUH� 4J LV� WKH� KHDW� IRU� WKH� UHJHQHUDWLRQ� RI� WKH�DGVRUSWLRQ�EHG��ZKLFK�LV�VKRZQ�DV
ZDWHUXJ 444 �  
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7 ZDWHUZDWHUZDWHU G7&04 LV�WKH�VHQVLEOH�KHDW�WR�KHDW�WKH�ZDWHU�LQ�WKH�WDQN��KHUH�WKH�VHQVLEOH�KHDW�WR�KHDW�WKH�WDQN�LV�QHJOHFWHG�,Q� D� QRUPDO� VRODU� SRZHUHG� DGVRUSWLRQ� LFH�PDNHU��WKH� FROOHFWRU� LV� LQ� WKH� VDPH� XQLW� RI� DGVRUEHU�� ZDWHU4 LV�]HUR�� X4 LV� WKH� ZKROH� FRQWULEXWLRQ� RI� KHDWLQJ� WR� WKH�DGVRUEHU�� ,Q� WKLV� FDVH� WKH HQHUJ\� F4 PXVW� EH� WDNHQ�DZD\� LQ� WKH�HYHQLQJ�DQG� WKH�ZKROH�QLJKW� WR� IXUQLVK� WKH�UHIULJHUDWLRQ� HIIHFW�� &RROLQJ� E\� QRUPDO� FRQYHFWLRQ� LV�GLIILFXOW�WR�UHOHDVH� F4 �7KH� K\EULG� V\VWHP� KDV� WZR� XVHIXO RXWSXW�� RQH� LV�UHIULJHUDWLRQ��LWV�VRODU�HIILFLHQF\�LV

³ � GWW* 44&23 FFUHIVRODU �� ����
DQRWKHU� LV� KHDWLQJ� WKH� ZDWHU� LQ� WKH� WDQN�� LWV� VRODU�HIILFLHQF\�LV ³ GWW*4ZDWHUVRODU ��K ����
ZKHUH�*�W� LV�WKH�VRODU�IOX[�GHQVLW\�� ³ GWW* �� LV�WKH�WRWDO�VRODU�HQHUJ\�GXULQJ�WKH�ZKROH�GD\�)RU� WKH� UHIULJHUDWLRQ� F\FOH� LWVHOI�� WKH� HIILFLHQF\� RI�WKH�F\FOH�FRXOG�EH�HVWLPDWHG�DV

JK
FFUHIF\FOH 44 44&23 �� ����

3(5)250$1&(�6,08/$7,21�
$� K\EULG� V\VWHP� RI� VRODU� ZDWHU� KHDWHU� DQG� UHIULJHUDWRU�KDV� EHHQ� LPDJHG�� 7KH� V\VWHP� SDUDPHWHUV� DQG� WKH�SDUDPHWHUV� IRU� VLPXODWLRQ� DUH� OLVWHG� LQ� WDEOH� ��� ,Q� WKH�FRQFHSW�GHVLJQ��D�VWDLQOHVV�VWHHO�WXEH�W\SH�DGVRUEHU�ZLWK�D� GLDPHWHU� RI� ���� PP� KDG� EHHQ� WULHG�� DQG� DFWLYDWHG�FDUERQ� ZDV� ILOOHG�� WKH� PDVV� RI� DGVRUEHU� DQG� DFWLYDWHG�
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FDUERQ�DUH���NJ�DQG����NJ�UHVSHFWLYHO\ >��@�
7DEOH� ��� 6LPXODWLRQ� SDUDPHWHUV� RI� WKH�K\EULG�VRODU�ZDWHU�KHDWHU�DQG�LFH�PDNHU0DWHULDOV 0DVV��NJ� 6SHFLILF� KHDW��-�NJ�.�$GVRUEHQW�FDUERQ �� D0 ��� SD&$GVRUEHU�VWDLQOHVV�VWHHO � P0 ��� SP&
:DWHU�LQ�WKH�WDQN �� ZDWHU0 ���� SZDWHU&
0HWKDQRO� & - NJ .SO  ����� � � �� ������  [NJ�NJ�� N ������� Q ������ 7V  ����� .��$ ������/H ������N-�NJ��
7KH� VRODU� KHDW� IOX[�GHQVLW\� LV� WDNHQ� IURP� WKH� VRODU�VRXUFH� LQ� 6KDQJKDL�� DQG� WKH� WRWDO� UDGLDQW� HQHUJ\� WR� WKH�FROOHFWRU� LV� DVVXPHG� WR� EH� ³ GWW* ��  ��0-�P� SHU�GD\��WKH�HIILFLHQF\�RI�VRODU�FROOHFWRU�LV������GHSHQGLQJ�RQ� WKH�SURGXFW���$� VRODU� FROOHFWRU�RI�YDFXXP� WXEH�KHDW�SLSH� W\SH� LV� VHOHFWHG� �HIILFLHQW� DUHD� IRU� DERXW� �P���� LWV�SHUIRUPDQFH� SDUDPHWHUV� DUH� EDVHG� RQ� WKH� SURGXFW�SHUIRUPDQFHV�� 7DEOH� � VKRZV� WKH� VLPXODWHG� UHVXOWV� IRU�WKH�W\SLFDO�FOLPDWH�RI�IRXU�VHDVRQV�LQ�6KDQJKDL�LQ�D�\HDU�,Q�WKH�VLPXODWLRQ��D�IL[HG�VRODU�KHDW�IOX[�GHQVLW\�RI���0-�P� SHU� GD\ KDV� EHHQ� DVVXPHG�� WKLV� YDOXH�ZLOO� EH�FKDQJHG� IRU� WKH� UHDO� IRXU� VHDVRQV�� +RZHYHU� WKH�VLPXODWLRQ�UHVXOWV� VKRZ�WKDW�DERXW������R&� WHPSHUDWXUH�LQFUHDVH�LQ�ZDWHU�EDWK�ZLOO�EH�JHQHUDWHG�E\�WKH�VHQVLEOH�KHDW� DQG� DGVRUSWLRQ� KHDW� LQ� WKH� DGVRUEHQW� EHG�� ZKLFK�ZLOO VSDUH� WKH�HQHUJ\� IRU� VRODU�KHDWLQJ�� ,W� LV� DOVR� IRXQG�WKDW� WKH� UHIULJHUDWLRQ� HIIHFW� LV� VWURQJO\� LQIOXHQFHG� E\�FRQGHQVLQJ� WHPSHUDWXUH�� LW� ZRXOG� EH� VXJJHVWHG� WR� SXW�WKH�FRQGHQVHU�SDUWO\�RU�IXOO\�LQ�D�ZDWHU�EDWK�WR�GHFUHDVH�WKH�FRQGHQVLQJ�WHPSHUDWXUH�VSHFLDOO\�LQ�VXPPHU�WLPH�7DEOH� ��� 6LPXODWHG� UHVXOWV� RI� WKH� K\EULG�V\VWHP�IRU�WKH�ZKROH�\HDU�
6HDVRQV -DQ��0DUFK $SULO�� -XQH -XO\��6HSW� 2FW���'HF�)LOOHG�ZDWHU�WHPS�7R��2&� �� �� �� ��&RQGHQVLQJ�WHPS�7F��R&� �� �� �� ��(YDSRUDWLRQ�WHPS�7H��R&� ��� ��� ��� ���$GVRUSWLRQ�WHPS�7D���R&� ���� ���� �� ����*HQHUDWLRQ�WHPS�7J���R&� ���� ���� ��� ����&23F\FOH ���� ���� ���� ����&23VRODU ����� ����� ����� �����
• VRODU ����� ����� ����� �����,FH�PDGH�SHU�GD\��NJ� ��� ��� ���� ���

(;3(5,0(17$/�5(6($5&+
$Q�HOHFWULF�KHDWHU�LV�XVHG�WR�VLPXODWH�VRODU�KHDWLQJ��)RU� D� VRODU� FROOHFWRU�� DQ� DYHUDJH� DFFHSWHG� UDGLDWLRQ�SRZHU� RI� � ��� :�P�� LV� DVVXPHG�� WKXV� D� ���� :�HOHFWULF KHDWHU� FDQ� VLPXODWH� D� � P� HYDFXDWHG� VRODU�FROOHFWRU�� 7KH� SHUIRUPDQFHV� RI� D� K\EULG� V\VWHP� RI�HOHFWULF�ZDWHU�KHDWHU�DQG�DGVRUSWLRQ�UHIULJHUDWRU�DUH�

X
FFUHIV\VWHP 4 44&23 � ����

X
ZDWHU44 K ����

7KH�H[SHULPHQWDO�V\VWHP�KDV� ILOOHG�����NJ�ZDWHU��KRZHYHU� D� PDUNHW� V\VWHP� ZLOO� EH� JRRG� IRU� ��� NJ� KRW�ZDWHU�RXWSXW�ZLWK�D�UHIULJHUDWLRQ�FDSDFLW\�RI�DERXW���NJ�LFH� SHU� GD\�� 7DEOH� �� VKRZV� VRPH� H[SHULPHQWDO� UHVXOWV��ZKHUH�&23�� UHSUHVHQWV� WKH� V\VWHP�&23�ZKHQ� WKH� KRW�ZDWHU� RXWSXW� LV� ��� NJ��&23�� LV� FDOFXODWHG� EDVHG� XSRQ�WKH�H[SHULPHQWDO�GDWD�E\�WKH�GHILQLWLRQ�DV�
��44 44&23 X
FFUHIV\VWHP �� ����

ZKHUH�4���LV�WKH�KHDW�RI�WKH�VXEWUDFWHG���NJ�ZDWHU��

)LJ���� +\EULG� V\VWHP� RI� ZDWHU� KHDWHU� DQG�UHIULJHUDWRU�
,W� VKRXOG� EH� LQGLFDWHG� WKDW� WKH� K\EULG� V\VWHP� RI�VRODU� ZDWHU� KHDWHU� DQG� LFH� PDNHU� KDV� EHHQ� VLPXODWHG�ZLWK�DQ�HOHFWULF�ZDWHU�KHDWHU�DQG�UHIULJHUDWRU��ZKLFK�FDQ�PHHW� WKH� GHPDQG� RI� IDPLO\� XVH�� )LJ��� VKRZV� WKH� QHZ�V\VWHP� ZLWK� WKH� FRPELQHG� F\FOHV�� 7KH� ZDWHU� KHDWHU�LQFRUSRUDWHG�ZLWK�DGVRUEHU�LV�DV�EHIRUH��EXW�KHUH�DQ�LFH�ER[� KDV� EHHQ� UHSODFHG� E\� D� UHIULJHUDWRU� ER[�� 7KH�PHDVXUHPHQW� ZRXOG� QRW� IRFXV RQ� KHDWLQJ� DQG� LFH�PDNLQJ��EXW�RQ�KHDWLQJ�DQG�FROG�VWRUDJH�,Q� RUGHU� WR� HQVXUH� JRRG� FRQGHQVLQJ� HIIHFW�� WKH�FRQGHQVHU� KDV� EHHQ�SDUWO\� LPPHUVHG� LQWR� D�ZDWHU� EDWK��ZKLFK� GLVVLSDWH� KHDW� WR� LWV� VXUURXQGLQJV� E\� QDWXUDO�FRQYHFWLRQ��7KH� HYDSRUDWRU� KDV� EHHQ� FKDQJHG� IURP� LFH�PDNLQJ� GHYLFH� LQWR� DQ� LFH� VWRUDJH� HYDSRUDWRU�� VHYHQ�FORVHG�VWDLQOHVV�VWHHO�WXEHV��)��u�����ILOOHG�ZLWK�ZDWHU�ZHUH�LQVWDOOHG�LQWR�D�ER[�OLNH�HYDSRUDWRU��7KH�WRWDO���NJ�ZDWHU� LQ� WKH� WXEHV� LV� XVHG� IRU� LFH�VWRUDJH�� ZKLFK� LV�
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GLUHFWO\� LPPHUVHG� LQWR� WKH� PHWKDQRO� EDWK� LQ� WKH�HYDSRUDWRU��7KH�UHIULJHUDWLRQ�ZLOO�FDXVH�WKH�WHPSHUDWXUH�RI� PHWKDQRO� LQ� WKH� HYDSRUDWRU� WR� GURS� GRZQ�� ZKLFK�FDXVHV�D� UHIULJHUDWLRQ�HIIHFW� WR� WKH� UHIULJHUDWRU�ER[�DQG�PHDQZKLOH� ZDWHU�LFH� WUDQVIRUPDWLRQ� LQ� WKH� HYDSRUDWRU�FRXOG�EH�DOVR�LQLWLDOL]HG�)RU�WKH�PHDVXUHPHQW��WKHUH�DUH���SODWLQXP�UHVLVWRU�WHPSHUDWXUH� VHQVRUV�� VKRZQ� DV� )LJ���� GLVWULEXWHG� LQ� D����u���u���PP� UHIULJHUDWRU� ER[�� DERXW� ���� OLWHU��6HQVRU���LV�PRXQWHG�RQ�WKH�HYDSRUDWRU�VXUIDFH��VHQVRUV��� DQG� �� DUH� ORFDWHG� DW� ��PP� GLVWDQFH� GRZQ� WR� WKH�HYDSRUDWLQJ�VXUIDFH��VHQVRUV���DQG���DUH�DW�D�GLVWDQFH�RI�����PP�WR�WKH�HYDSRUDWLQJ�VXUIDFH��ZKLOH�VHQVRU���LV�DW�WKH�ERWWRP�RI�UHIULJHUDWRU�ER[�

)LJ��� $UUDQJHPHQW� RI� WHPSHUDWXUH�VHQVRUV����� �3W������HYDSRUDWRU� ��VXSSRUW�SODWH��� ��VXSSRUW�SODWH� �� ���UHIULJHUDWRU�ER[�
7\SLFDO� UXQV� DUH�� ���NJ ZDWHU� ZDV� ILOOHG� WR� WKH� ZDWHU�WDQN� ZLWK� D� WHPSHUDWXUH� RI� �� R& • FRQGHQVLQJ�WHPSHUDWXUH� �� R&� �ZKLFK� LV� DFKLHYHG� E\� SDUW� RI� WKH�FRQGHQVHU�LPPHUVHG�LQ�D�ZDWHU�WDQN�IRU�JRRG�FRROLQJ����WKH� HOHFWULF� KHDW� LQSXW� ZHUH� ��0-���0-� DQG� ��0-�UHVSHFWLYHO\�� )LJV����� VKRZ� WKH� H[SHULPHQWDO� UHVXOW� IRU����0-� KHDW� LQSXW�� ,W� LV� VKRZQ� LQ� )LJ��� WKDW� DIWHU� �� KU�KHDWLQJ�� WKHUH� DUH� D� WHPSHUDWXUH� GURS� GRZQ�� ZKLFK�UHSUHVHQW�WKH�VWDUW�RI�GHVRUSWLRQ��GHVRUSWLRQ�YDOYH�RSHQ��7KH�GHVRUSWLRQ�SURFHVV�QHHGV�KHDW� LQSXW�� LI� WKHUH� LV�QRWHQRXJK� KHDW� LQSXW�� WKHQ� WKH� DGVRUEHQW� EHG� WHPSHUDWXUH�GURSV GRZQ�

$IWHU� ��� KU� KHDWLQJ�� WKH� KHDWLQJ�GHVRUSWLRQ� VWRSSHG��DQG�WKH�KRW�ZDWHU�LV�GUDLQHG�RXW��WKHQ�FLW\�ZDWHU�LV�ILOOHG��WKH� WHPSHUDWXUH� RI� ZDWHU� EDWK� DQG� DOVR� DGVRUEHQW� EHG�UHGXFHV� UDSLGO\�� DIWHU� WKH� DGVRUEHQW� EHG� SUHVVXUH� LV�ORZHU� WKDQ� HYDSRUDWLQJ� SUHVVXUH�� WKHQ� DGVRUSWLRQ�SURFHVV� FRXOG� EH� VWDUWHG�� $W� ��� KU� RSHUDWLRQ�� WKH�EHJLQQLQJ� RI� DGVRUSWLRQ� PD\� FDXVHV� UDSLG� WHPSHUDWXUH�ULVH�GXH�WR�WKH�VWURQJ�DGVRUSWLRQ�KHDW�UHOHDVH�

)LJ���� 7KH� DGVRUEHQW� WHPSHUDWXUH� DQG�ZDWHU�EDWK�WHPSHUDWXUH�YHUVXV�F\FOH�WLPH�
)LJ���KDV VKRZQ�WKH�FKDQJHV�RI�WHPSHUDWXUHV�LQ�WKH�UHIULJHUDWRU� ER[� ZKHQ� VXEMHFWHG� RQH�KHDWLQJ�UHIULJHUDWLRQ� FRPELQHG� F\FOH�� 6HQVRU� �� VKRZV�WKH� WHPSHUDWXUH� RI� WKH� HYDSRUDWRU� VXUIDFH�� DIWHU�DGVRUSWLRQ� VWDUWHG�� WKLV� WHPSHUDWXUH� JRHV� GRZQ� UDSLGO\�WR�±����R&��DQG�WKHQ�ULVH�XS�WR�±����R&��,Q�WKH�IROORZLQJ���KRXUV�� WKLV� WHPSHUDWXUH LV NHSW� LQ� WKH� UDQJH�RI���±����R&�� WKLV� SURFHVV� LV� ZDWHU�LFH� WUDQVIRUPDWLRQ� SURFHVV��:KHQ�WKH���NJ�ZDWHU�LQVLGH�WKH�WXEH�LQ�WKH�HYDSRUDWRU�LV�LFHG�� WKH� WHPSHUDWXUH� RI� VHQVRU� �� VWLOO� JRHV� GRZQ� WLOO� �±�� R&�� � $W���KU�RI�RSHUDWLRQ�� WKH�KHDWLQJ�UHIULJHUDWLRQ�RSHUDWLRQ� LV� VWRSSHG�� WKH� WHPSHUDWXUH� YDULDWLRQV� LQ� WKH�UHIULJHUDWRU�ER[�LV�WKHQ�REVHUYHG��7\SLFDO�H[DPSOH�LV�IRU�VHQVRU����WKH�WHPSHUDWXUH�ULVHV�XS�DQG�VWDELOL]HG�DW�DERXW��� R&�� WKH� UHIULJHUDWLRQ�ER[�ZLOO�EH�NHSW�FROG�GHSHQGLQJ�RQ� WKH� �NJ� LFH� LQ� WKH� HYDSRUDWRU�,W� LV� VHHQ� WKDW� GXULQJ���KU���� KU� SHULRG� WKH� FROG� ER[� WHPSHUDWXUHV� �VHQVRUV������DUH�PDLQWDLQHG�EHORZ��� R&��ZKLFK�SURYHV� WKDW� WKLV�UHIULJHUDWRU� ER[� LV� VXLWDEOH� IRU� FROG� VWRUDJH�� RQH�RSHUDWLRQ� RI� KHDWLQJ� DQG� UHIULJHUDWLRQ� F\FOH� ZLOO�JXDUDQWHH IRU�DW�OHDVW����KRXUV�IRU�IRRG�VWRUDJH�� �

7DEOH��� � +\EULG�V\VWHP�SHUIRUPDQFH�RI�KHDWLQJ�DQG�LFH�PDNLQJ
+RW�ZDWHU ,FH([SHULPHQW�GDWH +HDWLQJ�(QHUJ\�0-� R& NJ R& NJ &23�� &23F\FOH &23V\VWHP •

$SULO������������ �� �� ��� ���� ��� ����� ���� ������ �����$SULO����������� ���� �� ��� ���� ��� ����� ����� ������ �����$SULO������������ ���� �� ��� ���� ��� ����� ���� ������ �����
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)LJ����7KH� WHPSHUDWXUHV� LQ� WKH�UHIULJHUDWRU�ER[� YDULHV� ZLWK� WLPH� VXEMHFWHG� RQH�KHDWLQJ�UHIULJHUDWLRQ�F\FOH
)LJ���VKRZV�WKH�UHFRUGHG�F\FOH�LQ�D�S�7�[�GLDJUDP�FRUUHVSRQGLQJ� WR�D���0-�KHDW� LQSXW�ZLWK�D� ILOOHG�ZDWHU�WHPSHUDWXUH� 7� ��� R&�� 7KH� HQHUJ\� UHFRYHU\� E\� WKH�ZDWHU�EDWK�LV�ZHOO�VKRZQ��WKH�DGVRUSWLRQ�WHPSHUDWXUH�7D�UHDFKHV������R&�GXH�WR�WKH�VHQVLEOH�DQG�DGVRUSWLRQ�KHDW�UHFRYHU\�� WKH� UHFRYHUHG� KHDW� LV� DERXW� ����0-��ZKLFK� LV������RI�WKH�WRWDO�KHDW�LQSXW��7KH�UHFRUGHG�GDWD�DUH�ZHOO�DJUHHG�ZLWK�DQ�LGHDO�S�7�[�GLDJUDP�LQ�ZKLFK�WKH�F\FOH�LV�FRQVLVWHG RI�WZR�LVRWHUVLV��KHDWLQJ�DQG�FRROLQJ��DQG�WZR�LVREDUV� �GHVRUSWLRQ� DW� FRQGHQVLQJ� SUHVVXUH� DQG�DGVRUSWLRQ�DW�HYDSRUDWLRQ�SUHVVXUH���)LJ��� VKRZV� WKH� FRROLQJ� SURFHVV� ZKHQ� WKH� UHIULJHUDWRU�ER[� KDV� D� ����PO�ZDWHU� FRROLQJ� ORDG��ZKHUH� WKH�ZDWHU�FRQWDLQHU� LV� ORFDWHG�DW� WKH�SRVLWLRQ�RI� WKH�SODWH���DQG���VKRZQ� DV� )LJ���� $IWHU� �� KRXUV� FRROLQJ�� WKH� ZDWHU�WHPSHUDWXUH� GURSV� GRZQ� IURP� ��� R&� WR� �� R&�� DIWHU� ��KRXUV� WKH� ZDWHU� WHPSHUDWXUH� LV� YHU\� FORVH� WR� WKH�WHPSHUDWXUHV�RI�VHQVRUV���DQG���7KH� H[SHULPHQWDO� UHVXOWV� KDYH� VKRZQ� WKDW� IRU� WKH�FDVH� RI� ��� 0-� DQG� ��� 0-� KHDW� LQSXW�� WKH� ORZHVW�WHPSHUDWXUH�RI�WKH�HYDSRUDWRU�VXUIDFH�LV�DERXW�±�R&��WKH���NJ�ZDWHU� LQ� WKH�HYDSRUDWRU� LV�FRROHG�E\� WKH�PHWKDQRO�DQG� LFHG� FRPSOHWHO\�� 2QH� VXFK� RSHUDWLRQ� ZLOO� \LHOG� D�����OLWHU�FROG�ER[�IRU���R& IRU�PRUH�WKDQ����KRXUV��

)RU� WKH� ��� 0-� KHDW� LQSXW�� UHIULJHUDWLRQ� HIIHFW� LV�REYLRXV�KRZHYHU�WKH��NJ�ZDWHU�FDQ�QRW�EH�IXOO\�LFHG��,W�LV�SURYHG�WKDW�LW�LV�VWLOO�SRVVLEOH�WR�NHHS�WKH�����OLWHU�FROG�ER[� ZLWK� D� WHPSHUDWXUH� EHORZ� �� R&� IRU� PRUH� WKDQ� ���KRXUV�� � )RU� WKH� FRPSDULVRQ� RI� WKH� DERYH� WKUHH�H[SHULPHQWDO� UHVXOWV�� ��0-� KHDW� LQSXW� LV� PRUH� VXLWDEOH�WR�DFKLHYH�JRRG�SHUIRUPDQFH�RI�KHDWLQJ�DQG�FRROLQJ�

)LJ���� S�7�[� GLDJUDP� IRU� WKH� DGVRUSWLRQ�UHIULJHUDWLRQ� F\FOH�� LQ� ZKLFK� WKH� VHQVLEOH�KHDW DQG� KHDW� RI� DGVRUSWLRQ� DUH� UHFRYHUHG�E\�WKH�ZDWHU�EDWK���+HDW�LQSXW���0-��

)LJ����FRROLQJ�ORDG�WHVW�RI�WKH�UHIULJHUDWRU�
�D� �E�

)LJ����S�7�[�GLDJUDP�IRU�WKH�DGVRUSWLRQ�UHIULJHUDWLRQ�F\FOH��LQ�ZKLFK�WKH�VHQVLEOH�KHDW�DQG�KHDW�RI�DGVRUSWLRQ�DUH�UHFRYHUHG�E\�WKH�ZDWHU�EDWK� �D���+HDW�LQSXW���0-���E���+HDW�LQSXW����0-�
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',6&866,216�$1'�&21&/86,216
%DVHG� XSRQ� WKH� SURSRVHG� QHZ� LGHD� RI� WKH�FRPELQHG�F\FOH�RI�KHDWLQJ�DQG�DGVRUSWLRQ�UHIULJHUDWLRQ��D�K\EULG�VRODU�SRZHUHG�ZDWHU�KHDWHU�DQG�UHIULJHUDWRU�KDV�EHHQ�FRQVWUXFWHG�DQG�WHVWHG��7KLV�ZRUN�VKRZV���� ,Q� DSSOLFDWLRQ�� VRODU� FROOHFWRU� IRU� ZDWHU� KHDWHU� DQG�VRODU� FROOHFWRU� IRU� DGVRUSWLRQ� UHIULJHUDWLRQ� FDQ� EH�XQLILHG�DV�RQH�VRODU�FROOHFWRU�IRU�ERWK�ZDWHU�KHDWLQJ�DQG�DGVRUSWLRQ�UHIULJHUDWLRQ��2QH�VRODU�FROOHFWRU�FDQ�EH� XVHG� IRU� WZR� SXUSRVHV�� ZKLFK� LV� UHDVRQDEOH� IRU�IDPLO\� XVH� DV� ERWK� KHDWLQJ� DQG� UHIULJHUDWLRQ� RXWSXW�DUH�DYDLODEOH���� ,Q� FRQVWUXFWLRQ�� VRODU� ZDWHU� KHDWHU� DQG� DGVRUSWLRQ�UHIULJHUDWRU� DUH� FRQQHFWHG� RQO\� ZLWK� RQH� WXEH� IRU�UHIULJHUDQW� IORZ�� WKH� DGVRUEHU� LV� LPPHUVHG� LQWR� WKH�ZDWHU� WDQN�� ,Q� WKLV� FDVH� KLJK� HIILFLHQF\� VRODU�FROOHFWRUV� VXFK� DV� HYDFXDWHG� WXEH� W\SH� DQG�HYDFXDWHG�WXEH�ZLWK�KHDW�SLSH�W\SH�FDQ�EH�XVHG��7KH�K\EULG� FRQFHSW� KDV� VROYHG� WKH� SUREOHP� IRU� JRRG�KHDWLQJ�DQG�JRRG�FRROLQJ�WR�WKH�DGVRUEHU���� ,Q�HQHUJ\�HIILFLHQF\��WKH�K\EULG�V\VWHP�KDV�KDG�JRRG�XVH� RI� VRODU� HQHUJ\�� WKH� KHDW� UHFRYHU\� RI� VHQVLEOH�KHDW� DQG� DGVRUSWLRQ� KHDW� LV� REYLRXV�� ZKLFK� LV� XVHG�DJDLQ�WR�KHDW�ZDWHU�EDWK�LQ�WKH�ZDWHU�WDQN���� 6XFK�K\EULG�V\VWHP�ZLWK�FRPELQHG�F\FOH�RI�KHDWLQJ�DQG� UHIULJHUDWLRQ� LV� YHU\� VXLWDEOH� IRU SHDN�VKDYLQJ�HOHFWULF� ZDWHU� KHDWHU� LQ� FRQQHFWLRQ� ZLWK� DGVRUSWLRQ�UHIULJHUDWLRQ�

$&.12:/('*(0(176
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 1DWLRQDO� .H\�)XQGDPHQWDO� 5HVHDUFK� 3URJUDP� XQGHU� WKH� FRQWUDFW�1R�*������������ 7KH� VXSSRUW� IURP� WKH 7HDFKLQJ� 	�5HVHDUFK� $ZDUG� 3URJUDP� IRU� RXWVWDQGLQJ� <RXQJ�7HDFKHUV� LQ�+LJK�(GXFDWLRQ� ,QVWLWXWLRQV� RI�0LQLVWU\� RI�(GXFDWLRQ��3��5��&KLQD�LV�DOVR�DSSUHFLDWHG�

5()(5(1&(6>�@�&ULWRSK��5��(���)RUFHG�&RQYHFWLRQ�(QKDQFHPHQW�RI�$GVRUSWLRQ� &\FOHV�� +HDW� 5HFRYHU\� 6\VWHPV� 	� &+3��9RO�����SS���������������>�@� 0HXQLHU�� )��� DQG� 'RXVV�� 1��� 3HUIRUPDQFH� RI�$GVRUSWLRQ� +HDW� 3XPSV�� $FWLYH� &DUERQ�0HWKDQRO� DQG�=HROLWH�:DWHU� 3DLUV�� $6+5$(� 7UDQV��� � SS���������������>�@�:DQJ��5�� =���$GVRUSWLRQ�5HIULJHUDWLRQ� LQ�6KDQJKDL�-LDR� 7RQJ� 8QLYHUVLW\� 5HQHZDEOH� DQG� 6XVWDLQDEOH�(QHUJ\�5HYLHZ��9RO�����SS����� ������>�@� :DQJ�� 5�� =��� :X�� -�� <��� ;X�� <�� ;��� :DQJ�� :���3HUIRUPDQFH� 5HVHDUFKHV� $QG� ,PSURYHPHQWV� RQ� +HDW�5HJHQHUDWLYH�$GVRUSWLRQ�5HIULJHUDWRU�$QG�+HDW�3XPS��(QHUJ\� &RQYHUVLRQ� DQG� 0DQDJHPHQW�� 9RO�� ����SS�������� ������>�@� +DMML�� $��� :RUHN�� :�� 0��� /DYDQ�� =�� �'\QDPLF�$QDO\VLV� RI� $� &ORVHG�F\FOH� 6RODU� $GVRUSWLRQ�5HIULJHUDWRU� � XVLQJ� WZR� DGVRUEHQW�DGVRUEDWH� SDLUV�� �$60(�-RXUQDO�RI�6RODU�(QHUJ\�(QJLQHHULQJ�� 9RO�������

SS�������������>�@�,ORHMH��2��&���'HVLJQ�&RQVWUXFWLRQ�$QG�7HVW�5XQ�RI�$�6RODU�3RZHUHG�6ROLG�$EVRUSWLRQ�5HIULJHUDWRU�� � 6RODU�(QHUJ\��9RO�����SS���������������� � � � � � � � �>�@�/HLWH� $�3�)���'DJXHQHW��0���3HUIRUPDQFH�RI�$ 1HZ�6ROLG� $GVRUSWLRQ� ,FH� 0DNHU� ZLWK� 6RODU� (QHUJ\�5HJHQHUDWLRQ� (QHUJ\� &RQYHUVLRQ� DQG� 0DQDJHPHQW��9RO�����SS���������� ������>�@� 3RQV�� 0��� ([SHULPHQWDO� 'DWD� RQ� $� 6RODU�SRZHUHG�,FH� 0DNHU� 8VLQJ� $FWLYDWHG� &DUERQ� $QG� 0HWKDQRO�$GVRUSWLRQ� SDLU�� $60(� � -RXUQDO� RI� 6RODU� (QHUJ\�(QJLQHHULQJ��9RO���������������������>�@�:DQJ��5��=���-LD��-��3���=KX��<��+��� � 7HQJ��<��� � � :X��-�� <��� � &KHQJ�� -���:DQJ�� 4�� %��� 6WXG\� RQ�$�1HZ�6ROLG�$GVRUSWLRQ� 5HIULJHUDWLRQ� 3DLU�� $FWLYH� &DUERQ�)LEHU�0HWKDQRO�� $60(� -RXUQDO� RI� 6RODU� (QHUJ\�(QJLQHHULQJ��9RO�������SS����������������>��@�:DQJ� 5�� =��� /L�� 0��� ;X�<�� ;�� :X�� -�� <��$� 1HZ+\EULG� 6\VWHP� RI� 6RODU� 3RZHUHG� :DWHU� +HDWHU� $QG�$GVRUSWLRQ�,FH�0DNHU��6RODU�(QHUJ\��9RO�����SS��������������1RPHQFODWXUH$ FRQVWDQW�RI�&ODXVLXV�&ODSH\URQ�HTXDWLRQ&SD VSHFLILF�KHDW�RI�DGVRUEHQW�� .NJN- �� �&SO VSHFLILF� KHDW� RI� � UHIULJHUDQW� OLTXLG��N - NJ .� � �&SP VSHFLILF� KHDW� RI� � PHWDOOLF� DGVRUEHU� ��N - NJ .� � �&SZDWHU VSHFLILF�KHDW�RI�ZDWHU��N - NJ .� � �&23 UHIULJHUDWLRQ�&23&23F\FOH UHIULJHUDWLRQ�F\FOH�&23&23VRODU VRODU�SRZHU�UHIULJHUDWLRQ�&23*�W� 6RODU�KHDW�IOX[�GHQVLW\��:�P��KD KHDW�RI�DGVRUSWLRQ� � �N - NJ� �+D ,QWHJUDWHG�KHDW�RI�DGVRUSWLRQ� � �N-�KG KHDW�RI�GHVRUSWLRQ��N - NJ� �+G LQWHJUDWHG�KHDW�RI�GHVRUSWLRQ��N-�N &KDUDFWHULVWLF�SDUDPHWHU�RI�DGVRUSWLRQ�SDLU/H ODWHQW� KHDW� RI� HYDSRUDWLRQ� RI� UHIULJHUDQW� ��N - NJ� �0D PDVV�RI�DGVRUEHQW��NJ�0P PDVV�RI� � PHWDOOLF�DGVRUEHU� � �NJ�0ZDWHU PDVV�RI�ZDWHU�LQ�WKH�WDQN��NJ�Q &KDUDFWHULVWLF�SDUDPHWHU�RI�DGVRUSWLRQ�SDLU4F KHDW� WR� FRRO� GRZQ� WKH� DGVRUEHU� DQG� DGVRUEHQW�EHG��N-�4FF FRROLQJ� FRQVXPHG� WR� FRRO� GRZQ� UHIULJHUDQW�IURP� FRQGHQVLQJ� WHPSHUDWXUH� WR� HYDSRUDWLRQ�WHPSHUDWXUH� � �N-�4UHI 5HIULJHUDWLRQ�HIIHFW��N-�4X KHDW�WUDQVIHUUHG�WR�WKH�ZDWHU�WDQN��N-�7 WHPSHUDWXUH��R&�7D HQYLURQPHQWDO�WHPSHUDWXUH��R&�7D� WHPSHUDWXUH�WR�VWDUW�DGVRUSWLRQ��R&�7D� DGVRUSWLRQ�WHPSHUDWXUH��R&�
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7F FRQGHQVLQJ�WHPSHUDWXUH��R&�7H HYDSRUDWLRQ�WHPSHUDWXUH��R&�7J� WHPSHUDWXUH�WR�VWDUW�GHVRUSWLRQ�R&�7J� GHVRUSWLRQ�WHPSHUDWXUH��R&�7V VDWXUDWHG�WHPSHUDWXUH��R&�7� ILOOHG�ZDWHU�WHPSHUDWXUH��R&�[ DGVRUSWLRQ�FDSDFLW\��NJ�UHIULJHUDQW�NJ�DGVRUEHQW�[GLO DGVRUSWLRQ�FDSDFLW\�DW�GHVRUEHG�VWDWH��NJ�NJ�

[FRQF DGVRUSWLRQ�FDSDFLW\�DW�DGVRUEHG�VWDWH��NJ�NJ�[� DGVRUSWLRQ� FDSDFLW\� DW� D� VDWXUDWHG� SUHVVXUH� SVFRUUHVSRQGLQJ�WR�7V��NJ�NJ�KVRODU VRODU�KHDWLQJ�HIILFLHQF\'[ DGVRUSWLRQ� FDSDFLW\� GLIIHUHQFH� EHWZHHQ�DGVRUSWLRQ� SKDVH� DQG� GHVRUSWLRQ� SKDVH�'[ [ [FRQF GLO � �NJ�NJ�
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