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6FUHHQLQJ�RI�WKH�3K\VLFR�²�&KHPLFDO�3DUDPHWHUV�RI�(VVHQWLDO�
2LO�$HJOH�PDUPHORXV�IURP�'DQJ�'LVWULFW�RI�1HSDO�

.KXPD�6KDUPD�'KLWDO

'HSDUWPHQW�RI�&KHPLVWU\��3DWDQ�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��1HSDO�
(PDLO��NKXPDGKLWDO#JPDLO�FRP�

$EVWUDFW�

$HJOH� PDUPHORV� OHDYHV� DUH� XVHG� DV� DQWL�GLDEHWHV� DJHQW� LQ� $\XUYHGD�� 8QDQL� 	� 6LGGKD� 6\VWHPV� RI�
0HGLFLQH��7KH�HVVHQWLDO�RLO�RI�IUHVK�OHDYHV�RI�%DHO��$HJOH�PDUPHORXV��ZDV�LVRODWHG�E\�K\GUR�GLVWLOODWLRQ�PHWKRG�
XVLQJ�&OHYHQJHU�DSSDUDWXV�DQG�WKH�RLO�SHUFHQWDJH�ZDV��������$HJOH�PDUPHORV�OHDYHV�ZLOG�YDULHW\�IURP�GDQJ�
GLVWULFW� IRUHVW�ZHUH�DQDO\VHG� IRU�6SHFLILF�*UDYLW\��5HIUDFWLYH� ,QGH[��2SWLFDO�5RWDWLRQ��$FLG�9DOXH�DQG�(VWHU�
9DOXH��6SHFLILF�JUDYLW\�LV������DW����Û&��5HIUDFWLYH�LQGH[�LV�������DW����Û&��2SWLFDO�URWDWLRQ������Û�DW����Û&��
$FLG�9DOXH�����DQG�(VWHU�9DOXH��������

.H\�:RUGV��%DHO��)UHVK�OHDYHV��HVVHQWLDO�RLO��SK\VLF�FKHPLFDO�SDUDPHWHUV��

,QWURGXFWLRQ��

$HJOH�PDUOHRXV�LQ�1HSDOL�%DHO�EHORQJV�WR�IDPLO\�5XWDFHDH�LV�PRGHUDWH�VL]HG��VHOHQGHU�DURPDWLF�WUHH��
��������P�LQ�KHLJKW��DQG��������FP�JULWK�JURZLQJ�DV�D�GHFLGXRXV�IRUHVW�LQ�VXE�WURSLFDO�UHJLRQ�LQ�1HSDO�������
9DULRXV�UKDPQRS\UDQRVLGH����DQWKUDTXLQRQH��DHJHOLQH��OXSHRO��FLQHRO��FLWUDO�DQG�HXJHQRO�DUH�LVRODWHG�IURP�
WKH� OHDYHV�RI� WKH� WUHH� ���7KH� OHDYHV�DQG� IUXLW� DUH�FRPPRQO\�XVHIXO�DV�HVVHQWLDO�GUXJV� LQ�JDVWURLQWHVWLQDO�
GLVRUGHU� ��� /HDI� FRQWDLQV� DFWLYH� LQJUHGLHQWV� FDQ� EH� XVHG� LQ� PHWDEROLF� V\QGURPH� DQG� XVH� WKLV� SODQW� DV�
DOWHUQDWLYH�DGG�RQ�PHGLFDWLRQ�����

7KH�HVVHQWLDO�RLOV�DUH�QDWXUDO�SURGXFWV�WKDW�H[KLELW�D�YDULHW\�RI�ELRORJLFDO�SURSHUWLHV��VXFK�DV�DQDOJHVLF�
DQWLFRQYXOVDQW� DQG�DQ[LRO\WLF�� ,Q� WKLV�SDSHU��SK\VLFR�RI� WKH� OHDYHV�RI� WKH�$��PDUPHORV�ZDV� VWXGLHG�DQG�
HVWLPDWHG��

([SHULPHQWDO�0HWKRGV��

)UHVK� OHDYHV� RI� $HJOH� PDUPDOHRXV� ZHUH� FROOHFWHG� IURP� 'DQJ� GLVWULFW� ORFDWHG� LQ� 0LG�ZHVWHUQ�
'HYHORSPHQW�5HJLRQ�RI�1HSDO�LQ�0D\�������&ROOHFWHG�IUHVK�OHDYHV�ZHUH�K\GUR�GLVWLOOHG�LQ�D�&OHYHQJHU�
DSSDUDWXV� IRU� VL[� KRXUV�� 7KH� \LHOG� RI� HVVHQWLDO� RLO� ZDV� ������ 7KH� RLO� WKXV� REWDLQHG� ZDV� GULHG� RYHU�
DQK\GURXV�VRGLXP�VXOSKDWH�DQG�VWRUHG�LQ�D�VHDOHG�JODVV�YLDO�DW�ORZ�WHPSHUDWXUH�SULRU�WR�DQDO\VLV��

'HWHUPLQDWLRQ�RI�WKH�SHUFHQWDJH�HVVHQWLDO�RLO�RI�WKH�$HJOH�PDUPHORXV

����JP�VDPSOH�WDNHQ�LQWR�GLVWLOODWLRQ�IODVN�DQG�DGG�GLVWLOOHG�ZDWHU�LQWR�LW�DERXW�VLQN�RI�VDPSOH�DQG�DGG�
D�IHZ�SLHFHV�RI�SRURXV�SRUFHODLQ�LQWR�GLVWLOODWLRQ�IODVN��-RLQ�WKH�IODVN�ZLWK JUDGXDWHG�FOHYHQJHU�ILOOHG�ZLWK�
GLVWLOOHG�ZDWHU�XS�WR�OHYHO��MRLQ�WKH�FRQGHQVHU��7KH�IODVN�LV�KHDWHG�XQWLO�ERLOLQJ�EHJLQV�DQG�WKHQ�ORZHU�WKH�

&RUUHVSRQGLQJ�DXWKRU�
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WHPSHUDWXUH�DW������Û�&�DQG�FRQWLQXH�WKH�KHDWLQJ�XSWR�����KRXUV��6WRS�KHDWLQJ�DQG�WDNH�WKH�YROXPH�RI�RLO�
DIWHU����PLQXWHV�

'HWHUPLQDWLRQ�RI�WKH�RSWLFDO�5RWDWLRQ�RI�WKH�$HJOH�PDUPHORXV

7KH�RSWLFDO�URWDWLRQ�RI�DQ�HVVHQWLDO�RLO�LV�WKH�DQJOH�LQ�ZKLFK�SODQH�SRODUL]HG�OLJKW�LV�URWDWHG�E\�RLO�DW�D�
VSHFLILHG�WHPSHUDWXUH��$�SRODULPHWHU�LV�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�RSWLFDO�URWDWLRQ������PP�WXEH�LV�
XVHG�IRU�PHDVXULQJ�WKH�RSWLFDO�URWDWLRQ�RI�WKH�HVVHQWLDO�RLO��7KH�SRODULPHWHU�WXEHV�LV�WDNHQ�RXW�RI�WKH�FHOO�
DQG�SRXU�WKH�HVVHQWLDO�RLO�LQ�LW�WLOO�LWV�QHFN�HQVXULQJ�WKHUH�LV�QR�DLU�EXEEOH�LQ�LW��3ODFH�WKH�SRODULPHWHU�WXEH�
LQ�WKH�FHOO�DQG�SUHVV�WKH�PHDVXUH�NH\�WR�QRWH�WKH�UHDGLQJ��

'HWHUPLQDWLRQ�RI�WKH�5HIUDFWLYH�LQGH[�RI�WKH�$HJOH�PDUPHORXV

7KH� UHIUDFWLYH� LQGH[� LV� WKH� UDWLR� RI� WKH� VLQH� RI� WKH� DQJOH� RI� LQFLGHQFH� WR� WKH� VLQH� RI� DQJOH� RI� WKH�
UHIUDFWLRQ� ZKHQ� D� UD\� RI� OLJKW� SDVVHG� LQWR� WKH� HVVHQWLDO� RLO� NHSW� DW� D� FRQVWDQW� WHPSHUDWXUH�� ,Q� $EEH�
5HIUDFWRPHWHU� WKH� OLTXLG� VDPSOH� LV� VDQGZLFKHG� LQWR� D� WKLQ� OD\HU� EHWZHHQ� DQ� LOOXPLQDWLQJ� SULVP� DQG� D�
UHIUDFWLQJ�SULVP��7KH� UDQJH�RI�$EEH� UHIUDFWRPHWHU� LV� ������ WR��������6DPSOHV�ZLWK� GLIIHUHQW� UHIUDFWLYH�
LQGH[HV�ZLOO�SURGXFH�GLIIHUHQW�DQJOHV�RI�UHIUDFWLRQ�DQG�WKLV�ZLOO�EH�UHIOHFWHG�LQ�D�FKDQJH�LQ�WKH�SRVLWLRQ�RI�
WKH�ERUGHUOLQH�EHWZHHQ�WKH�OLJKW�DQG�GDUN�UHJLRQV��%\�FDOLEUDWLQJ�WKH�VFDOH��WKH�SRVLWLRQ�RI�WKH�ERUGHUOLQH�
FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�UHIUDFWLYH�LQGH[�RI�DQ\�VDPSOH��

7KH�UHIHUHQFH�WHPSHUDWXUH� LV���Û&��H[FHSW�IRU� WKRVH�RLOV�ZKLFK�DUH�QRW� OLTXLG�DW� WKLV� WHPSHUDWXUH��,Q�
WKLV�FDVH��D�WHPSHUDWXUH�RI���Û&�RU���Û&��GHSHQGLQJ�RQ�WKH�PHOWLQJ�SRLQW�RI�WKHVH�HVVHQWLDO�RLOV��VKRXOG�EH�
XVHG��3ODFH�D�IHZ�GURSV�RI�WHVW�VDPSOH�RQ�SULVP��&ORVH�SULVPV�ILUPO\�E\�WLJKWHQLQJ�VFUHZ�KHDG��%ULQJ�WKLV�
ERUGHU� OLQH� LQWR� ILHOG�RI�YLVLRQ�RI� WHOHVFRSH�E\�URWDWLQJ�GRXEOH�SULVP�E\�PHDQV�RI�DOLGDGH�DQG�QRWH� WKH�
UHDGLQJ�RQ�FRUUHVSRQGLQJ�WHPSHUDWXUH�E\�XVLQJ�VFDOH��

'HWHUPLQDWLRQ�RI�WKH�6SHFLILF�JUDYLW\�RI�WKH�$HJOH�PDUPHORXV

7KH�VSHFLILF�JUDYLW\�ZDV�PHDVXUHG�E\�VSHFLILF�JUDYLW\�ERWWOH�3\NQRPHWHU�PHWKRG��7KH�ZHLJKW�RI�WKH�
JLYHQ� YROXPH� RI� WKH� OLTXLG� DW� GHVLUHG� WHPSHUDWXUH� LV� GHWHUPLQHG� LQ� VSHFLILF� JUDYLW\� ERWWOH� SUHYLRXVO\�
FDOLEUDWHG� DW� VDPH� WHPSHUDWXUH�� 6SHFLILF� JUDYLW\� LV� WKH� UDWLR� RI� WKH� GHQVLW\� RI� WKH� RLO� ZLWK� WKDW� RI� WKH�
UHIHUHQFH�VXEVWDQFH�WDNHQ�DV�ZDWHU��

:HLJK� VSHFLILF� JUDYLW\� ERWWOH� ZLWK� GLVWLOOHG� ZDWHU� DQG� FDUHIXOO\� LQVHUW� VWRSSHU� DYRLGLQJ� DQ\� DLU�
EXEEOHV��$OORZ�WR�VWDQG�IRU����PLQXWHV�WR�DFTXLUH�URRP�WHPSHUDWXUH��5HPRYH�ZDWHU�GURSOHWV�RXWVLGH�WKH�
ERWWOH�E\�WLVVXH�SDSHU��:HLJK�VSHFLILF�JUDYLW\�ERWWOH�ZLWK�ZDWHU��HPSW\�WKH�ERWWOH�DQG�ULQVH�VHYHUDO�WLPHV�
ZLWK�DOFRKRO�DQG�GU\�FRPSOHWHO\�DQG�ZHLJK�ERWWOH�ZLWK�VWRSSHU��)LOO�ERWWOH�ZLWK�WHVW�VDPSOH�DQG�UHSHDW�WKH�
SURFHVV�DV�DERYH�IRU�WKH�ZDWHU��

�7KH�VSHFLILF�JUDYLW\�ZDV�PHDVXUHG�DW�WHPSHUDWXUH��� �Û&���

6SHFLILF�JUDYLW\� �:WHVW�VDPSOH���:�+��

:KHUH��:WHVW� VDPSOH �:HLJKW�RI�VSHFLILF�JUDYLW\�ERWWOH�ZLWK�WHVW�VDPSOH��ZHLJKW�RI�HPSW\�VSHFLILF�JUDYLW\�

ERWWOH��

:+�2� �:HLJKW�RI�VSHFLILF�JUDYLW\�ERWWOH�ZLWK�ZDWHU��ZHLJKW�RI�HPSW\�VSHFLILF�JUDYLW\�ERWWOH��
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'HWHUPLQDWLRQ�RI�WKH�$FLG�9DOXH�RI�WKH�$HJOH�PDUPHORXV

$FLG�YDOXH�LV�GHWHUPLQHG�E\�DFLG�EDVH�WLWUDWLRQ�PHWKRG��7KH�DFLG�YDOXH�RI�DQ�HVVHQWLDO�RLO� LV�WKH�
QXPEHU�RI�PLOOLJUDPV�RI�SRWDVVLXP�K\GUR[LGH�UHTXLUHG�WR�QHXWUDOL]H�WKH�IUHH�DFLGV�FRQWDLQHG�LQ�
�� J� RI� WKH� HVVHQWLDO� RLO�� (VVHQWLDO� RLO� LV� GLVVROYHG� LQ� DOFRKRO�HWKHU� PL[WXUH� DQG� WLWUDWHG� ZLWK�
VWDQGDUG�DONDOL��

6WDQGDUGL]DWLRQ�RI�.2+�E\�3RWDVVLXP�K\GURJHQ�SKWKDODWH��

$FFXUDWHO\�ZHLJK�����J�RI�PRLVWXUH�IUHH�SRWDVVLXP�K\GURJHQ�SKWKDODWH�DQG�WUDQVIHU�LQWR�FRQLFDO�IODVN��
'LVVROYH�LQ�GLVWLOOHG�ZDWHU�����P/���$GG�3KHQROSKWKDOHLQ�DV�LQGLFDWRU�DQG�7LWUDWH�ZLWK�VWDQGDUG�DOFRKROLF�
.2+�VROXWLRQ�WLOO�D�SLQN�FRORU��ZKLFK�SHUVLVWV�IRU�PRUH�WKDQ���VHFRQG��LV�REVHUYHG��1RWH�WKH�YROXPH�RI�
.2+�FRQVXPHG���

'HWHUPLQDWLRQ�RI�$FLG�9DOXH�

:HLJK�DERXW���J�RI�VDPSOH�RI�HVVHQWLDO�RLO�LQ�FRQLFDO�IODVN��$GG���PO�RI�QHXWUDOL]HG�HWKDQRO�DQG�VZLUO�
LW� VORZO\� WLOO� VDPSOH� GLVVROYHV� LQ� WKH� VROXWLRQ�� $GG� �� GURSV� RI� 3KHQROSKWKDOHLQ�� 7LWUDWH� ZLWK� VWDQGDUG�
HWKDQROLF�.2+�IURP�EXUHWWH�WLOO�D���IDLQW�SLQN�FRORU��ZKLFK�SHUVLVWV�IRU�PRUH�WKDQ����VHFRQGV��LV�REVHUYHG��
1RWH�WKH�YROXPH�RI�.2+�FRQVXPHG���

0HWKRG�RI�&DOFXODWLRQ��

6WDQGDUGL]DWLRQ�RI�.2+�E\�3RWDVVLXP�K\GURJHQ�SKWKDODWH�

��� ��'HWHUPLQDWLRQ�RI�$FLG�9DOXH�

'HWHUPLQDWLRQ�RI�WKH�HVWHU�YDOXH�RI�WKH�$HJOH�PDUPHORXV��

7KH�HVWHU�YDOXH�LV�WKH�QXPEHU�RI�PLOOLJUDPV�RI�SRWDVVLXP�K\GUR[LGH�UHTXLUHG�WR�UHDFW�ZLWK�WKH�HVWHUV�
LQ���J�RI�D�IDW�RU�RLO��7ULJO\FHULGHV��IDWV�DQG�RLOV��DUH�LPSRUWDQW�UDZ�PDWHULDOV�LQ�WKH�SUHSDUDWLRQ�RI�VRDSV��
7KUHH�PHDVXUHV�RI�TXDOLW\�DUH�WKH�DFLG�YDOXH��WKH�VDSRQLILFDWLRQ�YDOXH��DQG�WKH�HVWHU�9DOXH��(VWHU�9DOXH�
 �6DSRQLILFDWLRQ�9DOXH���$FLG�9DOXH�

7KH�VDSRQLILFDWLRQ�YDOXH�LV�WKH�QXPEHU�RI�PJ�RI�SRWDVVLXP�K\GUR[LGH�UHTXLUHG�WR�QHXWUDOL]H�WKH�IDWW\�
DFLGV�UHVXOWLQJ�IURP�WKH�FRPSOHWH�K\GURO\VLV�RI���J�RI�WKH�VXEVWDQFH���

)RU� WKH� VDSRQLILFDWLRQ� YDOXH�� �� J� RI� HVVHQWLDO� RLO� LV� WDNHQ� LQ� FRQLFDO� IODVN� DQG� SLSHWWH� RXW� ��� P/�
DOFRKROLF�.2+�LQWR� WKH� IODVN��$GG�SRUFHODLQ�FKLSV�DQG�FRQQHFW� WKH� IODVN�ZLWK�DLU�FRQGHQVHU�DQG� UHIOX[�
JHQWO\�IRU����PLQXWHV��$OORZ�FRROLQJ�DQG�DGGLQJ�SKHQROSKWKDOHLQ�LQGLFDWRU�DQG�QHXWUDOL]H�WKH�OLTXLG�ZLWK�
����0�+&O��1RWH�WKH�YROXPH�RI�+&O�FRQVXPHG�IRU�WKH�QHXWUDOL]DWLRQ��

3K\VLFR�±�&KHPLFDO�3DUDPHWHUV�

7KH�3K\VLFR�±�&KHPLFDO�3DUDPHWHUV�GHWHUPLQHG�ZHUH�DV�IROORZV��
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61� 3DUDPHWHUV� 5HVXOWV� 0HWKRGV�
�� &RORXU� /LJKW�ZKLWH�
�� 2GRXU� &KDUDFWHULVWLF�

�� 2LO�3HUFHQWDJH� �����
K\GUR�GLVWLOODWLRQ� RI� GULHG� OHDYHV� XVLQJ� &OHYHQJHU�
DSSDUDWXV���

�� 6SHFLILF�*UDYLW\� �����DW���Û&�
$2$&���WK� (GLWLRQ�� ����� �9RO�� ,,�&K����� 3DJH� ����
PHWKRG�QR���������

�� 5HIUDFWLYH�,QGH[� ������DW��� &� ,62�����������(��

�� 2SWLFDO�5RWDWLRQ� ����� �DW��� &�
$2$&���WK� (GLWLRQ�� ����� �9RO�� ,,�&K����� 3DJH� ���
��PHWKRG�QR����������

�� $FLG�9DOXH� ���� ,62������������(��

�� (VWHU�9DOXH� �����
%ULWLVK�6WDQGDUG�PHWKRGV�RI�WHVWV�IRU�HVVHQWLDO�RLOV�
�������

5HVXOWV�DQG�'LVFXVVLRQ�

7KH� RLO� ZDV� REWDLQHG� E\� FRQYHQWLRQDO� K\GUR� GLVWLOODWLRQ� RI� IUHVK� OHDYHV� RI�$HJOH� 0DUPHORXV� LQ� D�
&OHYHQJHU�DSSDUDWXV��7KH�RLO�SHUFHQWDJH�REWDLQHG�ZDV������RQ� IUHVK�ZHLJKW�EDVLV��3K\VLFR�±�FKHPLFDO�
SDUDPHWHUV� �6SHFLILF�*UDYLW\��������5HIUDFWLYH� ,QGH[��������DW���� &��2SWLFDO�5RWDWLRQ�� ����� �DW���� &��
$FLG�9DOXH������DQG�(VWHU�9DOXH���������ZHUH�GHWHUPLQHG��

&RQFOXVLRQV

:H�FRQFOXGH� WKDW� WKH�HVVHQWLDO�RLO�RI�%DHO� OHDYHV�KDV�YHU\� OHVV�ZRUN�DQG�FDQ�EH� LVRODWHG�E\�VLPSOH�
K\GURGLVWLOODWLRQ�PHWKRG�ZLWK� KLJK� SRWHQWLDO� IRU�PHGLFDO� SXUSRVH�� 7KXV� WKH� FKHPLFDO� FRPSRVLWLRQ� DQG�
RWKHU�SK\VLR�FKHPLFDO�SDUDPHWHUV�ZHUH�VWXGLHG���

$FNQRZOHGJHPHQWV

7KH�DXWKRU�LV�7KDQNIXO�WR�&KLHI�RI�1DWXUDO�3URGXFW�5HVHDUFK�/DERUDWRU\�IRU�/DERUDWRU\�KHOS�DQG�0U��
/D[PDQ� %KDQGDU\�� 0U�� %KDZDQL� $GKLNDUL�� 0U�� %XGGKL�� 5�� 'KLWDO� DUH� DOVR� WKDQNIXO� IRU� DVVLVWLQJ� LQ�
UHVHDUFK�ZRUN�

5HIHUHQFHV��

���� 3�&�� 6KDUPD�� 9�� %KDWLD�� 1�� %DQVDO�� $�� 6KDUPD�� ³$�5HYLHZ� RQ� %DHO� 7UHH´��1DWXUDO� SURGXFWV�
UHVRXUFHV����������������������

���� '�� 1HPD�� 6�.�� 6ULYDVWDYD�� ³,VRODWLRQ� 6RPH� 3LJPHQW� IURP� 6WHP� %DUN� RI� WKH� $�� 0DUPHORV´��
3K\�6FL������������������������

���� *�1�� 6KDUPD�� 6�.�� 'XEH\�� 1�� 6DWL�� -�� 6DQDG\D�� ³3K\WRFKHPLFDO� 6FUHHQLQJ� DQG� (VWLPDWLRQ� RI�
7RWDO�3KHQROLF�&RQWHQW�LQ�$��PDUPHORV�6HHGV´��,-3&5����������������������

���� *�1�� 6KDUPD�� 6�.�� 'XEH\�� 1�� 6DWL�� ³(YDOXDWLRQ� RI� *HUPLQDWLRQ� 3RZHU� RI� $HJOH� PDUPHORV
6HHGV´�-��&KHP��3KDUPD��5HV������������������������

���� .��6KDUPD��(�6��&KDXKDQ��³1XWULWLRQDO�DQG�3K\WRFKHPLFDO�(YDOXDWLRQ�RI�)UXLW�3XOS�3RZGHU�RI�
$HJOH�PDUPHORV��%DHO���-&36���������������������

���� $�� 9DLEKDY�� 2�3�� 6LQJK�� ³(YDOXDWLRQ� RI� 7KHUDSHXWLF� 3RWHQWLDO� RI� $�� PDUPHORV� /HDYHV� LQ�
0HWDEROLF�6\QGURPH��-,35��������������������������

���� 9��/��6LQJOHWRQ��-��$��5RVVL��$P��-��(QRO��9LWLF�� ������������������


