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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��&HUDPLF�KLYH��EHHNHHSLQJ��GHVLJQ��VXVWDLQDEOH��KRQH\� 

$%675$&7 
0RVW�KLYHV�XVHG� IRU� WUDGLWLRQDO�EHHNHHSLQJ� LQ�:HVW�$IULFD� �WURSLFDO� ]RQH��DUH�PDGH�RI�ZRRGHQ�
PDWHULDOV��ZKLFK�DUH�OLJKW�LQ�ZHLJKW��PRYDEOH��DQG�UHODWLYHO\�DYDLODEOH��7KH�WUDGLWLRQDO�EHHKLYHV�
DUH�OHVV�WHFKQLFDO�WR�FRQVWUXFW�DQG�PDQDJHG�E\�HQG-XVHUV��EXW�QRUPDOO\�VXIIHU�IURP�QDWXUDO�DJH�
LQJ��DQG�WHUPLWH�DQG�URGHQW�DWWDFN��7KH�ZRRG�XVHG�LQ�FRQVWUXFWLRQ�DOVR�FDXVHV�GHIRUHVWDWLRQ�IXU�
WKHU�OHDGLQJ�WR�FOLPDWH�FKDOOHQJHV��7KRXJK�SODVWLF�KLYHV�ZHUH�LQWURGXFHG�LQ�PRGHUQ�EHHNHHSLQJ��
WKH�FRVW�DQG�DJHLQJ�SUREOHPV�DUH�VWLOO�FKDOOHQJHV�IRU�HQG-XVHUV�LQ�WURSLFDO�FRXQWULHV��7KLV�SDSHU�
DLPV�WR�IDEULFDWH�FHUDPLF�EHHKLYHV�ZLWK�GLPHQVLRQDO�DQG�WKHUPDO�VWDELOLW\�ZLWK�D�ORQJHU�OLIHVSDQ�
IURP�ORFDO�PDWHULDOV�IRU�VXVWDLQDEOH�EHHNHHSLQJ�DFWLYLW\�LQ�:HVW�$IULFD��7KH�FHUDPLF�KLYH�LV�GH�
VLJQHG�WR�KDYH�D�FRPPRQ�VWUXFWXUH�RI�UHPRYDEOH�FRPEV�ZLWK�WRS�EDUV��SRURXV�FHUDPLF�LQWHUORFN�
LQJ�VODEV�DQG�HPEHGGHG�LQ�PHWDOOLF�IUDPH�WR�IRUP�D�UHFWDQJXODU�VKDSH��7KH�VODEV�ZHUH�RI�LQVX�
ODWLQJ�SURSHUWLHV��VSHFLDOO\�GHYHORSHG�IURP�0IHQVL� �0)��DQG�7HOHNX�%RND]R��7%��NDROLQ�FOD\V��
REWDLQHG�IURP�$VKDQWL�DQG�:HVWHUQ�UHJLRQV�UHVSHFWLYHO\��;-UD\�IOXRUHVFHQFH�ZDV�XVHG�WR�GHWHU�
PLQH�WKH�FKHPLFDO�FRPSRVLWLRQV�RI�UDZ�PDWHULDOV�XVHG��3KDVHV�RI�WKH�ILUHG�SURGXFWV�ZHUH�FKDUDF�
WHUL]HG�E\�;-UD\�GLIIUDFWLRQ��:HW�WR�ILUHG�OLQHDU�VKULQNDJHV��DSSDUHQW�SRURVLW\�DQG�ZDWHU�DEVRUS�
WLRQ�RI�WKH�SURGXFWV�ZHUH�DOVR�PHDVXUHG��$PRQJ�DOO�VSHFLPHQV��WKH�RQH�ZLWK�WKH�ORZHVW�ILUHG�OLQH�
DU� VKULQNDJH�RI�������SURYLGLQJ�GLPHQVLRQDO� VWDELOLW\�� DQG�KLJKHVW�ZDWHU�DEVRUSWLRQ�RI� �������
OHDGLQJ� WR� LQVXODWLQJ�SHUIRUPDQFH��ZDV�XVHG� IRU�KLYH�ERG\� IDEULFDWLRQ��8QGHU� WKH� H[SHFWDWLRQ��
GXULQJ�WKH�ILHOG�WHVW��WKH�VHOHFWHG�FRPSRQHQWV�RI�WKH�IDEULFDWHG�FHUDPLF�KLYH�ORZHUHG�WKH�WHPSHUD�
WXUH�LQ�KRW�ZHDWKHU��DQG�DOVR�VWDELOL]HG�WKH�LQQHU�WHPSHUDWXUH�HYHQ�ZKHQ�WKH�DPELHQW�WHPSHUD�
WXUH�ZDV�ORZ��0RUHRYHU��WKH�KLYH�ZDV�VXFFHVVIXOO\�FRORQL]HG�UDWKHU�WKDQ�WKH�ZRRGHQ�KLYH�LQ�XVH��
DQG�\LHOGHG�KRQH\�HYHQ�DW�WKH�OHDQ�VHDVRQ�� 
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 VXQ��2YHUKHDWLQJ� RI� WKH� KLYH� DOVR� OHDGV� WR� DE�
VFRQGLQJ�RI� WKH�EHHV��$SDUW� IURP�WKDW� WKH�EHHV�
DOVR� UHTXLUH� FRQVWDQW� ZDWHU� VXSSO\� IRU� KLYH�
FRROLQJ�� RU� WHQG� WR� FRQVXPH� WKH�KRQH\� LQVWHDG�
�6PLWK�� ������� :KHQ� WKH� WHPSHUDWXUH� LV� ORZ�
�ORZHU�WKDQ����R&���EHHV�FOXVWHU�RYHU�WKH�EURRG�
WR� ZDUP� EURRG� �6RXWKZLFN� DQG� +HOGPDLHU��
������� 
 
:RUOGZLGH�� WKH� GHVLJQ� DQG� PDWHULDOV� DGRSWHG�
IRU�KLYH�FRQVWUXFWLRQ�LQFOXGH�ZRRGHQ�PDWHULDOV�
�H�J��OXPEHU�EORFNV�DV�XVHG�E\�:RRG��������WR�
PDNH� HFRQRPLFDOO\� VWURQJ� DQG� ZHDWKHUSURRI�
KLYH���FHUDPLF��PRGHUQ�EHHNHHSHUV�XVH�GLVFV�RI�
VODWH� OHDQHG� XS� DJDLQVW� WKH� PRXWK� RI� FHUDPLF�
KLYHV� PDGH� RI� FOD\�PXG� LQ� &UHWH� �)UDQFLV��
������� PHWDO� �H�J�� PHWDO� ZDOO� ZLWK� LQQHU� SO\�
ERDUG� OLQHU� �+DJHPDQ�� ������� HPSKDVL]H� RQ�
YHQWLODWLRQ�� LQIODPPDEOH� IHDWXUH� DQG� DUWLILFLDO�
IHHGLQJ���SODVWLF��H�J��SODVWLF�IRDP�ZDV�XVHG�E\�
3ODWW� ������� IRU�KHDW� LQVXODWLRQ� IRU� WKH� WURSLFDO�
HQYLURQPHQW�� DQG� *ODVVFRFN� DQG� 3HDUVRQ�
������� IRU� SURWHFWLRQ� IURP� YHUPLQ��� OD\HUV� RI�
SRO\VW\UHQH�IRDP�JUDVV�IDEULFV�IRU�LQVXODWLRQ�LQ�
FROG�ZHDWKHU��/LDQJ���������DQG�ERWK�ZRRG��IRU�
EHVW� KHDOWK� DQG� EHKDYLRXU� RI� EHHV�� DQG� SODVWLF�
PDWHULDOV� IRU� KDQGOHV� DOO� DURXQG� �:LOOLDP��
������� )RU� ODUJH-VFDOH� KLYH�� 2UOHWVN\� HW� DO��
�������� +XDQJ� �������� DQG� 0XOOLQV� ��������
LQYHQWHG� D� VWUXFWXUH� GHVLJQHG� IRU� KRXVLQJ� D�
SOXUDOLW\�RI� EHH� FRORQLHV��7KRXJK� FHUDPLF�PD�
WHULDO� ZDV� UHFRUGHG� DV� RQH� RI� WKH� YHU\� HDUO\�
RSWLRQV� IRU� EHHNHHSLQJ� �&UDQH�� ������ )UDQFLV��
������7D[HO���������LW�LV�JUDGXDOO\�IDGLQJ�RXW�RI�
VLJKW��7R�PHHW�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�
�6'*�� SXEOLVKHG� E\�8QLWHG�1DWLRQV��PDWHULDOV�
WKDW� DUH� ORFDOO\� DYDLODEOH�� DIIRUGDEOH�� DQG� VXV�
WDLQDEOH� VKRXOG� EH� FRQVLGHUHG�� %HVLGHV�� D� VXV�
WDLQDEOH�EHHKLYH�SURGXFW�KDV� WR�EH�UHORRNHG�DW��
HVSHFLDOO\�LQ�:HVW�$IULFD�-�WURSLFDO�]RQH� 
 
,Q� 6XE� 6DKDUDQ�$IULFD� �:HVW�$IULFD��� ZHDWKHU�
SDWWHUQV� KDYH� DQQXDO� VXQVKLQH� RI� PRUH� WKDQ�
����� K�� DQ� DYHUDJH� WHPSHUDWXUH� RI� ��a��� R&��
DQG�D�PHDQ�DQQXDO�UDLQIDOO�RI����a�����PP��,Q�
VXFK�DQ�HQYLURQPHQW��SDUWLFXODUO\�LQ�:HVW�$IUL�
FD�ZKLFK�FRPSULVHV�PDLQO\�RI�GHYHORSLQJ�FRXQ�
WULHV� ZLWK� DJULFXOWXUH� DV� WKH�PDLQ� DFWLYLW\�� GH�
YHORSLQJ� DQ� HFRQRPLF�� VWURQJ�� ZHDWKHUSURRI��
WKHUPDOO\�VWDEOH��DQG�GXUDEOH�KLYH�IRU�EHHNHHS�
LQJ�LQ�WKH�UHJLRQ�EHFRPHV�PRUH�XUJHQW�DQG�LP- 
SRUWDQW� 

*ERORJDK�HW�DO� �� 

RI� WKH� KRQH\� EHH�� LWV� EHHNHHSLQJ� WHFKQRORJ\�
ZLOO� PDNH� VXUH� D� KHDOWK\�� VDIH� DQG� SURGXFWLYH�
VSDFH�� ZKLFK� LV� FRPPRQO\� NQRZQ� DV� WKH� EHH�
KLYH��WR�KRXVH�WKH�EHHV��&UDQH��������� 
 
1DWXUDO�KLYHV�FKRVHQ�E\�EHHV�FDQ�EH�DQ\�FDYLW\��
KROORZ� ORJ� RU� WUHH�� URFN� FDYLW\�� RU� D� GLVFDUGHG�
FRQWDLQHU�� 7KH� KLYH� XVHG� E\� EHHNHHSHUV� YDULHV�
ZLWK� WKH� OHYHO� RI� PRGHUQL]DWLRQ� DQG� ORFDWLRQ�
�&UDQH�� ������� ,Q� WURSLFDO� FRXQWULHV�� DUWLILFLDO�
KLYHV�XVHG�E\�LQGLJHQRXV�EHHNHHSHUV�ZHUH�ZR�
YHQ� VWUDZ� �VNHS��DQG�SDOPV��EDVNHWV�� FDODEDVK��
WKDWFKHG� KLYHV�� FOD\� SRWV� RU� PDVRQU\�� ZKLFK�
WKH\�KXQJ�RQ� WUHHV��EXW� VRPHWLPHV�GLG�QRW� ODVW�
IRU�PRUH�WKDQ�RQH�VHDVRQ��DQG�PRUH�RIWHQ�ZHUH�
EORZQ� RII� E\�ZLQG� �,UYLQH�� �������0RGHUQL]D�
WLRQ� KDV� EURXJKW� LQ� QHZ� LGHDV�� WKH� FRPPRQO\�
XVHG�KLYHV� LQ� WURSLFV�DUH� IL[HG�FRPE�KLYH�� DQG�
UHPRYDEOH�FRPE�KLYHV�ZLWK� WRS�EDUV�RU� IUDPHV�
�6PLWK��������Ɍɟɫɥɹ���������1HZ�GHVLJQV�ZHUH�
DOVR� LQWURGXFHG� ZLWK� VSHFLILF� FKDQJH� IRU� WHP�
SHUDWXUH� LQVXODWLRQ� �%HQLQFDVD� DQG� %XFNPDQ��
������/LDQJ�� ������� SHW� FRQWURO� �+XDQJ�� ������
5LFKDUGVRQ�� ������� IHHGLQJ� V\VWHP�
�*HURJLDQQLV�� ������ ;X�� <DQJ�� :DQJ� DQG�
&KHQ�� ������� DQG� DLU� RU� VDQLWDU\� YHQWLODWLRQ�
�Ɍɟɫɥɹ���������������HWF� 
 
,Q� WURSLFDO� EHHNHHSLQJ� UHJLRQV�� KLJK� WHPSHUD�
WXUH� DQG� ORZ�KXPLGLW\� �DERXW� ����� HQDEOH� WKH�
EHHV� WR� ULSHQ� WKH� KRQH\� UDSLGO\�� +LJK� ZDWHU�
FRQWHQW� IURP�SRRU� KLYH� UHVXOWV� LQ� IHUPHQWDWLRQ�
DQG� ORVV� RI� IUHVKQHVV��<HDVW� LQ� WKH�KRQH\�PD\�
FDXVH� IHUPHQWDWLRQ� GXULQJ� VWRUDJH� OHDGLQJ� WR�
KLJK�DFLGLW\��+RQH\�ZDWHU�FRQWHQW�RI�XS�WR�����
RU� PRUH� LV� QRW� GHVLUDEOH� �6LQJK� DQG� � 6LQJK��
������8PHVK�+HEEDU��5DVWRJL��DQG�6XEUDPDQL�
DQ���������+RZHYHU��KLJK�PRLVWXUH�FRQWHQW�GXU�
LQJ�WKH�UDLQLQJ�VHDVRQ�UHVXOWV�LQ�KLJK�ZDWHU�FRQ�
WHQW� LQ� KRQH\� ZKLFK� KDV� WR� ZDLW� XQWLO� WKH� GU\�
VHDVRQ� IRU� KDUYHVWLQJ�� 0RUHRYHU�� WHPSHUDWXUH�
IRU� D� FRORQ\� WR� GHYHORS� LV� DURXQG� ��-��� R&��
ZKHQ� WKH� WHPSHUDWXUH� LV� KLJK� �KLJKHU� WKDQ� ���
R&��LQ�WKH�KLYH��EHHV�VSHQG�ORWV�RI�WLPH�DQG�HQ�
HUJ\�LQ�FRROLQJ�GRZQ�WKH�HQYLURQPHQW�E\�RUJD�
QL]HG� IDQQLQJ� RI� ZLQJV�� RWKHUZLVH�� WKH� EURRG�
ZLOO�GLH�DQG� WKH�KRQH\�ZLOO�JHW�GHK\GUDWHG� WRR�
TXLFNO\��6RXWKZLFN�DQG�+HOGPDLHU���������%H�
VLGHV�� WKH� KLJK� WHPSHUDWXUH� LQ� WKH� KLYH� DOVR�
OHDGV� WR� SRRU� KRQH\� TXDOLW\� �7XUKDQ� HW� DO���
�������7KHUHIRUH�� WKH� KLYH�KDG� WR�EH�SURWHFWHG�
IURP�WKH� IXOO�PLG-GD\�KHDW�DQG�HDUO\�DIWHUQRRQ�
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 7KLV� SDSHU� DLPV� DW� GHYHORSLQJ� FHUDPLF� EHH�
KLYHV� ZLWK� GLPHQVLRQDO� DQG� WKHUPDO� VWDELOLW\��
DQG� ORQJHU� OLIHVSDQ� IURP� ORFDO� PDWHULDOV� IRU�
VXVWDLQDEOH�EHHNHHSLQJ�DFWLYLW\�LQ�:HVW�$IULFD��
7KLV� LV� WR�PHHW� WKH�FULWHULD�RI� WKH�ZRUOG¶V�VXV�
WDLQDEOH� GHYHORSPHQW� �$VVHPEO\�� ������ 'D�
YLGVRQ� HW� DO��� ������ =LPPHUPDQ� DQG�$QDVWDV��
�������7KH�VWUXFWXUDO�GHVLJQ�RI�WKH�KLYH�LV� WDU�
JHWLQJ�HDV\�DVVHPEO\��VXLWDELOLW\�IRU�PDVV�SUR�
GXFWLRQ��DQG�OHVV�WHFKQLFDO�LQ�LQVWDOODWLRQ�� 
 
(;3(5,0(17$/�352&('85( 
)RUPXODWLRQ�RI�LQVXODWLQJ�VODEV 
0IHQVL� �0)�� DQG� 7HOHNX�%RND]R� �7%�� NDROLQ�
FOD\V� REWDLQHG� IURP� $VKDQWL� DQG�:HVWHUQ� UH�
JLRQV� RI� *KDQD� UHVSHFWLYHO\� ZHUH� XVHG�� 7KH�
FOD\V� ZHUH� EHQHILFLDWHG� E\� FUXVKLQJ� DQG� SXO�
YHULVLQJ�� 
 
7KH�FODVVLFDO�SUHSDUDWLRQ�LV�DV�IROORZV��WKH�EHQ�
HILFLDWHG� 0IHQVL� �0)�� DQG� 7HOHNX� %RND]R�
�7%�� NDROLQ� FOD\V� ZHUH� LQLWLDOO\� PL[HG� ZLWK�
VDZGXVW� LQ� SUHGHWHUPLQHG� SURSRUWLRQV�� DQG�
WKHQ� ODWHU� PL[HG� ZLWK� ZDWHU� WR� IRUP� QRGXOHV��
ZKLFK�ZDV�DLU-GULHG�IRU����K�DQG�ILUHG�WR������
R&�DW�D�KHDWLQJ�UDWH�RI�����R&�SHU�KRXU�WR�IRUP�
JURJ��ILUHG�FOD\���7KH�IRUPHG�JURJ�ZDV�IXUWKHU�
FUXVKHG� E\� MDZ� FUXVKHU� �)6� ������ 6WRNH-RQ-
7UHQW��DQG�J\UDWRU\�FUXVKHU� ��������(QJODQG���
DQG� IXUWKHU� VLHYH� JUDGHG� LQWR� ILQH� �������PP��
DQG� FRDUVH� SDUWLFOHV� ����-����� PP�� IRU� ERG\�
IRUPXODWLRQ� RI� WKH� LQVXODWLQJ� VODEV�� 7KH� ILQH�
DQG�FRDUVH�JURJ�XVHG�ZHUH�ZHLJKHG�VHSDUDWHO\ 
DFFRUGLQJ� WR� ERG\� IRUPXODWLRQ� GHVLJQ�� DV�� 

VKRZQ� LQ� 7DEOH� ��� $QRWKHU� EDWFK� RI�0)� FOD\�
DQG� 7%� NDROLQ� ZHUH� FUXVKHG� DQG� SXOYHUL]HG�
�������� (QJODQG��� DQG� WKHQ� PL[HG� ZLWK� JURJ�
IRU� PRXOG� SUHVVLQJ� WR� REWDLQ� WKH� GHVLJQHG�
VKDSH�� 7KH� ERG\� IRUPXODWLRQ� ZDV� GHVLJQHG� WR�
WDNH�D�FRQVWDQW�SHUFHQWDJH�SURSRUWLRQ�RI�SODVWLF�
ELQGHU� �0)�FOD\��ZLWK� LQFUHDVHG�JURJ� FRQWHQW��
ZKLFK� ZDV� H[SHFWHG� WR� LPSURYH� XSRQ� WKH� GL�
PHQVLRQDO� VWDELOLW\� DQG� SRURVLW\� RI� WKH� VODE��
7KH�SUHVVHG�VODEV�ZHUH�ODWHU�DLU-GULHG�IRU����K��
ILUHG� WR������R�&�DW�D�KHDWLQJ�UDWH�RI����R�&�SHU�
KRXU�DQG�FRROHG��DQG� WKHQ�XVHG�IRU� WKH�DVVHP�
EODJH�RI� WKH�EHHKLYH��7KH� IRUPXODWLRQ� VFKHPH�
RI�VODEV�IRU�WKH�EHHKLYH�LV�VKRZQ�LQ�)LJ������ 
 
&KDUDFWHUL]DWLRQV 
7KH� FKHPLFDO� FRPSRVLWLRQV�RI� WKH� FOD\�PLQHU�
DOV� ZHUH� GHWHUPLQHG� E\� ;-UD\� IOXRUHVFHQFH�
�;5)�� 63(&752� ;-/$%� ������ *HUPDQ\���
3KDVH� LGHQWLILFDWLRQ� ZDV� SHUIRUPHG� XVLQJ� ;-
UD\� GLIIUDFWLRQ� �;5'��� '�0$;-5$� PRGHO�
;5'�PDFKLQH�ZLWK�&X.Į�UDGLDWLRQ��7KH�SK\VL�
FDO� FKDUDFWHUL]DWLRQV�� SODVWLFLW\� LQGH[�� GULHG�
DQG� ILUHG� OLQHDU� VKULQNDJHV�� DSSDUHQW� SRURVLW\�
DQG� ZDWHU� DEVRUSWLRQ� RQ� IRUPXODWHG� ERGLHV�
ZHUH�WHVWHG� 
 
3ODVWLFLW\�LQGH[ 
7KH�SODVWLFLW\� LQGH[�ZDV�GHWHUPLQHG�E\�$WWHU�
EHUJ�/LPLWV��3ODVWLF�/LPLWV��3/���/LTXLG�/LPLWV�
�//�� DQG�3ODVWLFLW\� ,QGH[HV� �3,��� DFFRUGLQJ� WR�
WKH� $670� VWDQGDUG-'������ ���-J� RI� WKH� 0)�
FOD\� ZDV� ZHLJKHG� DQG� DSSURSULDWHO\� PL[HG�
ZLWK�GLVWLOOHG�ZDWHU�WR�D�VXEMHFWLYH�SODVWLFLW\�� 

7DEOH����%DWFK�IRUPXODWLRQ�GHWDLOV 

 
6DPSOHV 

��ZW� 

0)�&OD\ 7%�.DROLQ *URJ 

$ ���� ���� ���� 
% ���� ���� ���� 
& ���� ���� ���� 
' ���� ���� ���� 
( ���� ���� ���� 

&RDUVH��)LQH�UDWLR�RI�JURJ�SDUWLFOHV�IRU�ERG\�IRUPXODWLRQ� ��������&KHVWL������� 

*URJ��&RPSRVLWLRQ���0)�FOD\����a������7%�.DROLQ���a������6DZGXVW������ 
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*URJ 

)LUHG 

$LU�GULHG 

1RGXOH�IRUPDWLRQ 

����0)� FOD\ 
����7%�NDROLQ 
����$GGLWLYHV 
 

0L[LQJ 

&UXVKHG�	�6LHYHG 

� 
)LQH�	�FRDUVH 

*URJ 

0L[LQJ 

0RXOG�3UHVVHG 

$LU�GULHG 

)LUHG 

0)�FOD\ 7%�NDROLQ 

&UXVKLQJ 

3XOYHUL]LQJ 

,QVXODWLQJ�VODE 

)LJ�����,OOXVWUDWLYH�VFKHPH�RI�IRUPXODWLQJ�VODEV�IRU�EHHKLYH�IDEULFDWLRQ 

7KH�FXS�RI�WKH�OLTXLG�OLPLW�DSSDUDWXV�ZDV�ILOOHG�
DQG� D� VWDQGDUG� FRQH� ZDV� UHOHDVHG� WR� SHQHWUDWH�
WKH� FOD\�� 0HDVXUHPHQWV� RI� WKH� SHQHWUDWLRQV�
ZHUH� WDNHQ� DQG� DFFRUGLQJO\� UHFRUGHG� LQ�$WWHU�
EHUJ� OLPLWV� 'DWD�:RUN� 6KHHW�� 7KH� OLTXLG� OLPLW�
�//��LV�WKH�ZDWHU�FRQWHQW�DW����PP�SHQHWUDWLRQ�
RI� WKH� VWDQGDUG�FRQH� LQWR� WKH� FOD\��7KH�FOD\� LQ�
WKH�SODVWLF�VWDWH�ZDV�UROOHG�LQWR�D�WKUHDG�ZLWK���
PP� WKLFNQHVV� DQG� ZHLJKHG�� 7KH� VDPSOH� ZDV�
RYHQ�GULHG�DW����� R&�IRU���-K�DQG� UH-ZHLJKHG��
7KH�SODVWLF�OLPLW�LV� WKH�PLQLPXP�ZDWHU�FRQWHQW�
DW�ZKLFK�WKH�FOD\�ZDV�UROOHG�LQWR�D�WKUHDG���PP�
WKLFN��3ODVWLFLW\�,QGH[��3,��LV�WKH�UDQJH�RI�ZDWHU�
FRQWHQW�RYHU�ZKLFK�WKH�FOD\�UHPDLQV�LQ�WKH�SODV�
WLF� FRQGLWLRQ�� ,W� LV� WKH� GLIIHUHQFH� EHWZHHQ� WKH�
OLTXLG�OLPLW�DQG�WKH�SODVWLF�OLPLW��3,� �//�–�3/� 
 
6KULQNDJH�PHDVXUHPHQW�DQG�FDOFXODWLRQ 
7KLV� ZDV� FDUULHG� RXW� XQGHU� $670� &� ���-���
�$670�� ������ SURWRFRO�� 5HSUHVHQWDWLYH� VDP�
SOHV� RI� WKH� PDWHULDOV� ZHUH� XQLD[LDOO\� GLH-
SUHVVHG�LQ�VWHHO�PRXOGV�RI�GLPHQVLRQV�����PP�[�
���PP�[����PP���7KH�SODVWLF-IRUPHG�WHVW�VSHF�
LPHQV�ZHUH�VXLWDEO\�LGHQWLILHG�DQG�PDUNHG�ZLWK�
VKULQNDJH� UHIHUHQFH� OLQHV� ��� PP� DSDUW� RQ� WKH�
VSHFLPHQV�� 0DUNLQJ� ZDV� GRQH� DV� VRRQ� DV� WKH�
VSHFLPHQV�FRXOG�EH�KDQGOHG�ZLWKRXW�GLVWRUWLRQ��
7KH�PDUNHG� VSHFLPHQV� ZHUH� WKHQ� SODFHG� RQ� D� 

OLJKWO\�RLOHG�SDOOHW�DQG�DOORZHG�WR�GU\�DW����a����
R&�IRU����K��'XULQJ�WKLV�SUHOLPLQDU\�GU\LQJ�SHUL�
RG��WKH�VSHFLPHQV�ZHUH�WXUQHG���R�VHYHUDO�WLPHV�
�!���DW��-K�LQWHUYDOV�WR�HOLPLQDWH�SRVVLEOH�ZDUS�
LQJ�� $IWHU� WKH� LQLWLDO� GU\LQJ� SHULRG�� WKH� VSHFL�
PHQV�ZHUH�WKHQ�SODFHG�LQ�D�GU\LQJ�RYHQ�DW������
&� DQG� IXUWKHU� GULHG� IRU� ��� K�� 7KH� GLVWDQFH� EH�
WZHHQ� VKULQNDJH� UHIHUHQFH� PDUNV� RQ� GULHG� RU�
ILUHG� VSHFLPHQV� ZDV� PHDVXUHG� WR� WKH� FORVHVW�
����� PP�� ZLWK� FDOOLSHUV� RI� VXLWDEOH� DFFXUDF\��
7KH� OLQHDU� GU\LQJ� VKULQNDJH� DV� D� SHUFHQWDJH� RI�
SODVWLF� OHQJWK� ZDV� FDOFXODWHG� DV� VKRZQ� LQ� WKH�
HTXDWLRQ����$670�������� 
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ZKHUH� 6G� LV� OLQHDU� GU\LQJ� VKULQNDJH�� ��� /S� LV�
SODVWLF�OHQJWK�RI�WHVW�VDPSOH��/G�LV�WKH�GU\�OHQJWK�
RI�WHVW�VSHFLPHQ��7KH�WRWDO�OLQHDU�VKULQNDJH�DIWHU�
GU\LQJ�DQG�ILULQJ�RI�WKH�VSHFLPHQV�ZDV�FDOFXODW�
HG�DV�D�SHUFHQWDJH�RI�SODVWLF�OHQJWK��DV�VKRZQ�LQ�
HTXDWLRQ����$670�������� 
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ZKHUH� 6 W� LV� WRWDO� OLQHDU� VKULQNDJH� DIWHU� GU\LQJ�
DQG� ILULQJ�����/S� LV� SODVWLF� OHQJWK�RI� WHVW� VDP�
SOH��/I�LV�ILUHG�OHQJWK�RI�WHVW�VSHFLPHQ� 
 
:DWHU�DEVRUSWLRQ 
7KLV�ZDV�SHUIRUPHG�RQ� WKH� VLQWHUHG� VSHFLPHQV�
E\� ERLOLQJ�ZDWHU�PHWKRG� IROORZLQJ� WKH�$670�
&���-���SURWRFRO� �$670���������7KH� VLQWHUHG�
VSHFLPHQV�ZHUH� DLU-GULHG� LQ� DQ� RYHQ� WR� D� FRQ�
VWDQW�ZHLJKW�E\�KHDWLQJ�WR�����R&�WR�GHWHUPLQH�
WKH�GU\�ZHLJKW��'��LQ�JUDPV�WR�WKH�QHDUHVW�����J��
7KH� VSHFLPHQV�ZHUH� WKHQ� SODFHG� LQ� ZDWHU� DQG�
ERLOHG� IRU� �� K��'XULQJ� WKLV� ERLOLQJ� SHULRG�� WKH�
HQWLUH�VSHFLPHQV�ZHUH�FRYHUHG�ZLWK�ZDWHU�DW�DOO�
WLPHV� DQG� DOORZHG� QR� FRQWDFW� ZLWK� WKH� KHDWHG�
ERWWRP�RI�WKH�FRQWDLQHU��$IWHU�WKH�ERLOLQJ�SHUL�
RG��WKH�VSHFLPHQV�ZHUH�DOORZHG�WR�FRRO�WR�URRP�
WHPSHUDWXUH�ZKLOH�VWLOO�FRPSOHWHO\�FRYHUHG�ZLWK�
ZDWHU��7KH� VSHFLPHQV�ZHUH�DOORZHG� WR� VRDN� LQ�
ZDWHU� IRU� ��� K� DIWHU� ZKLFK� WKH� VXVSHQGHG�
ZHLJKW��6��ZKLOH�VXVSHQGHG�LQ�ZDWHU�ZDV�GHWHU�
PLQHG�E\�VXVSHQGLQJ�WKH�VSHFLPHQ�LQ�D�ORRS�RI�
$:*�*DJH�����������PP��FRSSHU�ZLUH�KDQJHG�
IURP� RQH� DUP� RI� WKH� EDODQFH�� 7KH� VDWXUDWHG�
ZHLJKW�� : �� ZDV� GHWHUPLQHG� DIWHU� VXVSHQGHG�
ZHLJKW�E\�EORWWLQJ�HDFK�VSHFLPHQ�OLJKWO\�ZLWK�D�
PRLVWHQHG�VPRRWK�OLQHQ�WR�UHPRYH�DOO�GURSV�RI�
ZDWHU� IURP� WKH� VXUIDFH� ZHLJKHG� LQ� DLU� WR� WKH�
QHDUHVW�����J� 
 
:DWHU�DEVRUSWLRQ��$ ��H[SUHVVHG�DV�D���UHODWLRQ�
VKLS� RI� WKH� ZHLJKW� RI� ZDWHU� DEVRUEHG� WR� WKH�
ZHLJKW� RI� WKH� GU\� VSHFLPHQ� ZDV� FDOFXODWHG� DV�
VKRZQ�LQ�HTXDWLRQ����$670��������� 

ZRRGHQ�EHHKLYHV��7KH�FHUDPLF�KLYH�GHYHORSHG�
LQ�WKLV�VWXG\�LV�D�W\SH�RI�UHPRYDEOH�FRPE�KLYH�
ZLWK� WRS�EDUV��ZKLFK� LV�DOVR� WKH�PRVW�FRPPRQ�
DQG�HIILFLHQW� W\SH�RI�KLYH�XVHG� LQ� WKH�1RUWKHUQ�
UHJLRQ� RI� *KDQD� �$EGXO-0DOLN� DQG� 0RKDP�
PHG�� ������� 7KH� SULPH� FRQFHUQ� RI� WKH� KLYH� LV�
LWV� HDV\� DVVHPEO\�� WKH� KLYH� ZDV� FRPSRVHG� RI�
LQWHUORFNLQJ�LQVXODWHG�VODEV��KRXVHG�LQ�D�PHWDO�
OLF� IUDPH��7KH� WRS�FRYHU�RI� WKH�KLYH�ZDV�PDGH�
RI� ZRRGHQ� PDWHULDO� IRU� HDV\� RSHUDWLRQ�� 7R�
DYRLG�LQVHFW�DWWDFN�DQG�UDLQIDOO�GLVWXUEDQFH��WKH�
KLYH�ZDV�UDLVHG�IURP�WKH�IORRU�E\�DGGLQJ�OHJV�WR�
WKH�PHWDOOLF� IUDPH��7KH� RXWHU� GHVLJQ� LV� VKRZQ�
LQ�)LJ���D�� 
 
,Q� WKLV� SDSHU�� D� SURWRW\SH� EHHKLYH� ZDV� EXLOW��
,QQHU�VSDFH�RI�WKH�KLYH�FKDPEHU�LV�GLYLGHG�LQWR�
WZR�VHFWLRQV�� WKH�ZRUNHUV� �EHHV�¶�FKDPEHU�DQG�
WKH� TXHHQ¶V� FKDPEHU��ZLWK� WKH� IRUPHU�PHDVXU�
LQJ� ������ PP� �:�� î� ������ PP� �+�� î� ������
PP��/���ZKLOH�WKH�ODWWHU�PHDVXUHG�������PP�î�
������PP�î������PP��7KH�GLYLVLRQ�RI�FKDPEHU�
LV� DLPHG� DW� SUHYHQWLQJ� HDV\� PRYHPHQW� RI� WKH�
TXHHQ�WR�ZRUNHUV¶�FKDPEHU�OHDGLQJ�WR�FRQWDPL�
QDWLRQ� RI� WKH� KRQH\� ZLWK� LWV� H[FUHWD�� 7KLV� LV�
DFKLHYHG� E\� XVLQJ� D�ZHOGHG�ZLUH�PHVK�ZLWK� D�
VPDOOHU� VL]H� IRU� WKH� TXHHQ¶V� FKDPEHU�� )LYH�
ZRRGHQ�IUDPHV�RI�PHDVXUHPHQW�RI�������PP�î�
������PP�î������PP�ZHUH�XVHG�ZLWK�WKH�PHVK�
HPEHGGHG� LQ�� $IWHU� IL[LQJ� WKH� FRORQ\� IUDPHV��
WKH�FKDPEHU� LV�FRYHUHG�ZLWK� VODEV�RI������PP�
LQWHUYDOV�� EHIRUH� WKH� FRYHU� WR� HQDEOH� D� VWDEOH�
WKHUPDO�DWPRVSKHUH�DJDLQVW�KRW�DQG�FROG�ZHDWK�
HU��DV�ZHOO�DV�KHDY\�UDLQIDOO�DQG�DQLPDO�DWWDFN��
7KH� LQWHUYDO�DUUDQJHPHQW�RI� VODE�RQ� WKH� WRS�RI�
WKH�FKDPEHUV�FRQVLGHUHG�WKH�HDV\�PRYHPHQW�RI�
EHHV�LQ�WKH�XSSHU�VSDFH��7KH�GHVLJQ�RI�WKH�FRYHU�
WRRN� LQWR� FRQVLGHUDWLRQ� WKH� HDV\� KHDWLQJ� XS� RI�
WKH� FKDPEHUV� LQ� FROG� ZHDWKHU�� 6R� D� SLHFH� RI�
DOXPLQLXP� VKHHW� ZDV� FKRVHQ� WR� ELQG� WRJHWKHU�
ZLWK� SO\ZRRG� ������ PP� WKLFNQHVV�� VHUYHV� DV�
FRYHU��7KH�HQWUDQFH�RI�WKH�KLYH�ZDV�NHSW�DW�WKH�
ORZHU�VLGH�RI�WKH�ZRUNHUV¶�FKDPEHU��FUHDWHG�E\�
WULDQJOH�LQFLVLRQ�LQ�WKH�VODE��ZLWK�D�WRWDO�TXDQWL�
W\�RI�QLQH�GLVWULEXWHG�HYHQO\�DQG�KRUL]RQWDOO\�� 
 
7KH� ERWWRP� ZDV� FRYHUHG� ZLWK� D� SLHFH� RI� SO\�
ZRRG� ILUVW�� DQG� IROORZHG� ZLWK� D� SLHFH� RI� VODE�
FRYHULQJ�WKH�HQWLUH�ERWWRP�WR�DYRLG�DWWDFN�IURP�
WHUPLWHV�� 7KH� ERWWRP� ZDV� ODWFKHG� WR� RSSRVLWH�
VLGHV�RI�WKH�PHWDOOLF�IUDPH��7KH�FKDPEHU�GHVLJQ�
LV�VKRZQ�LQ�)LJ���E� 
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6WXG\�VLWH 
7KLV�UHVHDUFK�ZRUN�ZDV�FDUULHG�RXW�DW�WKH�5H�
VHDUFK�)DUP��ORFDWHG�DW�$QZRPDVR��RI�.ZDPH�
1NUXPDK�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQROR�
J\��.XPDVL��*KDQD��7KH�IDUP�KDG�D�GHQVH�YHJ�
HWDWLRQ�RI�SDOP�WUHHV��IUXLW�WUHHV�DQG�YHJHWDEOHV��
$�FRPSOH[�EOHQG�RI�VSHFLHV�VXUURXQGHG�WKH�
H[SHULPHQWDO�KLYHV� 
 
+LYH�GHVLJQ 
7KH�VWUXFWXUDO�GHVLJQ�RI�WKH�EHHKLYH�LQ�WKLV�SD�
SHU�ZDV�LQVSLUHG�E\�WKH�WUDGLWLRQDO�DQG�PRGHUQ� 
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)LJV������D��2XWHU�GHVLJQ�RI�EHHKLYH��E��&KDPEHU�GHVLJQ�RI�EHHKLYH�ZLWK�VODE�DUUDQJHPHQW� 

 

�D� �E� 

�D� �E� 

)LJV������D���'�GLVSOD\�RI�VODE�GHVLJQ���E���'�GLVSOD\�RI�VODE�LQWHUORFNLQJ 

7KH�VL]H�RI�VODEV�ZDV�������PP�î�������PP�î�
�����PP��5KLQRFHURV� ��'�� VRIWZDUH�ZDV� XVHG�
WR�UHQGHU�WKH��'�PRXOG�GHVLJQ�IRU�LQWHUORFNLQJ�
VODEV� DV� VKRZQ� LQ� ILJ�� ���7KH� MRLQW� RI� WKH� VODE�
ZDV� RI� ODQGHG� VFDUI� WRQJXH� DQG� JURRYH� VKDSH��
)LJ���D�VKRZV�D��'�GLVSOD\�RI�VODE�GHVLJQ�DQG�
)LJ�� �E� VKRZV� D� �'� GLVSOD\� RI� VODE� LQWHUORFN�
LQJ� 

�+LYH�FRQVWUXFWLRQ 
7KH� ZHOGHG� PHWDOOLF� IUDPH� ZDV� FRQVWUXFWHG�
IURP� DQJOH� EDUV� RI� ����� PP� LQWR� ������ PP�
�/HQJWK�� E\� ������ PP� �:LGWK�� E\� ������ PP�
�+HLJKW��GLPHQVLRQV��7KH�KLYH�ERG\�ZDV�������
PP� DERYH� WKH� IORRU�� 6ODEV� ZHUH� VOLG� LQWR� WKH�
PHWDOOLF�IUDPH�WR�IRUP�WKH�WZR�FKDPEHUV��$IWHU�
LQVHUWLQJ�WKH�ZRRGHQ�IUDPHV�IRU�WKH�FRORQ\��WKH�
VODEV�ZHUH�WKHQ�DUUDQJHG�RQ�WKH�WRS�RI�WKH�KLYH�� 
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 DQG�IROORZHG�E\�WKH�ZRRGHQ�FRYHU�� 
 
'XUDWLRQ 
%RWK� ZRRGHQ� DQG� FHUDPLF� KLYHV� RI� WKH� VDPH�
W\SH� RI� VWUXFWXUDO� GHVLJQ�ZHUH� LQVWDOOHG� RQ� WKH�
VDPH� GD\�� 7KH� KLYHV� ZHUH� WKHQ� OHIW� IRU� VL[�
PRQWKV�XQ-DWWHQGHG�WR�ZLWKRXW�D�EDLW�WR�REVHUYH�
WKH� GXUDELOLW\�� ,Q� WKH� VXEVHTXHQW� WKUHH� PRQWKV�
DIWHU� WKH� GXUDELOLW\� REVHUYDWLRQ�� DFWLYLWLHV� RI�
KRQH\� EHHV� DSSHDUHG� RQO\� LQ� WKH� FHUDPLF� KLYH�
DQG�ZHUH�FORVHO\�PRQLWRUHG�� 
 
5(68/76�$1'�',6&866,216 
&KHPLFDO�DQG�SK\VLFDO�FKDUDFWHUL]DWLRQV 
&KHPLFDO�DQDO\VLV�RI�WKH�FOD\V�XVHG�DUH�SUHVHQW�
HG� LQ� 7DEOH� ��� 0)� FOD\� ZKLFK� ZDV� SODVWLF� LQ�
QDWXUH�SURYLGHG�PHFKDQLFDO�VWUHQJWK�DQG�KDG�D�
KLJKHU� WRWDO� IOX[� FRQWHQW� �1D�2�� .�2�� 0J2��
&D2��DQG�0Q2��RI�������FRPSDUHG� WR� WKDW�RI�
7%�NDROLQ�FOD\�RI��������7%�NDROLQ�FOD\�KDG�D�
UHODWLYHO\�KLJK�UHIUDFWRU\�R[LGH��$O�2���FRQWHQW�
RI� ������� DV� DJDLQVW� 0)� FOD\� �������� 7KH�
SUHVHQFH�RI�IOX[LQJ�R[LGHV�LQGXFHG�6L2��WR�PHOW�
DW� UHGXFHG� WHPSHUDWXUHV� UHTXLUHG� IRU� VLQWHULQJ�
�,EUDKLP�� 1DJD�� .DGHU�� 	� 6DODP�� ������� 7KH�
SODVWLFLW\� LQGH[�RI�0)�FOD\�ZDV�PHDVXUHG� DQG�
REWDLQHG� E\� WKH� $670� VWDQGDUG-'������ 7KH�
SODVWLFLW\�LQGH[�RI�0)�FOD\�KDG�D�YDOXH�RI�������
�KLJKHU� WKDQ� ����� LQGLFDWLQJ� D� KLJK� SODVWLFLW\��
ZKLFK� LV� LQ� WDQGHP� ZLWK� WKH� ORVV� RQ� LJQLWLRQ�
�/�2�,��YDOXH�RI�������VKRZQ�LQ�7DEOH���DOVR�LQ� 

OLQH� ZLWK� WKH� KLJK� SODVWLFLW\� RI� ERQG� FOD\V�
�:RUUDOO��������� 
 
;5'�SDWWHUQV�RI�ILUHG�JURJ�DQG�LQVXODWLQJ�VODEV�
DUH� VKRZQ� LQ� )LJ�� ��� )URP� WKH� ;5'� VSHFWUD��
PXOOLWH� �3')� ��-������ ZDV� REVHUYHG� WR� KDYH�
EHHQ� GHYHORSHG� LQ� WKH� JURJ�� ZKLFK� LQFUHDVHG�
WKH�EXON�GHQVLW\�RI�ILUHG�VSHFLPHQV�DQG�UHGXFHG�
YROXPHWULF� FKDQJH� RYHU� WHPSHUDWXUH� YDULDWLRQ�
�,EUDKLP�HW�DO���������� OHDGLQJ�WR�VWDEOH�GLPHQ�
VLRQV��:LWK�WKH�DGGLWLRQ�RI�JURJ�LQWR�ERG\�IRU�
PXODWLRQ� RI� VODE�� PLQRU� PXOOLWH� SHDNV� ZHUH�
REVHUYHG� LQ� WKH� VODE�� $SDUW� IURP� WKDW� TXDUW]�
�3')���-������LV�DOVR�SUHVHQW�LQ�ERWK�JURJ�DQG�
VODE�� GXH� WR� UDWLR� RI� DOXPLQD� WR� VLOLFD� H[LVW� LQ�
0)�FOD\�DQG�7%�NDROLQ�XVHG��H[FHVV�VLOLFD�SUH�
VHQW�LQ�WKH�IRUP�RI�TXDUW]�DIWHU�ILULQJ�� 
 
)LJ�� �� VKRZV� WKH� SHUFHQWDJH� OLQHDU� VKULQNDJH�
DQG�ZDWHU�DEVRUSWLRQ�UHVXOWV�RI� WKH�ILUHG�VSHFL�
PHQ�ZLWK�D�YDULHG�SHUFHQWDJH�SURSRUWLRQ�RI�WKH�
JURJ�� ,W�ZDV�REVHUYHG� WKDW� WKH� OLQHDU� VKULQNDJH�
RI�WKH�ILUHG�VSHFLPHQ�ZDV�LQ�WKH�UDQJH�RI�����WR�
������ ZLWK� JURJ� SHUFHQWDJH� YDULDWLRQ� IURP�
����� WR��������0RUH� JURJ� DGGLWLRQ� UHVXOWHG� LQ�
ORZHU� SHUFHQWDJH� OLQHDU� VKULQNDJH� DQG� IXUWKHU�
OHDG�WR�KLJKHU�GLPHQVLRQDO�VWDELOLW\�GXULQJ�VODE�
SURGXFWLRQ�� 7KH� ORZHU� OLQHDU� VKULQNDJH� PLJKW�
EH� GXH� WR� WKH� VWDELOL]HG� SKDVHV� RI�PDWHULDOV� LQ�
WKH�JURJ�DW�KLJK�WHPSHUDWXUH�DQG�OHVV�FRQWULEX�
WLRQ�IURP�EXUQLQJ�RII�RI�RUJDQLF�PDWWHUV�LQ�UDZ� 

7DEOH����&KHPLFDO�DQDO\VLV�RI�FOD\V�XVHG�LQ�VODE�IRUPXODWLRQ 

 
2[LGH�&RPSRVLWLRQ 

��:W� 

0)�&OD\ 7%�.DROLQ 

$O�2� ����� ����� 
6L2� ����� ����� 
1D�2 ���� ���� 
.�2 ���� ���� 
0J2 ���� ���� 
)H�2� ���� ���� 
&D2 ���� ���� 
7L2� ���� ���� 
0Q2 ���� - 
/RVV�RQ�LJQLWLRQ ���� ���� 
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FOD\� PDWHULDOV�� KHQFH� ORZHU� YROXPH� FKDQJH�
RFFXUULQJ� GXULQJ� WKH� VHFRQG� ILULQJ� LQ� VODE� IRU�
PDWLRQ�� 
 
+RZHYHU��PRUH�RI�WKH�JURJ�DGGLWLRQ�UHVXOWHG�LQ�
KLJKHU�ZDWHU�DEVRUSWLRQ�SHUFHQWDJH��ZKLFK�LV�RI�
����a�������7KH� KLJKHU� ZDWHU� DGVRUSWLRQ� SHU�
FHQWDJH�PHDQW�KLJKHU�SRUH�GHQVLW\��KHQFH��EHW�
WHU� LQVXODWLQJ� SURSHUW\� OHDGLQJ� WR� D� WKHUPDOO\�
VWDEOH� VSDFH� LQ� WKH� KLYH��7KH� KLJKHU� ZDWHU� DE�
VRUSWLRQ�SHUFHQWDJH�PLJKW�EH�GXH�WR�WKH�SRURXV�
QDWXUH�RI�WKH�JURJ��ZKLFK�ZDV�DV�D�UHVXOW�RI�WKH�
SUHVHQFH� RI� D� FRPEXVWLEOH� PDWHULDO-VDZGXVW�
XVHG� IRU� JURJ� IRUPDWLRQ�� 7KHUHIRUH�� D� KLJKHU�
SHUFHQWDJH�RI�JURJ�DGGLWLRQ�LV�EHQHILFLDO� WR�WKH�
WDUJHWHG� SHUIRUPDQFHV� �VWDEOH� GLPHQVLRQ� DQG�
EHWWHU�LQVXODWLRQ��RI�VODE�IDEULFDWLRQ�� 
 
,Q� WKH� ERG\� IRUPXODWLRQ� GHVLJQ�� FRPSRVLWLRQ�
ZLWK� WKH� ORZHVW� OLQHDU� VKULQNDJH� ������ DQG�
KLJKHVW� ZDWHU� DEVRUSWLRQ� ������ ZKLFK� DUH� UH�
VSRQVLEOH� IRU�GLPHQVLRQDO�VWDELOLW\�DQG� LQVXODW�
LQJ�SHUIRUPDQFH��UHVSHFWLYHO\��ZDV�VHOHFWHG�IRU�
VODE�SURGXFWLRQ� 

,QVWDOODWLRQ�DQG�DFFHVVLELOLW\ 
7KH� FRQVWUXFWHG� FHUDPLF� DQG� ZRRGHQ� KLYHV�
ZHUH� LQVWDOOHG� ILUPO\� RQ� D� OHYHOOHG� IORRU� DQG�
DERXW� WHQ� PHWHUV� DSDUW�� 7KH� DUHD� DURXQG� WKH�
PRXQWHG� KLYHV� ZDV� FOHDUHG� RI� ZHHGV� WR� VDIH�
JXDUG�WKH�EHHV�GXULQJ�D�EXVK�ILUH��HVSHFLDOO\�LQ�
WKH�GU\�KRW�ZHDWKHU� 
� 
&RORQ\�GHYHORSPHQW�DQG�KRQH\�\LHOG 
$IWHU� VL[� PRQWKV� RI� GXUDELOLW\� WHVW�� WKH� GHYHO�
RSHG� FHUDPLF� KLYH� VKRZHG� QR� YLVLEOH� VLJQ� RI�
GHWHULRUDWLRQ� DV� FRPSDUHG� WR� WKH� WUDGLWLRQDO�
ZRRGHQ� KLYH�ZKLFK� VKRZHG� VRPH� OHYHO� RI� GH�
FD\��ZRRG�URW�� 
 
,Q�WKH�VXEVHTXHQW�WKUHH�PRQWKV��D�WUDFH�RI�DFWLY�
LWLHV� RI� EHHV� LQ� WKH� LQVWDOOHG� FHUDPLF� KLYH� ZDV�
REVHUYHG��7KH�WHPSHUDWXUHV�LQVLGH��WLQ��DQG�RXW�
VLGH��WRXW��WKH�KLYH�ZDV�PRQLWRUHG�E\�D�WKHUPRP�
HWHU� LQ�RQH�RI� WKH�GD\V�� DQG�SURYHG�JRRG� WKHU�
PDO� VWDELOLW\�RI� WKH�DWPRVSKHUH� LQVLGH� WKH�KLYH�
IRU� ERWK� KRQH\� SURGXFWLRQ� DQG� EURRG� JURZWK��
�)LJ�����LQ�WKH�ILUVW�WZR�KRXUV��WRXW�ZDV����

R&�DQG�
WLQ�ZDV����

R&��LQ�WKH�QH[W�WZR�KRXUV��WRXW�GURS�WR� 

 

)LJ�����7HPSHUDWXUH�GHWHFWHG�LQVLGH�DQG�RXWVLGH�WKH�GHYHORSHG�FHUDPLF�KLYH 
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���R&�EXW�WLQ�ZDV����
R&��LQ�WKH�WKLUG�WZR�KRXUV��

WRXW�ZDV����
R&�EXW� WLQ� VWLOO�PDLQWDLQHG�DW����

R&��
,QIHUULQJ� WKDW� WKH� LQVXODWLQJ� VODE�FRQWUROOHG� WKH�
WHPSHUDWXUH� ULVH� LQ� KRW�ZHDWKHU�� DQG� VWDELOL]HG�
WKH� WHPSHUDWXUH� HYHQ� ZKHQ� WKH� DPELHQW�
�RXWVLGH�� WHPSHUDWXUH� GURSSHG�� 0RUHRYHU�� WKH�
GHWHFWHG� WHPSHUDWXUH� LQVLGH� WKH�KLYH�ZKLFK�GLG�
QRW�H[FHHG����R&�DOVR�FUHDWHG�DQ�HQDEOLQJ�HQYL�
URQPHQW� IRU� FRORQ\� GHYHORSPHQW� DQG� TXDOLW\�
KRQH\� SURGXFWLRQ�� +LJK� DPELHQW� WHPSHUDWXUHV��
�DERYH�����&��DVVRFLDWHG�ZLWK�WUDGLWLRQDO�KLYHV��
FRXOG� OHDG� WR�KLJK�DFLGLW\�DQG�RYHU�����PJ�NJ�
LQ� K\GUR[\PHWK\OIXUIXUDO� �+0)�� �'D� 6LOYD��
*DXFKH�� *RQ]DJD�� &RVWD� DQG� )HWW�� ������
7XUKDQ� HW� DO��� ������� ZKLFK� LV� D� EUHDN-GRZQ�
SURGXFW� RI� IUXFWRVH� LQ� KRQH\�� 7KH� DPRXQW� RI�
+0)� SUHVHQW� LQ� KRQH\� LV� WKHUHIRUH� XVHG� DV� D�
JXLGH� IRU� VWRUDJH� OHQJWK� DQG� WKH� DPRXQW� RI�
KHDWLQJ� WKDW� KDV� WDNHQ� SODFH�� *RRG� KRQH\� UH�
TXLUHV�EHORZ����RU����PJ�NJ�RI�+0)�WR�HQDEOH�
IXUWKHU�SURFHVVLQJ�DQG�WKHQ�JLYH�VRPH�VKHOI�OLIH�
EHIRUH�D��OHYHO�RI������PJ�NJ�LV�UHDFKHG��)DOOLFR��
$UHQD�DQG�=DSSDOD�������� 
 
7KH� KRQH\� ZDV� KDUYHVWHG� LQ� WKH� QLJKW� GXULQJ�
WKH� GU\� VHDVRQ� �-DQXDU\��� 'XULQJ� WKH� KDUYHVW��
DIWHU� UHPRYLQJ� WKH� FRYHU�� WKH� VODEV� ODLG�RQ� WKH��
WRS� RI� WKH� IUDPHV� ZHUH� WLJKWO\� ERQGHG� E\� EHH�
ZD[�� ZKLFK� ZDV� GRQH� E\� WKH� EHHV�� 7KH� ZD[��
VHDOHG-WRS� E\� WKH� EHHV� FRXOG� EH� DV� D� UHVXOW� RI� 

*ERORJDK�HW�DO� �� 

PRLVWXUH� UHWHQWLRQ� DQG� KHDW� ORVV� SUHYHQWLRQ� LQ�
WKH�KLYH�GXULQJ� WKH�GU\�VHDVRQ��7R�REVHUYH� WKH�
VLWXDWLRQ�LQVLGH�WKH�FKDPEHU��WKH�DXWKRUV�KDG�WR�
EUHDN�WKH�VODEV�RQ�WKH�WRS��,QVLGH�WKH�FKDPEHUV��
WKH�MRLQW�DUHDV�RI�FHUDPLF�VODEV�DV�KLYH�ERG\�DV�
ZHOO�ZHUH� VHDOHG�E\�EHH�ZD[��%HH� FRORQ\�ZDV�
IRUPHG�ZLWK�D�FHUWDLQ�WKLFNQHVV�RQ�HDFK�IUDPH��
7KH� KRQH\� \LHOG� IURP� WKH� FHUDPLF� KLYH� ZDV�
DERXW�����P/�RYHU�ILYH�IUDPHV�LQ�WKH�VSDFH�RI�
������PP�E\�������PP�E\� ������PP� LQ� OHDQ�
VHDVRQ�� 7KH� FRORQL]HG� KLYH� GXULQJ� KDUYHVWLQJ�
WKH�KRQH\�LV�GLVSOD\HG�LQ�)LJ���� 
 
&21&/86,21 
7R�GHYHORS�FHUDPLF�EHHKLYHV�ZLWK�GLPHQVLRQDO�
DQG� WKHUPDO� VWDELOLW\�� DQG� ORQJHU� OLIHVSDQ� IURP�
ORFDO� PDWHULDOV� IRU� VXVWDLQDEOH� EHHNHHSLQJ� DF�
WLYLW\�LQ�:HVW�$IULFD��D�FHUDPLF�KLYH�RI�UHPRY�
DEOH�FRPE�ZLWK�WRS�EDUV�ZDV�GHVLJQHG�DQG�IDE�
ULFDWHG� E\� PDNLQJ� LQVXODWLQJ� LQWHUORFNHG� VODEV�
IURP�ILUHG�ORFDO�FOD\V��7KH�FHUDPLF�ERG\�ZLWK�D�
ORZHU� OLQHDU� ILUHG� VKULQNDJH� RI� ����� DQG� WKH�
KLJKHVW�ZDWHU�DEVRUSWLRQ�RI�������ZDV�XVHG�IRU�
KLYH�ERG\�IDEULFDWLRQ��7KH�ORZHVW�OLQHDU�VKULQN�
DJH� RI� WKH� VODE� PDWHULDO� SURYLGHG� GLPHQVLRQDO�
VWDELOLW\� DQG� WKH� KLJKHU� ZDWHU� DGVRUSWLRQ� SHU�
FHQWDJH� OHDGLQJ� WR� EHWWHU� LQVXODWLQJ� SURWHFWLYH�
SHUIRUPDQFH��7KRXJK� LQVXODWLQJ�SURSHUWLHV� FDQ�
HDVH� WKH� WHPSHUDWXUH� ULVH�� LW� FDQ� DOVR� HDVH� WKH�
WHPSHUDWXUH�GURS��RXW�RI�ZKLFK�WKH�FHUDPLF�VODE� 

 

)LJ�����&RORQL]HG�KLYH�GXULQJ�KDUYHVWLQJ�RI�KRQH\ 
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�����������������������������������������6XVWDLQDEOH�FHUDPLF�KLYH�IRU�EHHNHHSLQJ�LQ�:HVW�$IULFD��� �� 

'D� 6LOYD�� 3��0���*DXFKH�� &���*RQ]DJD�� /��9���
&RVWD��$��&��2��DQG�)HWW��5�� ��������+RQH\��
&KHPLFDO�FRPSRVLWLRQ��VWDELOLW\��DQG�DXWKHQ�
WLFLW\��)RRG�&KHPLVWU\����������-����� 

 
'DYLGVRQ��&��,���+HQGULFNVRQ��&��7���0DWWKHZV��
+��6���%ULGJHV��0��:���$OOHQ��'�7���0XUSK\��
&��)��DQG�$XVWLQ��6����������3UHSDULQJ�IXWXUH�
HQJLQHHUV� IRU�FKDOOHQJHV�RI� WKH���VW�FHQWXU\��
6XVWDLQDEOH� (QJLQHHULQJ�� -RXUQDO� RI� &OHDQHU�
3URGXFWLRQ������������-���� 

� 
)DOOLFR��%���$UHQD��(��DQG�=DSSDOD��0����������
3UHGLFWLRQ� RI� KRQH\� VKHOI� OLIH�� -RXUQDO� RI�
)RRG�4XDOLW\������������-���� 

� 
)UDQFLV�� -��(�� ��������([SHULPHQWV�ZLWK�DQ�ROG�
FHUDPLF�EHHKLYH��2[IRUG� -RXUQDO� RI�$UFKDH�
RORJ\������������-����� 

 
*HURJDQQLV�� $�� �������� 3DWHQW� 1R��
86������������$���:DVKLQJWRQ�� '&�� 8�6��
3DWHQW�DQG�7UDGHPDUN�2IILFH� 

 
*ODVVFRFN��'��(���	�3HDUVRQ��-��%��������� 8�6��
3DWHQW�1R�������������:DVKLQJWRQ��'&��8�6��
3DWHQW�DQG�7UDGHPDUN�2IILFH� 

 
+DJHPDQ�� )�� (�� �������� 3DWHQW� 1R��
86�����������:DVKLQJWRQ�� '&�� 8�6�� 3DWHQW�
DQG�7UDGHPDUN�2IILFH� 

 
+XDQJ��=����������3DWHQW�1R��&1���������8��
&KLQD�1DWLRQDO� ,QWHOOHFWXDO�3URSHUW\�$GPLQ�
LVWUDWLRQ� 

 
,EUDKLP��'��0���1DJD��6��0���.DGHU��=��$��DQG�
6DODP��(��$����������&RUGLHULWH-PXOOLWH�UH�
IUDFWRULHV��&HUDPLFV�,QWHUQDWLRQDO������������
-����� 

 
,UYLQH��)��5�� �������� ,QGLJHQRXV�$IULFDQ�PHWK�
RGV� RI� EHHNHHSLQJ�� %HH� ZRUOG�� ������� ���-
����� 

 
/LDQJ��<�� ��������3DWHQW�1R��&1���������$��
&KLQD�1DWLRQDO� ,QWHOOHFWXDO�3URSHUW\�$GPLQ�
LVWUDWLRQ� 

 
0XOOLQV��3��DQG�0XOOLQV��/��������� �3DWHQW�1R��
86� ������������� $��� :DVKLQJWRQ�� '&��
8�6��3DWHQW�DQG�7UDGHPDUN�2IILFH� 

JXDUGHG�HQYLURQPHQW�ZDV�VXSSRVHG�WR�PDLQWDLQ�
WKH� LQQHU� KLYH� WHPSHUDWXUH� VSDFH� WR� H[KLELW� D�
WKHUPDOO\� VWDEOH� QDWXUH�� $IWHU� VL[� PRQWKV� RI�
GXUDELOLW\� WHVW�� WKH�KLYH�PDGH�RI�ZRRG�VKRZHG�
QDWXUDO� GHWHULRUDWLRQ� DQG� HYHQ� GHYHORSHG�
FUDFNV�� ,Q� WKH� VXEVHTXHQW� WKUHH� PRQWKV�� EHHV�
PLJUDWHG� LQWR� WKH� FHUDPLF� KLYH� DQG� VHWWOHG� UD�
WKHU� WKDQ� WKH� ZRRGHQ� KLYH� LQ� XVH�� DQG� \LHOG�
KRQH\� HYHQ� DW� WKH� OHDQ� VHDVRQ�� 7KH� VWUXFWXUDO�
GHVLJQ� �PHWDOOLF� IUDPH��� FHUDPLF�ERG\��RI� WKH�
FHUDPLF�KLYH�SUHYHQWHG�URGHQW�DWWDFN�� 
 
$&.12:/('*(0(17 
6SHFLDO� DSSUHFLDWLRQ� LV� JLYHQ� WR� 7HFKQRORJ\�
&RQVXOWDQF\�&HQWUH��.ZDPH�1NUXPDK�8QLYHU�
VLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� IRU� JXLGLQJ��
DQG�DVVLVWLQJ�LQ�ILHOG�WHVWV�RI�WKH�FHUDPLF�KLYH�DW�
WKH�8QLYHUVLW\�5HVHDUFK�)DUP� 
 
5()(5(1&(6 
$EGXO-0DOLN�� $�� DQG� 0RKDPPHG�� $�� ��������
7HFKQLFDO� HIILFLHQF\� RI� EHHNHHSLQJ� IDUPHUV�
LQ�WKH�7RORQ-.XPEXQJX�GLVWULFW�RI�WKH�1RUWK�
HUQ�UHJLRQ�RI�*KDQD��-RXUQDO�RI�'HYHORSPHQW�
$JULFXOWXUDO�(FRQRPLFV������������-����� 

 
$VVHPEO\��81�*HQHUDO����������7KH����VXVWDLQ�
DEOH�GHYHORSPHQW�JRDOV��6'*V��WR�WUDQVIRUP�
RXU� ZRUOG�� 5HWULHYHG� IURP� KWWSV���
ZZZ�XQ�RUJ�GHYHORSPHQW�GHVD�GLVDELOLWLHV�
HQYLVLRQ�����KWPO� 

 
$670�� &�� �������� ��-���� 6WDQGDUG� WHVW� PHWK�
RGV� IRU� DSSDUHQW� SRURVLW\�� ZDWHU� DEVRUSWLRQ��
DSSDUHQW�VSHFLILF�JUDYLW\��DQG�EXON�GHQVLW\�RI�
EXUQHG�UHIUDFWRU\�EULFN�DQG�VKDSHV�E\�ERLOLQJ�
ZDWHU�� ,Q� �9RO�� ����� :HVW� &RQVKRKRFNHQ��
86$��$670�,QWHUQDWLRQDO� 

 
$670��&�������������-����6WDQGDUG�7HVW�0HWK�
RG� IRU�'U\LQJ� DQG� )LULQJ� 6KULQNDJHV� RI� &H�
UDPLF� :KLWHZDUH� &OD\V�� 9ROXPH� ��-���� ,Q��
:HVW� &RQVKRKRFNHQ�� 86$�� $670� ,QWHUQD�
WLRQDO� 

 
%HQLQFDVD��0��6��DQG�%XFNPDQ��'��.����������
86���������%��3DWHQW�1R��86�����������
:DVKLQJWRQ��'&��8�6��3DWHQW�DQG�7UDGHPDUN�
2IILFH� 

 
&UDQH�� (�� �������� 7KH� ZRUOG� KLVWRU\� RI� EHH�
NHHSLQJ� DQG� KRQH\� KXQWLQJ�� 5RXWOHGJH�� SS�
���-���� 
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2UOHWVN\��'��:���2UOHWVN\��.��'��DQG�+LQ]��*��
-��������� 3DWHQW�1R��86�����������:DVKLQJ�
WRQ��'&��8�6��3DWHQW�DQG�7UDGHPDUN�2IILFH� 

 
3ODWW� -U�� -��/�� ������� 3DWHQW�1R��86�����������
:DVKLQJWRQ��'&��8�6��3DWHQW�DQG�7UDGHPDUN�
2IILFH� 

 
5LFKDUGVRQ�� 0�� 6�� ������� 3DWHQW� 1R�� 86�
������������� $��� :DVKLQJWRQ�� '&�� 8�6��
3DWHQW�DQG�7UDGHPDUN�2IILFH� 

 
5LFKDUGVRQ��0��6�� ��������86������ ����������
$�� 

 
6LQJK��,��DQG�6LQJK��6����������+RQH\�PRLVWXUH�� 
UHGXFWLRQ� DQG� LW
V� TXDOLW\�� -RXUQDO� RI� )RRG�
6FLHQFH�DQG�7HFKQRORJ\��������������-������ 

 
6PLWK��)��*����������%HHNHHSLQJ�LQ�WKH�WURSLFV��
%HH�ZRUOG�������������-����� 

 
6RXWKZLFN�� (�� (�� DQG� �+HOGPDLHU��*�� � ��������
7HPSHUDWXUH� FRQWURO� LQ� KRQH\� EHH� FRORQLHV��
%LRVFLHQFH������������-����� 

 
7D[HO�� ,�� �������� &HUDPLF� HYLGHQFH� IRU� EHH�
NHHSLQJ�LQ�3DOHVWLQH�LQ�WKH�0DPOXN�DQG�2WWR�
PDQ�SHULRGV��/HYDQW������������-����� 

 
7XUKDQ��,���7HWLN��1���.DUKDQ��0���*XUHO��)��DQG�
7DYXNFXRJOX��+�� 5�� ��������4XDOLW\� RI� KRQ�
H\V� LQIOXHQFHG� E\� WKHUPDO� WUHDWPHQW� /:7-
)RRG� 6FLHQFH�DQG�7HFKQRORJ\� ������� ����- 

 
 

�*ERORJDK�HW�DO� �� 

����� 
 
8PHVK�+HEEDU��+���5DVWRJL��1��.��DQG�6XEUD�
PDQLDQ��5����������3URSHUWLHV�RI�GULHG�DQG�
LQWHUPHGLDWH�PRLVWXUH�KRQH\�SURGXFWV��$�
UHYLHZ� ,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�3URS�
HUWLHV� ����������-���� 

 
:LOOLDP�� '�� �������� 3DWHQW� 1R�� 86���������
:DVKLQJWRQ��'&��8�6��3DWHQW�DQG�7UDGHPDUN�
2IILFH� 

 
:RRG��*��3����������3DWHQW�1R��86�������$��
:DVKLQJWRQ��'&��8�6��3DWHQW�DQG�7UDGHPDUN�
2IILFH� 

 
:RUUDOO��:��(����������&HUDPLF�5DZ�0DWHULDOV�
�6HFRQG� (GLWLRQ� HG���� 8.�� 3HUJDPRQ� 3UHVV��
SS����-�� 

 
;X��;��<DQJ��)���:DQJ��)���	�&KHQ��4����������
3DWHQW� 1R�� &1���������%�� &KLQD� 1DWLRQDO�
,QWHOOHFWXDO�3URSHUW\�$GPLQLVWUDWLRQ� 

 
=LPPHUPDQ�� -�� %�� DQG� $QDVWDV�� 3�� 7�� ��������
'HVLJQ� 7KURXJK� WKH� ��� 3ULQFLSOHV� RI� *UHHQ�
(QJLQHHULQJ�� (QYLURQPHQWDO� 6FLHQFH� DQG�
7HFKQRORJ\�����������-����� 

 
Ɍɟɫɥɹ�� ɇɢɤɨɥɚɣ� ɂɜɚɧɨɜɢɱ�� ��������
58������8�� 

 
Ɍɟɫɥɹ�� ɇɢɤɨɥɚɣ� ɂɜɚɧɨɜɢɱ�� ��������
58������8�� 


