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,Q�WKH�SDSHU�LQGXVWU\��WKH�OLPLWV�RI�WKH�GU\HU�RIWHQ�SUHYHQW�LPSURYHPHQWV
LQ�SURFHVV�HIILFLHQF\�DQG�SURGXFWLRQ�FDSDFLW\�

352%/(0

,QFUHDVH� RI� WKH� PDFKLQH� VSHHG� JHQHUDWHV� H[FHVV� VWHDP� LQVLGH� WKH
SRFNHWV���7KLV�UHVXOWV�LQ�D�SHUPDQHQW�KLJK�PRLVWXUH�OHYHO�LQ�WKH�SRFNHWV�
KLQGHULQJ� WKH�PDVV� WUDQVIHU�EHWZHHQ�SDSHU�ZHE�DQG�DPELHQW�DLU�� �7KLV
PHDQV�WKDW�RQFH�WKH�GU\HU�UHDFKHV�LWV�PD[LPXP�HYDSRUDWLRQ�FDSDFLW\��LWV
VSHHG�FDQ�QR�ORQJHU�EH�LQFUHDVHG�

%HVLGHV��LPSURSHU�GU\LQJ�RI� WKH�IHOWV� ORZHUV�SDSHU�GU\LQJ�SHUIRUPDQFH
DV�ZHOO�DV�WKH�TXDOLW\�RI�WKH�SURGXFW�

62/87,21

3RFNHW�YHQWLODWLRQ�XVLQJ�DLU�KHDWHG
WKURXJK�D�GLUHFW�QDWXUDO�JDV�V\VWHP
KHOSV� LQFUHDVH� VHQVLEOH� KHDW� DQG�
HYHQ� PRUH� LPSRUWDQW�� LPSURYHV
PDVV� WUDQVIHU� LQ� WKH� GU\HU� H[DFWO\
ZKHUH�LW�LV�PRVW�QHHGHG�

$Q�DLU�IORZ�EORZLQJ�DW�KLJK�VSHHG
IOXVKHV� RXW� WKH� KXPLGLW\�� ORZHUV
SDUWLDO� VWHDP� SUHVVXUH� LQVLGH� WKH
KRRG� DQG� LPSURYHV� KRRG� EDODQFH
ZKLOH� GU\LQJ� F\OLQGHU� IHOWV
HIILFLHQWO\�

7KLV�LPSURYHV�WKH�HYDSRUDWLRQ�UDWH
RI�WKH�GU\HU��PDNLQJ�LW�SRVVLEOH�WR
LQFUHDVH�RXWSXW�
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7+(25<
,Q�D�PXOWLF\OLQGHU�GU\HU��WKH�SDSHU
SDVVHV� RYHU� VWHDP�KHDWHG
F\OLQGHUV�� � )LJXUH� �� LQGLFDWHV� WKH
ORFDWLRQ� RI� WKH� EORZLQJ� GXFW� DV
ZHOO�DV�SRFNHW�YHQWLODWLRQ�SURFHVV�

7KH� FURVV� PDFKLQH� GXFWV� IHDWXUH
QR]]OHV� WKDW� LPSLQJH� KRW� GU\� DLU
H[DFWO\� ZKHUH� LW� LV� PRVW� QHHGHG�
7KH� ILOP� RI� ZDWHU� FRYHULQJ� WKH
SDSHU� ZHE� UHDFKHV� LWV� KLJKHVW
WHPSHUDWXUH�ZKHQ�WKH�VKHHW�OHDYHV
WKH� IHOW�EXW� LV� VWLOO� LQ�FRQWDFW�ZLWK
WKH� F\OLQGHU�� � 7KLV� LV� ZKHQ� WKH
HYDSRUDWLRQ�UDWH�LV�DW�LWV�SHDN�

�

7KH�QHJDWLYH�SUHVVXUH�JHQHUDWHG�DW
SRLQW�$�VXFNV�Q�WKH�ZDWHU�WKURXJK
WKH� IHOW� LQWR� WKH� SRFNHW��ZKLOH� WKH
SRVLWLYH�SUHVVXUH�DW�SRLQW�%�SXVKHV
WKH�UHPDLQLQJ�ZLQGDJH�DLU�LQWR�WKH
SRFNHW�� � ,QVLGH� WKH� SRFNHW�� WKH
LQFRPLQJ� DLU� KDV� WKUHH� SRVVLEOH
SDWKV�

1�� )ROORZ� WKH�ERXQGDU\� OD\HU�RI
WKH�SDSHU�ZHE��,�DUURZV��

2�� IORZ� VORZO\� WKURXJK� WKH
FHQWHU� RI� WKH� SRFNHW�� DFURVV
WKH� F\OLQGHUV�� EHIRUH� EHLQJ
UHOHDVHG� DW� ERWK� HQGV� RI� WKH
GU\HU��,,�DUURZV��

3�� EH� FDXJKW� LQ� WKH� SRURXV� IHOW
PDWHULDO��,,,�DUURZV��

7KH� DLU� H[LWV� PDLQO\� WKURXJK� WKH
IHOW� DW� WKH� GRZQVWUHDP� F\OLQGHU
QLS�� ZKLFK� KDV� D� YDFXXP� DQG
FRPSUHVVLRQ�ZHGJH�DV�RQ�WKH�LQOHW
VLGH� WR� KHOS� IOXVK� LW� RXW� RI� WKH
SRFNHW�

7KH�SDSHU�GU\LQJ�SURFHVV�UHTXLUHV
D� VXIILFLHQW� KHDW� WUDQVIHU� WR� WKH
SDSHU� ZHE� WR� WXUQ� WKH� ZDWHU� LQWR
VWHDP�� � $�PDVV� WUDQVIHU� IURP� WKH
VWHDP�LQWR�WKH�VXUURXQGLQJ�DLU�DOVR
RFFXUV�DW�WKH�VDPH�WLPH�

3DSHU� GU\LQJ� XVXDOO\� HQWDLOV� D
FRPELQDWLRQ� RI� FRQWDFW�
FRQYHFWLRQ� DQG� UDGLDQW� KHDW
WUDQVIHU�

7KH� GU\LQJ� FXUYH� QRUPDOO\
FRQVLVWV� RI� WKUHH� VWDJHV�� VKHHW
ZDUP�XS�� FRQVWDQW� UDWH� ]RQH�� DQG
IDOOLQJ� UDWH� ]RQH�� )LJXUH� �� VKRZV
WKH� GU\LQJ� UDWH� YDULDWLRQ� �NJ� RI
VWHDP� SURGXFHG�K�VT�� P�� LQ� WKH
YDULRXV� GU\HU� VHFWLRQV�� DFFRUGLQJ
WR� WKH� DPRXQW� RI� KHDW� WUDQVIHUUHG
WR�WKH�SDSHU�ZHE�
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7(&+12/2*<
,167$//$7,21

$�SRFNHW�YHQWLODWLRQ�V\VWHP�ZDV�LQVWDOOHG�DW�&DVFDGHV��LQ�-RQTXLqUH�
LQ��������&DVFDGHV
�GU\HU�IHDWXUHV�D�SULPDU\�KRRG�DQG�D�VHFRQGDU\
KRRG� IROORZLQJ� WKH�FRDWLQJ�PDFKLQH�� �$LU� WR�EH� LPSLQJHG� LQWR� WKH
SRFNHWV� LV� KHDWHG� WKURXJK� WZR�GXFW� EXUQHUV��ZLWK� WKH� GRZQVWUHDP
GXFW�RI� WKH� VHFRQG� EXUQHU� EUDQFKLQJ� RII� WR� IHHG� WKH� VHFRQG� KRRG�
7KH�FRPEXVWLRQ�DLU�PL[WXUH�IRU�ERWK�EXUQHUV�LV�SDUWO\�SURYLGHG�E\
DLU� UHFLUFXODWLRQ� IURP� WKH� ILUVW� KRRG�� DQG� WKH� EDODQFH� LV� DVSLUDWHG
IURP�WKH�SODQW�PH]]DQLQH�

7KH� ODWWHU� SRLQW� LV� YHU\
LPSRUWDQW� EHFDXVH� WKH
HYDSRUDWLRQ� UDWH� GHSHQGV� RQ
WKH�SDUWLDO�SUHVVXUH�GLIIHUHQWLDO
EHWZHHQ� WKH� ZDWHU� FRYHULQJ
WKH� ERXQGDU\� OD\HU� DQG� WKH
VWHDP� FRQWDLQHG� LQ� WKH
DPELHQW� DLU�� � ,W� LV� WKHUHIRUH
HVVHQWLDO� WR� LPSLQJH� KRW� GU\
DLU� �ZLWK� ORZ� SDUWLDO� VWHDP
SUHVVXUH�� H[DFWO\� ZKHUH� WKH
SDSHU� ZHE� LV� KRWWHVW� �KLJK
SDUWLDO� ZDWHU� SUHVVXUH� RQ� WKH
VKHHW��� 7KH� SDSHU� GU\LQJ
SURFHVV� JHQHUDWHV� D� ILOP� RI
ZDWHU�RQ� WKH�SDSHU�ZHE� DORQJ
ZLWK� D� ODPLQDU� VXEOD\HU�
(YDSRUDWLRQ� DW� WKLV� SDUWLFXODU
SRLQW� RFFXUV� WKURXJK
PROHFXODU�GLIIXVLRQ�� �)LJXUH��
VKRZV� WKH� YDULRXV� VWDJHV� RI
YDSRUL]HG�ZDWHU�GLIIXVLRQ�

7KH� LPSLQJHPHQW� RI� KLJK
YHORFLW\� DLU� LQ� WKH� SRFNHW
EUHDNV� WKURXJK� WKH� ODPLQDU
VXEOD\HU� DQG� WKH� EXIIHU� OD\HU�
7KLV� LQFUHDVHV� WXUEXOHQFH�QHDU
WKH� ERXQGDU\� OD\HU�� WKXV
LPSURYLQJ� FRQYHFWLRQ
YDSRUL]DWLRQ�

7(676

3URGXFWLRQ� LQFUHDVHG� E\� PRUH
WKDQ� ����� W� VKRXOG� EH� QRWHG�
KRZHYHU��WKDW�RWKHU�FKDQJHV�ZHUH
PDGH� DW� WKH� VDPH� WLPH�� WKH
F\OLQGHU� IHOWV� DQG� VLSKRQV� ZHUH
UHSODFHG�DQG� WKH� IRUPDWLRQ� WDEOH
ZDV�DOWHUHG�

3HUIRUPDQFH� ZDV� PHDVXUHG� DW
WZR� GLIIHUHQW� WHPSHUDWXUHV
�����&� DQG� ����&�� ZKLOH
PDLQWDLQLQJ� VWHDP� SUHVVXUH
FRQVWDQW� LQVLGH� WKH� F\OLQGHUV� WR
SURSHUO\� DVVHVV� WKH� HIILFLHQF\� RI
WKH�SRFNHW�YHQWLODWLRQ�V\VWHP�

1RUPDO�RSHUDWLQJ� WHPSHUDWXUH� DW
WKH�WLPH�ZDV�����&�

7(676�5(68/76
�� :HLJKW«««�������J�VT�P
�� 3DSHU�ZLGWK«««������P
�� 0RLVWXUH� OHYHO� DW� GU\LQJ

KRRG�LQOHW�GU\QHVV�«�����
�� 0RLVWXUH� OHYHO� DW� GU\LQJ

KRRG�RXWOHW��GU\QHVV�������

7KHVH� UHVXOWV� WHQG� WR� LQGLFDWH
WKDW� ULVLQJ� WKH� WHPSHUDWXUH� IURP
���� WR� ����&� ZRXOG� LQFUHDVH
PDFKLQH� VSHHG� E\� DERXW� ����
7KLV� UHSUHVHQWV� D� UHDVRQDEOH
DVVHVVPHQW� RI� WKH� FRQWULEXWLRQ
RI� SRFNHW� YHQWLODWLRQ� WRZDUGV
PDFKLQH�VSHHG�LQFUHDVH�

7KH�IDFW�WKDW�WKLV�V\VWHP�LV�PRUH
HQHUJ\� HIILFLHQW� DW� QRUPDO
RSHUDWLQJ� VSHHG� LV� DQRWKHU
LPSRUWDQW� IDFWRU�� � 7XUQLQJ� RQH
XQLW� RI� ZDWHU� IURP� WKH� SDSHU
ZHE�LQWR�VWHDP�UHTXLUHG����OHVV
HQHUJ\� �VWHDP� DQG� GLUHFW� JDV
SRFNHW�YHQWLODWLRQ�V\VWHP��

93

����&

93

����&

0DFKLQH�VSHHG
P�PLQ

5$7,2���7RWDO�HQHUJ\�SURYLGHG
:DWHU�YDSRUL]HG

��� ��� ����

%WX�OE�ZDWHU
.:�NJ�ZDWHU

�����
����

�����
����

���

$LU�UHOHDVHG
)URP�WKH�KRRG�±�OE��KRW�DLU�

������� ������� �����

:DWHU�IOXVKHG
2XW���OE��ZDWHU�

������ ������ ������

�93� �3RFNHW�YHQWLODWLRQ�
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&5266�0$&+,1(�352),/(
&21752/

&URVV� PDFKLQH� SURILOH� FRQWURO� FDQ� EH
DFKLHYHG�WKURXJK�SRFNHW�YHQWLODWLRQ�V\VWHPV
E\� GLYLGLQJ� WKH� FURVV� GXFWV� LQWR
FRPSDUWPHQWV� WKDW�FDQ�EH� WXUQHG�RQ�DQG�RII
LQGLYLGXDOO\���$LU�FDQ�WKHUHIRUH�EH�LPSLQJHG
H[DFWO\�ZKHUH�WKH�PRLVWXUH�SURILOH�KDV�WR�EH
FRUUHFWHG��6HH�ILJXUH����

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�WHFKQRORJ\�LV�DQ
LPSURYHPHQW� RYHU� WKH� LQIUDUHG� SURILOH
FRUUHFWLRQ� WHFKQLTXH�� � %HVLGHV� WKH� IDFW� WKDW
SRFNHW�YHQWLODWLRQ� LPSURYHV�SDSHU�GU\LQJ�� LW
DOVR�QHHGV�D�ORZHU�LQYHVWPHQW�

6800$5<��)�32&.(7
9(17,/$7,21�%(1(),76

�� +LJKHU�SURGXFWLRQ�
�� &RVW�HIILFLHQF\� GXH� WR� GLUHFW� JDV
WHFKQRORJ\�

�� 6WDEOH�DQG�XQLIRUP�DLU�PRLVWXUH�LQVLGH�WKH
KRRGV�

�� &URVV�PDFKLQH�PRLVWXUH�SURILOH�FRQWURO�
�� /RZHU�FRQGHQVDWLRQ�ULVNV�
�� 2SHUDWLQJ�IOH[LELOLW\�
�� /RQJHU�ODVWLQJ�IHOWV�
�� 3DSHU�ZHE�VWDELOLVDWLRQ�RQ�WKH�F\OLQGHUV�

)RU�PRUH�LQIRUPDWLRQ��FRQWDFW

'(9(/230(17�$1'
7(&+12/2*,&$/
$66,67$1&(�',9,6,21
3KRQH����������������


