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MRLQW� IURP� FRQWDFWLQJ� WKH� VLGH� RI� WKH� KROH�� HLWKHU� RSHQ� RU�FDVHG���7KLV�ZDV�D�YHU\�VXFFHVVIXO�PHWKRG�RI�SURWHFWLQJ�WKH�WRRO�MRLQWV�XQWLO�WKH�ZHOOV�EHFDPH�PRUH�FULWLFDO��GHHSHU�DQG�PRUH�GLUHFWLRQDO�LQ�QDWXUH���:KHQ�WKLV�KDSSHQHG�WKH�LQGXV�WU\�EHJDQ�H[SHULHQFLQJ�FDVLQJ�IDLOXUHV�FDXVHG�E\�WKH�UDLVHG�WXQJVWHQ�FDUELGH�KDUGEDQGLQJ� WKDW�ZDV�FXWWLQJ�DZD\�DW� WKH�FDVLQJ� ZDOO� GXULQJ� GULOOLQJ� DQG� WULSSLQJ� RSHUDWLRQV�� � 7R�FRPEDW� WKLV� SUREOHP� WKH� GULOO� SLSH� PDQXIDFWXUHUV� WULHG�GLIIHUHQW� � VKDSHV� RI� WXQJVWHQ�SDUWLFOHV�� EXW� WR�QR�DYDLO�� � ,W�ZDV� ILQDOO\� GHWHUPLQHG� WKDW� QR� PDWWHU� ZKDW� VKDSH� WKH�WXQJVWHQ� SDUWLFOHV� ZHUH�� DV� ORQJ� DV� LW� ZDV� DSSOLHG� LQ� D�UDLVHG�FRQGLWLRQ�� WKH\�ZRXOG�VWLOO�H[SHULHQFH�VHYHUH�FDVLQJ�ZHDU�� � ,W�ZDV WKHQ� WKDW�+XJKHV�7RRO�&RPSDQ\�GHYHORSHG�DQG� LQWURGXFHG� +XJKHV� 6PRRWK� ;¥ KDUGEDQGLQJ�� � 7KLV�HQWDLOHG�PDFKLQLQJ� D� JURRYH� LQWR� WKH� WRRO� MRLQW� ERG\� DQG�DSSO\LQJ� WKH� WXQJVWHQ� FDUELGH� KDUGEDQGLQJ� IOXVK� ZLWK� WKH�WRRO� MRLQW�2�'�� � 7KLV� VHHPHG� WR� LPSURYH� WKH� FDVLQJ ZHDU�SUREOHP� FRQVLGHUDEO\� DQG� VRRQ� EHFDPH� WKH� LQGXVWU\
V�VWDQGDUG�KDUGEDQGLQJ�IRU�GULOO�SLSH���+RZHYHU��DV�WKH�ZHOOV�EHFDPH� HYHQ� GHHSHU� DQG� PRUH� GLUHFWLRQDO� LQ� QDWXUH�� WKH�LVVXH� RI� FDVLQJ� IDLOXUHV� EHFDPH� HYHQ� PRUH� FULWLFDO� WKDQ�EHIRUH�� � $JDLQ�� WKH� WXQJVWHQ� FDUELGH� KDUGEDQGLQJ� ZDV�EODPHG� IRU� WKHVH� IDLOXUHV�� � +XJKHV� 7RRO� &RPSDQ\�GHYHORSHG� DQG� LQWURGXFHG� +XJKHV� 6XSHU� 6PRRWK� ;¥KDUGEDQGLQJ���7KLV�FRQVLVWHG�RI�PDFKLQLQJ�DQ�HYHQ�GHHSHU�JURRYH� LQWR� WKH� WRRO� MRLQW� ERG\�� DSSO\LQJ� RQH� OD\HU� RI�WXQJVWHQ� FDUELGH� KDUGEDQGLQJ� DW� WKH�ERWWRP�RI� WKH�JURRYH�DQG�WKHQ�DSSO\LQJ�D�OD\HU�RI�PLOG�VWHHO�RQ�WRS�RI�WKH�WXQJV�WHQ� FDUELGH�� IOXVK� ZLWK� WKH� WRRO� MRLQW� 2�'�� � 7KLV�� LQ� WXUQ��SUHYHQWHG� WKH� WXQJVWHQ� FDUELGH� SDUWLFOHV� IURP� PDNLQJ�GLUHFW� FRQWDFW�ZLWK� WKH� FDVLQJ�ZDOO�� � 7KDW�ZDV� XQWLO� VXFK�WLPH� DV� D� ODUJH� SRUWLRQ� RI� WKH� WRRO� MRLQW� 2�'�� ZDV� ZRUQ�DZD\�DQG�WKH�WXQJVWHQ�FDUELGH�ZDV�ILQDOO\�H[SRVHG���:KHQ� RSHUDWRUV� FRQWLQXHG� WR� H[SHULHQFH� FDVLQJ�IDLOXUHV�� WKH\�GHFLGHG� WR� GLVFRQWLQXH� WKH� XVH�RI�KDUGEDQG�LQJ�DOWRJHWKHU�DQG�XVH�RQO\�GULOO�SLSH� WKDW�QR�KDUGEDQGLQJ�RQ�WKH�WRRO�MRLQWV���,W�ZDV�WKHQ�WKDW�WKH�SUREOHPV�VHHP�WR�EH�FRPSRXQGHG�� � 1RZ�� WR� JR� DORQJ� ZLWK� FDVLQJ� ZHDU��RSHUDWRUV� ZHUH� UHTXLUHG� WR� UHSDLU� RU� UHSODFH� WKH� GULOOLQJ�FRQWUDWRU
V�GULOO�VWULQJ��DV�LW�ZDV�ZHDULQJ�RXW�DW�DQ�DODUPLQJ�UDWH�� � 8S� XQWLO� WKLV� WLPH�� GULOO� SLSH� ZDV� FRQVLGHUHG� DQ�H[SHQGDEOH� LWHP�� � 'HOLYHU\� WLPH� IRU� QHZ� GULOO� SLSH� ZDV�VKRUW� DQG� WKHUH� ZDV� D� FRQVLGHUDEOH� DPRXQW� RI� XVHG� SLSH�DYDLODEOH� DW� YHU\� UHDVRQDEOH� SULFHV�� � 3URWHFWLQJ� WKH� GULOO�SLSH� WRRO� MRLQWV� KDG� EHHQ� D ORZ� SULRULW\� DQG� PXFK� OHVV�H[SHQVLYH�WKDQ�FDVLQJ�IDLOXUHV�:KDW�WKH�LQGXVWU\�GLG�QRW�UHDOL]H�DW�WKH�WLPH�ZDV�WKDW�WKH� PLOGHU� WRRO� MRLQW� VWHHO� FDXVHG� DOPRVW� DV� PXFK� FDVLQJ�ZHDU�DV�WKH�WXQJVWHQ�FDUELGH�SDUWLFOHV��7DEOH������7KLV�ZDV�GXH�WR�D�JDOOLQJ�DFWLRQ WKDW�RFFXUV�ZKHQ�WZR�UHODWLYHO\�VRIW�VWHHOV�� VXFK� DV� WKH� WRRO� MRLQW� DQG� WKH� FDVLQJ�� FRQWDFW� HDFK�RWKHU� DQG� FDXVH� IULFWLRQ�� � ,W� ZDV� QRW� XQWLO� WKH� LQGXVWU\�EHJDQ� VHDUFKLQJ� IRU� VRPH� GHILQLWLYH� DQVZHUV� WR� WKHLU�FRQWLQXLQJ�SUREOHPV� WKDW� WKH\�UHDOL]HG� WKDW�XQKDUGEDQGHG��SODLQ�VWHHO�WRRO�MRLQWV�FDXVHG�DOPRVW�DV�PXFK�ZHDU�DV�WKRVH�KDUGEDQGHG�ZLWK�WXQJVWHQ�FDUELGH��5HI����

,Q������������$PRUSKRXV�7HFKQRORJLHV��,QF��GHYHORSHG�D�FKURPLXP� DOOR\� KDUGEDQGLQJ�� $UPDFRU� 0¥� WKDW�� ZKHQ�UXQ� LQVLGH� WKH� FDVLQJ�� ZRXOG� VXEVWDQWLDOO\� UHGXFH� FDVLQJ�ZHDU�� � 7KLV� ZDV� DQ� DPRUSKRXV� �L�H�� ZRUN� KDUGHQHG�� W\SH�PDWHULDO� WKDW� KDG� D� YHU\� ORZ� FR�HIILFLHQW� RI� IULFWLRQ��WKHUHIRUH�LW�FUHDWHG�YHU\�OLWWOH�FDVLQJ�ZHDU���7KLV�KDUGEDQG�LQJ� ZDV� GHYHORSHG� SULPDULO\� WR� SURWHFW� WKH� FDVLQJ� IURP�ZHDU� FDXVHG E\� WKH� GULOO� VWULQJ� URWDWLQJ� LQ� DQG� WULSSLQJ�WKURXJK� WKH� FDVLQJ�� � 6DYLQJ� WKH� FDVLQJ� ZDV� RI� XWPRVW�LPSRUWDQFH� DQG� WKH� WRRO� MRLQW� ZHDU� ZDV� RI� OLWWOH� RU� QR�SULRULW\�LQ�WKH�GHYHORSPHQW�RI�WKLV�KDUGEDQGLQJ���7KLV�ZDV�JUHDW�IRU�WKH�RSHUDWRUV��EXW�QRW�IRU�WKH�GULOOLQJ�FRQWUDFWRUV���&DVLQJ� ZHDU� UDWHV� GURSSHG� GUDVWLFDOO\�� EXW� WKH� WRRO� MRLQW�ZHDU� UDWHV� ZHUH� DOPRVW� DV� KLJK� DV� XQKDUGEDQGHG� WRRO�MRLQWV���:KHQ� WKH� GLUHFWLRQDO� DQG� KRUL]RQWDO� GULOOLQJ� DFWLYLW\�HVFDODWHG� LQ� WKH� PLG�����
V�� GULOO� SLSH� EHFDPH� PRUH�H[SHQVLYH�DQG�GHOLYHU\�WLPHV�EHFDPH�ORQJHU���7KH�GULOOLQJ�FRQWUDFWRUV� EHJDQ� YRLFLQJ� WKHLU� FRQFHUQ� DERXW� WKH� DGGHG�FRVWV� LQYROYHG� LQ�PDLQWDLQLQJ�DQ�DFFHSWDEOH� VWULQJ�RI�GULOO�SLSH�IRU�WKH�RSHUDWRUV���7KH\�EHJDQ�SDVVLQJ�WKHVH�FRVWV�RQ�WR� WKH�RSHUDWRUV� DQG� VRRQ� WKHUH EHFDPH�D�QHHG� WR�DGGUHVV�WKH� WRRO� MRLQW�ZHDU� SUREOHP� DVVRFLDWHG�ZLWK� GULOOLQJ� WKHVH�W\SHV� RI� ZHOOV�� � 6RPHWKLQJ� KDG� WR� EH� GRQH� WR� FXUWDLO� WKH�WRRO�MRLQW�ZHDU�DQG�UDSLG�GHVWUXFWLRQ�RI�WKH�GULOO�VWULQJ�,Q�ODWH�������$UQFR�7HFKQRORJ\�GHYHORSHG�DQG�LQWUR�GXFHG� D� QHZ� EUHHG� RI� FKURPLXP� FDUELGH� DOOR\� KDUG�EDQGLQJ��$UQFR� ���;7¥ �� � 7KLV� ZDV� D� FU\VWDOOLQH�� UDWKHU�WKDQ�DPRUSKRXV��W\SH�KDUGEDQGLQJ���%HFDXVH�RI�LWV�FRPSR�VLWLRLQ�� WKH� PDWUL[� RI� WKLV� KDUGEDQGLQJ� KDG� D� FRQVLVWHQW�WKUX�ZDOO� KDUGQHVV� EHWZHHQ� ���± ��+5F� DV�ZHOO� DV� D� ORZ�FR�HIILFLHQW� RI� IULFWLRQ� HTXDO� WR� WKDW� RI� WKH�$UPDFRU�0¥���7KHVH� WZR� IHDWXUHV� JDYH� WKLV� KDUGEDQGLQJ� WKH� DELOLW\� WR�SURWHFW� WKH� FDVLQJ� IURP� DEUDVLYH� ZHDU� ZKLOH�� DW� WKH� VDPH�WLPH��SURWHFWLQJ�WKH�GULOO�SLSH�WRRO�MRLQW�IURP�UDSLG�DEUDVLYH�ZHDU� H[SHULHQFHG� LQ� WKH� RSHQ� KROH�� � %HFDXVH� RI� WKH�H[FHOOHQW� RSHQ� KROH� DEUDVLRQ� UHVLVWDQFH�� LW� ZDV� UHFRP�PHQGHG� WKDW� WKH� $UQFR� ���;7¥ EH� DSSOLHG� LQ� D� UDLVHG�FRQGLWLRQ�WR�WDNH�IXOO�DGYDQWDJH�RI�WKH�ZHDU�UHVLVWDQFH�/DERUDWRU\� DQG� ILHOG� WHVW� UHVXOWV� KDYH� VKRZQ� WKDW�WKHUH�DUH� VHYHUDO� DGYDQWDJHV� WR�XVLQJ� WKH�FKURPLXP�EDVHG�DOOR\�KDUGEDQGLQJV��5HI��������7DEOH������6RPH�RI�WKRVH�DGYDQWDJHV�DUH�x ���� � ���� OHVV� FDVLQJ�ZHDU� WKDQ�ZLWK� WXQJVWHQ�FDUELGH�KDUGEDQGLQJx (OLPLQDWLRQ� RI� FDVLQJ� IDLOXUHV� FDXVHG� E\� GULOO�VWULQJx 8VH�RI�ORZHU�ZHLJKW�DQG�ORZHU�JUDGH�FDVLQJx 5HGXFWLRQ�RI�GRZQKROH�GUDJ�DQG�WRUTXHx /HVV�OLNHOLKRRG�RI�HQYLURQPHQWDO�LQFLGHQWVx 6XEVWDQWLDO�LQFUHDVH�LQ�WRRO�MRLQW�OLIHx 'HFUHDVH�LQ�ULJ�IXHO�FRQVXPSWLRQ�5HI�������
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