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'HOHWH�ER[�RU�SODFH�D�FDSWLRQ�KHUH��

6WXGHQWV� DQG� IDFXOW\� DW� WKH� 8QLYHUVLW\� RI� 2NODKRPD� DUH�
FXUUHQWO\� FRQGXFWLQJ�FODWKUDWH�H[SHULPHQWV�RQ�D�YDULHW\�RI�
VFDOHV�WR�EHWWHU�FKDUDFWHUL]H�DQG�PRQLWRU�K\GUDWHV���$W�28�
H[SHULPHQWV� DUH� WDNLQJ� SODFH� LQ� 'U�� 0HJDQ� (OZRRG�
0DGGHQ¶V� ODE� XVLQJ� VPDOO� ���/�� SUHVVXUH� YHVVHOV� WR� VWXG\�
WKH� UDWH� DW� ZKLFK� K\GUDWH� IRUPV� DQG� GHFRPSRVHV� XQGHU�
YDULRXV� WHPSHUDWXUH� DQG� SUHVVXUH� FRQGLWLRQV�� 7KHVH�
H[SHULPHQWV� DUH� EHLQJ� SHUIRUPHG� ZLWK� FDUERQ� GLR[LGH� DV�
ZHOO� DV� PHWKDQH� WR� DOORZ� DSSOLFDWLRQ� RI� WKH� UHVXOWV� IURP�
(DUWK� WR� RWKHU� SODQHWV� �/HHPDQ� DQG� (OZRRG� 0DGGHQ��
�������
�
,Q� FROODERUDWLRQ�ZLWK�2DN�5LGJH�1DWLRQDO� /DERUDWRU\�� -RKQ�
/HHPDQ� KDV� EHHQ� ZRUNLQJ� ZLWK� WKH� ��/� 6HDIORRU� 3URFHVV�
6LPXODWRU� �636�� IRU� WZR� \HDUV� DV� D� VXPPHU� LQWHUQ�� � 7KLV�
ODUJH� SUHVVXUH� YHVVHO� LV� PDGH� RI� FRUURVLRQ�UHVLVWDQW�
+DVWHOOR\� DQG� FRROHG� LQ� D� FRPPHUFLDO� FROG� URRP� ZLWK� DQ�
H[SORVLRQ�SURRI� JDV� HYDFXDWLRQ� V\VWHP�� � 7KH� 636� DOORZV�
K\GUDWH�WR�EH�IRUPHG�LQ�DQ�RFHDQ�IORRU�HQYLURQPHQW�XQGHU�
WKRXVDQGV� RI� SRXQGV� SHU� VTXDUH� LQFK� SUHVVXUH� DQG� MXVW�
DERYH�WKH�IUHH]LQJ�SRLQW�RI�ZDWHU��3KHOSV�HW�DO������������$�
VHGLPHQW� FROXPQ� LV� EXLOW� ZLWKLQ� D� 39&� EXFNHW�� ILW� ZLWK�
LQVWUXPHQWDWLRQ�� DQG� ORZHUHG� LQWR� WKH�636�� �7KH� YHVVHO� LV�
FRROHG� DQG� SUHVVXUL]HG� WR� IRUP� JDV� K\GUDWHV� ZLWKLQ� WKH�
VHGLPHQWV����
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*DV�K\GUDWHV��FODWKUDWHV��DUH�FDJHV�RI�ZDWHU�PROHFXOHV�VXUURXQGLQJ�JXHVW�PROHFXOHV�VXFK�DV�PHWKDQH�RU�FDUERQ�GLR[LGH��6LU�
+XPSKU\�'DY\�ILUVW�FKDUDFWHUL]HG�K\GUDWHV�LQ�WKH�HDUO\�����¶V��EXW�PDQ\�WKLQJV�DERXW�WKH�VWUXFWXUH��IRUPDWLRQ��DQG�GLVVRFL�
DWLRQ�RI�K\GUDWHV�DUH�QRW�ZHOO�XQGHUVWRRG���+\GUDWHV�KDYH�DOZD\V�EHHQ�D�FRQFHUQ�WR�LQGXVWU\�IURP�D�GULOOLQJ�VDIHW\�VWDQGSRLQW�
DQG�KDYH�HYHQ�FDXVHG�SUREOHPV�LQ�SLSHOLQHV�E\�IRUPLQJ�FODWKUDWH�µSOXJV¶�UHVXOWLQJ�LQ�GRZQWLPH���*DV�K\GUDWHV�DOVR�UHSUHVHQW�
D�PDVVLYH�UHVHUYH�RI�PHWKDQH��DQ�HVWLPDWHG�����WULOOLRQ�WRQHV�RI�PHWKDQH��%XIIHWW�DQG�$UFKHU����������7KLV�VWRUHG�JDV�KDV�
LQVSLUHG� WKH� µ&ODWKUDWH�*XQ�+\SRWKHVLV¶�ZKLFK� VXJJHVWV� WKDW� D� FOLPDWH� VKLIW� FRXOG�GHVWDELOL]H� JDV�K\GUDWHV� UHOHDVLQJ�PRUH�
JUHHQKRXVH�JDV�LQWR�WKH�DLU�LQ�D�SRVLWLYH�IHHGEDFN�F\FOH��.HQQHWW�HW�DO������������+\GUDWH�FRXOG�DOVR�EH�DQ�HQHUJ\�VRXUFH�DV�
VKRZQ�LQ�WKH�3UXGKRH�%D\�DQG�1RUWK�6ORSH�WHVWV�RI�UHFHQW�\HDUV��%RVZHOO����������'LVVRFLDWLQJ�RQH�OLWHU�RI�FODWKUDWH�ZLOO�\LHOG�
DERXW�����OLWHUV�RI�JDV���
�
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/HHPDQ� DQG� 'U�� (OZRRG� 0DGGHQ� KDYH� ZRUNHG� ZLWK� 251/�
FROOHDJXHV� WR� GHYHORS� D� XQLTXH� LQVWUXPHQW� WR� PRQLWRU� K\GUDWH�
IRUPDWLRQ� DQG� GHFRPSRVLWLRQ�ZLWKLQ� WKH� 636�� )LEHU� RSWLF� FDEOHV�
ZLWK�%UDJJ�JUDWLQJV�HPEHGGHG�HYHU\��FP�DORQJ�WKHLU�OHQJWK�DUH�
VSLUDOHG�LQ�WKH�VHGLPHQW���%\�VZHHSLQJ�D�ODVHU�RSWLFDO�EDFNVFDWWHU�
UHIOHFWRPHWHU� WKURXJK� D� UDQJH� RI� ZDYHOHQJWKV� HDFK� JUDWLQJ� LV�
LQWHUURJDWHG� IRU� FKDQJHV� LQ� LWV� FKDUDFWHULVWLFV�� )URP� WKLV� D�
µ7HPSHUDWXUH�6WUDLQ�9DOXH¶��76�YDOXH��FDQ�EH�FDOFXODWHG�DQG�XVHG�
DV�D�FRPELQHG�SUR[\�IRU�WHPSHUDWXUH�DQG�SK\VLFDO�IRUFHV�DW�WKDW�
ORFDWLRQ� RQ� WKH� ILEHU� �+LOO� DQG�0HOW]�� ������� � -RKQ� /HHPDQ� KDV�
GHYHORSHG� VRIWZDUH� WR� HVWLPDWH� WKH� SRVLWLRQ� RI� HDFK� VHQVRU� LQ�
VSDFH�JLYHQ�WKH�RULHQWDWLRQ�DQG�YHUWLFDO�GLVWULEXWLRQ�RI�WKH�ILEHUV��
JULG� WKH� 76� GDWD�� DQG� VKRZ� DUHDV� RI� KLJK� DQG� ORZ� 76� YDOXH�
�/HHPDQ�HW�DO���LQ�SUHSDUDWLRQ����6KRZQ�LQ�)LJXUH���LV�DQ�H[SHUL�
PHQWHU¶V�KDQG�SODFHG�RQ�D�ILEHU�DQG�WKH�RXWSXW�RI�WKH� LQ�KRXVH�
VRIWZDUH��
�
$�YDULHW\�RI�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�636���$�VSOLW�
FROXPQ� H[SHULPHQW� KDV� EHHQ� FRQGXFWHG� ZLWK� VHGLPHQW� VSOLW�
YHUWLFDOO\�ZLWK�D�SODVWLF�PHVK�DQG�ILOOHG�ZLWK�VDQG�DQG�VLOW�� �7KLV�
H[SHULPHQW�ZDV�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�JUDLQ�VL]H�
RQ�K\GUDWH�IRUPDWLRQ�DQG�WR�GHWHUPLQH� LI� WKH� LQVWUXPHQWDWLRQ� LQ�
WKH� VHGLPHQWV� SURYLGHG� D� SDWKZD\� DORQJ� ZKLFK� WKH� JDV� ZDV�
IORZLQJ���)LJXUH���VKRZV�WKH�UHVXOWV�RI�WKH�H[SHULPHQW�LQ�ZKLFK�
LW�LV�FOHDU�WKDW�WKH�DUHDV�RI�K\GUDWH��KRW�FRORUV��DUH�LQ�WKH�VDQG���
,Q�DGGLWLRQ��D�KHDW�LQGXFHG�SURGXFWLRQ�WHVW�LV�FXUUHQWO\�XQGHUZD\���
+\GUDWH� LV� V\QWKHVL]HG� ZLWKLQ� D� VDQG� FROXPQ�� WKH� KRW� ZDWHU� LV�
SXPSHG� WKURXJK� D� KHDW� H[FKDQJHU� GHHS� LQ� WKH� FROXPQ� WR�
GLVVRFLDWH�WKH�K\GUDWH�DQG�IUHH�WKH�JDV���+\GUDWH�GLVVRFLDWLRQ� LV�
HQGRWKHUPLF�� VR� LW� EHFRPHV� FROGHU� OHDGLQJ� WR� VHOI�SUHVHUYDWLRQ��
7KH� HIIHFW� RI� FRQWLQXRXV� KHDW� IORZ�RQ� K\GUDWH� SURGXFWLRQ� UDWHV�
ZLOO�EH�GHWHUPLQHG�E\�FRQVWDQWO\�SXPSLQJ�KRW�ZDWHU�WKURXJK�WKH�
V\VWHP��
�
([SHULPHQWV� DUH� DOVR� XQGHUZD\� WR� GHWHUPLQH� IXQGDPHQWDO�
SURSHUWLHV�RI�K\GUDWHV�VXFK�DV�WKH�EXON�PRGXOXV���&ODXGLD�5DZQ��
DQ�251/�PDWHULDOV� VFLHQWLVW�� REWDLQHG� EHDP� WLPH� RQ� D� QHXWURQ�
GLIIUDFWRPHWHU�DW�WKH�+LJK�)OX[�,VRWRSH�5HDFWRU��+),5����+\GUDWHV��
�
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)LJXUH���±�$�KDQG�SODFHG�RQ�D�VSLUDOHG�'66�ILEHU�LV�HDVLO\�UHVROYHG�ZLWK�
WKH�ILEHU�RSWLF�VHQVLQJ�V\VWHP��
&DSWLRQ�JRHV�KHUH�

�

ZHUH� V\QWKHVL]HG� LQ� WKH� ODE� XVLQJ� GHXWHULXP� DQG�&2��� � 7KH�
FODWK�UDWH�ZDV� WKHQ� FROG� ORDGHG� LQWR� D�7L=U� FHOO� DQG�QHXWURQ�
GLIIUDFWLRQ� H[SHULPHQWV� FRQGXFWHG� XS� WR� �������� SVL���
6DPSOHV�ZHUH�DOVR�WDNHQ�WR�251/¶V�6SDOODWLRQ�1HXWURQ�6RXUFH�
�616�� IRU� DQDO\VLV�� �2WKHU� VDPSOHV�ZHUH� DOVR� ORDGHG� RQWR� D�
FRPSXWHU� FRQWUROOHG� FROG� VWDJH� LQ� D� 3$1DO\WLFDO� ;�UD\�
GLIIUDFWRPHWHU�� � :LWK� WKH� ;FHOHUDWRU� GHWHFWRU� GLIIUDFWLRQ�
SDWWHUQV� FDQ� EH� GHWHFWHG� XS� WR� ���� WLPHV� IDVWHU� WKDQ�
FRQYHQWLRQDO� LQVWUXPHQWV� DOORZLQJ� WKH� HYROXWLRQ� RI� WKH�
GLIIUDFWLRQ�SDWWHUQ� WR�EH�H[DPLQHG� LQFUHDVLQJ� WHPSHUDWXUH�RI�
WKH�VDPSOH�VWDJH�GHFRPSRVHV�K\GUDWH��
�
7KURXJK�FROODERUDWLRQ�ZLWK�251/�ZH�DUH�FRQWLQXLQJ� WR� OHDUQ�
QHZ� WKLQJV� DERXW� FODWKUDWH� IRUPDWLRQ� DQG� KD]DUGV�� 7KLV�
UHVHDUFK� LPSDFWV� QDWXUDO� JDV� SURGXFWLRQ� WHFKQRORJ\�� FOLPDWH�
PRGHOLQJ��ULVN�DVVHVVPHQW��DQG�HYHQ�SODQHWDU\�UHVHDUFK��
�
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)LJXUH���±�&ODWKUDWH�VKRZV�D�FOHDU�IRUPDWLRQ�SUHIHUHQFH�LQ�WKH�
VDQG��LQGLFDWHG�E\�KRW�FRORUV���7KH�VLOW�KDV�VRPH�K\GUDWH�IRUPLQJ�
DORQJ�WKH�HGJHV�RI�WKH�VHGLPHQW�FROXPQ����
�
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