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� ,QWURGXFWLRQ 
6XEVWUDWD�/LPLWHG�KDYH�EHHQ�FRPPLVVLRQHG�WR�XQGHUWDNH�D�OHYHO���DUFKDHRORJLFDO�JHRSK\VLFDO�
VXUYH\� E\� &RWVZROG� $UFKDHRORJ\� /LPLWHG� DV� SDUW� RI� D� SURJUDPPH� RI� DUFKDHRORJLFDO�
LQYHVWLJDWLRQ� 
 
0RVW�RI� WKH� VXUYH\�DUHD� OLHV�ZLWKLQ� WKH� VLWH�RI� WKH�6FKHGXOHG�HDUWKZRUNV� �1+/(������������
ZKLFK�RYHU� WLPH�KDYH�EHHQ� ODEHOOHG� DV� DQ� ,URQ�$JH�KLOOIRUW�GHIHQGHG�VHWWOHPHQW�RU� D�5RPDQ�
FDPS��,QWHUSUHWDWLRQV�RI�WKH�VLWH�DUH�VWLOO�LQ�SURJUHVV�IROORZLQJ�WKH�UHFHQW�DHULDO�DQG�ZDONRYHU�
VXUYH\V��DOWKRXJK�WKH�UHVXOWV�RI�JHRSK\VLFDO�VXUYH\�DFURVV�WKH�IXOO�DFFHVVLEOH�DUHD�RI�WKH�VLWH�DUH�
KRSHG�WR�SURYLGH�VRPH�FODULILFDWLRQ�RI�WKH�IXQFWLRQ�RI�WKLV�HQFORVXUH��DQG�ZKHWKHU�LW�KDV�EHHQ�
VXEMHFW�WR�PRUH�WKDQ�MXVW�RQH�SKDVH�RI�XVH��$UNOH\�������� 
  
7KH� SXUSRVH� RI� WKH� VXUYH\� LV� WR� SURYLGH� VXIILFLHQW� LQIRUPDWLRQ� RQ� WKH� QDWXUH� RI� DQ\�
DUFKDHRORJLFDO�UHPDLQV�WR�IDFLOLWDWH�WKH�DVVHVVPHQW�RI�WKHLU�LQWHUHVW�SULRU�WR�WKH�GHWHUPLQDWLRQ�RI�
WKH� DSSOLFDWLRQ� �LI� DSSOLFDEOH��� � 7KLV� LV� LQ� NHHSLQJ� ZLWK� WKH� 1DWLRQDO� 3ODQQLQJ� 3ROLF\�
)UDPHZRUN�� &KDSWHU� ���� 3DUDJUDSK� ���� �0LQLVWU\� RI� +RXVLQJ�� &RPPXQLWLHV� 	� /RFDO�
*RYHUQPHQW���������� 
 

� &OLHQW 
 &OLHQW�&RWVZROG�$UFKDHRORJ\�/WG��1R� � &O\VW 8QLWV� &RIWRQ 5RDG� 0DUVK�%DUWRQ�� ([HWHU��
 (;� �4: 

 
� &RS\ULJKW 

6XEVWUDWD�/WG�VKDOO�UHWDLQ�IXOO�FRS\ULJKW�DV�GHILQHG�LQ�WKH�&RS\ULJKW��'HVLJQV�DQG�3DWHQWV�$FW�
�����ZLWK� DOO� ULJKWV� UHVHUYHG�� H[FHSWLQJ� WKDW� LW� KHUHE\� SURYLGHV� DQ� H[FOXVLYH� OLFHQFH� WR� WKH�
&OLHQW�IRU�WKH�XVH�RI�WKH�UHSRUW�E\�WKH�&OLHQW�LQ�DOO�PDWWHUV�GLUHFWO\�UHODWLQJ�WR�WKH�SURMHFW��7KLV�
UHSRUW�RU�VHFWLRQV� WKHUHRI�PD\�EH�IUHHO\�FRSLHG�IRU�SODQQLQJ��GHYHORSPHQW�FRQWURO��HGXFDWLRQ�
DQG� UHVHDUFK� SXUSRVHV� ZLWKRXW� UHFRXUVH� WR� WKH� &RS\ULJKW� RZQHU� VXEMHFW� WR� DOO� GXH� DQG�
DSSURSULDWH� DFNQRZOHGJHPHQWV� EHLQJ� SURYLGHG�� 7KLV� UHSRUW� FRQWDLQV� PDWHULDO� WKDW� LV� QRQ-
6XEVWUDWD�/WG�FRS\ULJKW�RU� WKH� LQWHOOHFWXDO�SURSHUW\�RI� WKLUG�SDUWLHV��6XFK�PDWHULDO� LV� ODEHOOHG�
ZLWK�WKH�DSSURSULDWH�FRS\ULJKW�DQG�LV�QRQ-WUDQVIHUUDEOH�E\�6XEVWUDWD�/WG� 
 
��6XEVWUDWD�/WG����� 
 

� 6XUYH\�W\SH�DQG�ORFDWLRQ 
��� 6XUYH\ 

0HWKRG� VKDOORZ�GHSWK�PDJQHWRPHWHU�VXUYH\ 
,QVWUXPHQW� WZLQ-VHQVRU�IOX[JDWH�JUDGLRPHWHU� 
'DWH� ��QG�0D\����� 
$UHD� ���KD 
,QYHVWLJDWLRQ�OHYHO� /HYHO����SURVSHFWLRQ�DQG�GHOLQHDWLRQ� 
6XUYH\�UHVROXWLRQ� �P�E\������P� 
 

��� /RFDWLRQ 
 (DUWKZRUN�HDVW�RI�%XFNV�0LOOV�� 

7RZQ�DQG�&LYLO�3DULVK� �:RROIDUGLVZRUWK\ 
'LVWULFW� 7RUULGJH 
&RXQW\� 'HYRQ 
1HDUHVW�3RVWFRGH� (;����'1 
1*5� 66�������������SRLQW� 
1*5��(�1�� ��������������SRLQW�� 
+LVWRULF�HQYLURQPHQW�GHVLJQDWLRQ� 6FKHGXOH�HDUWKZRUN��1+/(���������� 
2DVLV�,'�     VXEVWUDW�-������ 
� 

� 6XPPDU\ 
$�PDJQHWRPHWHU�VXUYH\�ZDV�VHOHFWHG�WR�SURYLGH�D�UHODWLYHO\�IDVW�DQG�FRVW-HIIHFWLYH�HYDOXDWLRQ�
RI� DQ\� EXULHG� DUFKDHRORJ\� DFURVV� WKH� 6XUYH\�$UHD� �VHH� 6HFWLRQ� �����7KH�PDJQHWLF� DQRPDO\�
JURXSV�SHUWDLQLQJ�WR�SRWHQWLDO�EXULHG�DUFKDHRORJ\�ZHUH�JHRUHIHUHQFHG�WR�WKH�2UGQDQFH�6XUYH\�
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1DWLRQDO�*ULG��PDSSHG��FKDUDFWHULVHG�DQG�DVVLJQHG�ZLWK�DQ�DSSURSULDWH�GHJUHH�RI�FHUWDLQW\�LQ�
FRQIRUPDQFH�ZLWK�WKH�VXUYH\�DLPV�DQG�REMHFWLYHV�VHW�RXW�LQ�6HFWLRQ��� 
7KH� GLIIHUHQFHV� LQ�PDJQHWLF� UHVSRQVHV� DFURVV� WKH� 6XUYH\�$UHD�ZHUH� VXIILFLHQW� WR� EH� DEOH� WR�
GLIIHUHQWLDWH� EHWZHHQ� DQRPDOLHV� UHSUHVHQWLQJ� SRVVLEOH� EXULHG� DUFKDHRORJ\� DQG� EDFNJURXQG�
PDJQHWLF�UHVSRQVHV� 
 
7KLUW\�PDJQHWLF�DQRPDO\�JURXSV�ZHUH�FKDUDFWHULVHG�DV�UHIOHFWLQJ�SRWHQWLDO�EXULHG�DUFKDHRORJ\��
(DVW� RI� WKH� HQFORVXUH�� D� QXPEHU� RI� SDUDOOHO� DQRPDO\� JURXSV� ����� ���� ���� ��� ��� ��� ���PD\� EH�
WUDFNZD\V�DFURVV�WKH�ULGJH��RU�DOWHUQDWLYHO\�QDWXUDO�VWULDWLRQV�LQ�WKH�JHRORJ\��*URXSV����DQG����
DUH� VSUHDGV�RI�QHJDWLYH� UHVSRQVH�ZKLFK�DUH� OLNHO\� WR�EH� DUHDV�RI�GLVWXUEDQFH� LQFOXGLQJ� VRPH�
IHUURXV�PDWHULDO��*URXSV��������DQG����DUH�LUUHJXODU�SRVLWLYH�DUHDV��SRVVLEO\�FXW� IHDWXUHV�OLNH�
SLWV�� *URXSV� ���� �� DQG� SRVVLEO\� ��� DUH� FRQFHQWULF� WR� WKH� PRQXPHQW¶V� EDQN� DQG� WKHUHIRUH�
SRVVLEO\� WKH� HQFORVXUH¶V� H[WHUQDO� GLWFK�� *URXSV� ��� ��� DQG� ��� DUH� SRVVLEO\� WKH� UHPDLQV� RI� D�
FRXQWHUVFDUS�WR�WKLV��L�H��DQRWKHU�EDQN�H[WHUQDO�WR�WKH�HQFORVXUH��,QVLGH�WKH�HQFORVXUH��*URXS���
LV�SRVVLEO\�DQ�LQWHUQDO�GLWFK�WR�WKH�HQFORVXUH�EDQN���*URXSV����DQG����DUH�VWURQJ�VXE-FLUFXODU�
DQRPDOLHV� SRVVLEO\� SLWV� RU� ODUJH� SRVWKROHV�� *URXS� ��� DSSHDUV� WR� EH� WKH� UHVSRQVH� RI� WKH�
ERXQGDU\�RQ�WKH�QRUWK�VLGH�RI�WKH�HQFORVXUH��*URXSV����DQG����DSSHDU�WR�EH�WKH�UHVSRQVH�RI�WKH�
QRUWK-VRXWK�ILHOG�ZDOO�WKURXJK�WKH�HQFORVXUH��*URXSV����DQG����DUH�VWURQJ�SRVLWLYH�DQRPDOLHV�
SRVVLEO\� FXW� IHDWXUHV��*URXS� ��� LV� D� YHU\� VWURQJ� VXE-FLUFXODU� QHJDWLYH� DQRPDO\� RI� XQFHUWDLQ�
LQWHUSUHWDWLRQ��*URXS����LV�D�V\PPHWULF��HOOLSWLFDO�DQRPDO\�FHQWUDOO\�LQ�WKH�HQFORVXUH��SRVVLEO\�
DQWKURSRJHQLF�LQ�RULJLQ��(OVHZKHUH�LQVLGH�WKH�HQFORVXUH�WKHUH�DUH�PDQ\�SRVLWLYH�DQG�QHJDWLYH�
DQRPDOLHV� LQ� LUUHJXODU� VKDSHV��7KHVH�DUH�GLIILFXOW� WR� LQWHUSUHW�DQG�DUH� VXJJHVWHG�DV�EHLQJ� WKH�
UHVSRQVH� RI� WKH� QDWXUDO� JHRORJ\� ZKLFK� LV� SUHVXPDEO\� FORVH� WR� WKH� VXUIDFH�� 7KLV� LV� QRW� WR�
FRPSOHWHO\�GLVFRXQW�WKDW�VRPH�DUH�DUFKDHRORJLFDO��,I�WKH\�DUH�JHRORJLFDO�WKHQ�WKHUH�PD\�DOVR�EH�
DUFKDHRORJ\� WKDW� LV�EHLQJ�REVFXUHG�E\� WKH�VWURQJ�JHRORJLFDO� UHVSRQVH��7KHUH�DUH�DOVR�VHYHUDO�
GLSRODU�VSLNHV�VSUHDG�DFURVV�WKH�6XUYH\�$UHD��*URXS�����ZKLFK�DUH�OLNHO\�WR�EH�PRGHUQ�IHUURXV�
UXEELVK�� 
 

� 6WDQGDUGV 
7KH�VWDQGDUGV�WKDW�ZHUH�XVHG�WR�FRPSOHWH�WKLV�VXUYH\�DUH�GHILQHG�E\�WKH�&KDUWHUHG�,QVWLWXWH�IRU�
$UFKDHRORJLVWV� �����E�� DQG� WKH� (XURSDH� $UFKDHRORJLDH� &RQVLOLXP� �XQGDWHG��� 7KH� FRGHV� RI�
DSSURYHG�SUDFWLFH�WR�EH�IROORZHG�DUH�WKRVH�RI�WKH�&KDUWHUHG�,QVWLWXWH�IRU�$UFKDHRORJLVWV��������
DQG�$UFKDHRORJ\�'DWD�6HUYLFH��XQGDWHG��� 

 
� 6XUYH\�DLPV�DQG�REMHFWLYHV 
��� $LPV 

:LWKLQ� WKH�IUDPHZRUN�VHW�RXW� LQ�&KDUWHUHG� ,QVWLWXWH� IRU�$UFKDHRORJLVWV� �����D���FRPSOHWH�DQ�
DUFKDHRORJLFDO�JHRSK\VLFDO�VXUYH\�DQG�UHSRUW�WR� 
�� $V�IDU�DV�SRVVLEOH�LQIRUP�RQ�WKH�SUHVHQFH�RI�DEVHQFH��FKDUDFWHU��H[WHQW�DQG�LQ�VRPH�FDVHV��

DSSDUHQW�UHODWLYH�SKDVLQJ�RI�EXULHG�DUFKDHRORJ\��LQ�RUGHU�WR�PDNH�DQ�DVVHVVPHQW�RI�LWV�PHULW�
LQ�WKH�DSSURSULDWH�FRQWH[W��ZKLFK�PD\�OHDG�WR�RQH�RU�PRUH�RI�WKH�IROORZLQJ� 

D� 7KH� IRUPXODWLRQ� RI� D� VWUDWHJ\� WR� HQVXUH� IXUWKHU� UHFRUGLQJ�� SUHVHUYDWLRQ� RU�
PDQDJHPHQW�RI�WKH�UHVRXUFH 

E� 7KH�IRUPXODWLRQ�RI�D�VWUDWHJ\�WR�PLWLJDWH�D�WKUHDW�WR�WKH�DUFKDHRORJLFDO�UHVRXUFH 
F� 7KH�IRUPXODWLRQ�RI�D�SURSRVDO�IRU�IXUWKHU�DUFKDHRORJLFDO� LQYHVWLJDWLRQ�ZLWKLQ�D�

SURJUDPPH�RI�UHVHDUFK¶��LELG������D����� 
�� 3URYLGH� LQ� WKH� UHSRUW� VXIILFLHQW�REMHFWLYH�GDWD� WR�HQDEOH� DQ� LQIRUPHG�DQG� UHDVRQDEOH�

FRQFOXVLRQ� 
��� 2EMHFWLYHV 

�� &RPSOHWH� D�  /HYHO� �� PDJQHWRPHWU\� VXUYH\� �DQDO\VH� LQ� GHWDLO� WKH� VKDSH� RI� LQGLYLGXDO�
DQRPDOLHV��JHRSK\VLFDO�VXUYH\�DFURVV�DJUHHG�SDUWV�RI�WKH�VXUYH\�DUHD� 

�� ,GHQWLI\�DQ\�PDJQHWLF�DQRPDOLHV�WKDW�PD\�EH�UHODWHG�WR�DUFKDHRORJLFDO�GHSRVLWV��VWUXFWXUHV�
RU�DUWHIDFWV� 

�� :LWKLQ� WKH� OLPLWV� RI� WKH� WHFKQLTXH�V�� DQG� GDWDVHW�� DUFKDHRORJLFDOO\� FKDUDFWHULVH� DQ\� VXFK�
DQRPDOLHV�RU�SDWWHUQV�RI�DQRPDOLHV� 

�� $FFXUDWHO\�UHFRUG�WKH�ORFDWLRQ�RI�WKH�LGHQWLILHG�DQRPDOLHV� 
�� 3URGXFH�D�UHSRUW�EDVHG�RQ�WKH�VXUYH\�WKDW�LV�VXIILFLHQWO\�GHWDLOHG�WR�LQIRUP�DQ\�VXEVHTXHQW�

GHYHORSPHQW�RQ�WKH�VXUYH\�DUHD�DERXW�WKH�ORFDWLRQ�DQG�SRVVLEOH�DUFKDHRORJLFDO�FKDUDFWHU�RI�
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WKH�UHFRUGHG�DQRPDOLHV� 
 
� 0HWKRGRORJ\ 

7KH� PDJQHWRPHWHU� VXUYH\� ZDV� XQGHUWDNHQ� LQ� DFFRUGDQFH� D� 6XUYH\� 0HWKRG� 6WDWHPHQW�
�6XEVWUDWD� /WG�� ������ XVLQJ� WKH� VWDQGDUGV� VSHFLILHG� LQ� 6HFWLRQ� �� WR� DFKLHYH� WKH� DLPV� DQG�
REMHFWLYHV�VHW�RXW�LQ�6HFWLRQ����7KH�VXUYH\�PHWKRG�ZDV�VHOHFWHG�WR�SURYLGH�D�UHODWLYHO\�IDVW�DQG�
FRVW-HIIHFWLYH�HYDOXDWLRQ�RI�DQ\�EXULHG�DUFKDHRORJ\�DFURVV�WKH�6XUYH\�$UHD��VHH�6HFWLRQ����� 
 
'DWD�SURFHVVLQJ�ZDV�XQGHUWDNHQ�XVLQJ�DSSURSULDWH�VRIWZDUH��7DEOH�����ZLWK�DOO�DQRPDOLHV�EHLQJ�
GLJLWLVHG�DQG�JHR-UHIHUHQFHG��7KH�ILQDO�UHSRUW��WKLV�GRFXPHQW��LQFOXGHV�D�JUDSKLFDO�DQG�WH[WXDO�
DFFRXQW�RI�WKH�WHFKQLTXHV�XQGHUWDNHQ��WKH�GDWD�REWDLQHG�DQG�DQ�DUFKDHRORJLFDO�LQWHUSUHWDWLRQ�RI�
WKDW�GDWD�DQG�FRQFOXVLRQV�DERXW�DQ\�OLNHO\�DUFKDHRORJ\��7KH�VXUYH\�DQG�UHSRUW�FRQIRUP�WR�WKH�
&KDUWHUHG�,QVWLWXWH�IRU�$UFKDHRORJLVWV�VWDQGDUG�IRU�JHRSK\VLFDO�VXUYH\��&KDUWHUHG�,QVWLWXWH�IRU�
$UFKDHRORJLVWV������E��DQG�(XURSDH�$UFKDHRORJLDH�&RQVLOLXP��XQGDWHG�� 
0DJQHWRPHWU\�� 
6XUYH\�DUHD�����KD� 
7UDYHUVH�KHDGLQJ��1RUWK 
(TXLSPHQW��%DUWLQJWRQ�JUDG���-��JUDGLRPHWHU��JUDGLRPHWHU�VHQVRU�VHSDUDWLRQ��P� 
6DPSOH�,QWHUYDO��������PHWUH 
7UDYHUVH�,QWHUYDO����PHWUH 
'DWD�FDSWXUH��DXWRPDWLF�GDWD�ORJJHU 
7UDYHUVH�0HWKRG��=LJ�=DJ��%HVW�RSWLRQ�GXH�WR�YHJHWDWLRQ� 
*ULG����P 
 

� 6XUYH\�$UHD 
��� /RFDWLRQ�DQG�GHVFULSWLRQ 

7KH�6XUYH\�$UHD� LV� ORFDWHG�RQ� WKH�QRUWK�'HYRQ�FRDVW�� ���P�HDVW-VRXWKHDVW�RI� WKH�YLOODJH�RI�
%XFN¶V�0LOOV��VHH�)LJXUH�����,W�OLHV�RQ�D�KLJK�EOXII�DW�F�����P�D�V�O��ZLWK�WKH�ODQG�VORSLQJ�GRZQ�
VKDUSO\� RQ� DOO� VLGHV� H[FHSW� HDVW�� ZKHUH� WKH� SODWHDX� RI� WKH� EOXII� FRQWLQXHV� LQ� DQ� HDVW-ZHVW�
GLUHFWLRQ��7KH�6XUYH\�$UHD�LV�HQFORVHG�E\�WKH�VXEVWDQWLDO�EDQNV�RI�DQ�HQFORVXUH��DQG�ELVHFWHG�
FHQWUDOO\� E\� D� ORZ� QRUWK-VRXWK� ILHOG�ZDOO��7KH� HDVW� VLGH� LV� JUDVVHG�� DQG� WKH�ZHVW� RYHUJURZQ�
KHDWKHU-VFUXE��$�SXEOLF�IRRWSDWK�VNLUWV�WKH�VRXWKHUQ�EDQN��DQG�WKH�6RXWKZHVW�&RDVWDO�3DWK�WKH�
QRUWK�� 
 

��� *HRORJ\�DQG�VXE-VXUIDFH�GHSRVLWV 
7KH�VROLG�JHRORJ\�RI�WKH�6XUYH\�$UHD�LV�WKH�%XGH�)RUPDWLRQ�-�VHGLPHQWDU\�VDQGVWRQH�EHGURFN�
IRUPHG� DSSUR[LPDWHO\� ���� WR� ����PLOOLRQ� \HDUV� DJR� LQ� WKH�&DUERQLIHURXV� 3HULRG�� LQ� D� ORFDO�
HQYLURQPHQW� SUHYLRXVO\� GRPLQDWHG� E\� VXE-DTXHRXV� VORSHV�� 7KH� VXSHUILFLDO� JHRORJ\� LV� QRW�
UHFRUGHG��%*6�*HRORJ\�RI�%ULWDLQ�9LHZHU��XQGDWHG��� 
 

��� 6RLOV 
 )UHHO\�GUDLQLQJ�VOLJKWO\�DFLG�ORDP\�VRLOV�RYHU�URFN��/DQG,6��XQGDWHG�� 
 
�� $UFKDHRORJLFDO�EDFNJURXQG 
���� +LVWRULF�ODQGVFDSH�FKDUDFWHULVDWLRQ 

+/&�3RVW-PHGLHYDO 
0HGLHYDO� HQFORVXUHV�EDVHG�RQ� VWULS� ILHOGV�� WKLV� DUHD�ZDV�SUREDEO\� ILUVW� HQFORVHG�ZLWK�KHGJH-
EDQNV�GXULQJ�WKH�ODWHU�PLGGOH�DJHV��7KH�FXUYLQJ�IRUP�RI�WKH�KHGJH-EDQNV�VXJJHVWV�WKDW�HDUOLHU�LW�
PD\�KDYH�EHHQ�IDUPHG�DV�RSHQ�VWULS-ILHOGV 
2WKHU� ZRRGODQG�� EURDG-OHDYHG� SODQWDWLRQV�� UH-SODQWHG� DQFLHQW� ZRRGODQG� RU� VHFRQGDU\�
ZRRGODQG�WKDW�KDV�JURZQ�XS�IURP�VFUXE 
+/&�0RGHUQ 
0RGHUQ� HQFORVXUHV�� WKHVH� PRGHUQ� ILHOGV� KDYH� EHHQ� FUHDWHG� RXW� RI� SUREDEOH� PHGLHYDO�
HQFORVXUHV��7KH�VLQXRXV�PHGLHYDO�ERXQGDULHV�VXUYLYH�LQ�SODFHV 
2WKHU� ZRRGODQG�� EURDG-OHDYHG� SODQWDWLRQV�� UH-SODQWHG� DQFLHQW� ZRRGODQG� RU� VHFRQGDU\�
ZRRGODQG�WKDW�KDV�JURZQ�XS�IURP�VFUXE 
�'HYRQ�&RXQW\�&RXQFLO��XQGDWHG� 
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���� 6XPPDU\�RI�WKH�DUFKDHRORJLFDO�EDFNJURXQG 
 

7KLV�VHFWLRQ�VXPPDULVHV�KHULWDJH�DVVHWV�WKDW�DUH�WKRXJKW�UHOHYDQW�WR�WKH�VXUYH\�GDWD�DQDO\VLV�
DQG�LV�QRW�GHVLJQHG�WR�EH�D�FRPSUHKHQVLYH�GHVFULSWLRQ�RI�WKH�DUFKDHRORJLFDO�EDFNJURXQG�� 
7KHUH� DUH� ILQGVSRWV� RI� SUHKLVWRULF� KDQGD[HV� IURP� WKH� FOLIIV� HDVW� RI� %XFN¶V� 0LOOV�
�0'9������ 
7KH�HQFORVXUH�ZKLFK�LV�WKH�IRFXV�IRU�WKLV�SURMHFW�LV�D�UHFRUGHG�LQ�WKH�'HYRQ�+(5�DV�D�VXE-
UHFWDQJXODU� HDUWKZRUN� HQFORVXUH�� LQWHUSUHWHG� DV� DQ� ,URQ� $JH� SURPRQWRU\� IRUW�� YLVLEOH� RQ�
DHULDO� SKRWRJUDSKV� DQG� LPDJHV� GHULYHG� IURP� /LGDU� GDWD�� WR� WKH� HDVW� RI� %XFN¶V� 0LOOV�
�0'9������,W�LV�VFKHGXOHG�PRQXPHQW���������� 
7ZR�NLORPHWUHV�HDVW�DORQJ� WKH�FRDVWDO�EOXII� IURP� WKH�6XUYH\�$UHD� LV�3HSSHUFRPEH�&DVWOH��
UHFRUGHG�LQ�WKH�+(5�DV�DQ�,URQ�$JH�SURPRQWRU\�IRUW��0'9�������ZKHUH�D�VXEVWDQWLDO�EDQN�
DQG�GLWFK�SURWHFW�D�VPDOO�KHDGODQG�DUHD� 
7KH�KLVWRULF�YLOODJH�RI�%XFN¶V�0LOOV�����P�ZHVW�RI�WKH�6XUYH\�$UHD�ZDV�IRUPHUO\�WKH�PLOO�RI�
WKH�PDQRU�RI�%XFNV�� WKH�VWUHDP�SDVVLQJ� WKURXJK� WKH�YLOODJH�SRZHULQJ�DW� OHDVW�RQH�PLOO��$W�
OHDVW�RQH�SRVVLEOH�VLWH�IRU�WKH�IRUPHU�PLOO�LV�UHFRUGHG�LQ�WKH�+(5��0'9��������$�QXPEHU�RI�
OLPHNLOQV� ZHUH� DOVR� SUHVHQW� RQ� WKH� EHDFK� LQ� WKH� ��WK� FHQWXU\� �0'9�������� ,Q� WKH� ��WK�
FHQWXU\� D� SODWIRUP�ZDV� FXW� LQ� WKH� URFNV� RQ� WKH� IRUHVKRUH� IRU� WKH� ODQGLQJ� RI� OLPHVWRQH� IRU�
SURFHVVLQJ��0'9�������� 
 

�� 5HVXOWV 
���� 6FRSH�DQG�GHILQLWLRQV 

7KLV� VXUYH\� ZDV� GHVLJQHG� WR� UHFRUG� PDJQHWLF� DQRPDOLHV�� $� PDJQHWLF� DQRPDO\� LV� D� ORFDO�
YDULDWLRQ� LQ� WKH� (DUWK
V� PDJQHWLF� ILHOG�� 6XFK� YDULDWLRQV� FDQ� UHVXOW� IURP� GLIIHUHQFHV� LQ� WKH�
PDJQHWLF� SURSHUWLHV� RI� WKH� XQGHUO\LQJ� VROLG� JHRORJ\�� VXSHUILFLDO� JHRORJ\� DQG� RWKHU� QHDU-
VXUIDFH�GHSRVLWV� LQFOXGLQJ� WKRVH�DOWHUHG�DQG�FUHDWHG�E\�SDVW�KXPDQ�DFWLYLWLHV��1HDU-VXUIDFH�
DUWHIDFWV�FDQ�DOVR�FUHDWH�PDJQHWLF�DQRPDOLHV� 
 
7KH�GLPHQVLRQV�RI�PDJQHWLF�DQRPDOLHV�PDSSHG�DV�UHSUHVHQWLQJ�SRWHQWLDO�EXULHG�DUFKDHRORJ\�
GR�QRW�UHSUHVHQW�WKH�GLPHQVLRQV�RI�DQ\�DVVRFLDWHG�DUFKDHRORJ\�� 
 
7KH� DQDO\VLV� SUHVHQWHG� EHORZ� LGHQWLILHV� DQG� FKDUDFWHULVHV� DQRPDOLHV� DQG� DQRPDO\� JURXSV�
WKDW�PD\�UHODWH�WR�EXULHG�DUFKDHRORJ\�� 
 

���� $QDO\VLV 
)LJXUH� �� VKRZV� WKH� LQWHUSUHWDWLRQ� RI� WKH� VXUYH\� GDWD� DQG� LQFOXGHV� WKH� DQRPDO\� JURXSV�
LGHQWLILHG� DV�SRVVLEO\� UHODWLQJ� WR�EXULHG� DUFKDHRORJ\� DORQJ�ZLWK� WKHLU� LGHQWLI\LQJ�QXPEHUV��
7DEOH��� LV�DQ�H[WUDFW�RI� WKH�GHWDLOHG�DQDO\VLV�RI� WKH� VXUYH\�GDWD� VRXUFHG� IURP� WKH�DWWULEXWH�
WDEOHV�RI�WKH�*,6�SURMHFW�SURYLGHG�LQ�WKH�SURMHFW�DUFKLYH�� 
 
)LJXUH���DQG�7DEOH���FRPSULVH�WKH�DQDO\VLV�RI�WKH�VXUYH\�GDWD�� 
 
)LJXUH� �� LV� D� SORW� RI� WKH� SURFHVVHG� GDWD� DV� VSHFLILHG� LQ� 7DEOH� ��� )LJXUH� �� LV� D� SORW� RI�
PLQLPDOO\�SURFHVVHG�GDWD�DV�VSHFLILHG�LQ�7DEOH����)LJXUH���VKRZV�WKH�ORFDWLRQ�RI�WKH�VXUYH\�
JULG�DQG�JULG�GDWD�ILOHV� 
 

�� 'LVFXVVLRQ 
���� *HQHUDO�SRLQWV 

6FRSH 
1RW�DOO�DQRPDOLHV�RU�DQRPDO\�JURXSV�LGHQWLILHG�LQ�7DEOH���DUH�QHFHVVDULO\�GLVFXVVHG�EHORZ��
$OO�LGHQWLILHG�DQRPDO\�JURXSV�DUH�UHFRUGHG�LQ�WKH�*,6�SURMHFW�KHOG�LQ�WKH�VXUYH\�DUFKLYH�� 
 
'DWD�FROOHFWLRQ 
'DWD�FROOHFWLRQ�DORQJ�WKH�VXUYH\�DUHD�HGJHV�ZDV�UHVWULFWHG�DV�VKRZQ�LQ�WKH�ILJXUHV�GXH�WR�WKH�
SUHVHQFH�PDJQHWLF�PDWHULDOV� ZLWKLQ� DQG� DGMDFHQW� WR� WKH� SORW� ERXQGDULHV�� 6WURQJ� PDJQHWLF�
UHVSRQVHV� PDSSHG� FORVH� WR� WKH� ERXQGDULHV� DUH� OLNHO\� WR� UHODWH� WR� WKH� PDJQHWLF� PDWHULDOV�
H[FHSW�ZKHUH�RWKHUZLVH�LQGLFDWHG�LQ�)LJXUH���DQG�7DEOH��� 
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$QRPDO\�FKDUDFWHULVDWLRQ 
7KHUH�DUH�D�QXPEHU�RI�DQRPDO\�JURXSV�WKDW�FRXOG�EH�LQWHUSUHWHG�DV�UHODWLQJ�WR�ODUJH�SRVWKROHV�
RU� SLWV� DOWKRXJK� PRVW� ZLOO� KDYH� QDWXUDO� RULJLQV�� $QRPDOLHV� RI� WKLV� VRUW� DUH� PDSSHG� DV�
SRWHQWLDO� DUFKDHRORJ\� ZKHQ� WKH\� DUH� ZHOO� GHILQHG� LQ� WKH� GDWD�� DVVRFLDWHG� ZLWK� RWKHU�
VLJQLILFDQW�DQRPDO\�JURXSV�RU�RWKHUZLVH�IRUPHG�UHFRJQLVDEOH�SDWWHUQV�DV�OLVWHG�LQ�7DEOH��� 
 
$QRPDOLHV� WKRXJKW� WR� UHODWH� WR� QDWXUDO� IHDWXUHV� DQG� UHFHQW� PDQ-PDGH� REMHFWV� VXFK� DV�
PDQKROHV��ZDWHU�PDQDJHPHQW�HTXLSPHQW��GUDLQV��FDEOHV�DQG�RWKHU�VHUYLFHV�DUH�RQO\�PDSSHG�
ZKHUH� WKH\� FRPSULVH� VLJQLILFDQW� PDJQHWLF� UHVSRQVHV� DFURVV� WKH� GDWDVHW� WKDW� QHHG�
FODULILFDWLRQ�� 
 
1XPHURXV� GLSROH� PDJQHWLF� DQRPDOLHV� DUH� SUHVHQW� ZLWKLQ� WKH� GDWDVHW�� 7KHVH� DUH� OLNHO\� WR�
UHSUHVHQW�UHFHQW�IHUURXV�REMHFWV��7KH\�DUH�RQO\�PDSSHG�LI�WKH\�FRXOG�LQIOXHQFH�WKH�DQDO\VLV��
RI�DQRPDO\�JURXSV�WKRXJKW�WR�KDYH�DQ�DUFKDHRORJLFDO�RULJLQ� 
 

���� 'DWD�UHODWLQJ�WR�KLVWRULF�PDSV�DQG�RWKHU�UHFRUGV 
$QRPDO\�*URXSV��������DSSHDU�WR�EH�WKH�QRUWK-VRXWK�ILHOG�ZDOO�WKDW�ELVHFWV�WKH�HQFORVXUH�WKDW�
LV�SUHVHQW�RQ�PRGHUQ�26�PDSV�H�J����������([SORUHU� 
 

���� 'DWD�ZLWK�QR�SUHYLRXV�DUFKDHRORJLFDO�SURYHQDQFH 
%HJLQQLQJ�ZLWK�WKH�HDVWHUQ�VLGH�RI�WKH�6XUYH\�$UHD��RXWVLGH�RI�WKH�HQFORVXUH��WKHUH�DUH�D�VHW�
RI� SDUDOOHO� SRVLWLYH� DQG� QHJDWLYH� DQRPDO\� JURXSV� UXQQLQJ� LQ� DQ� HDVW-QRUWKHDVW�ZHVW-
VRXWKZHVW�GLUHFWLRQ����������������������������7KHVH�DUH�VXJJHVWLYH�RI�IRUPHU�WUDFNZD\V��DQG�
$QRPDO\� *URXS� ��� DSSHDUV� WR� HQWHU� WKH� HQFORVXUH� WKURXJK� DQ� DSSDUHQW� JDS� LQ� WKH� EDQN��
+RZHYHU�WKH�IDFW�WKDW�WKLV�SDWWHUQLQJ�LV�VR�UHJXODU�DQG�PDQLIHVW�DFURVV�D�ZLGH�EDQG��F����P���
ZLWK� QR� VHQVLEOH� GHVWLQDWLRQ� IRU� VRPH�RI� WKH� OLQHDUV��ZRXOG� VXJJHVW� WKH\� DUH� JHRORJLFDO� LQ�
RULJLQ�� *URXSV� ��� DQG� ��� DUH� VSUHDGV� RI� QHJDWLYH�PDJQHWLVP�� ZLWK� ERWK� RI� WKHVH� JURXSV�
H[KLELWLQJ�D�ZLGH�UDQJH�RI�YDOXHV�ZLWKLQ�WKHP�LQFOXGLQJ�WKH�PD[LPXP�-����Q7��7KLV�ZRXOG�
SHUKDSV�LQGLFDWH�IHUURXV�PDWHULDOV�QHDUE\��VXFK�DV�PRGHUQ�IHQFLQJ��RU�GLVWXUEHG�JURXQG�WKDW�
FRQWDLQHG�VRPH��SUREDEO\�PRGHUQ�� IHUURXV�PDWHULDOV��*URXS���� LV�DQ�DUHD�RI�ZHDN�SRVLWLYH�
PDJQHWLVP�RI�XQFHUWDLQ�LQWHUSUHWDWLRQ��SHUKDSV�QDWXUDO�PLQHUDOV�LQ�WKH�VRLO��*URXSV����DQG����
DUH� VWURQJ�SRVLWLYH� DQRPDOLHV� �F���Q7��SRVVLEO\� FXW� IHDWXUHV� OLNH�SLWV�� RU� DUHDV�RI�EXUQLQJ��
*URXSV�������DQG�SRVVLEO\����DSSHDU�WR�EH�DQ�H[WHUQDO�GLWFK�WR�WKH�HQFORVXUH��*URXSV�������
DQG� SRVVLEO\� ��� DSSHDU� WR� EH� FRQFHQWULF� WR� WKLV� SRVVLEOH� GLWFK� VXJJHVWLQJ� D� FRXQWHUVFDUS�
EDQN��7KLV�PD\�LQGLFDWH�WKH�HQFORVXUH�ZDV�RQFH�PXOWLYDOODWH� 
0RYLQJ� WR� WKH� HQFORVXUH� LQWHULRU�� $QRPDO\� *URXS� �� LV� SRVVLEO\� DQ� LQWHUQDO� GLWFK� WR� WKH�
HQFORVXUH�EDQN��,QWHUHVWLQJO\�WKH�HQFORVXUH�EDQN�LWVHOI� LV�QRW�GLVFHUQLEOH�LQ�WKH�JHRSK\VLFDO�
GDWD��*URXSV����DQG����DUH�VWURQJ��F����Q7��VXE-FLUFXODU�SRVLWLYH�DQRPDOLHV�SRVVLEO\�SLWV�RU�
ODUJH�SRVW-KROHV��*URXS����IURP�LWV�SRVLWLRQ�ZRXOG�DSSHDU�WR�EH�WKH�UHVSRQVH�RI�WKH�HDVW-ZHVW�
EDQN� RQ� WKH� QRUWKHUQ� SHULPHWHU� RI� WKH� 6XUYH\�$UHD�� ,QWHUHVWLQJO\� LW� SUHVHQWV� DV� D� SRVLWLYH�
DQRPDO\�� ZKHUHDV� WKHUH� LV� QHJOLJLEOH� UHVSRQVH� IURP� WKH� HQFORVXUH� EDQN� RQ� WKH� HDVW� DQG�
VRXWKHUQ�VLGH��ZKLFK�PD\�LQGLFDWH�D�GLIIHUHQW�PDWHULDO�FRQVWLWXWLRQ��*URXSV������������DQG����
DUH�VWURQJ�LUUHJXODU�SRVLWLYH�DQRPDOLHV�ZKLFK�PD\�EH�DUFKDHRORJLFDO��SRVVLEO\�FXW-IHDWXUHV��
RU�PD\�EH�JHRORJLFDO��*URXS����LV�D�YHU\�VWURQJ��-��Q7��VXE-FLUFXODU�QHJDWLYH�DQRPDO\�WKDW�
GRHV� QRW� DSSHDU� WR� KDYH� D� FRXQWHU-VSLNH� LQGLFDWLQJ� D� GLSRODU��7KH� LQWHUSUHWDWLRQ� RI� WKLV� LQ�
XQFHUWDLQ��*URXS����LV�DQ�DSSDUHQW��V\PPHWULFDO��HOOLSWLFDO��SRVLWLYH�DQRPDO\�LQ�WKH�FHQWUH�RI�
WKH� HQFORVXUH�� ,WV� JHRPHWULF� IRUP� PD\� LQGLFDWH� WKDW� LW� LV� RI� DQWKURSRJHQLF� RULJLQ�� RU�
DOWHUQDWLYHO\�PD\�EH�D�UHVXOW�RI�EHGGLQJ�LQ�WKH�JHRORJ\��(OVHZKHUH�LQ�WKH�VWXG\�DUHD�WKHUH�DUH�
PDQ\� SRVLWLYH� DQG� QHJDWLYH� LUUHJXODUO\-VKDSHG� DQRPDOLHV�� FOXVWHUHG� LQ� LQWHUOHDYHG� VLQXRXV�
SDWWHUQV� �DQRPDOLHV� LQ� WKLV� FDWHJRU\� DUH� XQODEHOOHG� LQ� WKH� )LJXUH��� 7KH� RULJLQ� RI� WKHVH� LV�
XQFOHDU� DQG� WKH\� GR� QRW� UHDGLO\� OHQG� WKHPVHOYHV� WR� DUFKDHRORJLFDO� LQWHUSUHWDWLRQ�� ,W� LV�
VXJJHVWHG�WKDW�WKH\�DUH�WKH�UHVXOW�RI�WKH�QDWXUDO�JHRORJLFDO�EHGURFN��SHUKDSV�MXVW�EHORZ�D�WKLQ�
WRSVRLO�KDYLQJ�D�VWURQJ�HIIHFW�RQ�WKH�JUDGLRPHWHU��$�JUDGLRPHWHU�VXUYH\�D�NLORPHWUH� WR� WKH�
VRXWK�LQ������IRXQG�VLPLODU��VWURQJ��FRQWUDVWHG�UHVSRQVHV�DFURVV�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�
VLWH� ZKLFK� WKH� DXWKRU� FRQVLGHUHG� WR� EH� HLWKHU� ODQG� LPSURYHPHQW� PHDVXUHV� RU� WKH� QDWXUDO�
JHRORJ\��+DUULVRQ��������7KLV�PD\�LQGLFDWH�WKDW�LQ�WKLV�UHJLRQ�RI�QRUWK�'HYRQ�WKH�VDQGVWRQH�
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VROLG�JHRORJ\�KDV�ZHDWKHUHG�LQ�SODFHV�LQWR�PRUH�PDJQHWLF�IRUPV��7KLV�LV�QRW�WR�GLVFRXQW�WKH�
IDFW�WKDW�VRPH�RI�WKHVH�DQRPDOLHV�LQ�WKH�6XUYH\�$UHD�PD\�EH�DUFKDHRORJLFDO��,W�PD\�DOVR�EH�
WKH�FDVH�WKDW�WKH�SRVVLEOH�VWURQJ�JHRORJLFDO�UHVSRQVH�KDV�PDVNHG�PRUH�VXEWOH�DUFKDHRORJLFDO�
VLJQDOV��*URXS���LV�OLNHO\�D�PL[WXUH�RI�QDWXUDO�GHSRVLWV�DQG�SRVVLEOH�TXDUU\LQJ�� 
7KHUH�DUH�RFFDVLRQDO��GLVSHUVHG�GLSRODU�VSLNHV�DFURVV�WKH�6XUYH\�$UHD��*URXS�����7KHVH�DUH�
OLNHO\� WR� EH�PRGHUQ� IHUURXV� UXEELVK�� KRZHYHU� WKHLU� SRVLWLRQ� LQWHUQDO� WR� WKH� HQFORVXUH�PD\�
UDLVH�WKHLU�DUFKDHRORJLFDO�SRWHQWLDO�� 
 

�� &RQFOXVLRQV 
7KH�GLIIHUHQFHV�LQ�PDJQHWLF�UHVSRQVHV�DFURVV�WKH�6XUYH\�$UHD�ZHUH�VXIILFLHQW�WR�EH�DEOH�WR�
GLIIHUHQWLDWH� EHWZHHQ� DQRPDOLHV� UHSUHVHQWLQJ� SRVVLEOH� EXULHG� DUFKDHRORJ\� DQG� EDFNJURXQG�
PDJQHWLF�UHVSRQVHV�� 
7KH�VXUYH\�DUHD� LV�PDJQHWLFDOO\�QRLV\�ZLWK�PDQ\�DQRPDOLHV�DSSHDULQJ� LQ�LUUHJXODU�RUJDQLF�
VKDSHV� ZKLFK� GR� QRW� OHQG� WKHPVHOYHV� UHDGLO\� WR� DUFKDHRORJLFDO� LQWHUSUHWDWLRQ�� +RZHYHU�
ZLWKLQ� WKLV� WKHUH� DUH� VRPH� DQRPDOLHV� ZKLFK� FDQ� EH� ODEHOOHG� DV� DQWKURSRJHQLF� ZLWK� VRPH�
GHJUHH�RI�FRQILGHQFH�� �)ROORZLQJ� WKH� OLQH�RI� WKH� HDVWHUQ� HQFORVXUH�EDQN�� WKHUH�DUH�SDUDOOHO�
FXUYLOLQHDU� DQRPDOLHV� ZKLFK� PD\� VXJJHVW� WKHUH� DUH� SRVVLEO\� GLWFKHV� ERWK� LQWHUQDOO\� DQG�
H[WHUQDOO\� WR�WKH�HQFORVXUH�EDQN��7KHUH�PD\�DOVR�EH�DQ�DGGLWLRQDO�H[WHUQDO�EDQN� LQGLFDWLQJ�
PXOWLYDOODWH�HDUWKZRUNV��6RPH�RI�WKH�VWURQJHU��LVRODWHG�DQRPDO\�JURXSV�ZLWKLQ�WKH�HQFORVXUH�
PD\EH�FXW�IHDWXUHV�OLNH�SLWV�RU�SRVW-KROHV� 
 

�� 'LVFODLPHU 
7KH�GHVFULSWLRQ�DQG�GLVFXVVLRQ�RI�WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�UHSRUW�DUH�WKH�DXWKRUV¶��EDVHG�
RQ� WKHLU� LQWHUSUHWDWLRQ� RI� WKH� VXUYH\� GDWD��(YHU\� HIIRUW� KDV� EHHQ�PDGH� WR� SURYLGH� DFFXUDWH�
GHVFULSWLRQV� DQG� LQWHUSUHWDWLRQV� RI� WKH� JHRSK\VLFDO� GDWD� VHW�� 7KH� QDWXUH� RI� DUFKDHRORJLFDO�
JHRSK\VLFDO� VXUYH\LQJ� LV� VXFK� WKDW� LQWHUSUHWDWLRQV� EDVHG� RQ� JHRSK\VLFDO� GDWD�� ZKLOH�
LQIRUPDWLYH��FDQ�RQO\�EH�SURYLVLRQDO��*HRSK\VLFDO�VXUYH\V�DUH�D�FRVW-HIIHFWLYH�HDUO\�VWHS�LQ�
WKH�PXOWL-SKDVH�SURFHVV�WKDW�LV�DUFKDHRORJ\�� 
 

�� $UFKLYH 
���� 2QOLQH�$FFHVV�WR�WKH�,QGH[�RI�DUFKDHRORJLFDO�LQYHVWLJDWLRQ6��2$6,6� 

VXEVWUDW�-������ 
7KH�2$6,6�HQWU\�KDV�EHHQ�FRPSOHWHG� DQG� WKH�ERXQGDU\� ILOH� DQG� UHSRUW� XSORDGHG�ZLWK� VL[�
PRQWKV�GHOD\�LQ�SXEOLFDWLRQ�� 

 
���� 6XEVWUDWD�/LPLWHG�DUFKLYH 

$�IXOO�DUFKLYH�RI�WKLV�VXUYH\�ZLOO�EH�KHOG�E\�6XEVWUDWD�/LPLWHG�RQ�FORXG�DQG�ORFDO�KDUG�GULYH�
VWRUDJH�DV�VSHFLILHG�LQ�$SSHQGL[��� 
 

���� $UFKDHRORJLFDO�'DWD�6HUYLFH��$'6� 
'HSHQGLQJ�RQ�ORFDO�DXWKRULW\�SROLF\��DQ�DUFKLYH�PD\�EH�GHSRVLWHG�ZLWK�WKH�$'6�DV�VSHFLILHG�
LQ�$SSHQGL[��� 
 

���� +LVWRULF�(QYLURQPHQW�5HFRUG��+(5� 
6XEMHFW� WR� DQ\� FRQWUDFWXDO� UHTXLUHPHQWV� RQ� FRQILGHQWLDOLW\�� D� 3')� RU� SULQWHG� FRS\� RI� WKH�
UHSRUW�ZLOO�EH�VXEPLWWHG�WR�WKH�DSSURSULDWH�+(5�ZLWKLQ�VL[�PRQWKV�RI�FRPSOHWLRQ� 
 

�� $FNQRZOHGJHPHQWV 
6XEVWUDWD�ZRXOG�OLNH�WR�WKDQN�=RH�$UNOH\�RI�&RWVZROG�$UFKDHRORJ\�IRU�FRPPLVVLRQLQJ�XV�WR�
FRPSOHWH�WKLV�VXUYH\� 
 

�� %LEOLRJUDSK\ 
 

$UFKDHRORJ\�'DWD�6HUYLFH��XQGDWHG��$UFKDHRORJ\�'DWD�6HUYLFH�'LJLWDO�$QWLTXLW\�*XLGHV�WR�
*RRG�3UDFWLFH��*HRSK\VLFDO�'DWD�LQ�$UFKDHRORJ\���QG�(GLWLRQ��$YDLODEOH�DW��KWWS���
JXLGHV�DUFKDHRORJ\GDWDVHUYLFH�DF�XN�J�JS�*HRSK\VLFVB7RF��$FFHVVHG���2FW�������� 



6XEVWUDWD�/WG      5HSRUW�����%8&-5-�        � 

$Q�DUFKDHRORJLFDO�PDJQHWRPHWHU�VXUYH\��/DQG�DW�%XFNV�0LOOV�'HYRQ 

 
&KDUWHUHG�,QVWLWXWH�IRU�$UFKDHRORJLVWV��������&RGH�RI�FRQGXFW��$YDLODEOH�DW��KWWSV���
ZZZ�DUFKDHRORJLVWV�QHW�VLWHV�GHIDXOW�ILOHV�&RGHVRI&RQGXFW�SGI��$FFHVVHG���6HS�������� 
 
&KDUWHUHG�,QVWLWXWH�IRU�$UFKDHRORJLVWV������E��6WDQGDUG�DQG�JXLGDQFH�DUFKDHRORJLFDO 
JHRSK\VLFDO�VXUYH\��$YDLODEOH�DW��KWWSV���ZZZ�DUFKDHRORJLVWV�QHW�VLWHV�GHIDXOW�ILOHV�&,I$6� 
��**HRSK\VLFVB��SGI��$FFHVVHG���6HS�������� 
 
&ODUN��$���������6HHLQJ�%HQHDWK�WKH�6RLO��3URVSHFWLQJ�PHWKRGV�LQ�DUFKDHRORJ\��/RQGRQ� 
5RXWOHGJH� 
 
(XURSDH�$UFKDHRORJLDH�&RQVLOLXP��XQGDWHG��($&�*XLGHOLQHV�IRU�WKH�8VH�RI�*HRSK\VLFV�LQ 
$UFKDHRORJ\��4XHVWLRQV�WR�$VN�DQG�3RLQWV�WR�&RQVLGHU��($&�*XLGHOLQHV����$YDLODEOH�DW� 
KWWS���ROG�HXURSHDQ-DUFKDHRORJLFDO-FRXQFLO�RUJ�ILOHV�HDFBJXLGHOLQHVB�BILQDO�SGI��$FFHVVHG�� 
6HS�������� 
 
+DUULVRQ��'���������:DOODQG�)DUP�6RODU�'HYHORSPHQW��%LGHIRUG��'HYRQ��*HRSK\VLFDO�6XU�
YH\��5HSRUW�-�*HRSK\VLFDO�6XUYH\���6'9������� 
 
/DQG,6��XQGDWHG��&UDQILHOG�6RLOV�DQG�$JULIRRG�,QVWLWXWH�6RLOVFDSHV��$YDLODEOH�DW��KWWS��� 
ZZZ�ODQGLV�RUJ�XN�VRLOVFDSHV���$FFHVVHG����2FW�������� 
 
0LQLVWU\�RI�+RXVLQJ��&RPPXQLWLHV�	�/RFDO�*RYHUQPHQW��������1DWLRQDO�3ODQQLQJ�3ROLF\ 
)UDPHZRUN��$YDLODEOH�DW��KWWSV���DVVHWV�SXEOLVKLQJ�VHUYLFH�JRY�XN�JRYHUQPHQW�XSORDGV� 
V\VWHP�XSORDGV�DWWDFKPHQWBGDWD�ILOH��������5HYLVHGB133)B�����SGI��$FFHVVHG���$XJXVW� 
����� 
 
2OG-0DSV��XQGDWHG��ROG-PDSV�FR�XN��$YDLODEOH�DW��KWWSV���ZZZ�ROG-PDSV�FR�XN����
�$FFHVVHG 
���-XO\�������� 
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*HQHUDO�*XLGDQFH 
 
7KH� DQRPDOLHV� UHSUHVHQWHG� LQ� WKH� VXUYH\� SORWV� SURYLGHG� LQ� WKLV� DSSHQGL[� DUH� PDJQHWLF�
DQRPDOLHV�� 7KH� DSSDUHQW� VL]H� RI� VXFK� DQRPDOLHV� DQG� DQRPDO\� SDWWHUQV� DUH� XQOLNHO\� WR�
FRUUHVSRQG�H[DFWO\�ZLWK�WKH�GLPHQVLRQV�RI�DQ\�DVVRFLDWHG�DUFKDHRORJLFDO�IHDWXUHV���� 
 
$�URXJK� UXOH� IRU� LQWHUSUHWLQJ�PDJQHWLF� DQRPDOLHV� LV� WKDW� WKH�ZLGWK�RI� DQ� DQRPDO\� DW� KDOI� LWV�
PD[LPXP� UHDGLQJ� LV� HTXDO� WR� WKH�ZLGWK� RI� WKH� EXULHG� IHDWXUH�� RU� LWV� GHSWK� LI� WKLV� LV� JUHDWHU�
�&ODUN�������������&DXWLRQ�PXVW�EH�DSSOLHG�ZKHQ�XVLQJ�WKLV�UXOH�DV�LW�GHSHQGV�RQ�WKH�DQRPDOLHV�
EHLQJ� FOHDUO\� LGHQWLILDEOH� DQG� GLVWLQFW� IURP� DGMDFHQW� DQRPDOLHV�� ,Q� QRUWKHUQ� ODWLWXGHV� WKH�
SRVLWLRQ�RI�WKH�PD[LPXP�RI�D�PDJQHWLF�DQRPDO\�ZLOO�EH�GLVSODFHG�VOLJKWO\�WR�WKH�VRXWK�RI�DQ\�
DVVRFLDWHG�SK\VLFDO�IHDWXUH� 
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An archaeological magnetometer survey
Earthwork east of Bucks Mills, North Devon
Centred on NGR: 235888,123491
Report: 1901BUC-R

Figure 1: Location plan

Substrata Limited
Langstrath, Goodleigh
Barnstaple, Devon EX32 7LZ
Tel: 01271 342721
Email: enquiries@substrata.co.uk
Web: substrata.co.uk

Notes:
1. All interpretations are provisional and represent potential archaeological deposits.
2. 'Anomaly type' is a description of the magnetic anomaly. See the report text or GIS for an archaeological characterisation.
3. Anomalies designated "likely archaeology" have supporting evidence e.g. historical maps and or visible earthworks.

4. Not all instances are mapped.
5. Anomalies likely to represent recent deposits or ground disturbance, or geological and other natural deposits are not mapped unless relevant to potential buried archaeology.

Geophysical survey: Copyright Substrata Limited.
Base map: Ordnance Survey (c) Crown Copyright 2018.
All rights reserved. Licence number 100053143
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Figure 2: survey interpertation

Substrata Limited
Langstrath, Goodleigh
Barnstaple, Devon EX32 7LZ
Tel: 01271 342721
Email: enquiries@substrata.co.uk
Web: substrata.co.uk

Notes:
1. All interpretations are provisional and represent potential archaeological deposits.
2. 'Anomaly type' is a description of the magnetic anomaly. See the report text or GIS for an archaeological characterisation.
3. Anomalies designated "likely archaeology" have supporting evidence e.g. historical maps and or visible earthworks.

4. Not all instances are mapped.
5. Anomalies likely to represent recent deposits or ground disturbance, or geological and other natural deposits are not mapped unless relevant to potential buried archaeology.

Geophysical survey: Copyright Substrata Limited.
Base map: Ordnance Survey (c) Crown Copyright 2018.
All rights reserved. Licence number 100053143
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Figure 3: processed gradiometer data

Substrata Limited
Langstrath, Goodleigh
Barnstaple, Devon EX32 7LZ
Tel: 01271 342721
Email: enquiries@substrata.co.uk
Web: substrata.co.uk

Notes:
1. All interpretations are provisional and represent potential archaeological deposits.
2. 'Anomaly type' is a description of the magnetic anomaly. See the report text or GIS for an archaeological characterisation.
3. Anomalies designated "likely archaeology" have supporting evidence e.g. historical maps and or visible earthworks.

4. Not all instances are mapped.
5. Anomalies likely to represent recent deposits or ground disturbance, or geological and other natural deposits are not mapped unless relevant to potential buried archaeology.

Geophysical survey: Copyright Substrata Limited.
Base map: Ordnance Survey (c) Crown Copyright 2018.
All rights reserved. Licence number 100053143



Unprocessed gradiometer data

nT

2

-2

0

gradiometer baseline 1m

data range (nT) 3000 - -3000

Survey area

N

0 80 m

236000 m235950 m235900 m

236000 m235950 m235900 m

12
35

50
 m

12
35

00
 m

12
34

50
 m

12
35

50
 m

12
35

00
 m

12
34

50
 m

British Grid
centre X: 235938.44 m, centre Y: 123485.49 m

Scale: 1:500 @ A3. Spatial Units: Meter. Do not scale off this drawing

An archaeological magnetometer survey
Earthwork east of Bucks Mills, North Devon
Centred on NGR: 235888,123491
Report: 1901BUC-R

Figure 4: Unprocessed gradiometer data

Substrata Limited
Langstrath, Goodleigh
Barnstaple, Devon EX32 7LZ
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Notes:
1. All interpretations are provisional and represent potential archaeological deposits.
2. 'Anomaly type' is a description of the magnetic anomaly. See the report text or GIS for an archaeological characterisation.
3. Anomalies designated "likely archaeology" have supporting evidence e.g. historical maps and or visible earthworks.

4. Not all instances are mapped.
5. Anomalies likely to represent recent deposits or ground disturbance, or geological and other natural deposits are not mapped unless relevant to potential buried archaeology.

Geophysical survey: Copyright Substrata Limited.
Base map: Ordnance Survey (c) Crown Copyright 2018.
All rights reserved. Licence number 100053143
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Langstrath, Goodleigh
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Notes:
1. All interpretations are provisional and represent potential archaeological deposits.
2. 'Anomaly type' is a description of the magnetic anomaly. See the report text or GIS for an archaeological characterisation.
3. Anomalies designated "likely archaeology" have supporting evidence e.g. historical maps and or visible earthworks.

4. Not all instances are mapped.
5. Anomalies likely to represent recent deposits or ground disturbance, or geological and other natural deposits are not mapped unless relevant to potential buried archaeology.

Geophysical survey: Copyright Substrata Limited.
Base map: Ordnance Survey (c) Crown Copyright 2018.
All rights reserved. Licence number 100053143
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Site: Land at Bucks Mills, North Devon
Centred on NGR: 235888, 123491

plot anomaly associated anomaly characterisation anomaly form additional archaeological comments supporting evidence
group anomaly groups certainty & class characterisation

0 possible, negative/Positive geology?
0 possible, dipolar geology?
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, positive geology/ possible quarrying ranging from 7 nT - 15 nT
1 possible, negative geology/ possible quarrying
1 possible, negative geology/ possible quarrying
1 possible, negative geology/ possible quarrying
1 possible, negative geology? possible quarrying
1 possible, positive geology? possible quarrying
1 possible, negative geology? possible quarrying
1 possible, negative geology/ possible quarrying
1 possible, negative geology/ possible quarrying
1 possible, negative geology? possible quarrying
1 possible, negative geology? possible quarrying
1 possible, negative geology? possible quarrying
3 possible, negative curvilinear ditch?
4 15 possible, negative curvilinear ditch?
5 4? possible, positive curvilinear bank?
6 possible, positive curvilinear track? natural?
7 possible, positive linear natural?track?
8 possible, positive linear natural?track?
9 possible, positive linear natural?track?

10 32,9,8 possible, positive linear track?natural?
11 possible, positive irregular bank?
12 possible, positive irregular cut feature
15 4? possible, negative irregular ditch?
25 possible, positive irregular pit?post hole? 29nT
26 possible, positive irregular bank?
26 possible, positive irregular bank?
26 possible, positive irregular bank? 24nT
27 possible, positive irregular bank?
28 possible, positive irregular uncertain
29 4? possible, negative curvilinear ditch?
32 10, 8,9 possible, negative curvilinear track? natural?
33 possible, negative curvilinear natural?
34 possible, positive irregular cut features? 34nT
35 negative spread irregular disturbance inc ferrous -30 -40 -3000 nT
36 negative spread irregular disturbance inc ferrous -20 -80 -3000 nT
37 possible, positive irregular natural? 15nT
38 possible, positive oval pit?posthole? 33nT
39 possible, positive irregular external bank? 11nT
40 possible, positive elliptical natural? enc. central feature?
41 42? possible, positive oval pit?post-hole? 15nT
42 41? possible, positive oval pit? posthole? 15nT
43 possible, positive irregular cut feature?
44 possible, negative oval pit? -94nT. strong negative feature.

Table 1: Data analysis
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*ULG 
0HWKRG�RI�)L[LQJ��'*36�VHW-RXW�XVLQJ�SUH-SODQQHG�VXUYH\�JULGV�DQG�2UGQDQFH�6XUYH\�FRRUGLQDWHV� 
&RPSRVLWLRQ����P�E\���P�JULGV 
5HFRUGLQJ��*HR-UHIHUHQFHG�DQG�UHFRUGHG�XVLQJ�GLJLWDO�PDS�WLOHV� 
'*36�XVHG��6SHFWUD�3UHFLVLRQ�30�9��*36�ZLWK�H[WHUQDO� DQWHQQD�DQG� VXUYH\�SROH� DQG�'LJL7HUUD�

([SORUHU���DV�WKH�VXUYH\�FRQWURO�SURJUDP� 

(TXLSPHQW 
,QVWUXPHQW��%DUWLQJWRQ�,QVWUXPHQWV�JUDG���-� 
)LUPZDUH��YHUVLRQ���� 

'DWD�&DSWXUH 
6DPSOH�,QWHUYDO�������P 
7UDYHUVH�,QWHUYDO����PHWUH 
7UDYHUVH�0HWKRG��]LJ]DJ 
7UDYHUVH�2ULHQWDWLRQ��*1 

'DWD�3URFHVVLQJ��$QDO\VLV�DQG�3UHVHQWDWLRQ�6RIWZDUH 
,QWHOOL&$'���� 
':�&RQVXOWLQJ�7HUUD6XUYH\RU� 
0DQLIROG�6\VWHP���*,6 
0LFURVRIW�&RUS��2IILFH������([FHO��3XEOLVKHU��:RUG 
$GREH�6\VWHPV�,QF�$GREH�$FUREDW���3UR�([WHQGHG 

7DEOH����PHWKRGRORJ\�LQIRUPDWLRQ 
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7DEOH����SURFHVVHG�GDWD�PHWDGDWD 

,QVWUXPHQW�7\SH�������������*UDG������0DJQHWRPHWHU� 
8QLWV�����������������������Q7 
'LUHFWLRQ�RI��VW�7UDYHUVH�����GHJ 
&ROOHFWLRQ�0HWKRG�����������=LJ=DJ 
6HQVRUV������������������������#�������P�VSDFLQJ� 
'XPP\�9DOXH���������������������� 
 
'LPHQVLRQV 
&RPSRVLWH�6L]H��UHDGLQJV���������[���� 
6XUYH\�6L]H��PHWHUV�������������P�[�����P 
*ULG�6L]H����������������������P�[����P 
;�,QWHUYDO�������������������������P��VXUYH\HG�#�������P� 
<�,QWHUYDO����������������������P��VXUYH\HG�#���P� 
 
6WDWV 
0D[������������������������������� 
0LQ�������������������������-������ 
6WG�'HY�������������������������� 
0HDQ������������������������-���� 
0HGLDQ����������������������-���� 
 
352*5$0 
1DPH������������������������7HUUD6XUYH\RU 
9HUVLRQ������������������������������ 
 
3URFHVVHV������� 
3URFHVVHV�������� 
������%DVH�/D\HU 
������&OLS�DW������6'��$UHD��7RS�����/HIW������%RWWRP�����5LJKW����� 
������'H6WULSH�0HGLDQ�6HQVRUV��$OO 
������'H�6WDJJHU��*ULGV��E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��E���[JG�E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��E���[JG�E���[JG�E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��F���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��F���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������'H�6WDJJHU��*ULGV��E���[JG���0RGH��%RWK�%\��-��LQWHUYDOV 
������&OLS�DW������6' 
������,QWHUSRODWH��;�	�<�'RXEOHG� 
 
1RWH�� ,QSXW� WR� WKH�*,6� UHVXOWV� LQ� VOLJKW� FKDQJHV� WR� WKH� VWDWV� VKRZQ� DERYH��7KH�GDWD� VWRUHG� LQ� WKH�

DUFKLYHV� �$SSHQGL[� ��� ZLOO� KDYH� WKH� DERYH� PHWDGDWD� DQG� WKH� YDOXHV� TXRWHG� LQ� WKH� UHSRUW�
ILJXUHV�ZLOO�EH�WKRVH�TXRWHG�LQ�WKLV�PHWDGDWD�WDEOH� 
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8QLWV�����������������������Q7 
'LUHFWLRQ�RI��VW�7UDYHUVH�����GHJ 
&ROOHFWLRQ�0HWKRG�����������=LJ=DJ 
6HQVRUV������������������������#�������P�VSDFLQJ� 
'XPP\�9DOXH���������������������� 
 
'LPHQVLRQV 
&RPSRVLWH�6L]H��UHDGLQJV��������[���� 
6XUYH\�6L]H��PHWHUV�������������P�[�����P 
*ULG�6L]H����������������������P�[����P 
;�,QWHUYDO������������������������P 
<�,QWHUYDO��������������������P 
 
6WDWV 
0D[������������������������������ 
0LQ�������������������������-������ 
6WG�'HY������������������������� 
0HDQ���������������������������� 
0HGLDQ�������������������������� 
 
352*5$0 
1DPH������������������������7HUUD6XUYH\RU 
9HUVLRQ������������������������������ 
 
3URFHVVHV������� 
������%DVH�/D\HU 
 
1RWH�� ,QSXW� WR� WKH� *,6� UHVXOWV� LQ� VOLJKW� FKDQJHV� WR� WKH� VWDWV� VKRZQ� DERYH�� 7KH� GDWD� VWRUHG� LQ� WKH�

DUFKLYHV��$SSHQGL[����ZLOO�KDYH�WKH�DERYH�PHWDGDWD�DQG�WKH�YDOXHV�TXRWHG�LQ�WKH�UHSRUW�ILJXUHV�
ZLOO�EH�WKRVH�TXRWHG�LQ�WKLV�PHWDGDWD�WDEOH� 
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$SSHQGL[�� 3URMHFW�DUFKLYH�FRQWHQWV 
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