
�
�
�
'HQLWULILFDWLRQ�LQ�D�5RWRHKX�6WUHDP���QG�LQVWDOODWLRQ�
�
$GGLWLRQDO�UHVXOWV�IURP�����������VDPSOLQJV�
�
�
�
�
�
�
*UDHPH�$QGHUVRQ�
/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG�
3ULYDWH�%DJ������
+DPLOWRQ�
1HZ�=HDODQG�
�
�
�
�
�
35(3$5('�)25��
-RKQ�0F,QWRVK�$QG\�%UXHUH�
(QYLURQPHQW�%D\�RI�3OHQW\�
32�%R[�����
:KDNDWDQH�
�
�
�
�
�
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW��/&���������
�
�
�
�
�
'$7(��0D\������
�



�

5HYLHZHG�E\�� $SSURYHG�IRU�UHOHDVH�E\��
�
�
�
�
�
�
�
�
%U\DQ�6WHYHQVRQ� $OLVRQ�&ROOLQV��
6FLHQWLVW� 6FLHQFH�/HDGHU�
/DQGFDUH�5HVHDUFK�� /DQGFDUH�5HVHDUFK�
�
�
�
�
�
�
�
�
�
��/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG��

1R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\�IRUP�RU�
E\�DQ\�PHDQV��JUDSKLF��HOHFWURQLF�RU�PHFKDQLFDO�� LQFOXGLQJ�SKRWRFRS\LQJ��UHFRUGLQJ��
WDSLQJ��LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�
WKH�SXEOLVKHU��

�
�
'LVFODLPHU�

7KH�ILQGLQJV�LQ� WKLV�UHSRUW�DUH�VSHFLILF� WR� WKLV�SURMHFW��/DQGFDUH�5HVHDUFK�DFFHSWV�QR�
UHVSRQVLELOLW\�ZKHUH�LQIRUPDWLRQ�LQ�WKH�UHSRUW�LV�XVHG�IRU�DQ\�RWKHU�SXUSRVH��DQG�ZLOO�
QRW�EH�OLDEOH�IRU�DQ\�ORVV�RU�GDPDJH�VXIIHUHG�DV�D�UHVXOW�RI�VXFK�RWKHU�XVH��



/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�

�
��� ,QWURGXFWLRQ�
�
/DQGFDUH�5HVHDUFK�UHSRUWHG�DQ�LQYHVWLJDWLRQ�RI�WKH�SHUIRUPDQFH�RI�D�GHQLWULILFDWLRQ�EHG�LQ�D�
5RWRHKX�VWUHDP�LQ�0D\�������&RQWUDFW�5HSRUW��/&�����������(QYLURQPHQW�%D\�RI�3OHQW\�DJUHHG�WR�
FRQWLQXH�VDPSOLQJ�LQ�ODWH������HDUO\������WR�LQYHVWLJDWH�IXUWKHU�WKH�QLWURJHQ�UHPRYDO�SHUIRUPDQFH�
RI�WKH�EHG���
�
�
���8SGDWHG�5HVXOWV�
�
6DPSOHV�ZHUH�WDNHQ�LQ�$XJXVW�������'HFHPEHU�������DQG�$SULO�������
�
7KH�ILHOG�QRWHV�EHORZ��WDNHQ�E\�/DQGFDUH�5HVHDUFK�DW�WKH�WLPH�RI�VDPSOLQJ��LOOXVWUDWH�WKDW�RSHUDWLQJ�
FRQGLWLRQV�YDULHG�RYHU�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW�GXH�WR�YDULDWLRQ�LQ�WKH�IORZV�FDXVHG�E\�QDWXUDO�
GLVWXUEDQFH�DQG�SOXJ�UHPRYDO��
�

6LWH�QRWHV��
�
���$XJ�����$OO�ILQH��VRPH�ZHHGLQJ�UHTXLUHG��VHGLPHQW�UHPRYHG��VDPSOHV�WDNHQ��
�
��'HF�����:HHG�JURZLQJ�RYHU�WKH�FKLSV��FOHDUHG��IHUQ�VWHP�KDG�EORFNHG�XS�SLSH�LQOHW�DW�WKH�FXOYHUW��
VRPH�ZDWHU�SRXULQJ�LQWR�EHG�DW�FXOYHUW�SUREDEO\�HTXDO�WR�IORZ�IURP�H[LW�KROHV�LQ�O\VLPHWHU�±�
SUREDEO\�GRXEOH�IORZ�LQ�WRWDO��LW�LV�OLNHO\�HIILFLHQF\�ZLOO�EH�GRZQ��6DPSOHV�WDNHQ��
�
���$SULO�������)ORZ�IURP�FXOYHUW�JRRG��QR�OHDNDJH��
�
'LVFRYHUHG�WKH�VL[�RULJLQDO�RXWOHWV�DW�EDVH�RI�O\VLPHWHU�KDG�KDG�WKHLU�IORZ�SLSH�FRQQHFWRUV�UHPRYHG�
VR�PDMRU�IORZV�JRLQJ�RQ�LQWR�WKH�EHG���-RKQ�0F,QWRVK�SURYHG�WR�EH�WKH�FXOSULW����7RWDO�IORZV�QRW�
PHDVXUHG�EXW�HVWLPDWHG�WR�EH�QRZ�DW�OHDVW���WLPHV�WKDW�RI�MXVW�WRS�KROHV��
�
7HPSHUDWXUH�WDNHQ�XVLQJ�KDQGKHOG�PHUFXU\�WKHUPRPHWHU�±�EHWZHHQ���&�DQG�����&��S+�WDNHQ�EDFN�
DW�ODE�RQ�VDPSOH�UHPRYHG�±�����DW�DSSUR[����&��6DPSOHV�WDNHQ��
�

�
)LJ����)RU�UHIHUHQFH�±�KHDGZRUNV�0DUFK������EHIRUH�WRS�KROHV�ZHUH�ERUHG��

�



�� /D
QG
FDU

H�5
HVH

DUF
K�1

HZ
�=H

DOD
QG

�
�� 7D

EO
H�
��
1L
WUR

JH
Q�D

QD
O\V

HV�
�WR

WDO
�1
��Q
LWUD

WH�
�DQ

G�Q
LWUL

WH�
1�
�1

2[
�1

����
DP

PR
QLX

P�
1�
DQ
G�R

UJD
QLF

�1
��R

I�LQ
OHW
�DQ

G�R
XWO

HW�
IOR

Z�
DW�
WKH

�5R
WRH

KX
�VWU

HDP
�LQ

VWD
OOD
WLR

Q�
� 5R

WR
HK

X�
6W
UH
DP

�,Q
VW
DO
OD
WLR

Q
$Y

HUD
JH

�RI
�GX

SOL
FD

WHV
��X

QLW
V�P

J�O
LWUH

'D
WH

7R
WDO

�1
�

,QO
HW

7R
WDO

�1
�

2X
WOH

W
12

[�1
��

,QO
HW

12
[�1

��
2X

WOH
W

2U
JD

QLF
�1

�
,QO

HW
2U

JD
QLF

�1
�

2X
WOH

W
$P

PR
QLX

P�
1�

,QO
HW

$P
PR

QLX
P�

1�
2X

WOH
W

(V
W��)

ORZ
�

,QO
HW�

(V
W��)

ORZ
�

2X
WOH

W
PJ

�/�
�

PJ
�/�

�
PJ

�/�
�

PJ
�/�

�
PJ

�/�
�

PJ
�/�

�
PJ

�/�
�

PJ
�/�

�
/�P

LQ�
�

/�P
LQ�

�

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

��
��

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

a�
���

�
a�

���
�

���
���

��
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

a�
���

�
a�

���
�

��
���

���
��

���
�

���
�

���
�

���
�

���
�

���
�

���
�

���
�

a�
��

���
�

a�
��

���
�

�
� � � � � � � �



/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�

7RWDO�1LWURJHQ

����

����

����

����

����

����

����

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ��

� �� ���
��

��
� �� ��

� �� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ��

� �� ���
��

��
� �� ��

� �� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

'DWH

PJ
�/ ,QOHW

2XWOHW

�
)LJ����7RWDO�1LWURJHQ�OHYHOV�HQWHULQJ�DQG�OHDYLQJ�WKH�GHQLWULILFDWLRQ�EHG�
�
�

12[�1

����

����

����

����

����

����

����

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ��

� �� ���
��

��
� �� ��

� �� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ��

� �� ���
��

��
� �� ��

� �� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

��
� �� ���

� ���
��

'DWH

PJ
�/ ,QOHW

2XWOHW

�
)LJ����1LWUDWH�DQG�QLWULWH��12[�1��OHYHOV�HQWHULQJ�DQG�OHDYLQJ�WKH�GHQLWULILFDWLRQ�EHG�



��

/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�
�

2UJDQLF�1

����
����
����
����
��� � �
����
����
����
����
��� � �
����

��
	 �
 ���


 ���
��

��
	 �
 ���


 ���
��

��
	 �
 ��

� �
 ���
��

��
	 �
 ��

� �
 ���
��

��
	 �
 ���


 ���
��

��
	 �
 ���


 ���
�	

��
	 �
 ���


 ���
�	

��
	 �
 ���


 ���
�	

��
	 �
 ��

� �
 ���
�	

��
	 �
 ��

� �
 ���
�	

��
	 �
 ���


 ���
�	

��
	 �
 ���


 ���
��

��
	 �
 ���


 ���
��

'DWH

PJ
�/ ,QOHW

2XWOHW

�
)LJ����2UJDQLF�1LWURJHQ�OHYHOV�HQWHULQJ�DQG�OHDYLQJ�WKH�GHQLWULILFDWLRQ�EHG�
�
'LVFXVVLRQ�
�
7RWDO�QLWURJHQ�OHYHOV�LQ�WKH�VWUHDP�DW�HQWU\�WR�WKH�EHG�DSSHDU�WR�EH�GURSSLQJ�PDUJLQDOO\�RYHU�
WLPH�DQG��DV�QRWHG�LQ�WKH�SUHYLRXV�UHSRUW��QLWURJHQ�LV�ODUJHO\�LQ�12[��QLWUDWH�DQG��QLWULWH��IRUP��
7KH�QLWUDWH�UHPRYDO�HIILFLHQF\�RI�WKH�EHG��DV�D�IXQFWLRQ�RI�SHUFHQWDJH�UHPRYDO�RI�1�IURP�WKH�
LQIORZ�WR�WKH�RXWIORZ��KDV�GHWHULRUDWHG�RYHU�WLPH��EXW�LW�LV�LPSRUWDQW�WR�QRWH�WKDW�IORZ�UDWH�
WKURXJK�WKH�EHG�KDV�GUDPDWLFDOO\�LQFUHDVHG�RYHU�WKH�SDVW�WZR�VDPSOLQJ�GDWHV��7KH�EHG�
FRQWLQXHV�WR�UHPRYH�VRPH�QLWUDWH�IURP�WKH�LQIORZ�HYHQ�DW�WKH�KLJKHVW�UDWH�RI�IORZ�
HQFRXQWHUHG��8QIRUWXQDWHO\�WKH�DVVHVVPHQWV�RI�IORZV�DUH�YHU\�PXFK�HVWLPDWHV�DV�ZH�GLG�QRW�
KDYH�WKH�JHDU�RQ�KDQG�WR�PHDVXUH�RYHU�PXOWLSOH�SRLQWV��KRZHYHU��XVLQJ�DYHUDJHV�RI�WKH�
DSSUR[LPDWLRQV�\LHOGV��
�

12[�1��
,QOHW�PJ�

/��

12[�1��
2XWOHW�
PJ�/��

12[�1��
5HPRYDO�
PJ�/��

)ORZ�
HVWLPDWH�/�

PLQ��

12[�1�
UHPRYHG�
PJ�PLQ��

��� 
 ��� � 
 ���� � ���� ����� ���� � �� ���
�� � 
 ��� 
 ���� � ���� �� ���� � ���� �� ����

��� 
 ��� 
 ���� � ���� ���� � ���� ��� �� ��
7DEOH���12[�UHPRYDO�SHUIRUPDQFH��
�
7DEOH���VKRZV�WKH�DPRXQW�RI�12[�UHPRYDO�RQ�D�PDVV�SHU�WLPH�SHULRG�EDVLV�XVLQJ�HVWLPDWHV�RI�
IORZ�UDWH�DW�WKH�WLPH�RI�VDPSOLQJ��%DVHG�RQ�WKHVH�FDOFXODWLRQV��UHPRYDO�RI�12[�RQ�D�PDVV�LV�
VLPLODU�EHWZHHQ�VDPSOLQJ��VXJJHVWLQJ�WKH�EHG�FRQWLQXHV�WR�RSHUDWH�EXW�LV�QRZ�XQGHUGHVLJQHG�
IRU�WKH�YROXPH�RI�ZDWHU�SDVVLQJ�WKURXJK�LW��
�



/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�

�
���&RQFOXVLRQV�
�
7KH�EHG�FRQWLQXHV�WR�UHPRYH�QLWURJHQ�SUHVHQW�LQ�WKH�VWUHDP�IORZ�DW�WKH�SUHYLRXVO\�TXRWHG�
ILJXUH�RI�DSSUR[LPDWHO\���J�12[�P����RI�EHG��G����7KH�SHUIRUPDQFH�RI�WKH�EHG�ZLWK�UHJDUG�WR�
PDVV�UHPRYDO�RI�QLWURJHQ�SHU�GD\�DSSHDUV�WR�EH�UHODWLYHO\�LPPXQH�WR�KHLJKWHQHG�IORZV�
WKURXJK�WKH�EHG���
�
,W�LV�UHFRPPHQGHG�WKDW�WKH�EHG�EH�UH�VDPSOHG�LQ�WZR�\HDUV�WLPH��7KLV�ZRXOG�EH�YDOXDEOH�WR�
HYDOXDWH�ORQJHU�WHUP�SHUIRUPDQFH��


