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$ï (PLVVLRQVý8QLW

'HVFULSWLRQã )&&8ýFDWDO\VWýUHJHQHUDWRU
,GHQWLILFDWLRQã
)DFLOLW\ã )DFLOLW\ý%

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWVñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã éíý&)5ýçíý6XESDUWý-
5HJXODWHGýSROOXWDQWãýý 3DUWLFXODWHýPDWWHU
(PLVVLRQýOLPLWýõSDUWLFXODWHýPDWWHUôã ìýOEîìñíííýOEýFRNHýEXUQHG
0RQLWRULQJýUHTXLUHPHQWVã &RNHýEXUQýUDWHñýDLUýEORZHUýUDWHñýQXPEHUýRIýYHQWXULV

RQOLQHýõSHUPLWô
>1RWHãý$OWKRXJKý6XESDUWý-ýUHTXLUHVýDý&206ñýWKLV
DOWHUQDWHýPRQLWRULQJýDSSURDFKýZDVýDSSURYHGýE\ýWKH
6WDWHýSHUPLWWLQJýDXWKRULW\ýDQGýLVýUHIOHFWHGýLQýWKH
IDFLOLW\©VýSHUPLWï@

&ï &RQWUROý7HFKQRORJ\ã

)RXUýSDUDOOHOýYHQWXULýVFUXEEHUV

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýIRUýSDUWLFXODWHýPDWWHUñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEH
PRQLWRUHGñýLQGLFDWRUýUDQJHVñýDQGýSHUIRUPDQFHýFULWHULDýDUHýSUHVHQWHGýLQý7DEOHý$ïëðìïý



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïëýý9(1785,ý6&58%%(5ý)25ý30ý&21752/

$ðëå åîäå

7
$
%
/
(
ý$
ïë
ðì
ïýý
0
2
1
,7
2
5
,1
*
ý$
3
3
5
2
$
&
+

,Q
GL
FD
WR
Uý
1
Rï
ýì

,Q
GL
FD
WR
Uý
1
Rï
ýë

,Q
GL
FD
WR
Uý
1
Rï
ýê

,ï
,Q
GL
FD
WR
U

/
LT
XL
Gý
WR
ýJ
DV
ýU
DW
LR

6
FU
XE
EH
Uý
H[
KD
XV
WýW
HP
SH
UD
WX
UH

&
RN
Hý
EX
UQ
ýU
DW
H

0
HD
VX
UH
P
HQ
Wý$
SS
UR
DF
K

:
DW
HU
ýI
OR
Z
¤P
DJ
QH
WL
Fý
IO
RZ
P
HW
HU
ïý

$
LU
ýU
DW
H¤
YH
QW
XU
LýI
OR
Z
P
HW
HU
ïýý
/
î*

FD
OF
XO
DW
HG
ï

6
FU
XE
EH
Uý
H[
KD
XV
WýW
HP
SH
UD
WX
UH

P
HD
VX
UH
Gý
XV
LQ
Jý
Dý
WK
HU
P
RF
RX
SO
Hï

&
DO
FX
OD
WH
Gý
XV
LQ
Jý
1
6
3
6
ýõ
�ý
çí
ïì
íç
ô

HT
XD
WL
RQ
ï

,,
ï
,Q
GL
FD
WR
Uý
5
DQ
JH
D

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
Dý
êð

KR
XU
ýD
YH
UD
JH
ýOL
TX
LG
ýWR
ýJ
DV
ýU
DW
LR
ýOH
VV

WK
DQ
ýå
ïýý
(
[F
XU
VL
RQ
Vý
WU
LJ
JH
Uý
DQ

LQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
Hý
DF
WL
RQ
ñýD
QG
ýD

UH
SR
UW
LQ
Jý
UH
TX
LU
HP
HQ
Wï

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
Dý
êð
KR
XU

DY
HU
DJ
Hý
VF
UX
EE
HU
ýH
[K
DX
VW
ýWH
P
SH
UD
WX
UH

JU
HD
WH
Uý
WK
DQ
ýì
çè
( )
ïýý
(
[F
XU
VL
RQ
V

WU
LJ
JH
Uý
DQ
ýLQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
H

DF
WL
RQ
ñýD
QG
ýD
ýU
HS
RU
WL
QJ
ýU
HT
XL
UH
P
HQ
Wï

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
Dý
êð
KR
XU

DY
HU
DJ
Hý
FR
NH
ýE
XU
Qý
UD
WH
ýJ
UH
DW
HU
ýWK
DQ

èç
ñí
íí
ýOE
îK
Uï
ýý(
[F
XU
VL
RQ
Vý
WU
LJ
JH
Uý
DQ

LQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
Hý
DF
WL
RQ
ñýD
QG
ýD

UH
SR
UW
LQ
Jý
UH
TX
LU
HP
HQ
Wï

,,
,ï
3
HU
IR
UP
DQ
FH
ý&
UL
WH
UL
D

$
ï
'
DW
Dý
5
HS
UH
VH
QW
DW
LY
HQ
HV
VE

7
KH
ýP
DJ
QH
WL
Fý
IO
RZ
ýP
HW
HU

õP
LQ
LP
XP
ýD
FF
XU
DF
\ý
RI
ý�
ìï
íø
ýR
I

IO
RZ
ýU
DW
Hô
ýLV
ýOR
FD
WH
Gý
LQ
ýWK
Hý
Z
DW
HU

LQ
OH
WýO
LQ
Hï
ýý7
KH
ýY
HQ
WX
UL
ýI
OR
Z
P
HW
HU

õP
LQ
LP
XP
ýD
FF
XU
DF
\ý
RI
ý�
íï
æè
ø
ýR
I

IO
RZ
ýU
DW
Hô
ýLV
ýOR
FD
WH
Gý
LQ
ýWK
Hý
JD
Vý
LQ
OH
W

GX
FW
ï

7
KH
UP
RF
RX
SO
Hý
OR
FD
WH
Gý
DW
ýV
FU
XE
EH
U

H[
KD
XV
WýZ
LW
Ký
Dý
P
LQ
LP
XP
ýD
FF
XU
DF
\ý
RI

�
ê(
)
ïýý

$
QD
O\
]H
UV
ýD
QG
ýP
RQ
LW
RU
Vý
DU
Hý
OR
FD
WH
Gý
LQ

WK
Hý
UH
JH
QH
UD
WR
Uý
LQ
OH
WýD
QG
ýH
[K
DX
VW
ýG
XF
Wï

%
ï
9
HU
LI
LF
DW
LR
Qý
RI
ý2
SH
UD
WL
RQ
DO

6
WD
WX
V

1
RW
ýD
SS
OL
FD
EO
H

1
RW
ýD
SS
OL
FD
EO
H

1
RW
ýD
SS
OL
FD
EO
H

&
ï
4
$
î4
&
ý3
UD
FW
LF
HV

0
DJ
QH
WL
Fý
Z
DW
HU
ýI
OR
Z
P
HW
HU
ýD
QG

YH
QW
XU
LýI
OR
Z
P
HW
HU
¤F
DO
LE
UD
WH
Gý
RQ
FH
î

çý
P
RQ
WK
Vï

7
KH
UP
RF
RX
SO
H¤
FD
OL
EU
DW
HG
ýR
QF
Hî

çý
P
RQ
WK
Vï

*
DV
ýD
QD
O\
]H
UV
ãýý
SH
Uý
çí
ïì
êý
DQ
G

$
SS
HQ
GL
[ý
%
ýR
Iý
éí
ý&
)
5
ýç
íï

)
OR
Z
P
HW
HU
ñýW
KH
UP
RF
RX
SO
Hñ
ýD
QG

SU
HV
VX
UH
ýLQ
GL
FD
WR
U¤
FD
OL
EU
DW
HG
ýR
QF
Hî

çý
P
RQ
WK
Vï

'
ï
0
RQ
LW
RU
LQ
Jý
)
UH
TX
HQ
F\

:
DW
HU
ýI
OR
Z
ýD
QG
ýD
LU
ýU
DW
Hý
DU
H

P
HD
VX
UH
Gý
FR
QW
LQ
XR
XV
O\
ï

7
HP
SH
UD
WX
UH
ýLV
ýP
HD
VX
UH
G

FR
QW
LQ
XR
XV
O\
ï

2
ëñ
ý&
2
ñý&
2
ëñ
ýD
LU
ýU
DW
Hñ
ýR
II
ýJ
DV

WH
P
SH
UD
WX
UH
ýD
QG
ýS
UH
VV
XU
Hý
DU
H

P
HD
VX
UH
Gý
FR
QW
LQ
XR
XV
O\
ï

'
DW
Dý
&
RO
OH
FW
LR
Qý
3
UR
FH
GX
UH

/
î*
ýLV
ýF
DO
FX
OD
WH
Gý
DQ
Gý
UH
FR
UG
HG

HD
FK
ýP
LQ
XW
Hï

7
HP
SH
UD
WX
UH
ýLV
ýU
HF
RU
GH
Gý
HD
FK
ýP
LQ
XW
Hï
$
ýF
RN
Hý
EX
UQ
ýU
DW
Hý
LV
ýF
DO
FX
OD
WH
Gý
DQ
G

UH
FR
UG
HG
ýH
DF
Ký
P
LQ
XW
Hï

$
YH
UD
JL
QJ
ý3
HU
LR
G

êð
KR
XU
ýD
YH
UD
JH
ï

êð
KR
XU
ýD
YH
UD
JH
ï

êð
KR
XU
ýD
YH
UD
JH
ï

D $
Qý
H[
FX
UV
LR
Qý
RI
ýD
Q\
ýV
LQ
JO
Hý
LQ
GL
FD
WR
Uý
WU
LJ
JH
UV
ýD
Qý
LQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
Hý
DF
WL
RQ
ñýD
QG
ýD
ýU
HS
RU
WL
QJ
ýU
HT
XL
UH
P
HQ
Wï

E 9
DO
XH
Vý
OL
VW
HG
ýI
RU
ýD
FF
XU
DF
\ý
VS
HF
LI
LF
DW
LR
QV
ýD
UH
ýV
SH
FL
IL
Fý
WR
ýWK
LV
ýH
[D
P
SO
Hý
DQ
Gý
DU
Hý
QR
WýL
QW
HQ
GH
Gý
WR
ýS
UR
YL
GH
ýWK
Hý
FU
LW
HU
LD
ýI
RU
ýWK
LV
ýW\
SH
ýR
Iý
P
HD
VX
UH
P
HQ
WýG
HY
LF
Hý
LQ

ýýJ
HQ
HU
DO
ï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïëý9(1785,ý6&58%%(5ý)25ý30ý&21752/

åîäå $ðëä

-867,),&$7,21

,ï %DFNJURXQG

7KHýSROOXWDQWýVSHFLILFýHPLVVLRQVýXQLWýLVýSDUWLFXODWHýPDWWHUýIURPýWKHýFDWDO\VWýUHJHQHUDWRUýRIýDýIOXLG
FDWDO\WLFýFUDFNLQJýXQLWýõ)&&8ôïýý7KHýFDWDO\VWýUHJHQHUDWRUýLVýHTXLSSHGýZLWKýDýZHWýJDVýVFUXEEHUïýý7KH
FDWDO\VWýUHJHQHUDWRUýH[KDXVWýJDVHVýSDVVýWKURXJKýIRXUýSDUDOOHOýYHQWXULýVFUXEEHUVïýý7KHVHýVFUXEEHUVýDUHýWKH
SULPDU\ýFRQWUROýGHYLFHVýIRUýSDUWLFXODWHýPDWWHUýHPLVVLRQVïýý$IWHUýSDVVLQJýWKURXJKýWKHýVFUXEEHUVñýWKHýRII
JDVHVýSDVVýWKURXJKýDýVHSDUDWLQJýYHVVHOýDQGýDýVSUD\ýJULGýSULRUýWRýEHLQJýYHQWHGýWRýWKHýDWPRVSKHUHïýý7KH
HPLVVLRQýXQLWýLVýUHJXODWHGýXQGHUýéíý&)5ýçíý6XESDUWý-ðð1636ýIRUýSHWUROHXPýUHILQHULHVïýý7KHýPRQLWRULQJ
DSSURDFKýLVýUHIOHFWHGýDVýDýVSHFLILFýSHUPLWýFRQGLWLRQýLQýWKHýDLUýSHUPLWïýý%DVHGýRQýWKHýSROOXWDQWýVSHFLILF
HPLVVLRQVýXQLWýGHVLJQñýE\SDVVýRIýWKHýFRQWUROýGHYLFHýLVýQRWýSRVVLEOHï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýIROORZLQJýSDUDPHWHUVýZLOOýEHýPRQLWRUHGã

ðýý/LTXLGðWRðJDVýõ/î*ôýUDWLRâý
ðýý6FUXEEHUýH[KDXVWýWHPSHUDWXUHâýDQGý
ðýý&RNHýEXUQýUDWHï

7KHýOLFHQVRUýRIýWKHýZHWýVFUXEEHUýSURYLGHGýDýJUDSKýUHODWLQJýWKHýQXPEHUýRIýRSHUDWLQJýVFUXEEHUV
UHTXLUHGýWRýPDLQWDLQýWKHýGHVLJQýOLTXLGýWRýJDVýUDWLRñýWRýWKHý)&&8ýUHJHQHUDWRUýDLUýEORZHUýUDWHïýý7KH
UHJHQHUDWRUýDLUýUDWHýDQGýWKHýQXPEHUýRIýYHQWXULVýLQýRSHUDWLRQýDUHýDQýLQGLUHFWýPHDVXUHýRIýOLTXLGýWRýJDVýUDWLRñ
ZKLFKýLVýDQýLQGLFDWRUýRIýVFUXEEHUýSHUIRUPDQFHïýý7KHýUHJHQHUDWRUýDLUýUDWHýDQGýWKHýQXPEHUýRIýYHQWXULVýLQ
RSHUDWLRQýDUHýPRQLWRUHGýWRýHQVXUHýWKDWýWKHVHýOLPLWDWLRQVýDUHýPHWï

$OWKRXJKýWKHýDLUýSHUPLWýRQO\ýUHTXLUHVýPRQLWRULQJýRIýFRNHýEXUQýUDWHñýDLUýEORZHUýUDWHñýDQGýQXPEHUýRI
YHQWXULVýRQOLQHñý/î*ýUDWLRýDQGýVFUXEEHUýH[KDXVWýWHPSHUDWXUHýZHUHýDGGHGýWRýWKHýPRQLWRULQJýDSSURDFKýLQ
HDUO\ýìääæýDVýIXUWKHUýLQGLFDWRUVýRIýFRQWUROýGHYLFHýSHUIRUPDQFHïýý7KHý/î*ýUDWLRýLVýGHWHUPLQHGýE\
PHDVXULQJýVFUXEEHUýZDWHUýIORZýUDWHýDQGýFRPSDULQJýLWýWRýWKHýUHJHQHUDWRUýDLUýEORZHUýUDWHïýý,QýDGGLWLRQñýWKH
VFUXEEHUýWHPSHUDWXUHýLVýPRQLWRUHGýGRZQVWUHDPýRIýWKHýVSUD\ýJULGïýý7KHýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUH
ZDVýVHOHFWHGýEHFDXVHýLWýLVýLQGLFDWLYHýRIýVFUXEEHUýRSHUDWLRQýDQGýDGHTXDWHýZDWHUýIORZïýý:LWKýWKHýVFUXEEHU
ZDWHUýRIIñýWKHýVFUXEEHUýH[KDXVWýWHPSHUDWXUHýZRXOGýEHýQRWLFHDEO\ýKLJKHUï

7KHýFRNHýEXUQýUDWHýLVýDQýLQGLFDWLRQýRIýWKHý30ýORDGLQJýWRýWKHýVFUXEEHUï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

$VýPHQWLRQHGýDERYHñýDýJUDSKýUHODWLQJýWKHýUHJHQHUDWRUýDLUýEORZHUýUDWHýWRýWKHýQXPEHUýRIýYHQWXULV
QHFHVVDU\ýWRýPDLQWDLQýWKHýGHVLJQý/î*ýUDWLRñýZDVýSURYLGHGýE\ýWKHýOLFHQVRUýRIýWKHýVFUXEEHUïýý7KLVýJUDSKñ
SUHVHQWHGýLQý)LJXUHý$ïëðìñýVKRZVýWKDWýDWýUHJHQHUDWRUýDLUýUDWHVýRIýOHVVýWKDQýìííýNVFIPýDWýOHDVWýWZR
VFUXEEHUVýPXVWýEHýRSHUDWLQJýWRýPDLQWDLQýWKHýGHVLJQý/î*ýUDWLRïýý$WýUHJHQHUDWRUýDLUýUDWHVýRIýJUHDWHUýWKDQýRU
HTXDOýWRýìííýNVFIPýWRýOHVVýWKDQýìêçýNVFIPñýDWýOHDVWýWKUHHýVFUXEEHUVýPXVWýEHýRSHUDWLQJïýý$WýDLUýUDWHVýRI
JUHDWHUýWKDQýìêçýNVFIPýDOOýIRXUýVFUXEEHUVýPXVWýEHýRSHUDWLQJïýý7KHýIDFLOLW\ýPRQLWRUVýWKHýUHJHQHUDWRUýDLU
UDWHýDQGýWKHýQXPEHUýRIýYHQWXULVýLQýRSHUDWLRQýWRýHQVXUHýWKDWýWKHVHýOLPLWDWLRQVýDUHýPHWï

7KHýLQGLFDWRUýUDQJHýIRUý/î*ýUDWLRýLVýEDVHGýRQýUHVXOWVýRIýDý-DQXDU\ýìääçýSHUIRUPDQFHýWHVWýDQG
KLVWRULFDOýGDWDïýý7KUHHýìðKUýWHVWýUXQVýZHUHýFRQGXFWHGýDQGýWKHýDYHUDJHýPHDVXUHGý30ýHPLVVLRQVýZHUH
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íïæåýOEý30îìñíííýOEýFRNHýEXUQHGñýZKLFKýLVýEHORZýWKHýìýOEîìñíííýOEý30ýHPLVVLRQýOLPLWïýý'XULQJýWKH
SHUIRUPDQFHýWHVWñý/î*ýUDWLRýZDVýPHDVXUHGýDQGýUHFRUGHGýFRQWLQXRXVO\ñýFRQFXUUHQWýZLWKýHDFKýRIýWKHýìðKRXU
WHVWýUXQVïýý7KHýDYHUDJHý/î*ýUDWLRýIRUýWKHýWKUHHýìðKRXUýWHVWýUXQVýZDVýæïìïýý+RXUO\ý/î*ýUDWLRýGDWDýIRUýDýêð
PRQWKýSHULRGýõ2FWREHUýWKURXJKý'HFHPEHUýìääçôýIROORZLQJýWKHýSHUIRUPDQFHýWHVWýZHUHýUHGXFHGýWRýWKUHHð
KRXUýDYHUDJHVýDQGýHYDOXDWHGýWRýGHWHUPLQHýZKHWKHUýWKHý/î*ýUDWLRýGXULQJýQRUPDOýRSHUDWLRQýZDVýDERYHýWKH
PLQLPXPýOHYHOýVHOHFWHGýEDVHGýRQýWKHý-DQXDU\ýìääçýSHUIRUPDQFHýWHVWýGHPRQVWUDWLQJýFRPSOLDQFHïý
)LJXUHý$ïëðëýJUDSKLFDOO\ýSUHVHQWVýWKHVHýGDWDïýý'XULQJýWKHýêðPRQWKýSHULRGñýWKHýêðKRXUýDYHUDJHý/î*ýUDWLR
UDQJHGýIURPýåïèýWRýìéïäñýDQGýDYHUDJHGýììïéñýVKRZLQJýFRQVLVWHQWýRSHUDWLRQýDWýDý/î*ýUDWLRýDERYHýWKHýOHYHO
ZKHUHýFRPSOLDQFHýZDVýGHPRQVWUDWHGïýý7KHýLQGLFDWRUýUDQJHýVHOHFWHGýLVýDýPLQLPXPý/î*ýUDWLRýRIýåïýý1Rý4,3
WKUHVKROGýKDVýEHHQýHVWDEOLVKHGï

7KHýPD[LPXPýVFUXEEHUýRXWOHWýWHPSHUDWXUHýZDVýVHOHFWHGýEDVHGýRQýGDWDýREWDLQHGýGXULQJýD
SHUIRUPDQFHýWHVWýFRQGXFWHGýDWýWKHýIDFLOLW\ýDQGýKLVWRULFDOýGDWDïýý7KHýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHV
GXULQJýWKHýWHVWýDYHUDJHGýìéé()ïýý+RXUO\ýVFUXEEHUýRXWOHWýWHPSHUDWXUHýGDWDýRYHUýDýêðPRQWKýSHULRGýõ2FWREHU
WKURXJKý'HFHPEHUýìääçôýZHUHýUHGXFHGýWRýêðKRXUýDYHUDJHVýDQGýDUHýVKRZQýLQý)LJXUHý$ïëðêïýý6FUXEEHU
RXWOHWýWHPSHUDWXUHVýGXULQJýWKLVýêðPRQWKýSHULRGýJHQHUDOO\ýUDQJHGýIURPýìêë(ýWRýìèí()ñýDQGýDYHUDJHG
ìêæïè()ïýý$VýVHHQýLQý)LJXUHý$ïëðêñýDýVLJQLILFDQWýGURSýLQýWHPSHUDWXUHýRFFXUUHGýRYHUýDýëéðKRXUýSHULRGïý
'XULQJýWKLVýëéðKRXUýSHULRGñýWKHýWKHUPRFRXSOHýZDVýUHDGLQJýDPELHQWýWHPSHUDWXUHVýEHFDXVHýLWýKDGýEHHQ
UHPRYHGýIURPýLWVýKRXVLQJýIRUýWHVWLQJýSXUSRVHVïýý7KHVHýDPELHQWýUHDGLQJVýZHUHýQRWýLQFOXGHGýLQýWKH
HYDOXDWLRQýRIýWKHýGDWDï

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýVFUXEEHUýRXWOHWýWHPSHUDWXUHýLVýOHVVýWKDQýìçè()ïýý7KLVýUDQJHýZDV
VHOHFWHGýE\ýDGGLQJýDýìèýSHUFHQWýEXIIHUýWRýWKHýDYHUDJHýWHPSHUDWXUHýGHPRQVWUDWHGýGXULQJýWKHýSHUIRUPDQFH
WHVWýõìéé()ôýWRýDFFRXQWýIRUýYDULDELOLW\ýDPRQJýWKHýGDWDâýWKHýêðPRQWKVýRIýPRQLWRULQJýGDWDýLQGLFDWHýWKDWýWKLV
WHPSHUDWXUHýRSHUDWLQJýUDQJHýFDQýEHýDFKLHYHGýFRQVLVWHQWO\ïýý1RýORZHUýDFWLRQýOHYHOýLVýQHFHVVDU\ïýý1Rý4,3
WKUHVKROGýKDVýEHHQýHVWDEOLVKHGï

7RýGDWHñýFRPSOLDQFHýKDVýEHHQýGHPRQVWUDWHGýDWýDýFRNHýEXUQýUDWHýRIýèèïèýWKRXVDQGýõ0ôýOEîKUïýý7KH
SHUIRUPDQFHýWHVWýGDWDýREWDLQHGýLQý-DQXDU\ýRIýìääçýLQGLFDWHýWKDWýZKLOHýRSHUDWLQJýDWýDýFRNHýEXUQýUDWHýRI
èèïèý0OEîKUýõDYHUDJHýRIýWKUHHýìðKRXUýUXQVôýWKHýHPLVVLRQVýXQLWýZDVýLQýFRPSOLDQFHýZLWKýWKHý30ýHPLVVLRQ
OLPLWïýý7KHýLQGLFDWRUýUDQJHýLVýHVWDEOLVKHGýDVýOHVVýWKDQýèçý0OEîKUïýý,IýRSHUDWLRQýDWýDýKLJKHUýFRNHýEXUQýUDWHýLV
SODQQHGñýDGGLWLRQDOýWHVWLQJýZLOOýEHýFRQGXFWHGýWRýGHPRQVWUDWHýFRPSOLDQFHýZLWKýDOOýHPLVVLRQýOLPLWDWLRQVýDW
WKHýKLJKHUýEXUQýUDWHïýý1Rý4,3ýWKUHVKROGýKDVýEHHQýVHWýIRUýWKLVýLQGLFDWRUï

:KHQýDQýH[FXUVLRQýRIýDQ\ýRIýWKHýLQGLFDWRUýUDQJHVýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñ
EHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïý
$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGï
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,ï %DFNJURXQG

7KHýSROOXWDQWðVSHFLILFýHPLVVLRQýXQLWVýDUHýWKHýIRXUýGU\ýGU\HUVýõILQLVKýGU\HUVôýZKLFKýGU\ýZRRG
FKLSVïýý7KHýGU\HUVýDUHý+HLOýWKUHHýSDVVýKRUL]RQWDOýURWDU\ýGUXPýGU\HUVñýDQGýEXUQýQDWXUDOýJDVýRU
GLVWLOODWHýIXHOýRLOýRUýUHFHLYHýKHDWýLQGLUHFWO\ýIURPýWKHýERLOHUVýYLDýVWHDPïýý'U\HUVý1RïýìýDQGý1RïýëýDUH
IDFHýPDWHULDOýGU\HUVâýGU\HUVý1RïýêýDQGý1RïýéýDUHýFRUHýPDWHULDOýGU\HUVïýý7KHýPDLQýZRRGýVSHFLHV
GULHGýLVý'RXJODVýILUïýý:RRGýHQWHULQJýWKHýGU\HUVýPD\ýUDQJHýIURPýìíýWRýëíýSHUFHQWýPRLVWXUHýDQG
H[LWýZLWKýéýWRýçýSHUFHQWýPRLVWXUHýSULRUýWRýSDUWLFOHERDUGýSURGXFWLRQïýý7KHýGU\HUýH[KDXVWýVWUHDPVýDUH
FRQWUROOHGýE\ý$PHULFDQý$LUý)LOWHUýZHWýVFUXEEHUVïýý7KHýVFUXEEHUýZDWHUýLVýILOWHUHGýDQGýUHF\FOHGï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHýZDVýVHOHFWHGýEHFDXVHýLWýLVýLQGLFDWLYHýRIýVFUXEEHU
RSHUDWLRQýDQGýDGHTXDWHýZDWHUýIORZïýý:KHQýWKHýZDWHUýIORZýUDWHýLVýVXIILFLHQWñýFRQWDFWýEHWZHHQýWKH
H[KDXVWýJDVýDQGýWKHýVFUXEEHUýZDWHUýFDXVHVýWKHýWHPSHUDWXUHýRIýWKHýH[KDXVWýJDVýWRýGURSïýý7KH
WHPSHUDWXUHýUDQJHýRIýWKHýH[KDXVWýJDVýVWUHDPýGXULQJýQRUPDOýRSHUDWLRQýZDVýGHWHUPLQHGïýý:LWKýWKH
VFUXEEHUýZDWHUýRIIñýWKHýVFUXEEHUýH[KDXVWýLVýDSSUR[LPDWHO\ýêí()ýKRWWHUýWKDQýQRUPDOïýý:KHQýWKH
GU\HUVýDQGýVFUXEEHUVýDUHýVKXWýGRZQýIRUýPDLQWHQDQFHýRUýFOHDQLQJñýWKHýWHPSHUDWXUHVýGURSï

7KHýVFUXEEHUýZDWHUýLVýILOWHUHGýDQGýUHF\FOHGñýZLWKýDýIL[HGýDPRXQWýRIýEORZGRZQýDQGýPDNHXS
ZDWHUïýý&KHFNLQJýWKHýILOWHUýHQVXUHVýSDUWLFXODWHýLVýEHLQJýUHPRYHGýIURPýWKHýUHF\FOHGýZDWHUïýý([FHVV
SDUWLFXODWHýLQýWKHýVFUXEEHUýZDWHUýZLOOýUHGXFHýFRQWUROýHIILFLHQF\ïýý$Q\ýKROHVýRUýGHJUDGDWLRQýRIýWKH
ILOWHUýZLOOýEHýGLVFRYHUHGýGXULQJýWKHýZHHNO\ýLQVSHFWLRQï

7KHýGU\HUýH[KDXVWýZLOOýRQO\ýE\SDVVýLWVýDVVRFLDWHGýVFUXEEHUýLIýWKHýVFUXEEHUýLVýVKXWýGRZQýIRU
PDLQWHQDQFHýZKLOHýWKHýSURFHVVýLVýRSHUDWLQJïýý7KHVHýSHULRGVýDUHýGRFXPHQWHGýDQGýUHSRUWHGï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJH

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýVFUXEEHUýH[KDXVWýWHPSHUDWXUHýLVýOHVVýWKDQýìèí()ïýý$Q
H[FXUVLRQýLVýGHILQHGýDVýDQ\ýSHULRGýGXULQJýZKLFKýWKHýVFUXEEHUýH[KDXVWýWHPSHUDWXUHýH[FHHGVýìèí()
IRUýPRUHýWKDQýçýPLQXWHVñýFRQWLQXRXVO\ïýý:KHQýDQýH[FXUVLRQýRFFXUVñýFRUUHFWLYHýDFWLRQýZLOOýEH
LQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWR
FRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý7KHýOHYHOýIRUýWKHýH[KDXVW
WHPSHUDWXUHýZDVýVHOHFWHGýEDVHGýXSRQýWKHýGDWDýREWDLQHGýGXULQJýQRUPDOýVFUXEEHUýRSHUDWLRQýDQGýWKH
SHUIRUPDQFHýWHVWïýý([DPLQDWLRQýRIýRSHUDWLQJýGDWDýVKRZýWKDWýWKHýVFUXEEHUýRXWOHWýWHPSHUDWXUH
LQFUHDVHVýVOLJKWO\ýDVýWKHýDPELHQWýWHPSHUDWXUHýLQFUHDVHVýGXULQJýWKHý\HDUïýý'XULQJýQRUPDOýRSHUDWLRQñ
RXWOHWýWHPSHUDWXUHVýDSSURDFKýìèí()ýGXULQJýWKHýVXPPHUýPRQWKVñýDQGýWKLVýYDOXHýZDVýVHOHFWHGýDV
WKHýXSSHUýLQGLFDWRUýOHYHOýõVHHý)LJXUHý$ïåðìýIRUýDýW\SLFDOýVXPPHUýGD\©VýVFUXEEHUýH[KDXVW
WHPSHUDWXUHVôïýý1RýORZHUýLQGLFDWRUýOHYHOýLVýQHFHVVDU\ïýý

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ2'(4ý0HWKRGýæýIRU
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SDUWLFXODWHôýZDVýFRQGXFWHGýDWýWKLVýIDFLOLW\ýRQý$SULOýäðììñýìääçïýý7KUHHýWHVWýUXQVýZHUHýFRQGXFWHG
RQýHDFKýRIýWKHýIRXUýGU\ýGU\HUVïýý'XULQJýWHVWLQJñýWKHýPHDVXUHGý30ýHPLVVLRQVýUDQJHGýIURPýíïíëéýWR
íïíèéýJUîGVFIïýý'XULQJýVRXUFHýWHVWLQJñýWKHýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHVýUDQJHGýIURPýäå(ýWR
ìëå()ñýDQGýGU\ýGU\HUýVFUXEEHUýH[KDXVWVýZHUHýIRXQGýWRýEHýZHOOýEHORZýWKHýFRPSOLDQFHýOLPLWýIRU
SDUWLFXODWHýHPLVVLRQVïýý'U\HUýH[KDXVWýWHPSHUDWXUHVýUDQJHGýIURPýìéä(ýWRýìçë()ñýêíýWRýéíýGHJUHHV
KRWWHUýWKDQýWKHýVFUXEEHUýH[KDXVWïýý'XULQJýWKHýHPLVVLRQVýWHVWVñýWKHýVFUXEEHUýH[KDXVWýJDV
WHPSHUDWXUHVýZHUHýPHDVXUHGýFRQWLQXRXVO\ñýDQGýçðPLQXWHýDYHUDJHVýZHUHýFKDUWHGïýý7KHýFRPSOHWH
WHVWýUHVXOWVýýDUHýGRFXPHQWHGýLQýWKHýWHVWýUHSRUWýGDWHGý$SULOýìääçïýý'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKH
PHDVXUHGýSDUWLFXODWHýHPLVVLRQVýZHUHýZHOOýXQGHUýWKHýHPLVVLRQýOLPLWDWLRQýRIýíïëýJUîGVFIï

7KUHHýPRQWKVýRIýRSHUDWLQJýGDWDýõ2FWREHUýWKURXJKý'HFHPEHUýìääçôýZHUHýUHYLHZHGñýZKLFK
LQFOXGHýGU\ýGU\HUýVFUXEEHUýWHPSHUDWXUHýDODUPýGDWDñýPDLQWHQDQFHýORJýERRNýHQWULHVñýDQG
WHPSHUDWXUHýJUDSKVýIRUýWKRVHýGD\VýRQýZKLFKýDODUPVýRFFXUUHGïýý7KHýVFUXEEHUýWHPSHUDWXUHýDODUP
ZDVýDFWLYDWHGýRQýéýGD\VýRXWýRIýWKHýêðPRQWKýRSHUDWLQJýSHULRGýIRUýZKLFKýGDWDýZHUHýFROOHFWHGïýý2QH
DODUPýZDVýFDXVHGýGXHýWRýDýGDWDýSURFHVVRUýPDOIXQFWLRQñýZKLOHýWKHýRWKHUVýZHUHýFDXVHGýE\ýODFNýRI
ZDWHUýIORZýWRýWKHýVFUXEEHUýRUýH[FHVVýWHPSHUDWXUHýGXULQJýVKXWGRZQï

%DVHGýRQýWKHýSHUIRUPDQFHýWHVWýGDWDýDQGýDýUHYLHZýRIýKLVWRULFDOýGDWDñýWKHýVHOHFWHGý4,3
WKUHVKROGýIRUýWKHýZHWýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHýLVýVL[ýH[FXUVLRQVýLQýDýçðPRQWKýUHSRUWLQJ
SHULRGýõ1RWHãýý(VWDEOLVKLQJýDýSURSRVHGý4,3ýWKUHVKROGýLQýWKHýPRQLWRULQJýVXEPLWWDOýLVýRSWLRQDOôïý
7KLVýOHYHOýLVýOHVVýWKDQýìýSHUFHQWýRIýWKHýVFUXEEHUýRSHUDWLQJýWLPHïýý,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHG
LQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEHýGHYHORSHGýDQGýLPSOHPHQWHGïý
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,ï ,QGLFDWRU

0HDVXUHPHQWý$SSURDFK

:(63ýYROWDJHï

7KHý:(63ýYROWDJHýLVýPHDVXUHGýXVLQJýDýYROWPHWHUï

,,ï ,QGLFDWRUý5DQJH $QýH[FXUVLRQýLVýGHILQHGýDVýDýYROWDJHýOHVVýWKDQýêíýN9ýIRUýPRUH
WKDQýçýPLQXWHVñýFRQWLQXRXVO\ïýý([FXUVLRQVýWULJJHUýDQýLQVSHFWLRQñ
FRUUHFWLYHýDFWLRQñýDQGýDýUHSRUWLQJýUHTXLUHPHQWï

4,3ý7KUHVKROGD 6L[ýH[FXUVLRQVýLQýDýçðPRQWKýUHSRUWLQJýSHULRGï

,,,ï 3HUIRUPDQFHý&ULWHULDý

$ï 'DWDý5HSUHVHQWDWLYHQHVVE

7KHýYROWPHWHUýLVýSDUWýRIýWKHý:(63ýGHVLJQýDQGýLVýLQFOXGHGýLQýWKH
WUDQVIRUPHUîUHFWLILHUýVHWïýý,WýKDVýDýPLQLPXPýDFFXUDF\ýRIýòìýN9ï

%ï 9HULILFDWLRQýRIý2SHUDWLRQDOý6WDWXV 1$

&ï 4$î4&ý3UDFWLFHVýDQGý&ULWHULD &RQILUPýYROWPHWHUý]HURýZKHQýXQLWýQRWýRSHUDWLQJýõDWýOHDVWýVHPLð
DQQXDOO\ôï

'ï 0RQLWRULQJý)UHTXHQF\ 0HDVXUHGýFRQWLQXRXVO\ï

'DWDý&ROOHFWLRQý3URFHGXUHV 5HFRUGHGýDVýDýçðPLQXWHýDYHUDJHï

$YHUDJLQJý3HULRG çðPLQXWHýDYHUDJHï

D1RWHãýý7KHý4,3ýLVýDQýRSWLRQDOýWRROýIRUý6WDWHVâý4,3ýWKUHVKROGVýDUHýQRWýUHTXLUHGýLQýWKHý&$0ýVXEPLWWDOï
E9DOXHVýOLVWHGýIRUýDFFXUDF\ýVSHFLILFDWLRQVýDUHýVSHFLILFýWRýWKLVýH[DPSOHýDQGýDUHýQRWýLQWHQGHGýWRýSURYLGHýWKHýFULWHULDýIRU
ýýWKLVýW\SHýRIýPHDVXUHPHQWýGHYLFHýLQýJHQHUDOï
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,ï %DFNJURXQG

7KHýSROOXWDQWðVSHFLILFýHPLVVLRQýXQLWVýDUHýJUHHQýGU\HUVý1RïýìýDQGý1Rïýëïýý7KHýGU\HUVýDUH
WKUHHýSDVVýKRUL]RQWDOýURWDU\ýGUXPýGU\HUVñýZLWKýGLUHFWýKHDWýVRXUFHVýRIýVDQGHUGXVWñýQDWXUDOýJDVñ
GLVWLOODWHýIXHOýRLOñýERLOHUýIOXHýJDVñýRUýDQ\ýFRPELQDWLRQýWKHUHRIïýý*UHHQýGU\HUý1RïýìýZDV
PDQXIDFWXUHGýE\ý+HLOýDQGýJUHHQýGU\HUý1RïýëýZDVýPDQXIDFWXUHGýE\ý:HVWHFý$PHULFDïýý*UHHQýZRRG
VKDYLQJVýDUHýGULHGýLQýWKHVHýGU\HUVýEHIRUHýPL[LQJýZLWKýGU\ýZRRGýVKDYLQJVýDQGýGU\LQJýLQýWKHýGU\
GU\HUVïýý:RRGýHQWHULQJýWKHýJUHHQýGU\HUVýPD\ýUDQJHýIURPýëèýWRýèíýSHUFHQWýPRLVWXUHýDQGýH[LWýZLWK
ìèýWRýëíýSHUFHQWýPRLVWXUHïýý7KHýJUHHQýGU\HUýH[KDXVWýVWUHDPVýDUHýHDFKýFRQWUROOHGýE\ýDý*HRHQHUJ\
:(63ï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRU

,QýDý:(63ñýHOHFWULFýILHOGVýDUHýHVWDEOLVKHGýE\ýDSSO\LQJýDýGLUHFWðFXUUHQWýYROWDJHýDFURVVýDýSDLU
RIýHOHFWURGHVãýýDýGLVFKDUJHýHOHFWURGHýDQGýDýFROOHFWLRQýHOHFWURGHïýý3DUWLFXODWHýPDWWHUýDQGýZDWHU
GURSOHWVýVXVSHQGHGýLQýWKHýJDVýVWUHDPýDUHýHOHFWULFDOO\ýFKDUJHGýE\ýSDVVLQJýWKURXJKýWKHýHOHFWULFýILHOG
DURXQGýHDFKýGLVFKDUJHýHOHFWURGHýõWKHýQHJDWLYHO\ýFKDUJHGýHOHFWURGHôïýý7KHýQHJDWLYHO\ýFKDUJHG
SDUWLFOHVýDQGýGURSOHWVýWKHQýPLJUDWHýWRZDUGýWKHýSRVLWLYHO\ýFKDUJHGýFROOHFWLRQýHOHFWURGHVïýý7KH
SDUWLFXODWHýPDWWHUýLVýVHSDUDWHGýIURPýWKHýJDVýVWUHDPýE\ýUHWHQWLRQýRQýWKHýFROOHFWLRQýHOHFWURGHïý
3DUWLFXODWHýLVýUHPRYHGýIURPýWKHýFROOHFWLRQýSODWHVýE\ýDQýLQWHUPLWWHQWýVSUD\ýRIýZDWHUïýý7KHý:(63
YROWDJHýZDVýVHOHFWHGýDVýDýSHUIRUPDQFHýLQGLFDWRUýEHFDXVHýWKHýYROWDJHýGURSVýZKHQýDýPDOIXQFWLRQñ
VXFKýDVýJURXQGHGýHOHFWURGHVñýRFFXUVýLQýWKHý:(63ïýý:KHQýWKHýYROWDJHýGURSVñýOHVVýSDUWLFXODWHýLV
FKDUJHGýDQGýFROOHFWHGï

7KHýGU\HUýH[KDXVWýZLOOýE\SDVVýLWVýDVVRFLDWHGý:(63ýLIýWKHý:(63ýLVýVKXWýGRZQýZKLOHýWKH
SURFHVVýLVýRSHUDWLQJïýý7KHVHýSHULRGVýDUHýGRFXPHQWHGýDQGýUHSRUWHGï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJH

7KHýVHOHFWHGýLQGLFDWRUýOHYHOýLVýDýYROWDJHýRIýJUHDWHUýWKDQýêíýN9ïýý$QýH[FXUVLRQýLVýGHILQHGýDV
DQ\ýSHULRGýGXULQJýZKLFKýWKHýYROWDJHýLVýOHVVýWKDQýêíýN9ýIRUýPRUHýWKDQýçýPLQXWHVñýFRQWLQXRXVO\ïý
:KHQýDQýH[FXUVLRQýRFFXUVñýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKH
RFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEH
GRFXPHQWHGýDQGýUHSRUWHGïýý

7KHýLQGLFDWRUýUDQJHýIRUýWKHý:(63ýYROWDJHýZDVýVHOHFWHGýEDVHGýXSRQýWKHýOHYHOýPDLQWDLQHG
GXULQJýQRUPDOýRSHUDWLRQýDQGýGXULQJýWKHýSHUIRUPDQFHýWHVWïýý7KHýQRUPDOýRSHUDWLQJýYROWDJHýLVýVHWýDW
WKHýKLJKHVWýOHYHOýDFKLHYDEOHýZLWKRXWýKDYLQJýDQýH[FHVVLYHýVSDUNýUDWHïýý%DVHGýRQýILHOGýH[SHULHQFHñ
YROWDJHýOHYHOVýOHVVýWKDQýêíýN9ýGXULQJýQRUPDOýRSHUDWLRQýUHVXOWýLQýXQDFFHSWDEOHýRSDFLW\ýUHDGLQJVïý
'XULQJýDEQRUPDOýRSHUDWLRQýRUýDýPDOIXQFWLRQýõVXFKýDVýJURXQGHGýHOHFWURGHVôñýWKHý:(63ýN9ýOHYHOV
DUHýDSSUHFLDEO\ýORZHUýWKDQýQRUPDOýRSHUDWLRQDOýOHYHOVïýý$ýWLPHýLQWHUYDOýRIýçýPLQXWHVýZDVýFKRVHQýWR
DFFRXQWýIRUýWKHýURXWLQHýëðPLQXWHýIOXVKýF\FOHVýWKHý:(63©VýXQGHUJRñýZKLFKýFDXVHýWKHýYROWDJHýWR
GURSýEHORZýêíýN9ïýý'DWDýREWDLQHGýGXULQJýWKHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýFRQILUPHGýWKHýXQLW
ZDVýLQýFRPSOLDQFHýZLWKýWKHýSDUWLFXODWHýPDWWHUýHPLVVLRQVýOLPLWïýý'XULQJýWHVWLQJñýWKHý:(63©V
RSHUDWHGýZLWKýYROWDJHVýLQýWKHýUDQJHýRIýêéýWRýéèýN9ï

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ2'(4ý0HWKRGýæýIRU
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SDUWLFXODWHýDQGý50ýäýIRUýYLVLEOHýHPLVVLRQVôýZDVýFRQGXFWHGýRQý$SULOýëëýDQGýëèñýìääçïýý7KUHHýWHVW
UXQVýZHUHýFRQGXFWHGýRQýHDFKýGU\HUïýý'XULQJýWKLVýWHVWñýWKHýPHDVXUHGý30ýHPLVVLRQVýUDQJHGýIURP
íïííäýWRýíïíìêýJUîGVFIïýý9LVLEOHýHPLVVLRQýRSDFLW\ýREVHUYDWLRQVýZHUHýFRQGXFWHGýGXULQJýWKH
SDUWLFXODWHýWHVWLQJïýý$OOýYLVLEOHýHPLVVLRQVýREVHUYDWLRQVýGXULQJýWKHýSHUIRUPDQFHýWHVWýZHUHýíýWR
èýSHUFHQWýRSDFLW\ýõQRýUHDGLQJýH[FHHGHGýWKHýSHUPLWýOLPLWýRIýëíýSHUFHQWôïýý'XULQJýWKHýHPLVVLRQV
WHVWVñýWKHý:(63ýYROWDJHVýZHUHýPHDVXUHGýFRQWLQXRXVO\ñýDQGýçðPLQXWHýDYHUDJHVýZHUHýFKDUWHGïý
'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKHýPHDVXUHGýSDUWLFXODWHýHPLVVLRQVýZHUHýZHOOýEHORZýWKHýHPLVVLRQ
OLPLWDWLRQVýõíïëýJUîGVFIýIRUýJUHHQýGU\HUý1RïýìýDQGýíïìýJUîGVFIýIRUýJUHHQýGU\HUý1Rïýëôïýý7KH
FRPSOHWHýWHVWýUHVXOWVýDUHýGRFXPHQWHGýLQýWKHýWHVWýUHSRUWïýý

,QGLFDWRUýGDWDýIRUýWKHýSHULRGýRIý2FWREHUýWKURXJKý'HFHPEHUýRIýìääçýKDYHýEHHQýUHYLHZHGïý
7KHVHýGDWDýLQFOXGHýçðPLQXWHýDYHUDJHý:(63ýYROWDJHýJUDSKVýDQGýFRSLHVýRIýHQWULHVýLQýWKHýORJERRN
XVHGýWRýUHFRUGýHTXLSPHQWýPDOIXQFWLRQVýDQGýPDLQWHQDQFHïýý9ROWDJHýH[FXUVLRQVýUHVXOWLQJýLQýDQ
DODUPýRFFXUUHGýWZRýWLPHVýGXULQJýWKHýêðPRQWKýSHULRGýRQýWKHý:(63ýRQýGU\HUý1Rïýìïýý2QHýDODUP
ZDVýWKHýUHVXOWýRIýUHF\FOHýZDWHUýRYHUIORZýDQGýRQHýZDVýWKHýUHVXOWýRIýDýIXOOý(ðWXEHýFKDPEHUïýý9ROWDJH
H[FXUVLRQVýUHVXOWLQJýLQýDQýDODUPýRFFXUUHGýWKUHHýWLPHVýGXULQJýWKHýêðPRQWKýSHULRGýRQýWKHý:(63ýRQ
GU\HUý1RïýëâýRQFHýEHFDXVHýWKHýUHF\FOHýZDWHUýV\VWHPýZDVýSOXJJHGñýRQFHýGXHýWRýDýUHF\FOHýIORZ
ZDUQLQJñýDQGýRQFHýEHFDXVHýéýSUREHVýZHUHýPLVDOLJQHGïýý1RUPDOýRSHUDWLRQýZDVýLQýWKHýUDQJHýRIýéíý
WRýèíýN9ñýH[FHSWýGXULQJýWKHýVKRUWýIOXVKýF\FOHVïýý%DVHGýRQýWKHýGDWDýFROOHFWHGñýWKHýLQGLFDWRUýOHYHOýRI
êíýN9ýLVýDGHTXDWHï

%DVHGýRQýDýUHYLHZýRIýKLVWRULFDOýGDWDñýWKHý4,3ýWKUHVKROGýHVWDEOLVKHGýIRUýWKHý:(63ýYROWDJHýLV
VL[ýH[FXUVLRQVýLQýDýçðPRQWKýUHSRUWLQJýSHULRGïýý7KLVýOHYHOýLVýOHVVýWKDQýìýSHUFHQWýRIýWKHý:(63
RSHUDWLQJýWLPHïýý,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEH
GHYHORSHGýDQGýLPSOHPHQWHGïýýõ1RWHãýý6XEPLWWLQJýDýSURSRVHGý4,3ýWKUHVKROGýZLWKýWKHýPRQLWRULQJ
DSSURDFKýLVýQRWýUHTXLUHGïô
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã /LQHýêý3DUWLFOHERDUGý6DQGHU
,GHQWLILFDWLRQã 0ë
)DFLOLW\ã )DFLOLW\ý-

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 2$5ýêéíðëìñýSHUPLW
(PLVVLRQýOLPLWVã
ýý3DUWLFXODWHýPDWWHUã íïìýJUîGVFIñýêýKUýDYJï
0RQLWRULQJýUHTXLUHPHQWVãýý 9LVLEOHýHPLVVLRQVñýSHULRGLFýPRQLWRULQJýõ50ëëô

&ï &RQWUROý7HFKQRORJ\

3XOVHðMHWýEDJKRXVHýRSHUDWHGýXQGHUýQHJDWLYHýSUHVVXUHï

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïìíðìï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïìíýý)$%5,&ý),/7(5ý)25ý30ý&21752/

$ðåí åîäå

7
$
%
/
(
ý$
ïì
íð
ìï
ýý0
2
1
,7
2
5
,1
*
ý$
3
3
5
2
$
&
+

,ï
,Q
GL
FD
WR
U

0
HD
VX
UH
P
HQ
Wý$
SS
UR
DF
K

9
LV
LE
OH
ýH
P
LV
VL
RQ
V

3
UH
VV
XU
Hý
GU
RS

9
LV
LE
OH
ýH
P
LV
VL
RQ
Vý
IU
RP
ýWK
Hý
ED
JK
RX
VH
ýH
[K
DX
VW
ýZ
LO
OýE
H

P
RQ
LW
RU
HG
ýG
DL
O\
ýX
VL
QJ
ý(
3
$
ý5
HI
HU
HQ
FH
ý0
HW
KR
Gý
ëë
ðO
LN
H

SU
RF
HG
XU
HV
ï

3
UH
VV
XU
Hý
GU
RS
ýD
FU
RV
Vý
WK
Hý
ED
JK
RX
VH
ýLV

P
HD
VX
UH
Gý
Z
LW
Ký
Dý
GL
II
HU
HQ
WL
DO
ýS
UH
VV
XU
H

JD
XJ
Hï

,,
ï

,Q
GL
FD
WR
Uý
5
DQ
JH

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
WK
Hý
SU
HV
HQ
FH
ýR
Iý
YL
VL
EO
H

HP
LV
VL
RQ
Vï
ýý(
[F
XU
VL
RQ
Vý
WU
LJ
JH
Uý
DQ
ýLQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
H

DF
WL
RQ
ñýD
QG
ýD
ýU
HS
RU
WL
QJ
ýU
HT
XL
UH
P
HQ
Wï

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
Dý
SU
HV
VX
UH
ýG
UR
S

JU
HD
WH
Uý
WK
DQ
ýè
ýLQ
ïý+

ë2
ïýý
(
[F
XU
VL
RQ
Vý
WU
LJ
JH
U

DQ
ýLQ
VS
HF
WL
RQ
ñýF
RU
UH
FW
LY
Hý
DF
WL
RQ
ñýD
QG
ýD

UH
SR
UW
LQ
Jý
UH
TX
LU
HP
HQ
Wïý
ý$
3
&
'
ýE
\S
DV
V

FK
HF
NH
Gý
LI
ýOH
VV
ýWK
DQ
ýì
ýLQ
ïý+

ë2
ï

4
,3
ý7
KU
HV
KR
OG
D

7
KH
ý4
,3
ýWK
UH
VK
RO
Gý
LV
ýI
LY
Hý
H[
FX
UV
LR
QV
ýLQ
ýD
ýç
ðP
RQ
WK
ýU
HS
RU
WL
QJ

SH
UL
RG
ï

1
RQ
Hý
VH
OH
FW
HG

,,
,ï

3
HU
IR
UP
DQ
FH
ý&
UL
WH
UL
D

$
ï
'
DW
Dý
5
HS
UH
VH
QW
DW
LY
HQ
HV
VE

0
HD
VX
UH
P
HQ
WV
ýD
UH
ýE
HL
QJ
ýP
DG
Hý
DW
ýWK
Hý
HP
LV
VL
RQ
ýS
RL
QW

õE
DJ
KR
XV
Hý
H[
KD
XV
Wô
ï

3
UH
VV
XU
Hý
WD
SV
ýD
UH
ýOR
FD
WH
Gý
DW
ýWK
Hý
ED
JK
RX
VH

LQ
OH
WýD
QG
ýR
XW
OH
Wïý
ý7
KH
ýJ
DX
JH
ýK
DV
ýD
ýP
LQ
LP
XP

DF
FX
UD
F\
ýR
Iý
íï
ëè
ýLQ
ïý+

ë2
ï

%
ï
9
HU
LI
LF
DW
LR
Qý
RI
ý2
SH
UD
WL
RQ
DO
ý6
WD
WX
V

1
$

1
$

&
ï
4
$
î4
&
ý3
UD
FW
LF
HV
ýD
QG
ý&
UL
WH
UL
D

7
KH
ýR
EV
HU
YH
Uý
Z
LO
OýE
Hý
ID
P
LO
LD
Uý
Z
LW
Ký
5
HI
HU
HQ
FH
ý0
HW
KR
Gý
ëë

DQ
Gý
IR
OO
RZ
ý0
HW
KR
Gý
ëë
ðO
LN
Hý
SU
RF
HG
XU
HV
ï

7
KH
ýS
UH
VV
XU
Hý
JD
XJ
Hý
LV
ýF
DO
LE
UD
WH
Gý
TX
DU
WH
UO
\ï
ý

3
UH
VV
XU
Hý
WD
SV
ýD
UH
ýF
KH
FN
HG
ýI
RU
ýS
OX
JJ
LQ
J

GD
LO
\ï

'
ï
0
RQ
LW
RU
LQ
Jý
)
UH
TX
HQ
F\

$
ýç
ðP
LQ
XW
Hý
0
HW
KR
Gý
ëë
ðO
LN
Hý
RE
VH
UY
DW
LR
Qý
LV
ýS
HU
IR
UP
HG
ýG
DL
O\
ï

3
UH
VV
XU
Hý
GU
RS
ýLV
ýP
RQ
LW
RU
HG
ýF
RQ
WL
QX
RX
VO
\ï

'
DW
Dý
&
RO
OH
FW
LR
Qý
3
UR
FH
GX
UH

7
KH
ý9
(
ýR
EV
HU
YD
WL
RQ
ýLV
ýG
RF
XP
HQ
WH
Gý
E\
ýWK
Hý
RE
VH
UY
HU
ï

3
UH
VV
XU
Hý
GU
RS
ýLV
ýP
DQ
XD
OO
\ý
UH
FR
UG
HG
ýG
DL
O\
ï

$
YH
UD
JL
QJ
ý3
HU
LR
G

1
$

1
RQ
Hï

D 1
RW
Hã
ýý7
KH
ý4
,3
ýLV
ýD
Qý
RS
WL
RQ
DO
ýWR
RO
ýI
RU
ý6
WD
WH
Vâ
ý4
,3
ýWK
UH
VK
RO
GV
ýD
UH
ýQ
RW
ýU
HT
XL
UH
Gý
LQ
ýWK
Hý
&
$
0
ýV
XE
P
LW
WD
Oï

E 9
DO
XH
Vý
OL
VW
HG
ýI
RU
ýD
FF
XU
DF
\ý
VS
HF
LI
LF
DW
LR
QV
ýD
UH
ýV
SH
FL
IL
Fý
WR
ýWK
LV
ýH
[D
P
SO
Hý
DQ
Gý
DU
Hý
QR
WýL
QW
HQ
GH
Gý
WR
ýS
UR
YL
GH
ýWK
Hý
FU
LW
HU
LD
ýI
RU
ýWK
LV
ýW\
SH
ýR
Iý
P
HD
VX
UH
P
HQ
WýG
HY
LF
Hý
LQ

ýJ
HQ
HU
DO
ï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïìíýý)$%5,&ý),/7(5ý)25ý30ý&21752/

åîäå $ðåì

-867,),&$7,21

,ï %DFNJURXQG

7KHýSROOXWDQWðVSHFLILFýHPLVVLRQýXQLWýLVýWKHý/LQHý1Rïýêý6DQGHUñýZKLFKýLVýXVHGýWRýVDQG
SDUWLFOHERDUGýWRýWKHýFXVWRPHU©VýGHVLUHGýWKLFNQHVVïýý,WýLVýFRQWUROOHGýE\ýDý:HVWHUQý3QHXPDWLFýSXOVHð
MHWýEDJKRXVHýZLWKýèéëýEDJVñýZKLFKýILOWHUVýDSSUR[LPDWHO\ýèíñíííýIWêýRIýDLUýIURPýWKHýVDQGHUï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

9LVLEOHýHPLVVLRQVýZDVýVHOHFWHGýDVýWKHýSHUIRUPDQFHýLQGLFDWRUýEHFDXVHýLWýLVýLQGLFDWLYHýRIýJRRG
RSHUDWLRQýDQGýPDLQWHQDQFHýRIýWKHýEDJKRXVHïýý:KHQýWKHýEDJKRXVHýLVýRSHUDWLQJýSURSHUO\ñýWKHUHýZLOO
QRWýEHýDQ\ýYLVLEOHýHPLVVLRQVýIURPýWKHýH[KDXVWïýý$Q\ýLQFUHDVHýLQýYLVLEOHýHPLVVLRQVýLQGLFDWHV
UHGXFHGýSHUIRUPDQFHýRIýDýSDUWLFXODWHýFRQWUROýGHYLFHñýWKHUHIRUHñýWKHýSUHVHQFHýRIýYLVLEOHýHPLVVLRQV
LVýXVHGýDVýDýSHUIRUPDQFHýLQGLFDWRUï

,QýJHQHUDOñýEDJKRXVHVýDUHýGHVLJQHGýWRýRSHUDWHýDWýDýUHODWLYHO\ýFRQVWDQWýSUHVVXUHýGURSïý
0RQLWRULQJýSUHVVXUHýGURSýSURYLGHVýDýPHDQVýRIýGHWHFWLQJýDýFKDQJHýLQýRSHUDWLRQýWKDWýFRXOGýOHDGýWR
DQýLQFUHDVHýLQýHPLVVLRQVïýý$QýLQFUHDVHýLQýSUHVVXUHýGURSýFDQýLQGLFDWHýWKDWýWKHýFOHDQLQJýF\FOHýLVýQRW
IUHTXHQWýHQRXJKñýFOHDQLQJýHTXLSPHQWýLVýGDPDJHGñýWKHýEDJVýDUHýEHFRPLQJýEOLQGHGñýRUýWKHýDLUIORZ
KDVýLQFUHDVHGïýý$ýGHFUHDVHýLQýSUHVVXUHýGURSýPD\ýLQGLFDWHýEURNHQýRUýORRVHýEDJVñýEXWýWKLVýLVýDOVR
LQGLFDWHGýE\ýWKHýSUHVHQFHýRIýYLVLEOHýHPLVVLRQVñýLQGLFDWRUý1Rïýìïýý$ýSUHVVXUHýGURSýDFURVVýWKH
EDJKRXVHýDOVRýVHUYHVýWRýLQGLFDWHýWKDWýWKHUHýLVýDLUIORZýWKURXJKýWKHýFRQWUROýGHYLFHï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýLVýQRýYLVLEOHýHPLVVLRQVïýý:KHQýDQýH[FXUVLRQýRFFXUVñýFRUUHFWLYH
DFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQ
UHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý$QýLQGLFDWRU
UDQJHýRIýQRýYLVLEOHýHPLVVLRQVýZDVýVHOHFWHGýEHFDXVHãýýõìôýDQýLQFUHDVHýLQýYLVLEOHýHPLVVLRQVýLV
LQGLFDWLYHýRIýDQýLQFUHDVHýLQýSDUWLFXODWHýHPLVVLRQVâýDQGýõëôýDýPRQLWRULQJýWHFKQLTXHýZKLFKýGRHVýQRW
UHTXLUHýDý0HWKRGýäýFHUWLILHGýREVHUYHUýLVýGHVLUHGïýý$OWKRXJKý50ýëëýDSSOLHVýWRýIXJLWLYHýVRXUFHVñýWKH
YLVLEOHîQRýYLVLEOHýHPLVVLRQVýREVHUYDWLRQýWHFKQLTXHýRIý50ðëëýFDQýEHýDSSOLHGýWRýGXFWHGýHPLVVLRQVâ
LïHïñý0HWKRGýëëðOLNHýREVHUYDWLRQVï

7KHýVHOHFWHGý4,3ýWKUHVKROGýIRUýEDJKRXVHýYLVLEOHýHPLVVLRQVýLVýILYHýH[FXUVLRQVýLQýDýçðPRQWK
UHSRUWLQJýSHULRGïýý7KLVýOHYHOýLVýêýSHUFHQWýRIýWKHýWRWDOýYLVLEOHýHPLVVLRQVýREVHUYDWLRQVïýý,IýWKHý4,3
WKUHVKROGýLVýH[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEHýGHYHORSHGýDQG
LPSOHPHQWHGïýýõ1RWHãýý3URSRVLQJýDý4,3ýWKUHVKROGýLQýWKHý&$0ýVXEPLWWDOýLVýQRWýUHTXLUHGïô

7KHýLQGLFDWRUýUDQJHýFKRVHQýIRUýWKHýEDJKRXVHýSUHVVXUHýGURSýLVýOHVVýWKDQýèýLQïý+ë2ïýý$Q
H[FXUVLRQýWULJJHUVýDQýLQVSHFWLRQñýFRUUHFWLYHýDFWLRQñýDQGýDýUHSRUWLQJýUHTXLUHPHQWïýý7KHýSUHVVXUH
GURSýLVýUHFRUGHGýGDLO\ïýý$VýWKHýSUHVVXUHýGURSýDSSURDFKHVýèýLQïý+ë2ñýWKHýEDJVýDUHýVFKHGXOHGýIRU
UHSODFHPHQWïýý7KHýEDJVýDUHýW\SLFDOO\ýFKDQJHGý\HDUO\ïýý7KLVýLQGLFDWRUýLVýDOVRýXVHGýWRýPRQLWRUýIRU
E\SDVVýRIýWKHýFRQWUROýGHYLFHïýý,IýWKHýSUHVVXUHýGURSýIDOOVýEHORZýìýLQïý+ë2ýGXULQJýQRUPDOýSURFHVV
RSHUDWLRQñýWKHýSRVVLELOLW\ýRIýE\SDVVýLVýLQYHVWLJDWHGïýý1Rý4,3ýWKUHVKROGýKDVýEHHQýVHOHFWHGýIRUýWKLV
LQGLFDWRUï
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã &HUDPLFý)LEHUý%ODQNHWý0DQXIDFWXUH
,GHQWLILFDWLRQã =RQHýìý1RGHýå
)DFLOLW\ã )DFLOLW\ý/

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQã 3HUPLW
(PLVVLRQýOLPLWVýõSDUWLFXODWHýPDWWHUôã íïêèýOEîKU
0RQLWRULQJýUHTXLUHPHQWVã %DJýOHDNýGHWHFWRUýUHTXLUHGýRQýEDJKRXVHýH[KDXVW

&ï &RQWUROý7HFKQRORJ\

3XOVHðMHWýEDJKRXVHýRSHUDWHGýXQGHUýQHJDWLYHýSUHVVXUH

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïìëðìïýý
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7$%/(ý$ïìëðìïý021,725,1*ý$3352$&+

,ï ,QGLFDWRU

$SSURDFK

7ULERHOHFWULFý6LJQDO

$ýWULERHOHFWULFýPRQLWRUýLVýLQVWDOOHGýDWýWKHýEDJKRXVHýH[KDXVWïýý$QýDODUP
ZLOOýVRXQGýZKHQýWKHýVLJQDOýUHPDLQVýRYHUýDýSUHVHWýOLPLWýIRUýìèýVHFRQGVýWR
LQGLFDWHýDýEURNHQýILOWHUýEDJï

,,ï ,QGLFDWRUý5DQJH $QýH[FXUVLRQýLVýGHILQHGýDVýDýWULERHOHFWULFýVLJQDOýJUHDWHUýWKDQýæíýSHUFHQWýRI
VFDOHýIRUýìèýVHFRQGVïýý([FXUVLRQVýWULJJHUýDQýLQVSHFWLRQñýFRUUHFWLYHýDFWLRQñ
DQGýDýUHSRUWLQJýUHTXLUHPHQWïýý$ýWULERHOHFWULFýVLJQDOýRIý]HURýGXULQJýSURFHVV
RSHUDWLRQýZLOOýWULJJHUýDQýLQYHVWLJDWLRQýIRUýFRQWUROýGHYLFHýE\SDVVï

,,,ï 3HUIRUPDQFHý&ULWHULD

$ï 'DWDý5HSUHVHQWDWLYHQHVV

7KHýGDWDýDUHýFROOHFWHGýDWýWKHýHPLVVLRQýSRLQWýðýWKHýSUREHýLVýORFDWHGýLQVLGH
WKHýEDJKRXVHýH[KDXVWýGXFWïýý7KHýWULERHOHFWULFýVLJQDOýLVýGLUHFWO\
SURSRUWLRQDOýWRýWKHýDPRXQWýRIýSDUWLFXODWHýLQýWKHýH[KDXVWýLIýIDFWRUVýVXFKýDV
YHORFLW\ýDQGýSDUWLFOHýVL]HýUHPDLQýUHODWLYHO\ýFRQVWDQWï

%ï 9HULILFDWLRQýRIý2SHUDWLRQDO
6WDWXV

1$

&ï 4$î4&ý3UDFWLFHVýDQG
&ULWHULD

7KHýWULERHOHFWULFýSUREHýLVýLQVSHFWHGýSHULRGLFDOO\ýõDWýOHDVWýPRQWKO\ôýIRU
GXVWýEXLOGXSïýý7KHýPRQLWRUýKDVýDQýDXWRPDWLFýLQWHUQDOýFDOLEUDWLRQýIXQFWLRQ
IRUýWKHýHOHFWURQLFVï

'ï 0RQLWRULQJý)UHTXHQF\ 7KHýWULERHOHFWULFýVLJQDOýLVýPRQLWRUHGýFRQWLQXRXVO\ï

'DWDý&ROOHFWLRQý3URFHGXUHV 2QHýKRXUýRIýGDWDýDUHýGLVSOD\HGýRQýWKHýPRQLWRUýLQýWKHýFRQWUROýURRPýDW
ëýVHFRQGýLQWHUYDOVïýý:KHQýDQýDODUPýRFFXUVýõVLJQDOýRYHUýæíýSHUFHQWýIRU
ìèýVHFRQGVôñýLWýLVýORJJHGýHOHFWURQLFDOO\ïýý6L[ðPLQXWHýDYHUDJHVýDOVRýDUH
DUFKLYHGýRQýWKHýFRPSXWHUýQHWZRUNýDVýDýKLVWRULFDOýGDWDýUHFRUGï

$YHUDJLQJý3HULRG 1RQHï
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,ï %DFNJURXQG

7KHýEDJKRXVHýFRQWUROVýHPLVVLRQVýIURPýDýFHUDPLFýILEHUERDUGýIHOWLQJýSURFHVVýDQGýDýSURGXFWLRQ
OLQHýLQýWKHýVSXQýILEHUýDUHDýWKDWýLVýXVHGýWRýPDQXIDFWXUHýFHUDPLFýILEHUýEODQNHWVýXVHGýIRUýLQVXODWLRQïý
7KHýUDZýPDWHULDOýõNDROLQôýLVýWUDQVIHUUHGýWRýPHOWLQJýIXUQDFHVýWKDWýDUHýKHDWHGýXVLQJýHOHFWULFýFXUUHQWïý
7KHýOLTXLGýPHOWýVWUHDPýIORZVýIURPýWKHýERWWRPýRIýWKHýIXUQDFHýDQGýLVýVSXQýLQWRýILEHUýLQýWKH
FROOHFWLRQýFKDPEHUýDQGýIRUPHGýLQWRýDýILEHUýPDWýRQýDýFRQYH\RUýWUDYHOLQJýEHORZýWKHýFKDPEHUïý
1HHGOLQJýLVýXVHGýWRýORFNýWKHýILEHUVýWRJHWKHUýDQGýDQýRYHQýGULHVýWKHýEODQNHWïýý7KHýEODQNHWýWKHQ
SDVVHVýRYHUýDýFRROLQJýWDEOHýDQGýLVýFRROHGýE\ýWKHýSDVVDJHýRIýDLUýWKURXJKýWKHýEODQNHWïýý,WýLVýWKHQ
WULPPHGýWRýVL]HýDQGýSDFNDJHGïýý'XVWýHPLVVLRQýSRLQWVýGXFWHGýWRýWKHýEDJKRXVHýLQFOXGHýWKHýERDUG
IHOWLQJýSURFHVVýDQGýFRROLQJýWDEOHï

7KHýSURFHVVýVWUHDPýH[KDXVWýLVýFRQWUROOHGýE\ýDýSXOVHðMHWýEDJKRXVHýRSHUDWHGýXQGHUýQHJDWLYH
SUHVVXUHïýý7KHýFRQWUROOHGýDLUýVWUHDPýLVýDWýDPELHQWýFRQGLWLRQVïýý7KHýEDJKRXVHýZDVýPDQXIDFWXUHGýE\
6O\ýDQGýLVýDýVLQJOHýFRPSDUWPHQWýEDJKRXVHýFRQWDLQLQJýìçýURZVýDQGýDýWRWDOýRIýìæçýEDJVïýý7KHýDLU
IORZýWKURXJKýWKHýEDJKRXVHýLVýDSSUR[LPDWHO\ýìëñíííýGVFIPïýý$LUýIORZýWKURXJKýWKHýV\VWHPýLV
PDLQWDLQHGýE\ýDýVLQJOHýLQGXFHGðGUDIWýIDQýGRZQVWUHDPýRIýWKHýEDJKRXVHïýý7KHýFOHDQHGýJDVýLV
H[KDXVWHGýIURPýDýëéðLQFKýZLGHýUHFWDQJXODUýGXFWïýý7KHýEDJKRXVHýUHVLGXHýLVýFRQWLQXRXVO\
GLVFKDUJHGýIURPýWKHýFROOHFWLRQýKRSSHUýLQWRýDýELQýE\ýDýVFUHZýIHHGHUïý

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýEDJýOHDNýPRQLWRUýRSHUDWHVýXVLQJýWKHýSULQFLSOHVýRIýIULFWLRQDOýHOHFWULILFDWLRQ
õWULERHOHFWULFLW\ôýDQGýFKDUJHýWUDQVIHUïýý$VýSDUWLFOHVýLQýWKHýEDJKRXVHýH[KDXVWýJDVýVWUHDPýFROOLGH
ZLWKýWKHýVHQVRUýURGýPRXQWHGýRQýWKHýLQVLGHýRIýWKHýH[KDXVWýGXFWñýDQýHOHFWULFDOýFKDUJHýLVýWUDQVIHUUHGñ
JHQHUDWLQJýDýVPDOOýFXUUHQWýWKDWýLVýPHDVXUHGýDQGýDPSOLILHGýE\ýWKHýWULERHOHFWULFýPRQLWRUïýý7KH
SURFHVVLQJýHOHFWURQLFVýDUHýFRQILJXUHGýWRýSURGXFHýDýFRQWLQXRXVýRXWSXWýDQGýDQýDODUPýDWýDýVSHFLILHG
OHYHOïýý

7KHýVLJQDOýSURGXFHGýE\ýWKHýWULERHOHFWULFýPRQLWRUýLVýJHQHUDOO\ýSURSRUWLRQDOýWRýWKHýSDUWLFXODWH
PDVVýIORZñýEXWýFDQýEHýDIIHFWHGýE\ýFKDQJHVýLQýDýQXPEHUýRIýIDFWRUVñýVXFKýDVýKXPLGLW\ñýH[KDXVWýJDV
YHORFLW\ñýDQGýSDUWLFOHýVL]Hïýý+RZHYHUñýLQýEDJKRXVHýDSSOLFDWLRQVñýWKHVHýIDFWRUVýDUHýQRWýH[SHFWHGýWR
YDU\ýFRQVLGHUDEO\ýGXULQJýQRUPDOýRSHUDWLRQïýý7KHUHIRUHñýDQýLQFUHDVHýLQýWKHýWULERHOHFWULFýVLJQDO
LQGLFDWHVýDQýLQFUHDVHýLQýSDUWLFXODWHýHPLVVLRQVýIURPýWKHýEDJKRXVHï

3XOVHðMHWýEDJKRXVHýILOWHUVýDUHýFOHDQHGýXVLQJýDýEXUVWýRIýDLUñýZKLFKýGLVORGJHVýWKHýILOWHUýFDNH
IURPýWKHýEDJVýDQGýFDXVHVýDýPRPHQWDU\ýLQFUHDVHýLQýSDUWLFXODWHýHPLVVLRQVýXQWLOýWKHýILOWHUýFDNH
EXLOGVýXSýDJDLQïýý7KHýWULERHOHFWULFýPRQLWRUýFDQýEHýFRQILJXUHGýZLWKýDýVKRUWýõRUýQRôýDYHUDJLQJýWLPH
WRýGLVSOD\ýWKHýEDJKRXVHýFOHDQLQJýF\FOHýDFWLYLW\ýDQGýPRQLWRUýLQFUHDVHVýLQýDýSDUWLFXODUýURZ©V
FOHDQLQJýSHDNñýRUýZLWKýDýORQJýVLJQDOýDYHUDJLQJýSHULRGýWRýGHWHFWýDQýRYHUDOOýLQFUHDVLQJýWUHQGýLQýWKH
EDJKRXVH©VýHPLVVLRQVïýý7UHQGVýLQýWKHýFOHDQLQJýSHDNVýDUHýPRQLWRUHGýDQGýKLJKýFOHDQLQJýSHDNVýWKDW
PD\ýLQGLFDWHýOHDNLQJýRUýEURNHQýEDJVýUHTXLULQJýPDLQWHQDQFHýWULJJHUýDQýDODUPï
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%\SDVVýRIýWKHýFRQWUROýGHYLFHýZLOOýRQO\ýRFFXUýLIýWKHýEDJKRXVHýIDQýLVýQRWýRSHUDWLQJïýý,QýWKLV
FDVHñýWKHýWULERHOHFWULFýVLJQDOýZRXOGýEHý]HURï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

$QýH[FXUVLRQýLVýGHILQHGýDVýDýWULERHOHFWULFýPRQLWRUýVLJQDOýJUHDWHUýWKDQýæíýSHUFHQWýRIýVFDOHýIRU
ìèýVHFRQGVïýý:KHQýDQýH[FXUVLRQýRFFXUVñýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQ
HYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OO
H[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý

7KHýWULERHOHFWULFýPRQLWRULQJýV\VWHPýKDVýWKHýFDSDELOLW\ýIRUýGXDOýDODUPVãýýDQýHDUO\ýZDUQLQJ
DODUPýDQGýDýEURNHQýEDJýDODUPïýý7KHýHDUO\ýZDUQLQJýDODUPýLVýVHWýMXVWýDERYHýWKHýQRUPDOýFOHDQLQJ
SHDNýKHLJKWýõéíýSHUFHQWýRIýVFDOHôïýý7KHýEURNHQýEDJýDODUPýZDVýVHWýE\ýLQMHFWLQJýGXVWýLQWRýWKHýFOHDQ
DLUýSOHQXPýRIýWKHýEDJKRXVHýDQGýQRWLQJýWKHýVLJQDOýOHYHOýMXVWýEHIRUHýWKHýSRLQWýDWýZKLFKýYLVLEOH
HPLVVLRQVýZHUHýREVHUYHGýDWýWKHýEDJKRXVHýH[KDXVWýõæíýSHUFHQWýRIýVFDOHôïýý$ýìèðVHFRQGýGHOD\ýWLPH
LVýDOVRýXVHGñýVRýWKHýDODUPýZRQ©WýDFWLYDWHýGXHýWRýVKRUWýVSLNHVýWKDWýDUHýQRWýDVVRFLDWHGýZLWKýWKH
FOHDQLQJýF\FOHýDQGýGRýQRWýLQGLFDWHýEURNHQýEDJVýõHïJïñýDýVKRUWýVSLNHýGXHýWRýDýVPDOOýDPRXQWýRI
SDUWLFXODWHýWKDWýDFFXPXODWHVýRQýWKHýGXFWýZDOOýDQGýWKHQýEUHDNVýIUHHôï

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJý(3$ý0HWKRGýèýZDVýFRQGXFWHGýRQý$SULOýëëðëéñ
ìääæïýý7KUHHý0HWKRGýèýWHVWýUXQVýõRQHýëéíðPLQXWHñýRQHýêåéðPLQXWHñýDQGýRQHýëååðPLQXWHýUXQô
ZHUHýFRQGXFWHGñýRQHýWHVWýSHUýGD\ïýý7KHýDYHUDJHýPHDVXUHGý30ýHPLVVLRQVýZHUHýH[WUHPHO\ýORZãý
íïíìýOEîKUïýý'XULQJýWKHýHPLVVLRQVýWHVWVñýWKHýWULERHOHFWULFýVLJQDOýZDVýUHFRUGHGýFRQWLQXRXVO\ýDWýD
ìðVHFRQGýIUHTXHQF\ïýý)LJXUHý$ïìëðìýVKRZVýWKHýWULERHOHFWULFýVLJQDOýIRUýìýKRXUýGXULQJý5XQýëïýý7KH
VKDUSýSHDNVýUHSUHVHQWýWKHýEULHIýLQFUHDVHýLQýHPLVVLRQVýLPPHGLDWHO\ýIROORZLQJýWKHýEDJKRXVH
FOHDQLQJýF\FOHñýEHIRUHýWKHýILOWHUýFDNHýEXLOGVýXSýDJDLQïýý$OOýFOHDQLQJýSHDNVýVKRZQýRQýWKLVýJUDSKýDUH
OHVVýWKDQýêèýSHUFHQWýRIýVFDOHñýZKLFKýLVýEHORZýERWKýDODUPýOHYHOVïýý7KHUHýZDVýRQHýPRPHQWDU\ýVSLNH
WKDWýFRXOGýQRWýEHýH[SODLQHGïýý7KHýDODUPVýZHUHýQRWýDFWLYDWHGýGXULQJýWKHýHPLVVLRQýWHVWLQJýDQGýWKH
HPLVVLRQVýZHUHýEHORZýWKHýHPLVVLRQýOLPLWýRIýíïêèýOEîKUï

0RQLWRULQJýGDWDýIRUýDýSHULRGýRIýDSSUR[LPDWHO\ýëýPRQWKVýõ-DQXDU\ýëäýðý$SULOýëñýìääæôýZHUH
UHYLHZHGñýLQFOXGLQJýçðPLQXWHýDYHUDJHýDUFKLYHGýWULERHOHFWULFýVLJQDOýGDWDýDQGýWKHýHOHFWURQLFýDODUP
ORJïýý5HYLHZýRIýWKHVHýGDWDýLQGLFDWHGýWKDWýWKHýHDUO\ýZDUQLQJýDODUPýZDVýDFWLYDWHGýHLJKWýWLPHVýDQG
WKHýEURNHQýEDJýDODUPýZDVýDFWLYDWHGýRQFHýõLïHïñýWKHUHýZDVýRQHýH[FXUVLRQôïýý%DVHGýRQýDOOýGDWD
UHYLHZHGñýWKHýVHOHFWHGýLQGLFDWRUýDQGýLQGLFDWRUýOHYHOýDSSHDUVýWRýEHýDSSURSULDWHýIRUýWKLVýIDFLOLW\ï
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(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
)$%5,&ý),/7(5ý)25ý30ý&21752/ýððý)$&,/,7<ý0

,ï %DFNJURXQG

$ïýý(PLVVLRQVý8QLW

'HVFULSWLRQã 3ULPDU\ýQRQIHUURXVýVPHOWLQJýDQGýUHILQLQJ
$3&'ý,'ã ìæð'&ðííìñýìæð'&ðííë
)DFLOLW\ã )DFLOLW\ý0

$Q\WRZQñý86$

%ïýý$SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWVñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQã 3HUPLWâý2$5ýêéíðíëèðíéìèñýêéíðíëìðííêí
(PLVVLRQýOLPLWVã
ýý2SDFLW\ã ëíýSHUFHQW
ýý3DUWLFXODWHýPDWWHUã íïëýJUîGVFI
0RQLWRULQJýUHTXLUHPHQWVã 9LVLEOHýHPLVVLRQVýõ9(ôñýSUHVVXUHýGURSñýIDQ

DPSHUDJHñýLQVSHFWLRQýDQGýPDLQWHQDQFHýSURJUDP

&ïýý&RQWUROý7HFKQRORJ\ã

5HYHUVHðDLUýEDJKRXVHVýRSHUDWHGýXQGHUýQHJDWLYHýSUHVVXUH

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïìêðìïýý
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,ï %DFNJURXQG

3ULPDU\ýQRQIHUURXVýPHWDOýVPHOWLQJýDQGýUHILQLQJýRSHUDWLRQVýLQFOXGHýPLQLQJâýGU\LQJâ
FUXVKLQJñýVFUHHQLQJñýDQGýUHMHFWLQJâýFDOFLQLQJýDQGýPHOWLQJâýUHILQLQJâýFDVWLQJâýDQGýRWKHUýRSHUDWLRQVïý
7KHýRUHýLVýGULHGýWRýUHPRYHýPRVWýRIýWKHýIUHHýPRLVWXUHïýý7KHýGULHGýRUHýLVýWKHQýFDOFLQHGýWRýUHPRYH
WKHýUHPDLQLQJýIUHHýPRLVWXUHýDQGýDýSRUWLRQýRIýWKHýFKHPLFDOO\ðFRPELQHGýPRLVWXUHïýý$ýSRUWLRQýRIýWKH
LURQýLVýUHGXFHGñýXVLQJýFDUERQïýý7KHýRUHýLVýWKHQýPHOWHGýDQGýUHGXFHGïýý7KHýUHILQHGýPHWDOýLVýFDVWýLQWR
LQJRWVýRUýVKRWñýDVýUHTXHVWHGýE\ýWKHýFXVWRPHUïýý

7KHýPRQLWRULQJýDSSURDFKýRXWOLQHGýKHUHýDSSOLHVýWRýPHOWýIXUQDFHýEDJKRXVHVý1RVïýìýDQGýëïý
7KHVHýEDJKRXVHVýFRQWUROýGXVWýIURPýIRXUýëêý0:ýHOHFWULFýPHOWýIXUQDFHVýõ1RVïýìýWKURXJKýéôýDQG
WZRýURWDU\ýNLOQVïýý7KH\ýDUHý,&$ýUHYHUVHðDLUýEDJKRXVHVýZLWKýìëýFRPSDUWPHQWVýDSLHFHâýHDFK
FRPSDUWPHQWýFRQWDLQVýìëåýEDJVïýý$LUýIORZýWKURXJKýHDFKýEDJKRXVHýLVýPDLQWDLQHGýE\ýWZRýLQGXFHGð
GUDIWýYDULDEOHýVSHHGýIDQVýGRZQVWUHDPýRIýHDFKýEDJKRXVHïýý7KHýFDSDFLW\ýRIýHDFKýEDJKRXVHýLV
ëæèñíííýDFIPï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

9LVLEOHýHPLVVLRQVýõRSDFLW\ôýZDVýVHOHFWHGýDVýDýSHUIRUPDQFHýLQGLFDWRUýEHFDXVHýLWýLVýLQGLFDWLYH
RIýJRRGýRSHUDWLRQýDQGýPDLQWHQDQFHýRIýWKHýEDJKRXVHïýý:KHQýWKHýEDJKRXVHýLVýRSHUDWLQJýRSWLPDOO\ñ
WKHUHýZLOOýEHýOLWWOHýYLVLEOHýHPLVVLRQVýIURPýWKHýH[KDXVWïýý,QýJHQHUDOñýDQýLQFUHDVHýLQýYLVLEOHýHPLVVLRQV
LQGLFDWHVýUHGXFHGýSHUIRUPDQFHýRIýWKHýEDJKRXVHýõHïJïñýORRVHýRUýWRUQýEDJVôïýý7KHVHýHPLVVLRQVýXQLWV
KDYHýDQýRSDFLW\ýVWDQGDUGýRIýëíýSHUFHQWïýý$ýçðPLQXWHý0HWKRGýäýREVHUYDWLRQýLVýSHUIRUPHGýGDLO\ï

7KHýSUHVVXUHýGURSýWKURXJKýWKHýEDJKRXVHýLVýPRQLWRUHGýFRQWLQXRXVO\ïýý$QýLQFUHDVHýLQ
SUHVVXUHýGURSýFDQýLQGLFDWHýWKDWýWKHýFOHDQLQJýF\FOHýLVýQRWýIUHTXHQWýHQRXJKñýFOHDQLQJýHTXLSPHQWýLV
GDPDJHGñýRUýWKHýEDJVýDUHýEHFRPLQJýEOLQGHGïýý'HFUHDVHVýLQýSUHVVXUHýGURSýPD\ýLQGLFDWHýVLJQLILFDQW
KROHVýDQGýWHDUVýRUýPLVVLQJýEDJVïýý+RZHYHUñýRSDFLW\ýLVýDýPXFKýPRUHýVHQVLWLYHýLQGLFDWRUýRIýKROHV
DQGýWHDUVýWKDQýSUHVVXUHýGURSï

*RRGýRSHUDWLRQýRIýWKHýIDQýLVýHVVHQWLDOýIRUýPDLQWDLQLQJýWKHýUHTXLUHGýDLUýIORZýWKURXJKýWKH
EDJKRXVHïýý7KHýIDQýDPSVýVHWWLQJýLVýVHOHFWHGýWRýEHýKLJKýHQRXJKýWRýGUDZýWKHýDLUýUHTXLUHGýWRýFROOHFW
WKHýGXVWýIURPýWKHýIRXUýPHOWLQJýIXUQDFHVýDQGýWZRýURWDU\ýNLOQVïýý([FHVVýJDVýYHORFLW\ýFDQýFDXVH
VHHSDJHýRIýGXVWýSDUWLFOHVýWKURXJKýWKHýGXVWýFDNHýDQGýIDEULFïýý)DQýDPSHUDJHýLVýDQýLQGLFDWRUýRI
SURSHUýIDQýRSHUDWLRQýDQGýDGHTXDWHýDLUýIORZýWKURXJKýWKHýEDJKRXVHýõWKHýH[KDXVWýJDVýLVýQRW
E\SDVVLQJýWKHýEDJKRXVHôï

,PSOHPHQWDWLRQýRIýDýEDJKRXVHýLQVSHFWLRQýDQGýPDLQWHQDQFHýõ,î0ôýSURJUDPýSURYLGHV
DVVXUDQFHýWKDWýWKHýEDJKRXVHýLVýLQýJRRGýUHSDLUýDQGýRSHUDWLQJýSURSHUO\ïýý2QFHýSHUýGD\ñýSURSHU
RSHUDWLRQýRIýWKHýFRPSUHVVRUýLVýYHULILHGýWRýHQVXUHýWKDWýWKHýEDJVýDUHýEHLQJýFOHDQHGïýý3URSHU
RSHUDWLRQýRIýWKHýFOHDQLQJýF\FOHýIDFLOLWDWHVýJDVýIORZýWKURXJKýWKHýEDJKRXVHýDQGýWKHýUHPRYDOýRI
SDUWLFXODWHñýDQGýDOVRýKHOSVýSUHYHQWýEOLQGLQJýRIýWKHýILOWHUýEDJVïýý2SHUDWLRQýDWýORZýSUHVVXUHVýFDQ
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UHVXOWýLQýLQDGHTXDWHýFOHDQLQJñýHVSHFLDOO\ýQHDUýWKHýERWWRPVýRIýWKHýEDJVïýý2WKHUýLWHPVýRQýWKHýGDLO\
,î0ýFKHFNOLVWýLQFOXGHýWKHýGXVWýSXPSñýLQGXFHGðGUDIWýIDQVñýUHYHUVHýDLUýIDQñýGXVWýVFUHZVñýURWDU\
IHHGHUVñýELQVñýFOHDQLQJýF\FOHýRSHUDWLRQñýOHDNýFKHFNñýDQGýFRPSDUWPHQWýLQVSHFWLRQýIRUýEDGýEDJVï

,,,ïýý5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýLQGLFDWRUýUDQJHýIRUýRSDFLW\ýLVýDýçðPLQXWHýDYHUDJHýRSDFLW\ýRIýOHVVýWKDQýëíýSHUFHQWïýý7KLV
LQGLFDWRUýUDQJHýZDVýVHOHFWHGýEDVHGýRQýWKHýIDFLOLW\©VýSHUPLWýUHTXLUHPHQWVýDQGýKLVWRULFDOýRSHUDWLQJ
GDWDïýý5HYLHZýRIýGDWDýFROOHFWHGýLQý0D\ýìääæýLQGLFDWHýDQýDYHUDJHýRSDFLW\ýRIýìíïäýSHUFHQWýõçð
PLQXWHýDYHUDJHôýIRUýEDJKRXVHý1RïìñýZLWKýçðPLQXWHýGDLO\ýDYHUDJHýUHDGLQJVýUDQJLQJýIURPýëïäýWR
ìäïåýSHUFHQWïýý)RUýEDJKRXVHý1RïýëñýWKHýDYHUDJHýZDVýììïèýSHUFHQWñýZLWKýçðPLQXWHýDYHUDJHýUHDGLQJV
UDQJLQJýIURPýêïìýWRýìåïåýSHUFHQWïýý7KHýçðPLQXWHýDYHUDJHýLVýPDGHýXSýRIýREVHUYDWLRQVýWDNHQýDW
ìèðVHFRQGýLQWHUYDOVï

7KHýLQGLFDWRUýUDQJHýIRUýEDJKRXVHýSUHVVXUHýGURSýLVýDýSUHVVXUHýGURSýEHWZHHQýèýDQG
ìèýLQïý+ë2ïýý7KLVýUDQJHýZDVýVHOHFWHGýEDVHGýRQýKLVWRULFDOýGDWDýREWDLQHGýGXULQJýQRUPDOýRSHUDWLRQïý
7KHýSUHVVXUHýGURSýLVýW\SLFDOO\ýDURXQGýìíýWRýììýLQïý+ë2ïýý$ýUHYLHZýRIýGDWDýFROOHFWHGýGXULQJý$SULO
DQGý0D\ýRIýìääæýVKRZýDýUDQJHýRIýDERXWýäýWRýìéýLQïý+ë2ïýý7KHýLQGLFDWRUýUDQJHýVHOHFWHGýIRUýWKHýIDQ
DPSHUDJHýLVýDQýDPSHUDJHýJUHDWHUýWKDQýìííïýý7KLVýUDQJHýZDVýVHWýEDVHGýRQýWKHýOHYHOýPDLQWDLQHG
GXULQJýQRUPDOýRSHUDWLRQïýý7KHýIDQýLVýRSHUDWHGýDWýDýKLJKýHQRXJKýVHWWLQJýWRýGUDZýWKHýUHTXLUHGýDLUýIRU
GXVWýFROOHFWLRQýIURPýWKHýIRXUýIXUQDFHVýDQGýWZRýURWDU\ýNLOQVïýý,WýW\SLFDOO\ýRSHUDWHVýLQýWKHýìííýWR
ìèæýDPSýUDQJHñýZLWKýDQýDYHUDJHýRIýìëèýDPSVïýý:KHQýDýSUREOHPýZLWKýWKHýEDJKRXVHýLVýGHWHFWHG
GXULQJýDQýLQVSHFWLRQñýWKHýSUREOHPýLVýUHFRUGHGýRQýWKHýLQVSHFWLRQýORJýDQGýFRUUHFWLYHýDFWLRQýLV
LQLWLDWHGýLPPHGLDWHO\ï

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ50ýèôýZDVýFRQGXFWHGýRQ
-XO\ýåðäñýìääæïýý'XULQJýWKLVýWHVWñýWKHýDYHUDJHýPHDVXUHGý30ýHPLVVLRQVýZHUHýíïíåíýJUîGVFIýIRU
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
WET ELECTROSTATIC PRECIPITATORS (WESP) FOR PM CONTROL –  FACILITY P

I. Background

A. Emissions Unit

Description: Steam-heated dryers used in plywood
manufacturing

Identification: Veneer Dryers 1-6 (EU2)

APCD ID: WESP 1, WESP 2

Facility: Facility P
Anytown, USA

B. Applicable Regulation and Emission Limit

Regulation No.: Permit, State Regulation

Emission limits:
    Particulate Matter (PM): 0.3 lb/1,000 ft2 (MSF) dried (3/8-inch thickness

basis)

Monitoring Requirements: Monitor WESP secondary voltage, quench inlet
temperature, and WESP outlet temperature.

C. Control Technology Wet electrostatic precipitator

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.9b-1.  The selected
indicators of performance are:  WESP secondary voltage, quench inlet temperature, and WESP
outlet temperature.  The selected indicator ranges are based on hourly average values. 
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant-specific emissions units (PSEU) are the two WESPs that control six veneer
dryers.  The dryers are longitudinal, steam-heated dryers manufactured by Coe and Moore and
are used in the manufacture of plywood.  Veneer is introduced into the dryer either manually or
using automated veneer sheet feeders.  The dried veneer sheets pass through a moisture detector
as they exit the dryer where any sheets not meeting moisture specifications are marked and
sorted for redrying.  Dry veneer sheets are coated with mixed glue and formed into panels.

Two WESPs, also referred to as E-tubes, remove particulate matter from the dryer exhaust. 
WESP No. 1 serves dryers Nos. 1, 5, and 6 and WESP No. 2 serves dryers Nos. 2, 3, and 4.

II. Rationale for Selection of Performance Indicators

A WESP is designed to operate at a relatively constant voltage.  A significant decrease in
voltage is indicative of a change in operating conditions that could lead to an increase in
emissions.  Low voltage can indicate electrical shorts or poor contacts that require maintenance
or repair of electrical components.  However, the regular flush cycles the WESPs undergo to
remove the particulate from the collection surfaces may also cause drops in voltage of short
duration.  These brief voltage drops are part of the normal operation of the WESP.

Monitoring gas stream temperature can provide useful information about the performance
of a WESP.  Quench inlet temperature primarily is an indication that the inlet gas stream is not
so hot that a fire may develop in the duct work or WESP.  In addition, the gas stream needs to be
cooled in order for some of the pollutants to condense.  The WESP outlet temperature indicates
that the gas stream has been sufficiently saturated to provide for efficient particle removal, and
that the water spray prior to the WESP inlet is functioning.  High outlet temperatures could be
the result of plugged nozzles, malfunctioning pumps, or broken or plugged piping.

III. Rationale for Selection of Indicator Ranges

The selected indicator ranges are given below:

Secondary voltage: $35 kV
Quench inlet temperature: #375°F
Stack outlet temperature: #175°F

An excursion is defined as (1) an hourly average voltage less than 35 kV; (2) an hourly average
quench inlet temperature greater than 375/F; or (3) an hourly average WESP outlet temperature
greater than 175/F.  When an excursion occurs, corrective action will be initiated beginning with
an evaluation of the occurrence to determine the action required to correct the situation.  All
excursions will be documented and reported.  An hourly average was chosen to account for the
intermittent flush cycles the WESPs undergo that cause the voltage to drop temporarily.
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Figure A.9b-1.  October 1997 hourly average
secondary voltage (WESP No. 1).

The indicator level for the WESP voltage was selected based upon the level maintained
during normal operation.  Typical operating voltages range from 35 to 55 kV.  During the most
recent performance test, the voltage ranged from 35 to 54 kV and the PM emissions were below
allowable levels.  An indicator level at the low end of the normal operating range was selected
(35 kV).  During a malfunction (such as an electrical short), the WESP voltage levels are
appreciably lower than normal operational levels.  The voltage also drops for a short period
during the normal flush cycles that are performed every few hours to clean the tube surface
where particulate is collected.  Figure A.9b-1 displays the hourly average WESP secondary
voltage during October 1997 for WESP No. 1.

The indicator levels for the quench inlet and WESP outlet gas temperatures also were
selected based on levels maintained during normal operation.  High temperatures may indicate a
fire in the dryer or ductwork or a lack of water flow to the WESP.  Temperature action levels
were selected that are slightly higher than normal operating temperatures.  If the water flow to
the WESP is lost, the WESP outlet temperature will begin to approach the inlet temperature,
which is much higher than 175/F.  Figures A.9b-2 and A.9b-3 display the hourly average quench
inlet and WESP outlet temperature during October 1997 for WESP No. 1. 
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Figure A.9b-2.  October 1997 Hourly Average Quench Inlet Temperature
(WESP No. 1)

0

20

40

60

80

100

120

140

160

0 100 200 300 400 500 600 700

Observation

O
ut

le
t T

em
pe

ra
tu

re
 (°

F)

Figure A.9b-3.  October 1997 Hourly Average WESP Outlet Temperature
(WESP No. 1)
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Indicator data for December 1995 to January 1996 and for October 1997 through
December 1997 were reviewed.  These data included hourly average WESP secondary voltage,
quench inlet temperature, and WESP outlet temperature measurements.  The maximum hourly
average quench inlet temperature for WESP No. 1 was 336/F, while the maximum for WESP
No. 2 was 352/F.  The maximum hourly average stack outlet temperature for WESP No. 1 was
151/F, while the maximum stack outlet temperature for WESP No. 2 was 178/F.  The average
monthly voltages ranged from 47 to 51 kV for WESP No. 1 and from 40 to 46 kV for WESP
No. 2.

Data obtained during the most recent performance test (October 1996) confirmed the unit
was in compliance.  During this test, the average measured PM emissions were 0.19 lb/MSF
dried for WESP No. 1 and 0.21 lb/MSF dried for WESP No. 2.  The measured particulate
emissions were below the emission limitation of 0.3 lb/MSF dried (3/8-inch thickness basis). 
The WESP operating parameters during the performance test are summarized in Table A.9b-2.

TABLE A.9b-2.  WESP OPERATING PARAMETERS DURING THE MOST RECENT
PERFORMANCE TEST

WESP
No. Run

Production,
ft2/hr

Particulate,
lb/MSF dried

(3/8-inch basis)
WESP voltage,

kV
Quench inlet

T (/F)
WESP outlet,

T (/F)

1 1 22,760 0.24 54 317 134

2 23,419 0.17 54 318 134

3 23,075 0.17 -- -- --

Average 23,085 0.19 54 318 134

2 1 23,899 0.24 35 328 147

2 32,238 0.17 38 332 143

3 26,897 0.20 40 331 147

Average 27,678 0.21 38 330 146
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
ELECTRIFIED FILTER BED (EFB) FOR PM CONTROL – FACILITY K

I. Background

A. Emissions Unit

Description: Natural gas-fired dryers used in plywood
manufacturing

Identification: Veneer Dryer 1, Veneer Dryer 2

Facility: Facility K
Anytown, USA

B. Applicable Regulation, Emission Limit, and Monitoring Requirements

Regulation: Permit, State regulation

Emission Limits:
    Particulate matter (PM): 0.30 lb/1000 ft2 (MSF) dried (3/8-inch thickness

basis), 4.1 lb/hr

Monitoring Requirements: EFB inlet temperature, EFB voltage, and EFB
ionizer current.

C. Control Technology EFB

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.11-1.  The selected
indicators of performance are:  EFB inlet temperature, voltage, and ionizer current.  The selected
indicator ranges are based upon hourly average values. 
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant-specific emissions unit (PSEU) consists of two natural gas direct-fired veneer
dryers controlled by an EFB.  Dryer 1 is manufactured by Moore and has one zone and four
decks.  Dryer 2 is manufactured by Coe and has two zones and five decks.  The dryers are used
in the manufacture of plywood.

II. Rationale for Selection of Performance Indicators

Wood dryer exhaust streams contain dry PM, products of combustion and pyrolysis, and
aerosols formed by the condensation of hydrocarbons volatilized from the wood chips.  Since
some of the pollutants from the dryers are in a gas phase at the normal dryer exhaust temperature
of 250/ to 300/F, these pollutants must be condensed in order to be collected by the EFB.  The
gas stream is cooled to a temperature of about 180/F by the evaporative gas cooler that precedes
the EFB, using a water mist.  The pollutants condense into fine liquid droplets and are carried
into the EFB.  The EFB ionizer gives the particles in the gas stream an electrical charge.  The
high voltage electrode in the gravel bed creates charged regions on the gravel.  As the gas passes
through the bed, the charged particles are removed from the gas and transferred to the surface of
the bed.  Liquid and dust continuously build up on the gravel surface; the liquid slowly travels
through the bed and is allowed to drip into the drain outlet in the bottom of the unit.  The gravel
is periodically replaced (about one-third of the gravel is replaced each month).

Factors that affect emissions from wood dryers include wood species, dryer temperature,
dryer residence time, dryer loading rate, and previous drying history of the wood.  The rate of
hydrocarbon aerosol formation (from vaporizing the extractable portion of the wood) is lower at
lower dryer temperatures.  Small increases in dryer temperature can produce relatively large
increases in the PM emission rate.  If particles are held in the dryer too long, the surfaces can
volatilize; if these emissions are released into the ambient air, a visible blue haze can result.

The CAM indicators selected are EFB inlet temperature, EFB voltage, and EFB ionizer
current.  The EFB must be maintained at the proper temperature to allow collection of the
hydrocarbon aerosol and particulate matter from the dryer.  The EFB inlet temperature is
monitored to indicate the gas stream was cooled to the proper temperature range before entering
the EFB and that the bed is operating at the proper temperature.  Information from the EFB
manufacturer indicates that high EFB temperatures (e.g., temperatures in excess of 200/F) may
result in excess stack opacity, as will low gravel levels (a low gravel level may cause insufficient
PM collection).  The voltage on the gravel and the current on the ionizer must be maintained so
negatively charged particles in the exhaust gas are attracted to positively charged regions on the
gravel bed.  An adequate ionizer current level indicates the corona is charging the particles in the
gas stream.  The bed voltage level indicates the intensity of the electric field in the bed.  A drop
in voltage or current could indicate a malfunction, such as a short or a buildup of dust or
hydrocarbon glaze on the ionizer or the gravel.  A short in the bed will show as high current with
little or no voltage.  A foreign object in the gravel bed which bridges the gap between the
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electrode and grounded louvers can short the bed, as can a cracked electrical insulator.  The
bed’s PM collection efficiency increases as the voltage and current increase within the unit’s
operating range.

The parameters selected for monitoring are consistent with technical information on the
operation, maintenance, and emissions for EFB’s and dryers provided in EPA’s September 1992
draft Alternative Control Technology (ACT) document for PM-10 emissions from the wood
products industry.  These parameters also were recommended by the manufacturer as parameters
to monitor to ensure proper operation of the EFB unit.

III. Rationale for Selection of Indicator Ranges

Indicator data for June through August were collected and reviewed.  These data include
EFB cooler inlet and outlet temperature, bed temperature, bed voltage, and ionizer current
measurements.  No indicator ranges are specified in the current operating permit, but the permit
does state that the EFB bed temperature shall not exceed 145/F when pine veneer is being dried. 
Based on the manufacturer’s recommendations, historical data, and data obtained during source
testing, the following indicator ranges were selected:

EFB bed inlet temperature: <170/F
(<145/F when drying pine veneer)

EFB bed voltage: >8 kV
EFB ionizer current: >2 mA

An excursion is defined as an hourly average of any parameter which is outside the
indicator range.  When an excursion occurs, corrective action will be initiated beginning with an
evaluation of the occurrence to determine the action required to correct the situation.  All
excursions will be documented and reported.

Figure A.11-1 shows the hourly average EFB inlet temperature for June.  The permit
requires that the EFB bed temperature be less than 145/F while drying pine veneer.  The EFB
inlet temperature is used as a surrogate for bed temperature.  During normal operation, the
typical inlet temperature was 160 to 165/F when drying species other than pine.  There were
short periods of operation at 130 to 140/F when drying pine veneer, and lower temperatures that
indicate the dryers were not operating (e.g., on Fridays during the routine maintenance
shutdown).  Similar operating ranges were observed for July and August.  The maximum hourly
average EFB inlet temperatures for June, July, and August  were 174/F, 173/F, and 176/F,
respectively.  The manufacturer recommends maintaining the EFB at a temperature of 160 to
180/F.  Therefore, based on this recommendation and on normal operating conditions, the
indicator range chosen was an hourly average inlet temperature less than 170/F (less than 145/F
when drying pine veneer).  If the EFB inlet temperature exceeds 170/F (145/F when drying
pine), corrective action will be initiated.

Figure A.11-2 shows the hourly average EFB voltage for June.  From Figure A.11-2, it can
be observed that the EFB typically operates in the range of 10 to 15 kV.  Some short periods of
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Month
Mean hourly average

current, mA

June 2.8

July 2

August 2

Average 2.3

Month
Mean hourly average

voltage, kV

June 12.4

July 11.6

August 10.9

Average 11.6

operation occur from 5 to 10 kV.  The mean hourly voltages for June, July, and August are given
below.  These statistics do not include data from periods during which the EFB was not
operating and the voltage was recorded as 1.0 or zero.  (For example, the EFB is shut down
every Friday for maintenance.)  

The manufacturer’s recommended bed voltage range is 5 to 10 kV.  The average voltages
during the 1992, 1993, and 1996 performance tests were 6.7 kV, 11 kV, and 14 kV, respectively. 
Based on all data reviewed, greater than 8 kV was chosen as the indicator range for the hourly
average EFB bed voltage.  If the hourly average bed voltage drops below 8 kV during periods of
normal operation (excludes shutdown periods), corrective action will be initiated.

Figure A.11-3 shows the hourly average EFB ionizer current for the month of June.  From
Figure A.11-3 it can be seen that the EFB typically operates at an ionizer current in the range of
2 to 5 mA.  The mean hourly average currents for June, July, and August are shown below.  In
addition, the manufacturer’s recommended range is 2 to 4 mA.  Therefore, the indicator range
chosen was an hourly average current greater than 2 mA.  If the hourly average ionizer current
drops below 2 mA during normal operation (excludes shutdown periods), corrective action will
be initiated.

Emissions test results and indicator data are presented below for the 1992, 1993, and 1996
performance tests.  The 1992 and 1993 tests were conducted while drying pine; the 1996 test was
conducted while drying Douglas fir.  The EFB is subject to a PM emission limitation of
0.30 lb/MSF (4.1 lb/hr).  Both limits were met during all three performance tests.
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Figure A.11-1.  June EFB inlet temperature (hourly average).

Year

PM
emissions,

gr/dscf

PM
emissions,

lb/MSF

PM
emissions,

lb/hr
Average voltage,

kV
Average ionizer

current, mA

Average EFB
inlet

temperature, /F

1992 0.016 0.16 1.5 6.7 4.9 153

1993 0.015 0.22 2.0 10.8 2.8 154

1996 0.02 0.30 1.1 14 1.4 189
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Figure A.11-2.  June EFB bed voltage (hourly average).
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
VENTURI SCRUBBER FOR PM CONTROL:  FACILITY S

I. Background

A. Emissions Unit

Description: Wood-fired boiler
Identification: Boiler A
Facility: Facility S

Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation:  State regulation (Federally enforceable)

Emissions Limit:
  Particulate Matter (PM): Determined using the following equation:

P = 0.5 *(10/R)0.5

where:
P = allowable weight of emissions of fly ash and/or other PM in

lb/mmBtu.

  R = heat input of fuel-burning equipment in mmBtu/hr based on
the measured percent of O2 and volumetric flow rate.

The State rule also specifies that the opacity of visible emissions cannot be
equal to or greater than 20 percent, except for one 6-minute period per
hour of not more than 27 percent.

Monitoring Requirements:  Continuous Opacity Monitoring System (COMS)

C. Control Technology

Venturi scrubber

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.17-1.  The
indicators of performance are the boiler exhaust O2 concentration (a measure of excess air level)
and the differential pressure across the scrubber venturi. 



TABLE A.17-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2

I. Indicator Exhaust gas oxygen concentration Scrubber differential pressure

Measurement Approach O2 monitor Differential pressure transducer.

II. Indicator Range An excursion is defined as an hourly boiler
exhaust O2 concentration of less than 11 or
greater than 16 percent.  Excursions trigger
an inspection, corrective action, and a
reporting requirement.

An excursion is defined as a 1-hour average
differential pressure below 10.0 inches of
water.  Excursions trigger an inspection,
corrective action, and a reporting
requirement.

III. Performance Criteria
A.  Data Representativeness

The O2 monitor is located in the boiler
exhaust.

The differential pressure transducer
monitors the static pressures upstream and
downstream of the scrubber’s venturi
throat.

B.  Verification of Operational Status NA NA                                    

C.  QA/QC Practices and Criteria Daily zero and span checks.  Adjust when
drift exceeds 0.5 percent O2.

Quarterly comparison to a U-tube
manometer.  Acceptance criteria is
0.5 in. w.c.

D.  Monitoring Frequency Measured continuously. Measured continuously.

Data Collection Procedures 1-minute averages are computed and
displayed.  The PC then computes and stores
a 1-hour average using the 1-minute
averages.

1-minute averages are computed and
displayed.  The PC then computes and
stores a 1-hour average using the 1-minute
averages.

Averaging period 1-hour. 1-hour.
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant-specific emissions unit (PSEU) is PM from a wood-fired boiler.  Particulate
matter in the boiler’s exhaust stream is controlled by a venturi scrubber.  A COMS is required by
the applicable State rule.  However, water droplets in the boiler exhaust will interfere with the
COMS measurements and consequently make the use of a COMS impractical.  An alternative
monitoring program utilizing parametric monitoring has been proposed.  The monitoring
approach includes continuous monitoring of the wood-fired boiler’s excess air, the steam
production rate, and the differential pressure across the scrubber’s venturi throat.

II. Rationale for Selection of Performance Indicators 

The operating conditions for this type of source (wood-fired boiler) can have a significant
impact on the amount of particulate emissions created.  Furthermore, for a venturi scrubber, the
inlet particulate matter loading to the scrubber will have an impact on the emissions level from
the scrubber (i.e., emissions from the scrubber are expected to increase as the loading to the
scrubber increases for the same scrubber operating conditions).  Site-specific emissions test data
confirm these expectations.  Therefore, indicators of performance of both the control device and
process were selected for this source.

The scrubber differential pressure was selected as the indicator of control device
performance.  The differential pressure is proportional to the water flow and air flow through the
scrubber venturi throat and is an indicator of the energy across the scrubber and the proper
operation of the scrubber within established conditions.

Excess air levels can have a significant impact on boiler performance.  Excess air is
defined as that air exceeding the theoretical amount necessary for combustion.  Insufficient
excess air will result in incomplete combustion and an increase in emissions.  A minimum of
about 50 percent excess air is necessary for combustion of wood or bark fuels.  Provision of too
much excess air causes the furnace to cool and also can result in incomplete combustion. 
Therefore, the proper excess air level is important for proper operation of the boiler.  The percent
oxygen in the exhaust gas stream is an indicator of the excess air level (0 percent oxygen would
equal 0 percent excess air, 8 percent oxygen is approximately 50 percent excess air, and
12 percent oxygen is approximately 100 percent excess air). 



CAM TECHNICAL GUIDANCE DOCUMENT
A.17 VENTURI SCRUBBER FOR PM CONTROL

A.17-4 6/02

III. Rationale for Selection of Indicator Ranges

Baseline information on the relationship among process operating conditions, control
device operating conditions, and emissions was necessary to establish the indicators and ranges.  
A series of test runs was performed at several different boiler operating conditions because
parametric monitoring is being proposed as an alternative to COMS.

Emissions tests were performed to establish a basis for indicator ranges that correspond to
compliance with the PM emissions limit.  A set of nine test runs was performed on the boiler at
three different levels of steam generation (three test runs were performed at each steam
generation level).  Emissions sampling was based on EPA Methods 1 through 5 (40 CFR 60,
Appendix A).  The results of the first series of emissions tests indicated a problem meeting the
emissions limits at the lower load level; the lack of a means to control excess air levels during
boiler operation was suspected as the cause of the excess emissions.   A second series of tests
were performed a year later after automatic boiler control equipment was installed.  The second
series of tests also was comprised of nine runs at three operating loads.  The results of these
18 tests were used in selecting the indicator ranges.  The results of these tests are presented and
discussed in the following paragraphs.

Figure 1 graphically presents the excess air level versus the nominal boiler load (steam
generation rate) for the tests.  During the first series of tests, before automatic boiler controls
were added, the boiler operated at a very high level of excess air (over 500 percent) at the low-
level operating load, at a high level of excess air (over 200 percent) at the mid level operating
load, and below 200 percent at the high-level operating load.  Without the automatic boiler
controls, the same amount of air was being introduced to the boiler regardless of the operating
load (wood feed rate), resulting in a significant increase in excess air levels as wood feed rate
decreased.  After the automatic controls were added, the excess air was maintained at lower
levels for the low-level and mid-level load conditions (less than 300 percent and 200 percent,
respectively). 

 The results of the two test series are summarized in Table A.17-2.  Three test runs were
performed at each steam generation rate.
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 TABLE A.17-2.  TEST RESULTSa

Nominal steam
generation rate

(lb/hr)
Venturi differential
pressure (in. H2O)

Boiler
exhaust O2

(%)

Particulate
emissions

(lb/MMBtu)

Allowable
particulate
emissions

(lb/MMBtu)

Series 1:
(Before Boiler
Control
Modifications)

25,000 15.6 18.1 0.73 0.25

40,000 22.9 16.2 0.43 0.21

60,000 22.2 12.6 0.06 0.16

Series 2:
(After Boiler
Control
Modifications)

33,000 12.0 15.5 0.07 0.25

52,000 12.1 13.9 0.06 0.21

77,000 12.0 13.0 0.05 0.17
a All values are 3-run averages.

At the first level of steam generation (25,000 lb/hr), the amount of excess air ranged from
544 percent to 752 percent by volume.  The particulate emissions rate ranged from 0.528 to
1.12 lb/MMBtu.  The maximum allowable emissions ranged from 0.23 to 0.27 lb/MMBtu.  The
maximum allowable emissions varies because it is based on the heat input rate.  The allowable
emissions rate was exceeded for all three test runs.  The second set of test runs was performed at
a nominal steam generation level of 40,000 lb/hr.  The amount of excess air ranged from 244 to
830 percent.  The particulate emissions rate ranged from 0.21 to 0.82 lb/MMBtu.  The maximum
allowable emissions ranged from 0.17 to 0.28 lb/MMBtu.  The maximum allowable emissions
rate was exceeded for all three test runs.  The third set of test runs was operated at a nominal
steam generation level of 60,000 lb/hr.  The steam generation level actually ranged from
60,000-70,000 lb/hr but dropped below 50,000 lb/hr midway through the third of the three tests
performed.  The amount of excess air for these three test runs ranged from 123 to 188 percent. 
The particulate emissions rate ranged from 0.05 to 0.06 lb/MMBtu.  The maximum allowable
emissions ranged from 0.15 to 0.17 lb/MMBtu.  The boiler was well within the maximum
allowable emissions rate for all three test runs. 

For the test series conducted after the addition of automatic controls, at the first level of
steam generation (33,000 lb/hr nominal), the amount of excess air ranged from 255 to
341 percent by volume (15 to 16 percent oxygen).  The particulate emissions rate ranged from
0.062 to 0.081 lb/MMBtu.  The maximum allowable emissions ranged from 0.23 to
0.29 lb/MMBtu.  The particulate emissions were less than the allowable emissions rate for all
three test runs.  The second set of test runs was performed at a nominal steam generation level of
77,000 lb/hr.  The amount of excess air ranged from 128 to 194 percent (12 to 14 percent
oxygen).  The particulate emissions rate ranged from 0.045 to 0.057 lb/MMBtu.  The maximum
allowable emissions ranged from 0.16 to 0.18 lb/MMBtu.  The particulate emissions were less
than the allowable emissions rate for all three test runs.  The third set of test runs was performed
at a nominal steam generation level of 52,000 lb/hr.  The amount of excess air for these three test
runs ranged from 196 to 223 percent (13 to 14 percent oxygen).  The particulate emissions rate
ranged from 0.056 to 0.067 lb/MMBtu.  The maximum allowable emissions ranged from 0.20 to
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0.21 lb/MMBtu.  The boiler operated within the maximum allowable emissions rate for all three
test runs.  

Figure 2 presents the particulate emissions rate versus boiler load for the two test series. 
Figures 3 and 4 present the particulate emissions rate versus excess air and boiler exhaust
oxygen level, respectively.  The test results show that during the first test series the emissions
increase significantly as the excess air increases.  The allowable emissions limit was exceeded at
the low- and mid-level operating loads.  The results of the second test series conducted after
automatic boiler controls were added also show a relationship among the excess air level, boiler
load, and particulate emissions rates.  However, the particulate emissions rates were well within
the allowable emissions rates for all test runs at all load conditions.  Note that the performance of
the system (boiler and venturi scrubber) was significantly better during the second series of tests
when the automatic boiler controls were being used to control air levels even though the venturi
scrubber was operating at a lower pressure drop (12 versus 22 in. w.c.). 

The indicator selected for monitoring boiler operation is exhaust gas oxygen concentration.
The selected indicator range for the boiler exhaust gas oxygen is greater than 12 and less than
16 percent O2 (one-hour average).  The indicator range was chosen based upon the 1-hr test run
averages for the January 1999 test data.  During these tests, the average oxygen concentration
was maintained between 12 and 16 percent.  The oxygen concentration is measured
continuously.   An excursion triggers an inspection, corrective action, and a reporting
requirement.  The selected range will promote maximum efficiency and provide a reasonable
assurance that the boiler is operating normally.

The indicator range selected for monitoring venturi scrubber operation is a pressure
differential of greater than 10 in. w.c. (one-hour average).  An excursion triggers an inspection,
corrective action, and a reporting requirement.  The differential pressure is measured several
times per minute.  A one-minute average is calculated, and an hourly average is calculated from
the one-minute averages.  The selected indicator range was chosen by examining the
January 1999 test data.  During these tests, the differential pressure was maintained between 10
and 15 in. w.c.   The measured particulate emissions limit during these tests at all three boiler
loads was approximately one third of the allowable emissions rate (large margin of compliance). 
Therefore, a differential pressure of greater than 10 in. w.c. was selected as the indicator range.
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Figure 2:  Particulate Emissions vs. Steam Flow Rate
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Figure 1:  Excess Air vs. Steam Flow Rate
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Figure 4:  Particulate Emissions vs. Exhaust Oxygen Level
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Figure 3:  Particulate Emissions vs. Excess Air
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INTRODUCTION

The examples in section A.19 were developed based on data collected during an EPA
study of particulate matter (PM) continuous emissions monitoring systems (CEMS).  Data were
collected over a period of several months for three PM CEMS installed on a coal-fired boiler. 
Higher than normal PM concentrations were generated during testing by installing a baghouse
bypass line and adjusting a butterfly valve on that line.  Examples A.19a and A.19b present two
approaches to the use of PM CEMS for CAM using data from one of the PM CEMS evaluated. 
The first example uses the procedures of proposed Performance Specification 11
(December 2001) to calibrate the PM CEMS over an extended range of PM concentrations.  This
approach provides a reasonable assurance of compliance over the extended operating range,
establishes the indicator level near the high end of the demonstrated operating range, and allows
the source flexibility to operate within the extended range without an excursion.

The second example uses a limited amount of test data collected with the APCD
operating normally (i.e., no generation of increased emissions utilizing the APCD bypass) to
calibrate the PM CEMS.  During normal operation there is a large margin of compliance with the
emissions limit.  However, the indicator range is based on a smaller data set collected over a
narrower range of operation.  Consequently, the indicator range for an excursion is established at
a lower value, near the normal operating range.  This approach results in less operating
flexibility but lower emissions testing costs because testing is only performed at normal
operating conditions.

Details on the PM CEMS evaluation are contained in the report series, “Evaluation of
Particulate Matter (PM) Continuous Emission Monitoring Systems (CEMS),” Volumes 1-5,
prepared by Midwest Research Institute for the U. S. Environmental Protection Agency’s
Emissions Measurement Center.  The EPA contact is Mr. Dan Bivins at (919) 541-5244, or
bivins.dan@epa.gov.
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EXAMPLE COMPLIANCE ASSURANCE MONITORING:
BAGHOUSE FOR PM CONTROL – FACILITY V

I. Background

A. Emissions Unit

Description: 375 mmBtu/hr coal-fired boilers

Identification: Boilers 1 and 2

Facility: Facility V
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: 40 CFR 60, Subpart Da
Permit

Emissions Limits:
    PM: 0.02 lb/mmBtu

Monitoring Requirements: A baghouse inspection and maintenance program is
performed and a PM continuous emissions monitoring
system (CEMS) is used as an additional indicator of
compliance with the PM limit.  [Note:  A COMS is
used to assure compliance with the opacity limit and
NOx and SO2 CEMS are used to assure compliance with
the NOx and SO2 limits, but that monitoring is not
addressed here.]

C. Control Technology:

Both boilers have a pulse jet fabric filter to control particulate emissions from the boiler
and the lime slurry spray dryer (used for flue gas desulfurization) that follows each boiler.  The
boilers exhaust to a common stack.

II. Monitoring Approach

The key elements of the monitoring approach for PM are presented in Table A.19a-1.  The
selected performance indicators are the signal from a PM CEMS and a baghouse inspection and
maintenance program.
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TABLE A.19a-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2

I. Indicator PM concentration. Bag condition.

Measurement
Approach

A light scattering device is installed at a representative location
downstream of the baghouse.

The inspection and maintenance program includes a
semi-annual internal inspection of the baghouse and
analysis of representative bag samples and bi-annual
bag replacement.

II. Indicator Range An excursion is defined as an hourly average PM concentration
greater than 13 mg/acm.  Excursions trigger an inspection,
corrective action, and a reporting requirement.

An excursion is defined as failure to perform the semi-
annual inspection and bi-annual bag replacement. 
Excursions trigger an inspection, corrective action, and
a reporting requirement.

III. Performance Criteria
A. Data

Representativeness

The light scattering instrument is located where a representative
sample can be obtained in the baghouse exhaust.  The amount of
light reflected back at the optical sensor is proportional to the
amount of particulate present in the exhaust.  A field test was
performed to correlate the monitor’s response to PM concentration
measured by Method 17.

Baghouse inspected visually for deterioration and bag
samples taken to determine bag condition and remaining
bag life.

B. Verification of
Operational Status

Initial correlation test conducted August 1999. NA

C. QA/QC Practices
and Criteria

Daily drift checks, quarterly absolute calibration audit (ACA), and
annual response calibration audit (RCA).  Daily zero/span drift
cannot exceed 4 percent of the upscale value for 5 consecutive
days or more than 8 percent of the upscale value in any one day. 
The ACA involves challenging the PM CEMS with an audit
standard at three operating levels, per Performance Specification
(PS) 11. The RCA involves gathering simultaneous CEMS
response and manual Reference Method data over a range of
operating conditions, per PS 11.

Trained personnel perform inspections and
maintenance.

D.  Monitoring
Frequency 

Continuous. Varies.



(TABLE A.19a-1.  Continued)

Indicator No. 1 Indicator No. 2

Data Collection
Procedures

The data acquisition system (DAS) collects a data point every
second.  The 1-second data are reduced to a 1-minute, a
15-minute, and then a 3-hour average PM emissions rate.  The
3-hour average data are archived for at least 5 years.

Results of inspections and maintenance activities
performed are recorded in baghouse maintenance log.

Averaging period 3-hour. NA
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MONITORING APPROACH JUSTIFICATION

I. Background

Two 375 mmBtu/hr traveling-grate, stoker-fired boilers are operated at this facility.  Each
boiler is rated at a nominal steam flow of 275,000 pounds per hour at 950/F and 1,540 psig.  The
boilers are fired with bituminous coal that averages 13,000 Btu per pound.  The boilers were
constructed in 1990 and are subject to 40 CFR 60, Subpart Da.

The boilers include mechanical separators in the boiler back-pass section for cinder
collection and re-injection into the furnace area.  A separate dust collector is located after the air
heater section for heavy fly ash collection.  The ash from the traveling grate is collected at the
front of the boiler for removal to the ash storage silos.

Each boiler is equipped with a dry flue gas desulfurization (FGD) system for SO2 control
and a pulse jet fabric filter for PM control.  The FGD uses a motor-driven atomizer to spray a
lime slurry mixture into the gas path to neutralize acid mists from the boiler gas.  The particulate
from the slurry injection and the fine fly ash from the combustion process are collected in the
baghouse.  The FGD is designed to reduce the average sulfur dioxide concentration by at least
90 percent.  The baghouse is designed to collect at least 99 percent of the total particulate in the
boiler gas.  Exhaust from both baghouses is routed to a common stack that exhausts to the
atmosphere.

II. Rationale for Selection of Performance Indicators

The performance indicators selected are the signal from a PM CEMS and baghouse
inspections.  The PM CEMS is a light-scattering device that detects particulate matter in the
baghouse exhaust by reading the back-scattered light from a collimated, near-infrared (IR) light
emitting diode (LED).  Because this instrument measures in the near-IR range, the sensitivity to
changes in particle size is minimal and the response to particles in the 0.1 to 10 :m range is
nearly constant.  Preventive maintenance is performed on the baghouse to ensure it continues to
operate properly and that the bags are in good condition.

III. Rationale for Selection of Indicator Ranges

The unit’s PM limit is 0.02 lb/mmBtu, which corresponds to approximately 17 mg/acm. 
For the light scattering device signal, an excursion is defined as a PM concentration of greater
than 13 mg/acm.  At this level, the upper tolerance interval is just below the emissions limit and
the unit still has a small margin of compliance.  Therefore, corrective action will be initiated
when the PM CEMS shows the unit is at approximately 75 percent of the emissions limit. 
Figure A.19a-1 shows a typical day’s worth of data while operating at peak load.  The PM
monitor’s signal is normally 2 to 4 mg/acm.  Comparing the 1-minute data on a 1-hr, 3-hr, and
daily average basis showed that the averaging period made no difference in this case.  A 3-hr
averaging period was selected as representative.
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Figure A.19a-1.  Light scattering monitor data for a typical day.

A total of 12 Method 17 test runs performed with paired sampling trains at varying PM
concentrations were used to develop the relationship between the PM concentration in the
baghouse exhaust and the monitor signal.  Each test run was one hour in duration.  Emissions,
boiler load, opacity, and PM CEMS data from the test program are presented in Table A.19a-2. 
A baghouse bypass line and butterfly valve were installed for the purpose of generating higher
than normal PM concentrations to calibrate the PM CEMS.  Figure A.19a-2 shows the
correlation curve developed during the initial testing, with the upper and lower confidence and
tolerance limits calculated per proposed Performance Specification 11.  The relationship is a
linear equation with an R2 of 0.96.  The confidence interval (CI) is the interval within which one
would predict the calibration relationship lies with 95 percent confidence.  The tolerance interval
(TI) is the interval within which 75 percent of the data are expected to lie with 95 percent
confidence.
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Figure A.19a-2.  PM CEMS Correlation Curve.

TABLE A.19a-2.  PM CEMS INITIAL CORRELATION TEST DATA

Parameter

Test Run

1 2 3 4 5 6 7 8 9 10 11 12

Steam
flow,
1,000 lb/hr

271 281 283 282 280 284 281 281 281 285 268 281

Method 17
result,
mg/acm1

11.6 13.9 14.5 3.03 2.68 3.20 16.3 10.5 9.42 15.4 8.76 18.7

PM CEMS
response,
mA

9.60 10.0 10.5 5.87 5.78 6.00 12.0 9.45 8.97 13.2 9.57 14.5

Opacity, % 3.72 4.51 5.27 3.71 3.54 3.92 4.01 4.22 4.14 4.25 4.11 5.39
1The Method 17 result is the average of sampling train A and sampling train B.
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EXAMPLE COMPLIANCE ASSURANCE MONITORING:
BAGHOUSE FOR PM CONTROL – FACILITY V

I. Background

A. Emissions Unit

Description: 375 mmBtu/hr coal-fired boilers

Identification: Boilers 1 and 2

Facility: Facility V
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: 40 CFR 60, Subpart Da
Permit

Emissions Limits:
    PM: 0.02 lb/mmBtu

Monitoring Requirements: A baghouse inspection and maintenance
program is performed and a PM continuous
emissions monitoring system (CEMS) is used as
an additional indicator of compliance with the
PM limit.  [Note:  A COMS is used to assure
compliance with the opacity limit and NOx and
SO2 CEMS are used to assure compliance with
the NOx and SO2 limits, but that monitoring is
not addressed here.]

C. Control Technology:

Both boilers have a pulse jet fabric filter to control particulate emissions from the boiler
and the lime slurry spray dryer (used for flue gas desulfurization) that follows each boiler.  The
boilers exhaust to a common stack.

II. Monitoring Approach

The key elements of the monitoring approach for PM are presented in Table A.19b-1.  The
selected performance indicators are the signal from a PM CEMS and a baghouse inspection and
maintenance program.
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TABLE A.19b-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2

I. Indicator PM CEMS response. Bag condition.

Measurement Approach A light scattering type PM CEMS is installed at a representative location
downstream of the baghouse.

The inspection and maintenance program includes a
semi-annual internal inspection of the baghouse and
analysis of representative bag samples and bi-annual bag
replacement.

II. Indicator Range An excursion is defined as an hourly average PM CEMS response greater
than 7.5 mA.  Excursions trigger an inspection, corrective action, and a
reporting requirement.

An excursion is defined as failure to perform the semi-
annual inspection and bi-annual bag replacement. 
Excursions trigger an inspection, corrective action, and a
reporting requirement.

III. Performance Criteria
A. Data

Representativeness

The PM CEMS is located where a representative sample can be obtained
in the baghouse exhaust.  An increase in the PM CEMS signal indicates
an increase in the PM concentration.  A field test was performed to
compare the PM CEMS response to PM concentration measured by
Method 17.

Baghouse inspected visually for deterioration and bag
samples taken to determine bag condition and remaining
bag life.

B. Verification of
Operational Status

Initial verification test consisting of 3 test runs. NA

C. QA/QC Practices and
Criteria

Daily drift checks and quarterly absolute calibration audit (ACA).  Daily
zero/upscale drift cannot exceed 4 percent of the upscale value for 5
consecutive days or more than 8 percent of the upscale value in any one
day.  The ACA involves challenging the PM CEMS with an audit
standard at three operating levels, per PS 11.

Trained personnel perform inspections and maintenance.

D. Monitoring Frequency Continuous. Varies.

Data Collection
Procedures

The data acquisition system (DAS) collects a data point every 5 seconds. 
Those 5-second data are reduced to a 1-minute, a 15-minute, and then a
3-hour average PM CEMS response.  The 3-hour average data are
archived for at least 5 years.

Results of inspections and maintenance activities
performed are recorded in baghouse maintenance log.

Averaging period 3-hour. NA
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MONITORING APPROACH JUSTIFICATION

I. Background

Two 375 mmBtu/hr traveling-stoker grate, coal-fired boilers are operated at this facility. 
Each boiler is rated at a nominal steam flow of 275,000 pounds per hour at 950/F and 1,540 psig. 
The boilers are fired with bituminous coal that averages 13,000 Btu per pound.  The boilers were
constructed in 1990 and are subject to 40 CFR 60, Subpart Da.

The boilers include mechanical separators in the boiler back-pass section for cinder
collection and re-injection into the furnace area.  A separate dust collector is located after the air
heater section for heavy fly ash collection.  The ash from the traveling grate is collected at the
front of the boiler for removal to the ash storage silos.

Each boiler is equipped with a dry flue gas desulfurization (FGD) system for SO2 control
and a pulse jet fabric filter for PM control.  The FGD uses a motor-driven atomizer to spray a
lime slurry mixture into the gas path to neutralize acid mists from the boiler gas.  The particulate
from the slurry injection and the fine fly ash from the combustion process are collected in the
baghouse.  The FGD is designed to reduce the average sulfur dioxide concentration by at least
90 percent.  The baghouse is designed to collect at least 99 percent of the total particulate in the
boiler gas.  Exhaust from both baghouses is routed to a common stack that exhausts to the
atmosphere.

II. Rationale for Selection of Performance Indicators

The performance indicators selected are the signal from a PM CEMS and baghouse
inspections.  The PM CEMS is a light-scattering device that detects particulate matter in the
baghouse exhaust by reading the back-scattered light from a collimated, near-infrared (IR) light
emitting diode (LED).  Because this instrument measures in the near-IR range, its sensitivity to
changes in particle size is minimized and its response to particles in the 0.1 to 10 :m range is
nearly constant.  Preventive maintenance is performed on the baghouse to ensure it continues to
operate properly and that the bags are in good condition.

III. Rationale for Selection of Indicator Ranges

The boiler’s PM limit is 0.02 lb/mmBtu, which corresponds to approximately 17 mg/acm. 
Three Reference Method (Method 17) test runs performed with paired sampling trains were
conducted while operating the boiler at full load.  These test data were used to develop the
relationship between the PM concentration in the baghouse exhaust and the PM CEMS signal. 
Emissions, load, and PM CEMS data from the test program are presented in Table A.19b-2. 
Figure A.19b-1 shows a graphical representation of the PM CEMS response versus particulate
concentration for the 3 test runs and the indicator range developed based on that data.  The linear
correlation was forced through the zero point (4 mA).  The data showed that when the PM
CEMS readings were at or below 6 mA, the PM concentration was less than 3.5 mg/acm, well
below the 
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Figure A.19b-1.  PM CEMS Calibration Curve and Indicator Range.

TABLE A.19b-2.  PM CEMS RESPONSE VALIDATION TEST DATA

Parameter

Test Run

1 2 3

Steam flow, 1,000 lb/hr 282 280 284

Method 17 result, mg/acm1 3.03 2.68 3.20

PM CEMS response, mA 5.87 5.78 6.00
1The Method 17 result is the average of sampling train A and sampling train B.

PM limit (see Figure A.19b-1).  Figure A.19b-2 shows a typical day’s worth of 15-minute
average PM CEMS data while operating at peak load.  The PM monitor’s signal normally is less
than 6 mA.  Based on the limited test data available and the source’s low variability and large
margin of compliance, the upper limit of the indicator range was set at 125 percent of the highest
measured value.  Therefore, for the PM CEMS, an excursion is defined as an hourly average PM
CEMS response greater than 7.5 mA (corresponds to a predicted PM concentration of
5.5 mg/acm, about one-third of the PM limit).
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Figure A.19b-2. Typical daily output from PM CEMS while operating boiler at peak load
(15-minute averages).



This page intentionally left blank.



CAM TECHNICAL GUIDANCE DOCUMENT
A.25 ELECTROSTATIC PRECIPITATOR (ESP) FOR PM CONTROL

6/02

A.25  ELECTROSTATIC PRECIPITATOR (ESP) FOR PM CONTROL--FACILITY FF

RESERVED

(Awaiting additional information needed from facility to respond to comments received.)
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