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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
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,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
EDJKRXVHý1RïýìýDQGýíïíèêýJUîGVFIýIRUýEDJKRXVHý1RïýëýõERWKýZHUHýEHORZýWKHýFRPSOLDQFHýOLPLWýRI
íïëýJUîGVFIôïýý2SDFLW\ýREVHUYDWLRQVýGXULQJýWHVWLQJýDYHUDJHGýìæýSHUFHQWýIRUýERWKýEDJKRXVHVïýý7KH
FRPSOHWHýWHVWýUHVXOWVýDUHýGRFXPHQWHGýLQýWKHýWHVWýUHSRUWïýý3ULRUýWRýWKHýSHUIRUPDQFHýWHVWñýDQ
LQVSHFWLRQýRIýWKHýEDJKRXVHýZDVýSHUIRUPHGýWRýHQVXUHýWKDWýLWýZDVýLQýJRRGýZRUNLQJýRUGHUñýZLWKýQR
OHDNVýRUýEURNHQýEDJVïý



CAM TECHNICAL GUIDANCE DOCUMENT
A.19  BAGHOUSE FOR PM CONTROL

6/02

A.19  BAGHOUSE FOR PM CONTROL – FACILITY V



CAM TECHNICAL GUIDANCE DOCUMENT
A.19A  BAGHOUSE FOR PM CONTROL

6/02 1

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.



CAM TECHNICAL GUIDANCE DOCUMENT
A.19A  BAGHOUSE FOR PM CONTROL

6/02 A.19a-1

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.



CAM TECHNICAL GUIDANCE DOCUMENT
A.19A  BAGHOUSE FOR PM CONTROL

A.19a-6 6/02

0

5

10

15

20

25

4 6 8 10 12 14 16

Monitor Signal, mA

PM
C

on
ce

nt
ra

tio
n,

 m
g/

ac
m

Correl.
Lower CI
Upper CI
Lower TI
Upper TI

y = 1.89x - 7.50

Emissions Limit = 17 mg/acm

Excursion = 13 mg/acm

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



CAM TECHNICAL GUIDANCE DOCUMENT
A.19B  BAGHOUSE FOR PM CONTROL

6/02 A.19b-3

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).




