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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
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,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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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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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). 
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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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