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(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*

7KHUPDOý,QFLQHUDWRUýIRUý92&ý&RQWUROãýý)DFLOLW\ý$ýðý([DPSOHýì

,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã &RDWHUýìñý&RDWHUýëñýDQGý&RDWHUýê
,GHQWLILFDWLRQã 6WDFNý1Rïý;;;îý&Wïý<<<<<
6WDFNýGHVLJQDWLRQã ,QFLQHUDWRU
$3&ý3ODQWý,'ý1Rï ;;;;;
)DFLOLW\ã )DFLOLW\ý$

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 3HUPLW
5HJXODWHGýSROOXWDQWýõ36(8ôã 92&
(PLVVLRQýOLPLWã äèýSHUFHQWýUHGXFWLRQ
0RQLWRULQJýUHTXLUHPHQWVýLQýSHUPLWã &RQWLQXRXVO\ýPRQLWRUýFKDPEHUýWHPSHUDWXUH

>127(ýì@

&ï &RQWUROý7HFKQRORJ\ã 7KHUPDOýR[LGL]HU

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEHýPRQLWRUHGñýLQGLFDWRU
UDQJHVñýDQGýSHUIRUPDQFHýFULWHULDýDUHýSUHVHQWHGýLQý7DEOHý$ïìDðìïýý

1RWHýWKDWýWKLVý&$0ýVXEPLWWDOýLVýLQWHQGHGýDVýDQýH[DPSOHýRIýPRQLWRULQJýWKHýRSHUDWLRQýRIýWKH
LQFLQHUDWRUýDQGýGRHVýQRWýDGGUHVVýFDSWXUHýHIILFLHQF\ïýý&DSWXUHýHIILFLHQF\ýLVýDýFULWLFDOýFRPSRQHQWýRIýWKH
RYHUDOOýFRQWUROýHIILFLHQF\ýRIýWKHýDLUýSROOXWLRQýFRQWUROýV\VWHPñýDQGýLQGLFDWRUVýRIýWKHýSHUIRUPDQFHýRIýWKH
FDSWXUHýV\VWHPýVKRXOGýEHýLQFRUSRUDWHGýLQWRýWKHýPRQLWRULQJýDSSURDFKïý+RZHYHUñýVXIILFLHQWýLQIRUPDWLRQ
ZDVýQRWýDYDLODEOHýIURPýWKLVýFDVHýVWXG\ýWRýLQFOXGHýPRQLWRULQJýRIýWKHýFDSWXUHýV\VWHPýSHUIRUPDQFHï

,,,ï 'DWDý$YDLODELOLW\ý>127(ýë@

7KHýPLQLPXPýGDWDýDYDLODELOLW\ýIRUýHDFKýVHPLDQQXDOýUHSRUWLQJýSHULRGñýGHILQHGýDVýWKHýQXPEHUýRI
KRXUVýIRUýZKLFKýPRQLWRULQJýGDWDýDUHýDYDLODEOHýGLYLGHGýE\ýWKHýQXPEHUýRIýKRXUVýGXULQJýZKLFKýWKHýSURFHVV
RSHUDWHGýõWLPHVýìííôýZLOOýEHã

&KDPEHUýWHPSHUDWXUHã äíýSHUFHQW

7KHýGDWDýDYDLODELOLW\ýGHWHUPLQDWLRQýZLOOýQRWýLQFOXGHýSHULRGVýRIýFRQWUROýGHYLFHýVWDUWýXSýDQGýVKXWýGRZQïýý)RU
DQýKRXUýWRýEHýFRQVLGHUHGýDýYDOLGýKRXUýRIýPRQLWRULQJýGDWDñýDýPLQLPXPýRIýéèýPLQXWHVýRIýGDWDýPXVWýEH
DYDLODEOHï
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021,725,1*ý$3352$&+ý-867,),&$7,21

,ï %DFNJURXQG

7KLVýLVýDýFRDWLQJýIDFLOLW\ýWKDWýSHUIRUPVýSRO\HVWHUýILOPýFRDWLQJýDQGýSDSHUýOLQHUýFRDWLQJýZLWKýVROYHQW
EDVHGýFRDWLQJVïýý7KUHHýFRDWHUVýDUHýRSHUDWHGýDWýWKHýIDFLOLW\ïýý(PLVVLRQVýIURPýWKHýWKUHHýFRDWHUVýDUHýYHQWHGýWR
WKHýWKHUPDOýLQFLQHUDWRUïýý(PLVVLRQVýIURPýPL[LQJñýFRDWLQJñýDQGýGU\LQJýRSHUDWLRQVýDUHýYHQWHGýWRýWKLV
LQFLQHUDWRUâýVRPHýPL[LQJýYHVVHOVýFDQýDOVRýEHýYHQWHGýWRýRWKHUýR[LGL]HUVïýý$ýWRWDOýRIýëæýVRXUFHVýDUH
FRQQHFWHGýWRýWKHýWKHUPDOýLQFLQHUDWRUï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýLQFLQHUDWRUýFKDPEHUýWHPSHUDWXUHýZDVýVHOHFWHGýEHFDXVHýLWýLVýLQGLFDWLYHýRIýWKHýWKHUPDO
LQFLQHUDWRUýRSHUDWLRQýõFRPEXVWLRQýRFFXUULQJýZLWKLQýWKHýFKDPEHUôïýý,IýWKHýFKDPEHUýWHPSHUDWXUHýGHFUHDVHV
VLJQLILFDQWO\ñýFRPSOHWHýFRPEXVWLRQýPD\ýQRWýRFFXUïý

,WýKDVýEHHQýVKRZQýWKDWýWKHýFRQWUROýHIILFLHQF\ýDFKLHYHGýE\ýDýWKHUPDOýLQFLQHUDWRUýLVýDýIXQFWLRQýRIýLWV
RSHUDWLQJýWHPSHUDWXUHñýRUýRXWOHWýWHPSHUDWXUHïýý%\ýPDLQWDLQLQJýWKHýRSHUDWLQJýWHPSHUDWXUHýDWýRUýDERYHýD
PLQLPXPñýDýOHYHOýRIýFRQWUROýHIILFLHQF\ýFDQýEHýH[SHFWHGýWRýEHýDFKLHYHGïýý$WWDFKPHQWýìýSUHVHQWV
LQIRUPDWLRQýIURPýWKHýOLWHUDWXUHýRQýLQFLQHUDWRUýFRQWUROýHIILFLHQF\ýDVýDýIXQFWLRQýRIýWHPSHUDWXUHï

7KHýZRUNýSUDFWLFHýFRPSULVHGýRIýDQýDQQXDOýLQVSHFWLRQýDQGýWXQLQJýRIýWKHýLQFLQHUDWRUýEXUQHUýZDV
VHOHFWHGýEHFDXVHýDQýLQVSHFWLRQýYHULILHVýHTXLSPHQWýLQWHJULW\ýDQGýSHULRGLFýWXQLQJýZLOOýPDLQWDLQýSURSHU
EXUQHUýRSHUDWLRQýDQGýHIILFLHQF\ïýý,QýDGGLWLRQñýDýGDLO\ýREVHUYDWLRQýRIýWKHýEXUQHUýIODPHýVHOHFWHGýWRýPRQLWRU
SURSHUýRSHUDWLRQýRIýWKHýEXUQHUýõEOXHýIODPHôýLVýDSSURSULDWHï

>6XIILFLHQWýLQIRUPDWLRQýUHJDUGLQJýE\SDVVýRIýWKHýFRQWUROýGHYLFHýLVýQRWýDYDLODEOHïýý7KHýGDPSHUýRQýWKH
E\SDVVýOLQHñýRUýSXUJHýOLQHñýRQýHDFKýFRDWHUýPXVWýEHýFORVHGýGXULQJýFRDWLQJýSURFHVVýRSHUDWLRQýWRýHQVXUHýWKDW
WKHýYHQWýVWUHDPýLVýURXWHGýWRýWKHýWKHUPDOýLQFLQHUDWRUï@

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýWKHýLQFLQHUDWRUýFKDPEHUýWHPSHUDWXUHýLVý¦JUHDWHUýWKDQýìèíí()ýDWýDOO
WLPHVï§ýý:KHQýDQýH[FXUVLRQýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKH
RFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý)XUWKHUPRUHñýLIýWKHýGXUDWLRQýRIýD
WHPSHUDWXUHýH[FXUVLRQýH[FHHGVýìíýPLQXWHVñýWKHýFRDWLQJýOLQHýRSHUDWLRQýZLOOýEHýFXUWDLOHGïýý$OOýH[FXUVLRQV
ZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïý7KHýVHOHFWHGý4,3ýWKUHVKROGýOHYHOýLVýVL[ýH[FXUVLRQVýSHUýVHPLDQQXDO
UHSRUWLQJýSHULRGý>VHHý127(ýê@ïýý7KLVýOHYHOýLVýOHVVýWKDQýíïíèýSHUFHQWýRIýWKHýSURFHVVýRSHUDWLQJýWLPHýõEDVHG
RQýëñåííýRSHUDWLQJýKRXUVôïýý,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOO
EHýGHYHORSHGýDQGýLPSOHPHQWHGïýý7KLVý4,3ýWKUHVKROGýLVýVXSSRUWHGýE\ýçðPRQWKVýRIýPRQLWRULQJýGDWD
IROORZLQJýWKHýSHUIRUPDQFHýWHVWïý

7KHýDLUýSROOXWLRQýFRQWUROýSHUPLWýLVVXHGýE\ýWKHý6WDWHýDJHQF\ýVSHFLILHVýWKDWýWKHýLQFLQHUDWRUýPXVWýEH
GHVLJQHGýWRýRSHUDWHýZLWKýDýPLQLPXPýRSHUDWLQJýWHPSHUDWXUHýRIýìèíí()ýPHDVXUHGýDWýWKHýFHQWHUýRIýWKH
LQFLQHUDWRUýFKDPEHUïýý$WWDFKPHQWýìýLQGLFDWHVýWKDWýDýWKHUPDOýLQFLQHUDWRUýLVýH[SHFWHGýWRýDFKLHYHýäèýSHUFHQW
RUýJUHDWHUýGHVWUXFWLRQýHIILFLHQF\ýõ'5(ôýDWýWKLVýWHPSHUDWXUHïýý7KHýSHUPLWýUHTXLUHPHQWýLVýäèýSHUFHQWý'5(ïý
7KHýLQFLQHUDWRUýHPSOR\VýDýWHPSHUDWXUHýFRQWUROOHUýWKDWýPDLQWDLQVýWKHýGHVLUHGýFKDPEHUýWHPSHUDWXUHýE\
XVLQJýDýQDWXUDOýJDVðILUHGýDX[LOLDU\ýEXUQHUâýWKHýWHPSHUDWXUHýFRQWUROOHUýLVýVHWýWRýPDLQWDLQýDýWHPSHUDWXUHýRIýDW
OHDVWýìèíí()ïý
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5HYLHZýRIýKLVWRULFDOýPRQLWRULQJýGDWDýIRUýDýçðPRQWKýSHULRGýõ-XO\ð'HFHPEHUýìääêôýLQGLFDWHVýWKDW
ìèíí()ýFDQýEHýPDLQWDLQHGýRQýDýURXWLQHýEDVLVýZLWKýVRPHýH[FXUVLRQVïýý7KHýKLVWRULFDOýPRQLWRULQJýGDWDýIRU
WHPSHUDWXUHýLQGLFDWHýWKDWýQRUPDOýORDGLQJýWRýWKHýLQFLQHUDWRUýZLOOýUHVXOWýLQýFKDPEHUýWHPSHUDWXUHVýRIýìèíí()
DQGýKLJKHUýORDGLQJVýWRýWKHýGHYLFHýZLOOýUHVXOWýLQýSHULRGVýRIýKLJKHUýRSHUDWLQJýWHPSHUDWXUHVýIRUýVKRUW
GXUDWLRQVñýVXFKýDVýGXULQJýWKHýSHUIRUPDQFHýWHVWïýý7KHýKLVWRULFDOýPRQLWRULQJýGDWDýLQGLFDWHýWKDWýWKHýLQGLFDWRU
UDQJHýZDVýH[FHHGHGýVHYHQýWLPHVýLQýWKHýçðPRQWKýSHULRGâýWZRýRIýWKHýH[FXUVLRQVýZHUHýPRPHQWDU\ïý

7KHýSHUIRUPDQFHýWHVWýFRQILUPVýDFFHSWDEOHýSHUIRUPDQFHýRIýWKHýLQFLQHUDWRUâýWKHýLQFLQHUDWRUýDFKLHYHG
WKHýUHTXLUHGý'5(ýRIýäèýSHUFHQWïýý'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKHýLQFLQHUDWRUýZDVýRSHUDWLQJýZLWKýD
WHPSHUDWXUHýRIýDWýOHDVWýìèíí()ýõLQýWKHýUDQJHýRIýìèéí(ýWRýìåíí()ôïýý'XULQJýWKHýSHUIRUPDQFHýWHVWVýWKH
LQFLQHUDWRUýWHPSHUDWXUHýZDVýJHQHUDOO\ýQHDUHUýìæíí()ýWKDQýìèíí()ïýý7KHýKLJKHUýWHPSHUDWXUHVýGXULQJýWKH
SHUIRUPDQFHýWHVWýRFFXUUHGýEHFDXVHýWKHýIDFLOLW\ýZDVýRSHUDWHGýQHDUýWKHýPD[LPXPýSURGXFWLRQýUDWHýZLWK
KLJKHUý92&ýORDGLQJVýWRýFKDOOHQJHýWKHýLQFLQHUDWRUýZLWKýPD[LPXPý92&ýORDGLQJïýý7KHýKLJKHUýRSHUDWLQJ
WHPSHUDWXUHVýGXULQJýWKHýSHUIRUPDQFHýWHVWýDUHýQRWýWKHýUHVXOWýRIýDýFKDQJHýLQýRSHUDWLRQýRIýWKHýLQFLQHUDWRU
õLïHïñýFKDQJLQJýWKHýEXUQHUýVHWýSRLQWýWHPSHUDWXUHôïý

7KHýSHUIRUPDQFHýWHVWýRIýWKHýWKHUPDOýLQFLQHUDWRUýZDVýFRQGXFWHGýLQý2FWREHUýìääêýXVLQJý(3$
5HIHUHQFHý0HWKRGýëèïýý7KUHHýWHVWýUXQVýõìýKRXUýHDFKôýZHUHýFRQGXFWHGýZLWKýììýRXWýRIýëæýVRXUFHVýRSHUDWLQJ
DQGýYHQWLQJýWRýWKHýLQFLQHUDWRUâýWKLVýQXPEHUýRIýRSHUDWLQJýVRXUFHVýLVýFRQVLGHUHGýQRUPDOïýý'XULQJýWKH
SHUIRUPDQFHýWHVWñýWKHýFKDPEHUýWHPSHUDWXUHýZDVýPHDVXUHGýFRQWLQXRXVO\ýDQGýUHFRUGHGýRQýDýFLUFXODUýFKDUW
õ$WWDFKPHQWýëôïý

7KHýWRWDOýK\GURFDUERQýõ7+&ôýHPLVVLRQýOLPLWýLVýìèéýSRXQGVýSHUýKRXUýõOEîKUôâýWKLVýOLPLWýZDVýPHWïý
7KHýIDFLOLW\öVýRSHUDWLQJýSHUPLWýUHTXLUHVýäèýSHUFHQWýUHGXFWLRQýIURPýWKHýWKHUPDOýLQFLQHUDWRUïýý'XULQJýWKH
SHUIRUPDQFHýWHVWñýWKHýWKHUPDOýLQFLQHUDWRUýDFKLHYHGýDýGHVWUXFWLRQýHIILFLHQF\ýRIýJUHDWHUýWKDQýäèýSHUFHQWýIRU
DOOýWKUHHýUXQVýõäèïéñýäèïèñýDQGýäæïåôâýDYHUDJHý'5(ýIRUýWKHýWKUHHýWHVWýUXQVýLVýäçïëýSHUFHQWôï

7KHýSURGXFWLRQýUDWHýGXULQJýWKHýSHUIRUPDQFHýWHVWýZDVýUHSUHVHQWDWLYHýRIýKLJKHVWý92&ýORDGLQJýWRýWKH
LQFLQHUDWRUïýý'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKHý92&ýLQSXWýFDOFXODWHGýIURPýFRDWLQJýXVDJHýDQGýFRQWHQWýZDV
;;;ýOEîKUý>IDFLOLW\ýUHTXHVWHGýFRDWLQJýXVDJHýQRWýEHýSUHVHQWHG@ïýý%\ýFRPSDULVRQñýIRUýWKHýçýPRQWKýSHULRG
IRUýZKLFKýPRQLWRULQJýGDWDýZHUHýUHYLHZHGñýWKHýDYHUDJHý92&ýORDGLQJýWRýWKHýV\VWHPýZKHQýDOOýWKUHHýFRDWHUV
ZHUHýRSHUDWLQJýõFDOFXODWHGýDVýWKHýVXPýRIýWKHýDYHUDJHý92&ýLQSXWýUDWHñýOEîKUñýRIýHDFKýFRDWHUôýZDV
åíýSHUFHQWýRIýWKHýDPRXQWýGXULQJýWKHýSHUIRUPDQFHýWHVWï

127(ýìãýý&2ýPRQLWRULQJýDOVRýLVýDýUHTXLUHPHQWýLQýWKHýIDFLOLW\©VýSHUPLWâýKRZHYHUñýIRUýWKHýSXUSRVHV
RIýWKLVýH[DPSOHý&$0ý3ODQñý&2ýPRQLWRULQJýZDVýQRWýVHOHFWHGýDVýDQýLQGLFDWRUïýý6HHý&$0ýSODQý1Rïý$ïìEï

127(ýëãýý6XEPLWWDOýRIýSURSRVHGýGDWDýDYDLODELOLW\ýLVýRSWLRQDOâýLWýLVýQRWýDýUHTXLUHPHQWýRIýDý&$0
VXEPLWWDOï
 
        NOTE 3:  Submittal of a QIP threshold is optional; it is not a requirement of a CAM submittal. 
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(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*

7KHUPDOý,QFLQHUDWRUýIRUý92&ý&RQWUROãýý)DFLOLW\ý$ýðý([DPSOHýìE

,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã &RDWHUýìñý&RDWHUýëñýDQGý&RDWHUýê
,GHQWLILFDWLRQã 6WDFNý1Rïý;;;îý&Wïý<<<<<
6WDFNýGHVLJQDWLRQã ,QFLQHUDWRU
$3&ý3ODQWý,'ý1Rï ;;;;;
)DFLOLW\ã )DFLOLW\ý$

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 3HUPLW
5HJXODWHGýSROOXWDQWýõ36(8ôã 92&
(PLVVLRQýOLPLWã äèýSHUFHQWýUHGXFWLRQ
0RQLWRULQJýUHTXLUHPHQWVýLQýSHUPLWã &RQWLQXRXVO\ýPRQLWRUýFKDPEHUýWHPSHUDWXUH

&RQWLQXRXVO\ýPRQLWRUý&2ýFRQFHQWUDWLRQ

&ï &RQWUROý7HFKQRORJ\ã 7KHUPDOýR[LGL]HU

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEHýPRQLWRUHGñýLQGLFDWRU
UDQJHVñýDQGýSHUIRUPDQFHýFULWHULDýDUHýSUHVHQWHGýLQý7DEOHý$ïìEðìïýý

1RWHýWKDWýWKLVý&$0ýVXEPLWWDOýLVýLQWHQGHGýDVýDQýH[DPSOHýRIýPRQLWRULQJýWKHýRSHUDWLRQýRIýWKH
LQFLQHUDWRUýDQGýGRHVýQRWýDGGUHVVýFDSWXUHýHIILFLHQF\ïýý&DSWXUHýHIILFLHQF\ýLVýDýFULWLFDOýFRPSRQHQWýRIýWKH
RYHUDOOýFRQWUROýHIILFLHQF\ýRIýWKHýDLUýSROOXWLRQýFRQWUROýV\VWHPñýDQGýLQGLFDWRUVýRIýWKHýSHUIRUPDQFHýRIýWKH
FDSWXUHýV\VWHPýVKRXOGýEHýLQFRUSRUDWHGýLQWRýWKHýPRQLWRULQJýDSSURDFKïý+RZHYHUñýVXIILFLHQWýLQIRUPDWLRQ
ZDVýQRWýDYDLODEOHýIURPýWKLVýFDVHýVWXG\ýWRýLQFOXGHýPRQLWRULQJýRIýWKHýFDSWXUHýV\VWHPýSHUIRUPDQFHï

,,,ï 'DWDý$YDLODELOLW\ý>127(ýì@

7KHýPLQLPXPýGDWDýDYDLODELOLW\ýIRUýHDFKýVHPLDQQXDOýUHSRUWLQJýSHULRGñýGHILQHGýDVýWKHýQXPEHUýRI
KRXUVýIRUýZKLFKýPRQLWRULQJýGDWDýDUHýDYDLODEOHýGLYLGHGýE\ýWKHýQXPEHUýRIýKRXUVýGXULQJýZKLFKýWKHýSURFHVV
RSHUDWHGýõWLPHVýìííôýZLOOýEHã

&KDPEHUýWHPSHUDWXUHã äíýSHUFHQW
2XWOHWý&2ýFRQFHQWUDWLRQã äèýSHUFHQW

7KHýGDWDýDYDLODELOLW\ýGHWHUPLQDWLRQýGRHVýQRWýLQFOXGHýSHULRGVýRIýFRQWUROýGHYLFHýVWDUWýXSýDQGýVKXWýGRZQïý
)RUýDQýKRXUýWRýEHýFRQVLGHUHGýDýYDOLGýKRXUýRIýPRQLWRULQJýGDWDñýDýPLQLPXPýRIýéèýPLQXWHVýRIýGDWDýPXVWýEH
DYDLODEOHï
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021,725,1*ý$3352$&+ý-867,),&$7,21

,ï %DFNJURXQG

7KLVýIDFLOLW\ýSHUIRUPVýSRO\HVWHUýILOPýFRDWLQJýDQGýSDSHUýOLQHUýFRDWLQJýZLWKýVROYHQWýEDVHGýFRDWLQJVïý
7KUHHýFRDWHUVýDUHýRSHUDWHGïýý(PLVVLRQVýIURPýWKHýWKUHHýFRDWHUVýDUHýYHQWHGýWRýWKHýWKHUPDOýLQFLQHUDWRUïý
(PLVVLRQVýIURPýPL[LQJñýFRDWLQJñýDQGýGU\LQJýRSHUDWLRQVýDUHýYHQWHGýWRýWKLVýLQFLQHUDWRUâýVRPHýPL[LQJ
YHVVHOVýFDQýDOVRýEHýYHQWHGýWRýRWKHUýR[LGL]HUVïýý$ýWRWDOýRIýëæýVRXUFHVýDUHýFRQQHFWHGýWRýWKHýWKHUPDO
LQFLQHUDWRUï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýLQFLQHUDWRUýFKDPEHUýWHPSHUDWXUHýZDVýVHOHFWHGýEHFDXVHýLWýLVýLQGLFDWLYHýRIýWKHýWKHUPDO
LQFLQHUDWRUýRSHUDWLRQýõFRPEXVWLRQýRFFXUULQJýZLWKLQýWKHýFKDPEHUôïýý,IýWKHýFKDPEHUýWHPSHUDWXUHýGHFUHDVHV
VLJQLILFDQWO\ñýFRPSOHWHýFRPEXVWLRQýPD\ýQRWýRFFXUïý

,WýKDVýEHHQýVKRZQýWKDWýWKHýFRQWUROýHIILFLHQF\ýDFKLHYHGýE\ýDýWKHUPDOýLQFLQHUDWRUýLVýDýIXQFWLRQýRIýLWV
RSHUDWLQJýWHPSHUDWXUHñýRUýRXWOHWýWHPSHUDWXUHïýý%\ýPDLQWDLQLQJýWKHýRSHUDWLQJýWHPSHUDWXUHýDWýRUýDERYHýD
PLQLPXPñýDýOHYHOýRIýFRQWUROýHIILFLHQF\ýFDQýEHýH[SHFWHGýWRýEHýDFKLHYHGïýý$WWDFKPHQWýìýSUHVHQWV
LQIRUPDWLRQýIURPýWKHýOLWHUDWXUHýRQýLQFLQHUDWRUýFRQWUROýHIILFLHQF\ýDVýDýIXQFWLRQýRIýWHPSHUDWXUHï

7KHý&2ýFRQFHQWUDWLRQýDWýWKHýRXWOHWýRIýWKHýWKHUPDOýLQFLQHUDWRUýLVýDQýLQGLFDWRUýRIýLQFRPSOHWH
FRPEXVWLRQïýý6LJQLILFDQWýLQFUHDVHVýLQý&2ýLQGLFDWHýWKDWýFRPEXVWLRQýHIILFLHQF\ýKDVýGHFUHDVHGýDQG
FRUUHFWLYHýDFWLRQýVKRXOGýEHýWDNHQï

>6XIILFLHQWýLQIRUPDWLRQýUHJDUGLQJýE\SDVVýRIýWKHýFRQWUROýGHYLFHýLVýQRWýDYDLODEOHïýý7KHýGDPSHUýRQýWKH
E\SDVVýOLQHñýRUýSXUJHýOLQHñýRQýHDFKýFRDWHUýPXVWýEHýFORVHGýGXULQJýFRDWLQJýSURFHVVýRSHUDWLRQýWRýHQVXUHýWKDW
WKHýYHQWýVWUHDPýLVýURXWHGýWRýWKHýWKHUPDOýLQFLQHUDWRUï@

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

$ï 7KHUPDOý,QFLQHUDWRUý7HPSHUDWXUH

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýWKHýLQFLQHUDWRUýFKDPEHUýWHPSHUDWXUHýLVý¦JUHDWHUýWKDQýìèíí()ýDWýDOO
WLPHVï§ýý:KHQýDQýH[FXUVLRQýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKH
RFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý)XUWKHUPRUHñýLIýWKHýGXUDWLRQýRIýD
WHPSHUDWXUHýH[FXUVLRQýH[FHHGVýìíýPLQXWHVñýWKHýFRDWLQJýOLQHýRSHUDWLRQýZLOOýEHýFXUWDLOHGïýý$OOýH[FXUVLRQV
ZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý7KHýVHOHFWHGý4,3ýWKUHVKROGýOHYHOýLVýVL[ýH[FXUVLRQVýSHUýVHPLDQQXDO
UHSRUWLQJýSHULRGýõVHHý127(ýëôïýý7KLVýOHYHOýLVýOHVVýWKDQýíïíèýSHUFHQWýRIýWKHýSURFHVVýRSHUDWLQJýWLPHýõEDVHG
RQýëñåííýRSHUDWLQJýKRXUVôïýý,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOO
EHýGHYHORSHGýDQGýLPSOHPHQWHGïýý7KLVý4,3ýLVýVXSSRUWHGýE\ýçýPRQWKVýRIýPRQLWRULQJýGDWDýIROORZLQJýWKH
SHUIRUPDQFHýWHVWïý

7KHýDLUýSROOXWLRQýFRQWUROýSHUPLWýLVVXHGýE\ýWKHý6WDWHýDJHQF\ýVSHFLILHVýWKDWýWKHýLQFLQHUDWRUýPXVWýEH
GHVLJQHGýWRýRSHUDWHýZLWKýDýPLQLPXPýRSHUDWLQJýWHPSHUDWXUHýRIýìèíí()ýPHDVXUHGýDWýWKHýFHQWHUýRIýWKH
LQFLQHUDWRUýFKDPEHUïýý$WWDFKPHQWýìýLQGLFDWHVýWKDWýDýWKHUPDOýLQFLQHUDWRUýLVýH[SHFWHGýWRýDFKLHYHýäèýSHUFHQW
RUýJUHDWHUýGHVWUXFWLRQýHIILFLHQF\ýõ'5(ôýDWýWKLVýWHPSHUDWXUHïýý7KHýSHUPLWýUHTXLUHPHQWýLVýäèýSHUFHQWý'5(ïý
7KHýLQFLQHUDWRUýHPSOR\VýDýWHPSHUDWXUHýFRQWUROOHUýWKDWýPDLQWDLQVýWKHýGHVLUHGýFKDPEHUýWHPSHUDWXUHýE\
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XVLQJýDýQDWXUDOýJDVðILUHGýDX[LOLDU\ýEXUQHUâýWKHýWHPSHUDWXUHýFRQWUROOHUýLVýVHWýWRýPDLQWDLQýDýWHPSHUDWXUHýRIýDW
OHDVWýìèíí()ïý

5HYLHZýRIýKLVWRULFDOýPRQLWRULQJýGDWDýIRUýDýçðPRQWKýSHULRGýõ-XO\ýWRý'HFHPEHUýìääêôýLQGLFDWHVýWKDW
ìèíí()ýFDQýEHýPDLQWDLQHGýRQýDýURXWLQHýEDVLVýZLWKýVRPHýH[FXUVLRQVïýý7KHýKLVWRULFDOýPRQLWRULQJýGDWDýIRU
WHPSHUDWXUHýLQGLFDWHýWKDWýQRUPDOýORDGLQJýWRýWKHýLQFLQHUDWRUýZLOOýUHVXOWýLQýFKDPEHUýWHPSHUDWXUHVýRIýìèíí()
DQGýKLJKHUýORDGLQJVýWRýWKHýGHYLFHýZLOOýUHVXOWýLQýSHULRGVýRIýKLJKHUýRSHUDWLQJýWHPSHUDWXUHVýIRUýVKRUW
GXUDWLRQVñýVXFKýDVýGXULQJýWKHýSHUIRUPDQFHýWHVWïýý7KHýKLVWRULFDOýPRQLWRULQJýGDWDýLQGLFDWHýWKDWýWKHýLQGLFDWRU
UDQJHýZDVýH[FHHGHGýVHYHQýWLPHVýLQýWKHýçðPRQWKýSHULRGâýWZRýRIýWKHýH[FXUVLRQVýZHUHýPRPHQWDU\ïý

7KHýSHUIRUPDQFHýWHVWýFRQILUPVýDFFHSWDEOHýSHUIRUPDQFHýRIýWKHýLQFLQHUDWRUâýWKHýLQFLQHUDWRUýDFKLHYHG
WKHýUHTXLUHGý'5(ýRIýäèýSHUFHQWïýý'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKHýLQFLQHUDWRUýZDVýRSHUDWLQJýZLWKýD
WHPSHUDWXUHýRIýDWýOHDVWýìèíí()ýõLQýWKHýUDQJHýRIýìèéí(ýWRýìåíí()ôïýý'XULQJýWKHýSHUIRUPDQFHýWHVWVýWKH
LQFLQHUDWRUýWHPSHUDWXUHýZDVýJHQHUDOO\ýQHDUHUýìæíí()ýWKDQýìèíí()ïýý7KHýKLJKHUýWHPSHUDWXUHVýGXULQJýWKH
SHUIRUPDQFHýWHVWýRFFXUUHGýEHFDXVHýWKHýIDFLOLW\ýZDVýRSHUDWHGýQHDUýWKHýPD[LPXPýSURGXFWLRQýUDWHýZLWK
KLJKHUý92&ýORDGLQJVýWRýFKDOOHQJHýWKHýLQFLQHUDWRUýZLWKýPD[LPXPý92&ýORDGLQJïýý7KHýKLJKHUýRSHUDWLQJ
WHPSHUDWXUHVýGXULQJýWKHýSHUIRUPDQFHýWHVWýDUHýQRWýWKHýUHVXOWýRIýDýFKDQJHýLQýRSHUDWLRQýRIýWKHýLQFLQHUDWRU
õLïHïñýFKDQJLQJýWKHýEXUQHUýVHWýSRLQWýWHPSHUDWXUHôïý

7KHýSHUIRUPDQFHýWHVWýRIýWKHýWKHUPDOýLQFLQHUDWRUýZDVýFRQGXFWHGýLQý2FWREHUýìääêýXVLQJý(3$
5HIHUHQFHý0HWKRGýëèïýý7KUHHýWHVWýUXQVýõìýKRXUýHDFKôýZHUHýFRQGXFWHGýZLWKýììýRXWýRIýëæýVRXUFHVýRSHUDWLQJ
DQGýYHQWLQJýWRýWKHýLQFLQHUDWRUâýWKLVýQXPEHUýRIýRSHUDWLQJýVRXUFHVýLVýFRQVLGHUHGýQRUPDOïýý'XULQJýWKH
SHUIRUPDQFHýWHVWñýWKHýFKDPEHUýWHPSHUDWXUHýZDVýPHDVXUHGýFRQWLQXRXVO\ýDQGýUHFRUGHGýRQýDýFLUFXODUýFKDUW
õ$WWDFKPHQWýëôïý

7KHý7+&ýHPLVVLRQýOLPLWýLVýìèéýSRXQGVýSHUýKRXUýõOEîKUôâýWKLVýOLPLWýZDVýPHWýGXULQJýWKHýWHVWïýý7KH
IDFLOLW\öVýRSHUDWLQJýSHUPLWýUHTXLUHVýäèýSHUFHQWýUHGXFWLRQýIURPýWKHýWKHUPDOýLQFLQHUDWRUïýý'XULQJýWKH
SHUIRUPDQFHýWHVWñýWKHýWKHUPDOýLQFLQHUDWRUýDFKLHYHGýDýGHVWUXFWLRQýHIILFLHQF\ýRIýJUHDWHUýWKDQýäèýSHUFHQWýIRU
DOOýWKUHHýUXQVýõäèïéñýäèïèñýDQGýäæïåôâýWKHýDYHUDJHý'5(ýIRUýWKHýWKUHHýWHVWýUXQVýLVýäçïëýSHUFHQWïýý7KHýDYHUDJH
RXWOHWý&2ýFRQFHQWUDWLRQýIRUýHDFKýRIýWKHýWKUHHýSHUIRUPDQFHýWHVWýUXQVýZDVýëïêñýìíïëñýDQGýìïçýSSPYGï

7KHýSURGXFWLRQýUDWHýGXULQJýWKHýSHUIRUPDQFHýWHVWýZDVýUHSUHVHQWDWLYHýRIýKLJKHVWý92&ýORDGLQJýWRýWKH
LQFLQHUDWRUïýý'XULQJýWKHýSHUIRUPDQFHýWHVWñýWKHý92&ýLQSXWýFDOFXODWHGýIURPýFRDWLQJýXVDJHýDQGýFRQWHQWýZDV
;;;ýOEîKUý>IDFLOLW\ýUHTXHVWHGýFRDWLQJýXVDJHýQRWýEHýSUHVHQWHG@ïýý%\ýFRPSDULVRQñýIRUýWKHýçðPRQWKýSHULRG
IRUýZKLFKýPRQLWRULQJýGDWDýZHUHýUHYLHZHGñýWKHýDYHUDJHý92&ýORDGLQJýWRýWKHýV\VWHPýZKHQýDOOýWKUHHýFRDWHUV
ZHUHýRSHUDWLQJýõFDOFXODWHGýDVýWKHýVXPýRIýWKHýDYHUDJHý92&ýLQSXWýUDWHñýOEîKUñýRIýHDFKýFRDWHUôýZDV
åíýSHUFHQWýRIýWKHýDPRXQWýGXULQJýWKHýSHUIRUPDQFHýWHVWï

%ï 2XWOHWý&2ý&RQFHQWUDWLRQV

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýWKHýìðKRXUýDYHUDJHý&2ýFRQFHQWUDWLRQýLVý¦OHVVýWKDQýèíýSSPYGñýDV
PHDVXUHGï§ýý:KHQýDQýH[FXUVLRQýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRI
WKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEH
GRFXPHQWHGýDQGýUHSRUWHGïýý7KHýVHOHFWHGý4,3ýWKUHVKROGýOHYHOýLVýìéýH[FXUVLRQVýSHUýVHPLDQQXDOýUHSRUWLQJ
SHULRGïýý7KLVýOHYHOýLVýOHVVýWKDQýíïèýSHUFHQWýRIýWKHýSURFHVVýRSHUDWLQJýWLPHýõEDVHGýRQýëñåííýRSHUDWLQJýKRXUVôïý
,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEHýGHYHORSHGýDQG
LPSOHPHQWHGïýý7KLVý4,3ýLVýVXSSRUWHGýE\ýêýPRQWKVýRIýPRQLWRULQJýGDWDýIROORZLQJýWKHýSHUIRUPDQFHýWHVWïý
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5HYLHZýRIýKLVWRULFDOýPRQLWRULQJýGDWDýIRUýDýêðPRQWKýSHULRGýõ6HSWHPEHUýWKURXJKý'HFHPEHUýìääêô
LQGLFDWHVýWKDWýWKHýèíýSSPYGý&2ýFRQFHQWUDWLRQýOLPLWýFDQýEHýPDLQWDLQHGýRQýDýURXWLQHýEDVLVýZLWKýVRPH
H[FXUVLRQVïýý7KHýKLVWRULFDOýPRQLWRULQJýGDWDýLQGLFDWHýWKDWýWKHýLQGLFDWRUýUDQJHýZDVýH[FHHGHGýHLJKWýWLPHVýLQ
WKHýêðPRQWKýSHULRGïýý%DVHGýXSRQýWKHVHýKLVWRULFDOýGDWDñýWKHýWKUHVKROGýIRUýH[FXUVLRQVýLVýQRýPRUHýWKDQ
ìéýH[FXUVLRQVýDERYHýèíýSSPYGýLQýDýçðPRQWKýSHULRGýõLïHïñýæýH[FXUVLRQVýSHUýTXDUWHUôïý

7KHýSHUIRUPDQFHýWHVWýFRQGXFWHGýLQý2FWREHUýìääêýLVýGLVFXVVHGýDERYHýLQýVHFWLRQý,,,ï$ïýý7KHý&2
FRQFHQWUDWLRQVýZHUHýZHOOýXQGHUýWKHýèíýSSPYGýOLPLWýõPHDVXUHGý&2ôýIRUýDOOýWKUHHýUXQVýGXULQJýWKHýWHVWï

127(ýìãýý6XEPLWWDOýRIýSURSRVHGýGDWDýDYDLODELOLW\ýLVýRSWLRQDOâýLWýLVýQRWýDýUHTXLUHPHQWýRIýDý&$0ýVXEPLWWDOï

127(ýëãýý6XEPLWWDOýRIýDý4,3ý7KUHVKROGýLVýRSWLRQDOâýLWýLVýQRWýDýUHTXLUHPHQWýRIýDý&$0ýVXEPLWWDOï
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$WWDFKPHQWýìïýý'LUHFWðIODPHýDIWHUEXUQHUýHIILFLHQF\ýDVýDýIXQFWLRQýRIýWHPSHUDWXUHï
$LUý3ROOXWLRQý(QJLQHHULQJý0DQXDOñý&KDSWHUýèýðý&RQWUROý(TXLSPHQWýIRUý*DVHVýDQGý9DSRUVï
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$WWDFKPHQWýëïýý7HPSHUDWXUHýFKDUWýGXULQJý2FWREHUýìääêýSHUIRUPDQFHýWHVWï



CAM TECHNICAL GUIDANCE DOCUMENT
         A.1b  THERMAL INCINERATOR FOR VOC CONTROL

A.1b-8                                                                                                                                                                                                                    8/98

                    [This page intentionally left blank.]



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïêýý&21'(16(5ý)25ý92&ý&21752/

åîäå $ðêè

$ïêýý&21'(16(5ý)25ý92&ý&21752/ðð)$&,/,7<ý&
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$ðêç åîäå

¦7KLVýSDJHýLQWHQWLRQDOO\ýOHIWýEODQNï§
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åîäå A.3-1$ ðê æ

(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
&21'(16(5ý)25ý92&ý&21752/ðð)$&,/,7<ý&

,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã 6WRUDJHýWDQN
,GHQWLILFDWLRQã 7ðëííðæ
)DFLOLW\ã )DFLOLW\ý&

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã éíý&)5ýçêñý6XESDUWý*ý>1RWHýì@
5HJXODWHGýSROOXWDQWýõ36(8ôã 92&
(PLVVLRQýOLPLWã äèýSHUFHQWýUHGXFWLRQ
0RQLWRULQJýUHTXLUHPHQWVã &RQWLQXRXVO\ýPRQLWRUýRXWOHWýYHQWýWHPSHUDWXUHï

&ï &RQWUROý7HFKQRORJ\ã 7ZRýUHIULJHUDWHGýFRQGHQVHUV

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýIRUý92&ñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEHýPRQLWRUHGñ
LQGLFDWRUýUDQJHVñýDQGýSHUIRUPDQFHýFULWHULDñýDUHýSUHVHQWHGýLQý7DEOHý$ïêðìï
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A.3-2 $ ðê å åîäå

7$%/(ý$ïêðìïýý021,725,1*ý$3352$&+

,ï ,QGLFDWRU 2XWOHWýYHQWýWHPSHUDWXUH

0HDVXUHPHQWý$SSURDFK 7KHýRXWOHWýYHQWýWHPSHUDWXUHýLVýPRQLWRUHGýZLWKýDýWKHUPRFRXSOHï

,,ïýý ,QGLFDWRUý5DQJH $QýH[FXUVLRQýLVýGHILQHGýDVýDýGDLO\ýDYHUDJHýFRQGHQVHUýRXWOHW
WHPSHUDWXUHýRIýJUHDWHUýWKDQýðçí()ïýý([FXUVLRQVýWULJJHUýDQýLQVSHFWLRQñ
FRUUHFWLYHýDFWLRQñýDQGýDýUHSRUWLQJýUHTXLUHPHQWï

,,,ï 3HUIRUPDQFHý&ULWHULD

$ï 'DWDý5HSUHVHQWDWLYHQHVVD

7KHýVHQVRUýLVýLQVWDOOHGýDWýWKHýRXWOHWýYHQWýRIýWKHýFRQGHQVHUýVXIILFLHQWO\
FORVHýõZLWKLQýëýIHHWôýWRýWKHýFRQGHQVHUýWRýSURYLGHýDýUHSUHVHQWDWLYH
RXWOHWýWHPSHUDWXUHïýý7KHýPLQLPXPýDFFXUDF\ýLVý�é()ï

%ï 9HULILFDWLRQýRIý2SHUDWLRQDO
6WDWXV

1î$

&ï 4XDOLW\ý$VVXUDQFHýDQG
&RQWUROý3UDFWLFHV

$QQXDOýFDOLEUDWLRQýLVýSHUIRUPHGãýýõìôýRQýWKHýWKHUPRFRXSOHýE\
PHDVXULQJýWKHýYROWDJHýJHQHUDWHGýDQGýõëôýRQýWKHýWUDQVPLWWHUýE\
DWWDFKLQJýDýFDOLEUDWRUýWRýWKHýLQSXWýRIýWKHýWUDQVPLWWHUñýJHQHUDWLQJýD
YROWDJHñýDQGýFKHFNLQJýWKHýFRUUHVSRQGLQJýRXWSXWýRIýWKHýWUDQVPLWWHUï

'ï 0RQLWRULQJý)UHTXHQF\ 7HPSHUDWXUHýLVýPHDVXUHGýFRQWLQXRXVO\ï

'DWDý&ROOHFWLRQý3URFHGXUHV ìèðPLQXWHýGDWDýSRLQWVýDUHýVHQWýWRýWKHý'&6ï

$YHUDJLQJý3HULRG +RXUO\ýDYHUDJHVýRIýIRXUýìèðPLQXWHýWHPSHUDWXUHýUHDGLQJVýDUH
FDOFXODWHGýIRUýWUDFNLQJýRIýWKHýRXWOHWýWHPSHUDWXUHïýý$ýGDLO\ýDYHUDJHýRI
DOOýìèðPLQXWHýWHPSHUDWXUHýUHDGLQJVýLVýUHFRUGHGýIRUýFRPSOLDQFH
SXUSRVHVï

D9DOXHVýOLVWHGýIRUýDFFXUDF\ýVSHFLILFDWLRQVýDUHýVSHFLILFýWRýWKLVýH[DPSOHýDQGýDUHýQRWýLQWHQGHGýWR
ýýSURYLGHýWKHýFULWHULDýIRUýWKLVýW\SHýRIýPHDVXUHPHQWýGHYLFHýLQýJHQHUDOï
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åîäå A.3-3$ ðê ä

-867,),&$7,21

,ï %DFNJURXQG

7KHýSROOXWDQWýVSHFLILFýHPLVVLRQVýXQLWýõ36(8ôýLVýWKHýSURSLRQDOGHK\GHýVWRUDJHýWDQNýõIL[HG
URRIôïýý7KHýVWRUDJHýWDQNýFDSDFLW\ýLVýìæêñíííýJDOORQVïýý(PLVVLRQVýIURPýWKHýSURSLRQDOGHK\GH
VWRUDJHýWDQNýDUHýYHQWHGýWRýWZRýUHIULJHUDWHGýFRQGHQVHUVïýý7KHýSURSLRQDOGHK\GHýHPLVVLRQVýDUH
YHQWHGýWRýRQHýRIýWKHýWZRýFRQGHQVHUVýDWýDOOýWLPHVâýRQHýFRQGHQVHUýLVýRQOLQHýZKLOHýWKHýRWKHUýLV
GHIURVWLQJýRQýDýéðKRXUýF\FOHïýý7KHýFRQGHQVHUVýDUHýXVHGýWRýUHGXFHý92&ýHPLVVLRQVïýý0D[LPXP
XQFRQWUROOHGýHPLVVLRQVýIURPýWKLVýWDQNýDUHýHVWLPDWHGýWRýYDU\ýIURPýìèéýOEîKUýLQýWKHýZLQWHUýWR
ìæèýOEîKUýLQýWKHýVXPPHUïýý%DVHGýRQýWKHýGHVLJQýRIýWKHý36(8ñýE\SDVVýRIýWKHýFRQWUROýGHYLFHýFDQQRW
RFFXUï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUVý

5HGXFWLRQýRIýWKHýHPLVVLRQVýIURPýVWRUDJHýWDQNVýLVýUHTXLUHGâýWKHVHýHPLVVLRQVýDUHýUHGXFHGýZLWK
DýUHIULJHUDWHGýFRQGHQVHUïýý0RQLWRULQJýRIýWKHýRXWOHWýYHQWýWHPSHUDWXUHýLQGLFDWHVýWKHýOHYHOýRI
FRQGHQVDWLRQýRFFXUULQJýLQýWKHýFRQGHQVHUïýý2XWOHWýYHQWýWHPSHUDWXUHýLVýDýJRRGýLQGLFDWRUýRIýWKH
RSHUDWLRQýRIýWKHýFRQGHQVHUýEHFDXVHýWKHýFRQFHQWUDWLRQýRIýWKHýRXWOHWýYHQWýVWUHDPýFDQýEHýGHWHUPLQHG
EDVHGýRQýWHPSHUDWXUHýRIýWKHýVWUHDPýDQGýYDSRUýSUHVVXUHýHTXLOLEULXPýGDWDïýý7RýDFKLHYHýWKHýRXWOHW
FRQFHQWUDWLRQñýWKHýRXWOHWýYHQWýWHPSHUDWXUHýPXVWýEHýPDLQWDLQHGýEHORZýDýFHUWDLQýOHYHOýõLïHïñýD
PD[LPXPýWHPSHUDWXUHôïýý,IýWKHýRXWOHWýYHQWýWHPSHUDWXUHýLQFUHDVHVýDERYHýWKHýPD[LPXP
WHPSHUDWXUHýOLPLWñýFRQGHQVDWLRQýRIýWKHýFRPSRQHQWVýWRýWKHýOHYHOýH[SHFWHGýZLOOýQRWýRFFXUïýý$Q
LQFUHDVHýLQýRXWOHWýYHQWýWHPSHUDWXUHýLQGLFDWHVýDýUHGXFWLRQýRIýSHUIRUPDQFHýRIýWKHýFRQGHQVHUï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýLQGLFDWRUýUDQJHýZDVýHVWDEOLVKHGýEDVHGýXSRQýHQJLQHHULQJýFDOFXODWLRQVýDQGýKLVWRULFDO
PRQLWRULQJýGDWDïýý7KHýHPLVVLRQýVWDQGDUGýUHTXLUHVýDýäèýSHUFHQWýUHGXFWLRQýHIILFLHQF\ïýý0D[LPXP
HPLVVLRQýFRQGLWLRQVýIRUýWKLVýWDQNýDUHýGXULQJýWDQNýORDGLQJýDWýWKHýKLJKHVWýDPELHQWýWHPSHUDWXUHýWKH
WDQNýH[SHULHQFHVýõVXPPHUýFRQGLWLRQVôïýý(QJLQHHULQJýFDOFXODWLRQVýZHUHýXVHGýWRýHVWDEOLVKýWKH
UHTXLUHGýFRQGHQVHUýYHQWýWHPSHUDWXUHýWRýDFKLHYHýDýäèýSHUFHQWýUHGXFWLRQýXQGHUýWKHVHýFRQGLWLRQVïý
7KHýWHPSHUDWXUHýRIýWKHýYDSRUýLQýWKHýWDQNýDQGýDWýWKHýLQOHWýWRýWKHýFRQGHQVHUýZHUHýDVVXPHGýWRýEH
DPELHQWïýý7KHýWDQNýYDSRUýZDVýDVVXPHGýWRýEHýDWýDWPRVSKHULFýSUHVVXUHïýý7KHýFRQFHQWUDWLRQýRI
SURSLRQDOGHK\GHýLQýWKHýYDSRUýõFDOFXODWHGýEDVHGýRQýWKHýYDSRUýSUHVVXUHýRIýSURSLRQDOGHK\GHýDW
DPELHQWýFRQGLWLRQVôýDQGýWKHýILOOýUDWHýGXULQJýWDQNýORDGLQJýZHUHýXVHGýWRýGHWHUPLQHýWKHýPD[LPXP
XQFRQWUROOHGýHPLVVLRQýUDWHïýý7KHýHPLVVLRQVýDWýDýäèýSHUFHQWýUHGXFWLRQýHIILFLHQF\ýZHUHýFDOFXODWHGñ
DQGýWKHýFRUUHVSRQGLQJýWHPSHUDWXUHýQHHGHGýWRýDFKLHYHýWKHýDOORZHGýSURSLRQDOGHK\GHýFRQFHQWUDWLRQ
õYDSRUýSUHVVXUHôýZDVýGHWHUPLQHGïýýý7KHýPD[LPXPýDOORZHGýRXWOHWýYHQWýWHPSHUDWXUHýZDV
GHWHUPLQHGýWRýEHýæ�)ïýý7KHýRXWOHWýYHQWýWHPSHUDWXUHýPXVWýEHýPDLQWDLQHGýDWýWKLVýWHPSHUDWXUHýRU
ORZHUýWRýDFKLHYHýäèýSHUFHQWýUHGXFWLRQýLQýWKHýVXPPHUïýý8QGHUýZLQWHUýFRQGLWLRQVñýDýäèýSHUFHQW
UHGXFWLRQýLVýDFKLHYHGýDWýDQýRXWOHWýYHQWýWHPSHUDWXUHýRIýðèí�)ïýý1RýORZHUýOLPLWýWRýWKHýLQGLFDWRU
UDQJHýLVýQHFHVVDU\ïýý1RýSHUIRUPDQFHýWHVWýKDVýEHHQýSHUIRUPHGýRQýWKHýFRQWUROýGHYLFHñýDQGýQRýWHVWýLV
SODQQHGï
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,QýDGGLWLRQýWRýWKHýHQJLQHHULQJýFDOFXODWLRQVýSHUIRUPHGñýPRQLWRULQJýGDWDýZHUHýUHYLHZHGýWR
GHWHUPLQHýZKHWKHUýWKHýFRQGHQVHUýWHPSHUDWXUHýFRXOGýEHýPDLQWDLQHGýGXULQJýQRUPDOýRSHUDWLRQýRI
WKHýVWRUDJHýWDQNýDQGýFRQGHQVHUïýý6L[ýZHHNVýRIýPRQLWRULQJýGDWDýIRUýRXWOHWýYHQWýWHPSHUDWXUHV
õ$SULOýëêýWKURXJKý-XQHýêñýìääæôýKDYHýEHHQýFROOHFWHGýDQGýUHYLHZHGïýý7KHVHýRXWOHWýYHQW
WHPSHUDWXUHýGDWDýLQFOXGHýKRXUO\ýDYHUDJHýWHPSHUDWXUHVýIRUýSHULRGVýZKHQýWKHýFRQGHQVHUVýZHUH
RQOLQHýõLïHïñýRIIOLQHýF\FOHVñýODVWLQJýéýKRXUVýHDFKñýDUHýQRWýLQFOXGHGýRQýWKHýJUDSKôïýý)LJXUHý$ïêðì
SUHVHQWVýWKHVHýGDWDïýý'XULQJýWKHýçðZHHNýSHULRGñýWKHýKRXUO\ýDYHUDJHýRXWOHWýYHQWýWHPSHUDWXUHVýZKLOH
RQOLQHýUDQJHGýIURPðåè(ýWRýðçé()ïýý'DLO\ýDYHUDJHýWHPSHUDWXUHVýZKLOHýRQOLQHýIRUýWKHýçðZHHNýSHULRG
UDQJHGýIURPðåí(ýWRýðæå()ïýý7KHýGDLO\ýDYHUDJHýWHPSHUDWXUHVýDUHýVKRZQýLQý)LJXUHý$ïêðëïýý7KH
FRQGHQVHUýZDVýFRQVLVWHQWO\ýRSHUDWLQJýZLWKýERWKýKRXUO\ýDQGýGDLO\ýDYHUDJHýRXWOHWýYHQWýWHPSHUDWXUHV
EHORZýWKHýPD[LPXPýWHPSHUDWXUHýGHWHUPLQHGýLQýFDOFXODWLRQVïýý'DWDýIRUýìèðPLQXWHýWHPSHUDWXUH
UHDGLQJVýZHUHýDOVRýDYDLODEOHýIRUýéýGD\VýIRUýERWKýWKHýRQOLQHýDQGýRIIOLQHýF\FOHVýIRUýERWKýFRQGHQVHUVïý
7ZRýGD\VýRIýìèðPLQXWHýUHDGLQJVýDUHýVKRZQýLQý)LJXUHý$ïêðêñýDQGýéýGD\VýRIýìèðPLQXWHýUHDGLQJVýDUH
VKRZQýLQý)LJXUHý$ïêðéïýý7KHýìèðPLQXWHýUHDGLQJVýUDQJHýIURPýDSSUR[LPDWHO\ýðåä(ýWRýðææ()ï

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýLVý¦DýGDLO\ýDYHUDJHýWHPSHUDWXUHýRIýOHVVýWKDQýðçíý�)ï§ýý7KLV
UDQJHýZDVýVHOHFWHGýE\ýWDNLQJýWKHýKLJKHVWýGDLO\ýDYHUDJHýREVHUYHGýWHPSHUDWXUHýYDOXHýõðæå�)ôýGXULQJ
WKHýçðZHHNýSHULRGýIRUýZKLFKýPRQLWRULQJýGDWDýZHUHýDYDLODEOHýõ$SULOýWKURXJKý-XQHôýDQGýDGGLQJýD
ëíýSHUFHQWýEXIIHUïýý$WýWKHýVHOHFWHGýLQGLFDWRUýUDQJHñýWKHýFRQGHQVHUýZLOOýVWLOOýEHýRSHUDWLQJýZHOO
EHORZýWHPSHUDWXUHýUHTXLUHGýWRýDFKLHYHýFRPSOLDQFHýõðèí�)ôïýý:KHQýDQýH[FXUVLRQýRFFXUVñ
FRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQH
WKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý1R
4,3ýWKUHVKROGýKDVýEHHQýVHOHFWHGï

127(ýìãýý7KLVýVRXUFHýLVýH[HPSWýIURPý&$0ýEHFDXVHýéí&)5çêñý6XESDUWý*ýZDVýSURSRVHGýDIWHU
1RYHPEHUýìèñýìääíïýý1RQHWKHOHVVñýDý&$0ýSODQýZDVýSUHSDUHGýIURPýLQIRUPDWLRQýDQGýGDWD
REWDLQHGýIURPýWKLVýIDFLOLW\ýDVýDQýH[DPSOHýRIýDýPRQLWRULQJýDSSURDFKýDQGýWKHýVHOHFWLRQýRIýDQ
LQGLFDWRUýUDQJHïý
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(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã 3URFHVVýWDQNV
,GHQWLILFDWLRQã %ðêèëðìñý9HQWý$
)DFLOLW\ã )DFLOLW\ý'

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 3HUPLW
5HJXODWHGýSROOXWDQWýõ36(8ô 92&
(PLVVLRQýOLPLWã ääýSHUFHQWýUHGXFWLRQ
0RQLWRULQJýUHTXLUHPHQWVã &RQWLQXRXVO\ýPRQLWRUýZDWHUýIORZýUDWHï

&ï &RQWUROý7HFKQRORJ\ã 3DFNHGýEHGýVFUXEEHU

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýIRUý92&ñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEH
PRQLWRUHGñýLQGLFDWRUýUDQJHVñýDQGýSHUIRUPDQFHýFULWHULDñýDUHýSUHVHQWHGýLQý7DEOHý$ïéðìï
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7$%/(ý$ïéðìïýý021,725,1*ý$3352$&+
3HUPLWý,QGLFDWRUý1Rïýì

,ï ,QGLFDWRU :DWHUýIORZýUDWH

0HDVXUHPHQWý$SSURDFK 7KHýZDWHUýIORZýUDWHýLVýPRQLWRUHGýZLWKýDQýRULILFHýSODWHýDQG
GLIIHUHQWLDOýSUHVVXUHýJDXJHï

,,ï ,QGLFDWRUý5DQJH $QýH[FXUVLRQýLVýGHILQHGýDVýDýGDLO\ýDYHUDJHýVFUXEEHUýZDWHU
IORZýUDWHýRIýOHVVýWKDQýìïëýJDOîPLQïýý([FXUVLRQVýWULJJHUýDQ
LQVSHFWLRQñýFRUUHFWLYHýDFWLRQñýDQGýDýUHSRUWLQJýUHTXLUHPHQWï

,,,ï 3HUIRUPDQFHý&ULWHULD

$ï 'DWDý5HSUHVHQWDWLYHQHVVD

7KHýRULILFHýSODWHýLVýLQVWDOOHGýLQýWKHýVFUXEEHUýZDWHUýLQOHWýOLQHïý
7KHýPLQLPXPýDFFXUDF\ýLVý�ýíïíèýJDOîPLQï

%ï 9HULILFDWLRQýýRIý2SHUDWLRQDOý6WDWXV 1$

&ï 4XDOLW\ý$VVXUDQFHýDQGý&RQWURO
3UDFWLFHV

:HHNO\ý]HURýDQGýTXDUWHUO\ýXSVFDOHýSUHVVXUHýFKHFNýRI
WUDQVPLWWHUï

'ï 0RQLWRULQJý)UHTXHQF\ 0HDVXUHGýFRQWLQXRXVO\ï

'DWDý&ROOHFWLRQý3URFHGXUHV 5HFRUGHGýRQFHýSHUýPLQXWHï

$YHUDJLQJý3HULRG +RXUO\ýDYHUDJHVýRIýçíýìðPLQXWHýIORZýUDWHVýDUHýFDOFXODWHGïý
$ýGDLO\ýDYHUDJHýRIýDOOýKRXUO\ýUHDGLQJVýLVýFDOFXODWHGýDQG
UHFRUGHGï

D9DOXHVýOLVWHGýIRUýDFFXUDF\ýVSHFLILFDWLRQVýDUHýVSHFLILFýWRýWKLVýH[DPSOHýDQGýDUHýQRWýLQWHQGHGýWRýSURYLGHýWKHýFULWHULDýIRU
ýýWKLVýW\SHýRIýPHDVXUHPHQWýGHYLFHýLQýJHQHUDOï
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-867,),&$7,21

,ï %DFNJURXQG

7KHý36(8ýLQFOXGHVýWKHýWDQNVýLQýWKHýDFHWLFýDQK\GULGHýGHSDUWPHQWïýý(PLVVLRQVýIURPýVHYHQ
WDQNVýDUHýYHQWHGýWRýDýSDFNHGýEHGýZDWHUýVFUXEEHUïýý6L[ýRIýWKHVHýWDQNVýDUHýEDWFKýILOOHGýDQGýRQHýLV
FRQWLQXRXVO\ýILOOHGïýý7KHýVFUXEEHUýLVýXVHGýWRýUHGXFHý92&ýHPLVVLRQVïýý0D[LPXPýHPLVVLRQVýIURP
WKHVHýWDQNVýDUHýêäýOEîKUïýý%DVHGýRQýWKHý36(8ýGHVLJQñýE\SDVVýRIýWKHýFRQWUROýGHYLFHýLVýQRWýSRVVLEOHï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUVý

7KHýHPLVVLRQVýIURPýWKHýSURFHVVýWDQNVýDUHýFRQWUROOHGýXVLQJýDýSDFNHGýEHGýZDWHUýVFUXEEHU
XVLQJýRQFHðWKURXJKýZDWHUïýý7KHýSHUIRUPDQFHýLQGLFDWRUýVHOHFWHGýLVýOLTXLGýIORZýWRýWKHýVFUXEEHUïýý7R
DFKLHYHýWKHýUHTXLUHGýHPLVVLRQýUHGXFWLRQñýDýPLQLPXPýZDWHUýIORZýUDWHýPXVWýEHýVXSSOLHGýWRýDEVRUE
WKHýJLYHQýDPRXQWýRIý92&ýLQýWKHýJDVýVWUHDPñýJLYHQýWKHýVL]HýRIýWKHýWRZHUýDQGýKHLJKWýRIýWKHýSDFNHG
EHGïýý7KHý/î*ýUDWLRýLVýDýNH\ýRSHUDWLQJýSDUDPHWHUýRIýWKHýVFUXEEHUïýý,IýWKHý/î*ýUDWLRýGHFUHDVHV
EHORZ]ýWKHýPLQLPXPñýVXIILFLHQWýPDVVýWUDQVIHUýRIýWKHýSROOXWDQWýIURPýWKHýJDVýSKDVHýWRýWKHýOLTXLG
SKDVHýZLOOýQRWýRFFXUïýý7KHýPLQLPXPýOLTXLGýIORZýUHTXLUHGýWRýPDLQWDLQýWKHýSURSHUý/î*ýUDWLRýDWýWKH
PD[LPXPýJDVýIORZýDQGýYDSRUýORDGLQJýWKURXJKýWKHýVFUXEEHUýFDQýEHýGHWHUPLQHGïýý0DLQWDLQLQJýWKLV
PLQLPXPýOLTXLGýIORZñýHYHQýGXULQJýSHULRGVýRIýUHGXFHGýJDVýIORZñýZLOOýHQVXUHýWKHýUHTXLUHGý/î*ýUDWLR
LVýDFKLHYHGýDWýDOOýWLPHVïý

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýPLQLPXPýZDWHUýIORZýLVýEDVHGýRQýHQJLQHHULQJýFDOFXODWLRQVýXVLQJý$63(1�

SURJUDPPLQJýDQGýKLVWRULFDOýGDWDïýý&RPSXWHUýVLPXODWLRQýõPRGHOLQJôýRIýWKHýVFUXEEHUýV\VWHPýZDV
SHUIRUPHGýIRUýWKHýPD[LPXPýJDVýIORZýUDWHýDQGý92&ýORDGLQJýWRýWKHýVFUXEEHUâýWKHýZDWHUýIORZýUDWH
QHFHVVDU\ýIRUýDFKLHYLQJýFRQWUROýDWýWKLVýJDVýIORZýUDWHýZDVýGHWHUPLQHGïýý7KHýVFUXEEHUýZDVýPRGHOHG
XVLQJýDQýHTXLOLEULXPðEDVHGýGLVWLOODWLRQýPHWKRGýDQGýWZRýLGHDOýVWDJHVýZHUHýDVVXPHGïýý,GHDO
EHKDYLRUýRIýWKHýJDVýSKDVHýZDVýDVVXPHGâýOLTXLGýSKDVHýDFWLYLW\ýFRHIILFLHQWVýZHUHýHVWLPDWHGýIURPýDQ
LQðKRXVHýYDSRUðOLTXLGýHTXLOLEULDýGDWDýEDVHýõSDUDPHWHUVýUHJUHVVHGýIURPýDFWXDOýYDSRUðOLTXLG
HTXLOLEULDýGDWDýDQGý81,)$&ôýXVLQJýWKHý:LOVRQýHTXDWLRQVýIRUýELQDU\ýV\VWHPVïýý7KHýPLQLPXP
ZDWHUýIORZýUDWHýWRýWKHýVFUXEEHUýõFDOFXODWHGýEDVHGýRQýPD[LPXPý92&ýHPLVVLRQVýDQGýJDVýIORZýUDWHô
ZDVýGHWHUPLQHGýWRýEHýìïìýJDOîPLQïýý7KHýZDWHUýIORZýUDWHýWRýWKHýVFUXEEHUýPXVWýEHýPDLQWDLQHGýDWýWKLV
OHYHOýRUýKLJKHUýWRýDFKLHYHýääýSHUFHQWýHPLVVLRQýUHGXFWLRQïý

0RQLWRULQJýGDWDýZHUHýUHYLHZHGýWRýGHWHUPLQHýWKHýPLQLPXPýVFUXEEHUýZDWHUýIORZýUDWH
PDLQWDLQHGýGXULQJýQRUPDOýRSHUDWLRQýRIýWKHýSURFHVVýWDQNVýDQGýVFUXEEHUïýý'DLO\ýDYHUDJHýGDWDýIRUýD
çíðGD\ýSHULRGýõ-DQXDU\ýìæýWKURXJKý0DUFKýìæñýìääæôýZHUHýUHYLHZHGïýý7KHýGDLO\ýDYHUDJHýIORZýUDWH
UDQJHVýIURPýìïìåýWRýìïêäýJDOîPLQýZLWKýäèýSHUFHQWýRIýWKHýYDOXHVýHTXDOýWRýRUýJUHDWHUýWKDQ
ìïëýJDOîPLQâýLIýYDOXHVýJUHDWHUýWKDQýìïìèýDUHýURXQGHGýWRýìïëñýWKHQýìííýSHUFHQWýRIýWKHýGDLO\ýDYHUDJHV
DUHýHTXDOýWRýRUýJUHDWHUýWKDQýìïëýJDOîPLQïýý$WWDFKPHQWýìýOLVWVýWKHýGDLO\ýDYHUDJHýYDOXHVýIRUýWKH
çíðGD\ýSHULRGïýý+RXUO\ýDYHUDJHýGDWDýIRUýDýêíðGD\ýSHULRGýõý)HEUXDU\ýìæýWKURXJKý0DUFKýìæôýýDOVR
ZHUHýUHYLHZHGïýý7KHýKRXUO\ýDYHUDJHVýIRUýWKLVýSHULRGýUDQJHýIURPýìïìäýWRýìïëìïýý7KHýVFUXEEHUýKDV
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EHHQýFRQVLVWHQWO\ýRSHUDWHGýZLWKýERWKýWKHýKRXUO\ýDQGýGDLO\ýDYHUDJHýZDWHUýIORZýUDWHýHTXDOýWRýRU
JUHDWHUýWKDQýìïëýJDOîPLQï

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýLVýDýPLQLPXPýGDLO\ýDYHUDJHýZDWHUýIORZýUDWHýRIýìïëýJDOîPLQ
õGHILQHGýDVýJUHDWHUýWKDQýìïìèýJDOîPLQôïýý:KHQýDQýH[FXUVLRQýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEH
LQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWR
FRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý7KHýLQGLFDWRUýUDQJHýZDV
VHOHFWHGýE\ýHVWDEOLVKLQJýWKHýH[FXUVLRQýOHYHOýDWýWKHýPLQLPXPýZDWHUýIORZýUDWHýWKDWýKDVýEHHQ
HVWDEOLVKHGýDVýWKHýRSHUDWLRQDOýOHYHOýDQGýKDVýEHHQýFRQVLVWHQWO\ýPDLQWDLQHGýDWýDOOýWLPHVýDVýLQGLFDWHG
E\ýëýPRQWKVýRIýPRQLWRULQJýGDWDïýý7KLVýZDWHUýIORZýUDWHýLVýDERYHýWKHýPLQLPXPýOHYHOýõìïìýJDOîPLQô
QHFHVVDU\ýWRýDFKLHYHýFRPSOLDQFHýGXULQJýPD[LPXPýJDVýIORZýDQGý92&ýORDGLQJýWRýWKHýVFUXEEHUñýDV
HVWDEOLVKHGýWKURXJKýPRGHOLQJïýý$ýGDLO\ýDYHUDJHñýUDWKHUýWKDQýDQýKRXUO\ýDYHUDJHñýZDVýVHOHFWHGýIRU
WKHýLQGLFDWRUýUDQJHýEHFDXVHýWKHýKLVWRULFDOýGDWDýLQGLFDWHýWKDWýWKHýIORZýUDWHýLVýYHU\ýFRQVWDQWýZLWK
OLWWOHýKRXUO\ýYDULDWLRQïýý&RQVHTXHQWO\ñýWKHýGDLO\ýDYHUDJHýLVýDýVXIILFLHQWýLQGLFDWRUýRIýSHUIRUPDQFHïý
1RýSHUIRUPDQFHýWHVWýKDVýEHHQýFRQGXFWHGýRQýWKHýVFUXEEHUï
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$WWDFKPHQWýìï
'DLO\ýDYHUDJHýZDWHUýIORZýWRý9HQWý$ýVFUXEEHUýLQýJDOîPLQï
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EXAMPLE COMPLIANCE ASSURANCE MONITORING:
PACKED BED SCRUBBER FOR VOC CONTROL – FACILITY Q

I. Background

A. Emissions Unit

Description: Batch mixers and tanks used in a chemical
process

Identification: Scrubber B-67-2

Facility: Facility Q
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: Permit, State regulation

Emissions limit:
    VOC: 3.6 pounds per hour

Monitoring requirements: Inlet water flow, acetic acid concentration in
scrubber underflow

C. Control Technology Packed bed scrubber

II. Monitoring Approach

The key elements of the monitoring approach for VOC are presented in Table A.4b-1.  The
selected indicators of performance are the scrubber inlet water flow rate and the acetic acid
concentration in the scrubber water underflow.  The scrubber inlet water flow rate is measured
continuously and recorded twice daily.  The scrubber water underflow is sampled twice daily; 
the acetic acid concentration of each sample is determined by titration.  
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit (PSEU) consists of process equipment in the cellulose
esters division controlled by a packed bed scrubber.  The process consists of batch mixers that
are used to convert cellulose into cellulose ester.  Each mixer may be started at a different time
and may be used to make several batches per day.  While in the mixers, the intermediate product
is dissolved in acetic acid.  The ester solution is transferred to storage tanks before being pumped
into the next step in the process.  A vent system collects the vapors from the mixers and tanks
and a fan operated at constant speed pulls the vapors through the vent lines and into the scrubber. 
It is not possible for the gas to bypass the scrubber.  The VOC load to the scrubbers in this
division primarily consists of acetic acid (and other carboxylic acids).

The scrubber is 4 feet in diameter and has about 8 feet of 2-inch packing.  Fresh water is
sprayed at the top of the packing at 4 to 6 gpm; water from the underflow is recirculated to the
middle of the scrubber.  The normal exit gas flow rate is approximately 1800 acfm.

II. Rationale for Selection of Performance Indicators

A packed bed scrubber is used to reduce VOC emissions from part of a chemical
manufacturing process.  Both batch mixers and process tanks are vented to this scrubber.  The
processes in this area of the facility are mostly semi-batch operations, so the production rate at
any one time varies.  Therefore, it is difficult to relate the production rate to the VOC load
vented to this scrubber.

To comply with the applicable emission limit, a minimum water flow rate must be supplied
to the scrubber to absorb a given amount of VOC in the gas stream, given the size of the tower
and height of the packed bed.  The liquid to gas (L/G) ratio is a key operating parameter of the
scrubber.  If the L/G ratio decreases below the minimum, sufficient mass transfer of the pollutant
from the gas phase to the liquid phase will not occur.  The minimum liquid flow required to
maintain the proper L/G ratio at the maximum gas flow and vapor loading through the scrubber
can be determined.  Maintaining this minimum liquid flow, even during periods of reduced gas
flow, will help ensure that the required L/G ratio is achieved at all times.  The concentration of
acetic acid in the scrubber underflow can be related to the water flow rate and acetic acid
emissions, based on emissions test results and process modeling.

III. Rationale for Selection of Indicator Ranges

The indicator ranges were selected based on engineering calculations using ASPEN®

process modeling software, emissions test data, and historical data.  Computer modeling of the
scrubber system was performed for the maximum allowable VOC concentration in the scrubber
exhaust; the inlet water flow rate necessary for achieving adequate control was determined for
several concentrations of acetic acid in the underflow.  The scrubber efficiency was calculated
using data obtained from emissions testing.  The scrubber was modeled using an equilibrium-



CAM TECHNICAL GUIDANCE DOCUMENT
A.4B  PACKED BED SCRUBBER FOR VOC CONTROL OF A BATCH PROCESS

A.4b-4 6/02

10

11

12

13

14

15

3 4 5 6

Water Feed (gpm)

U
nd

er
flo

w
 C

on
c.

 (%
 a

ci
d)

Figure A.4b-1.  Compliance curve.

based distillation method and ideal behavior of the gas phase was assumed; liquid phase activity
coefficients were estimated from a Wilson parameter fit of vapor-liquid equilibria data.  It was
assumed that the control device delivers three actual stages of counter-current mass transfer with
a recycle stream pumped from the effluent to the center of the column to ensure adequate
distribution of the liquid over the packing.  The engineering model was calibrated for accuracy
using the results of source testing conducted while at normal operating conditions.

Figure A.4b-1 is a plot of the modeled
operating conditions (inlet water flow and
scrubber underflow acetic acid concentration)
necessary to maintain compliance.  The line
represents the operating conditions at maximum
allowable emissions (3.6 lb VOC/hr); the
scrubber’s VOC emissions are below the limit
when the scrubber is operated at conditions that
fall below this line.  For example, operating at a
scrubber water flow rate of 4 gpm with an acetic
acid concentration in the scrubber underflow of
12 percent provides a margin of compliance with
the permitted VOC emission rate.  The selected
indicator ranges for inlet water flow and
underflow acetic acid concentration were chosen
based on the compliance curve and normal
operating conditions.  The indicator range
(acceptable operating range) is defined as any
operating condition where the scrubber inlet
water flow is greater than 4 gpm and the scrubber underflow acetic acid concentration is less
than 10 percent.

The 4 gpm level was chosen because it is the lower end of the preferred operating range. 
The 10 percent value was chosen because it is less than any point on the compliance curve (see
Figure A.4b-1), and the 1997 historical data show that all measured concentration data were less
than 8.4 percent (typical values were between 2 and 6 percent).  When an excursion occurs
(scrubber inlet water flow of less than 4 gpm and/or scrubber underflow acetic acid
concentration of greater than 10 percent), 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.

The scrubber typically operates at a water flow rate of 4 to 6 gpm.  Figure A.4b-2 shows
scrubber water flow data collected in 1997.  The range for the 1997 data is 3 to 9.5 gpm; the
mean scrubber water flow rate was 5.3 gpm.  There are four values less than 4 gpm, indicating
four excursions.  The bulk of the data falls between 5 and 6 gpm.  Corrective action typically is
taken (the flow is increased) when the scrubber water flow begins to fall below 5 gpm in order to
avoid an excursion.
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Figure A.4b-2.  1997 scrubber water flow rate data.
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Figure A.4b-3.  1997 underflow acetic acid 
concentration data.

Historical data from 1997 show the acetic acid concentration in the underflow is typically
less than 6 percent.  Figure A.4b-3 shows scrubber underflow acetic acid concentration data for
1997.  The maximum concentration was 8.4 percent, which is within the CAM indicator range. 
The mean concentration was 3.9 percent.  The values decrease toward the end of the year
because production was decreased due to
temporary changes in the market for a key
product.  This further verifies the
correlation between the acid concentra-
tion in the underflow and the VOC load to
the scrubber.  Because historical data
show that the scrubber routinely operates
within the indicator range, there is not
much variability in the data during typical
production periods, and the post-control
emissions from this scrubber are below
the major source threshold, the water flow
rate and acid concentration are recorded
only twice daily.

An emissions test was conducted on
this scrubber in December 1994.  An
acetic acid sampling train validated using
EPA Method 301 was used to measure
acetic acid emissions and EPA Methods 1
through 4 were used to determine vent gas
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Figure A.4b-4.  1997 underflow acetic acid concentration vs. scrubber water flow.
(2 measurements per day)

volumetric flow rates.  The permitted emission limit is 3.6 lb VOC/hr.  The average emissions
during testing were 0.2 lb/hr, well below the emissions allowed for this scrubber.  The inlet
water flow rate was 5 gpm and the average scrubber underflow acetic acid concentration was
5 percent.  The test parameters and measured emissions and underflow concentration were used
in the ASPEN® computer model to calculate the efficiency of the scrubber.  The model was then
used with that same efficiency to generate the compliance curve in Figure A.4b-1.

Figure A.4b-4 shows the underflow acetic acid concentration versus the scrubber water
flow rate for 1997.  There were four excursions in 1997; the flow rate was less than 4 gpm
during those excursions, but the underflow acid concentration was always less than 10 percent.



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

åîäå $ðèê

$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/¤)$&,/,7<ý(



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

$ðèé åîäå

¦7KLVýSDJHýLQWHQWLRQDOO\ýOHIWýEODQNï§



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

åîäå A.5-1$ ðè è

(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
&$5%21ý$'625%(5ý)25ý92&ý&21752/ðð)$&,/,7<ý(

,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã &KHPLFDOý3URFHVV
,GHQWLILFDWLRQã 1$
)DFLOLW\ã )DFLOLW\ý(

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 3HUPLW
5HJXODWHGýSROOXWDQWýõ36(8ôã 92&
(PLVVLRQýOLPLWã äèýSHUFHQWýUHGXFWLRQýE\ýF\FOH
0RQLWRULQJýUHTXLUHPHQWVãýý &RQWLQXRXVO\ýPRQLWRUýLQOHWýDQGýRXWOHWý92&

FRQFHQWUDWLRQï

&ï &RQWUROý7HFKQRORJ\ã 7KUHHýFDUERQýDGVRUEHUV

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýIRUý92&ñýLQFOXGLQJýWKHýLQGLFDWRUVýWRýEH
PRQLWRUHGñýLQGLFDWRUýUDQJHVñýDQGýSHUIRUPDQFHýFULWHULDñýDUHýSUHVHQWHGýLQý7DEOHý$ïèðìï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

A.5-2 $ ðè ç åîäå

7$%/(ý$ïèðìïýý021,725,1*ý$3352$&+

,ï ,QGLFDWRU 92&ýUHPRYDOýHIILFLHQF\

0HDVXUHPHQWý$SSURDFK 7KHýLQOHWýDQGýRXWOHWý92&ýFRQFHQWUDWLRQVýDUHýPRQLWRUHG
ZLWKý92&ýDQDO\]HUVï

,,ï ,QGLFDWRUý5DQJH $QýH[FXUVLRQýLVýGHILQHGýDVýDQýHIILFLHQF\ýOHVVýWKDQ
äèïèýSHUFHQWýIRUýHDFKýEHGýF\FOHïýý([FXUVLRQVýWULJJHUýDQ
LQVSHFWLRQñýFRUUHFWLYHýDFWLRQñýDQGýDýUHSRUWLQJýUHTXLUHPHQWï

4,3ý7KUHVKROGD 6L[ýH[FXUVLRQVýSHUýVHPLDQQXDOýUHSRUWLQJýSHULRGï

,,,ï 3HUIRUPDQFHý&ULWHULD

$ï 'DWDý5HSUHVHQWDWLYHQHVVE 7ZRýDQDO\]HUVýDUHýLQVWDOOHGýRQýWKHýFDUERQýDGVRUEHUñýRQHýDW
WKHýLQOHWýDQGýRQHýDWýWKHýRXWOHWýYHQWïýýý7KHýPLQLPXP
DFFXUDF\ýLVý�ìýSHUFHQWýRIýVSDQï

%ï 9HULILFDWLRQýRIý2SHUDWLRQDOý6WDWXV 1$

&ï 4XDOLW\ý$VVXUDQFHýDQGý&RQWUROý3UDFWLFHV 0RQWKO\ýFDOLEUDWLRQýLVýSHUIRUPHGýRQýWKHýDQDO\]HUVýXVLQJ
FDOLEUDWLRQýJDVïýý0D[LPXPýFDOLEUDWLRQýGULIWýLVý�ëïèýSHUFHQW
RIýVSDQïýý2SHUDWRUVýPD\ýUHTXHVWýWKDWýDGGLWLRQDOýFDOLEUDWLRQ
FKHFNVýEHýSHUIRUPHGýLQýEHWZHHQýWKHýVFKHGXOHGýPRQWKO\
FKHFNVïýý0RQWKO\ýKHDOWKýFKHFNVýRIýWKHýPRQLWRUVýDUHýDOVR
SHUIRUPHGïýý$QQXDOýSUHYHQWLYHýPDLQWHQDQFHýSURFHGXUHV
DUHýSHUIRUPHGï

'ï 0RQLWRULQJý)UHTXHQF\ 92&ýFRQFHQWUDWLRQVýDUHýPHDVXUHGýHYHU\ýëýPLQXWHVï

'DWDý&ROOHFWLRQý3URFHGXUHV (IILFLHQFLHVýDUHýGHWHUPLQHGýõEDVHGýRQý92&ýFRQFHQWUDWLRQ
PHDVXUHPHQWVôýDQGýUHFRUGHGýHYHU\ýëýPLQXWHVï

$YHUDJLQJý3HULRG $YHUDJHýHIILFLHQFLHVýDUHýGHWHUPLQHGýE\ýF\FOHñýSHUýEHGýIRU
WUDFNLQJýRIýWKHýEHGýHIILFLHQF\ïý

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



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

åîäå A.5-3$ ðè æ

-867,),&$7,21

,ï %DFNJURXQG

(PLVVLRQVýIURPýWKHýFKHPLFDOýSURFHVVýDUHýYHQWHGýWRýWKUHHýFDUERQýDGVRUEHUýEHGVýLQýSDUDOOHOïý
7KHýHPLVVLRQVýDUHýYHQWHGýWRýRQHýRUýWZRýRIýWKHýWKUHHýFDUERQýDGVRUEHUVýDWýDOOýWLPHVâýRQHýRUýWZR
EHGVýDUHýRQOLQHýZKLOHýWKHýRWKHUõVôýLVýUHJHQHUDWLQJïýý7KHýFDUERQýDGVRUEHUVýDUHýXVHGýWRýUHFRYHU
92&ïýý%\SDVVýRIýWKHýFRQWUROýGHYLFHýLVýQRWýSRVVLEOHýEDVHGýRQýWKHý36(8ýGHVLJQï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUVý

92&ýHPLVVLRQVýIURPýWKHýFKHPLFDOýSURFHVVýDUHýUHFRYHUHGýZLWKýWKUHHýFDUERQýDGVRUEHUVýLQ
SDUDOOHOïýý0RQLWRULQJýRIýWKHýLQOHWýDQGýRXWOHWý92&ýFRQFHQWUDWLRQýWRýFDOFXODWHýWKHýUHFRYHU\
HIILFLHQF\ýRIýWKHýFRQWUROýGHYLFHýKDVýEHHQýVHOHFWHGýDVýWKHýPRQLWRULQJýDSSURDFKïýý7KLVýPRQLWRULQJ
PHWKRGýLVýDýGLUHFWýPHDVXUHýRIýWKHýFRQWUROýGHYLFHýSHUIRUPDQFHýDQGýSURYLGHVýWKHýEHVWýDVVXUDQFH
WKDWýWKHýFDUERQýEHGVýDUHýRSHUDWLQJýSURSHUO\ïýý$ýGHFOLQHýLQýUHFRYHU\ýHIILFLHQF\ýLQGLFDWHVýUHGXFHG
SHUIRUPDQFHýRIýWKHýFDUERQýDGVRUEHUïýý)RUýWKLVýV\VWHPñýPDLQWDLQLQJýDýKLJKýUHFRYHU\ýHIILFLHQF\ýLV
GHVLUDEOHýEHFDXVHýWKHýUHFRYHUHGý92&ýLVýUHXVHGýLQýWKHýSURFHVVïýý7KHýIDFLOLW\ýRSWHGýWRýLQVWDOOý92&
&(06ýWKDWýSURYLGHýDýGLUHFWýPHDVXUHýRIýUHFRYHU\ýHIILFLHQF\ïýý7KLVýLQIRUPDWLRQýDOORZVýWKHýIDFLOLW\
WRýPD[LPL]Hý92&ýUHFRYHU\ï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýLVý¦JUHDWHUýWKDQýäèïèýSHUFHQWýHIILFLHQF\ýIRUýHDFKýFDUERQýEHG
F\FOHï§ýý1RýXSSHUýLQGLFDWRUýUDQJHýOLPLWýLVýQHFHVVDU\ïýý:KHQýDQýH[FXUVLRQýRFFXUVýFRUUHFWLYHýDFWLRQ
ZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHG
WRýFRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý7KHýVHOHFWHGý4,3
WKUHVKROGýOHYHOýLVýVL[ýH[FXUVLRQVýSHUýEHGýSHUýVHPLDQQXDOýUHSRUWLQJýSHULRGïýýõ1RWHãýý(VWDEOLVKLQJýD
SURSRVHGý4,3ýWKUHVKROGýLQýWKHýPRQLWRULQJýVXEPLWWDOýLVýRSWLRQDOïôýý7KLVýOHYHOýLVýOHVVýWKDQ
íïèýSHUFHQWýRIýWKHýQXPEHUýRIýEHGýF\FOHVýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGïýý,IýWKHý4,3ýWKUHVKROGýLV
H[FHHGHGýLQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEHýGHYHORSHGýDQGýLPSOHPHQWHGïýý

7RýPRQLWRUýDQGýHYDOXDWHýSHUIRUPDQFHñýWKHýFDUERQýEHGýHIILFLHQF\ýRIýHDFKýF\FOHýIRUýHDFKýEHG
LVýFKDUWHGýDQGýHYDOXDWHGýXVLQJýVWDWLVWLFDOýWHFKQLTXHVïýý7KHýýDYHUDJHýDQGýWKHýXSSHUýDQGýORZHU
FRQWUROýOLPLWVýõ�êýVWDQGDUGýGHYLDWLRQVôýDUHýJUDSKHGïýý7KHýSURFHVVýWDUJHWýOHYHOýLVýäçýSHUFHQW
HIILFLHQF\ïýý7KHýLQGLFDWRUýUDQJHýKDVýEHHQýHVWDEOLVKHGýDWýDýOHYHOýWKDWýLVýDERYHýWKHýHPLVVLRQ
OLPLWDWLRQýõäèýSHUFHQWýHIILFLHQF\ôýEXWýEHORZýWKHýORZHUýFRQWUROýOLPLWýGXULQJýQRUPDOýRSHUDWLQJ
FRQGLWLRQVïýý

0RQLWRULQJýGDWDýZHUHýUHYLHZHGýWRýGHWHUPLQHýZKHWKHUýWKHýFRQWUROýHIILFLHQF\ýLVýPDLQWDLQHG
GXULQJýQRUPDOýRSHUDWLRQýRIýWKHýSURFHVVýDQGýFDUERQýDGVRUEHUïýý7KHýDYHUDJHýUHFRYHU\ýHIILFLHQF\ýSHU
RQOLQHýF\FOHýDQGýWKHýDYHUDJHýGDLO\ýHIILFLHQF\ýIRUýDýìçðGD\ýSHULRGýõ0D\ýçýWRý0D\ýëìñýìääæôýZHUH
UHYLHZHGýIRUýFDUERQýEHGýìëâýDýWRWDOýRIýìåìýF\FOHVýIRUýEHGýìëýZHUHýFRPSOHWHGýLQýWKHVHýìçýGD\Vïý



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

A.5-4 $ ðè å åîäå

7KHýF\FOHýHIILFLHQF\ýGDWDýDUHýSUHVHQWHGýLQý)LJXUHý$ïèðìïýý7KHýDYHUDJHýF\FOHýHIILFLHQF\ýUDQJHG
IURPýäèïèýWRýäçïçýSHUFHQWïýý

7KHýXSSHUýDQGýORZHUýFRQWUROýOLPLWVýõêýVWDQGDUGýGHYLDWLRQVôýDUHýäçïéýDQGýäèïåýSHUFHQWñ
UHVSHFWLYHO\ïýý'XULQJýWKLVýìçðGD\ýSHULRGýWKHýVHOHFWHGýLQGLFDWRUýUDQJHýRIýäèïèýSHUFHQWýõLGHQWLILHGýDV
WKHý¦ORZHUýVSHFLILFDWLRQ§ýLQý)LJXUHý$ïèðìôýZDVýH[FHHGHGýRQFHâýLïHïñýRQHýH[FXUVLRQýRFFXUUHGïý

7KHýGDLO\ýDYHUDJHýHIILFLHQFLHVýDUHýSUHVHQWHGýLQý)LJXUHý$ïèðëïýý7KHýGDLO\ýDYHUDJHýHIILFLHQFLHV
UDQJHGýIURPýäèïåýWRýäçïêýSHUFHQWïýý'XULQJýWKLVýìçðGD\ýSHULRGñýWKHýFDUERQýDGVRUEHUýEHGýZDV
FRQVLVWHQWO\ýRSHUDWLQJýZLWKýDýUHFRYHU\ýHIILFLHQF\ýJUHDWHUýWKDQýRUýHTXDOýWRýäèýSHUFHQWïý

1RýSHUIRUPDQFHýWHVWýKDVýEHHQýFRQGXFWHGýRQýWKLVýFRQWUROýGHYLFHýDQGýDýSHUIRUPDQFHýWHVWýLV
QRWýSODQQHGýIRUýWKHýSXUSRVHýRIýHVWDEOLVKLQJýWKHýLQGLFDWRUýUDQJHïýý7KHýFRQWUROýHIILFLHQF\ýLV
GHWHUPLQHGýEDVHGýXSRQýWKHýUHODWLYHýPHDVXUHPHQWýRIýWKHýLQOHWýDQGýRXWOHWýFRQFHQWUDWLRQVïýý

7KHýPRQLWRUVýDUHýFDOLEUDWHGýPRQWKO\ýXVLQJýFDOLEUDWLRQýVWDQGDUGVýFRPSULVHGýRIýWKHýVLQJOH
92&ýSUHVHQWýLQýWKHýH[KDXVWýVWUHDPïýý0RQWKO\ýFDOLEUDWLRQVýZHUHýIRXQGýWRýEHýVXIILFLHQWýEDVHGýRQ
FDOLEUDWLRQýGULIWýGDWDýFROOHFWHGýRYHUýDýìý\HDUýSHULRGïýý7KHVHýGDWDýLQGLFDWHýWKDWýFDOLEUDWLRQýUHDGLQJV
DUHýFRQVLVWHQWýIURPýPRQWKýWRýPRQWKýDQGýUDUHO\ýGULIWýE\ýPRUHýWKDQý�ëïèýSHUFHQWýRIýWKHýVSDQýYDOXHï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

åîäå A.5-5$ ðè ä

)LJXUHý$ïèðìï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïèýý&$5%21ý$'625%(5ý)25ý92&ý&21752/

A.5-6 $ ðç í åîäå

)LJXUHý$ïèðëï



CAM TECHNICAL GUIDANCE DOCUMENT
A.18 CARBON ADSORBER FOR VOC CONTROL

6/02

A.18  CARBON ADSORBER FOR VOC CONTROL – FACILITY T



This page intentionally left blank.



CAM TECHNICAL GUIDANCE DOCUMENT
A.18  CARBON ADSORBER FOR VOC CONTROL

6/02 A.18-1

EXAMPLE COMPLIANCE ASSURANCE MONITORING
CARBON ADSORBER FOR VOC CONTROL – FACILITY T

I. Background

A. Emissions Unit

Description: Loading Rack

Identification: LR-1

APCD ID: SRU-1

Facility: Facility T
Anytown, USA

B. Applicable Regulation, Emission Limit, and Monitoring Requirements

Regulation: Permit

Emission Limits:
    VOC: 0.67 lb/1,000 gallons transferred

(80 mg/L transferred)

Monitoring Requirements: Monitor carbon adsorber outlet VOC
concentration, monitor position of APCD
bypass valve, conduct a leak detection and
repair program.

C. Control Technology:

Carbon adsorber.

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.18-1.  The carbon
adsorber outlet VOC concentration in percent by volume as propane is continuously monitored. 
The selected indicator range is based on a 1-hour rolling average concentration.  Periodic leak
checks of the vapor recovery unit also are conducted and the position of the carbon adsorber
bypass valve is monitored to ensure bypass of the control device is not occurring.

Note:  Facility T also monitors parameters related to the vapor tightness of connections and tank
trucks and other parameters of the vapor recovery system, but this example focuses on the
monitoring performed on the carbon adsorber.
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TABLE A.18-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2

I. Indicator Outlet VOC concentration (percent). Equipment leaks.

Measurement Approach Breakthrough detector (NDIR analyzer). Monthly leak check of vapor recovery system.

II. Indicator Range An excursion is defined as an hourly average outlet VOC
concentration of 4 percent by volume (as propane) or greater. 
When this level is reached or exceeded, the loading rack will
be shut down via an automated interlock system.  An
excursion will trigger an investigation, corrective action, and a
reporting requirement.

An excursion is defined as detection of a leak
greater than or equal to 10,000 ppm (as methane)
during normal loading operations.  An excursion
will trigger an investigation, corrective action, and a
reporting requirement.  Leaks will be repaired
within 15 days.

III. Performance Criteria
A. Data

Representativeness

The analyzer is located at the carbon adsorber outlet. A handheld monitor is used to check for leaks in the
vapor collection system during loading operations.

B. Verification of
Operational Status

NA NA

C. QA/QC Practices and
Criteria

Daily zero/span drift.  Adjust if drift is greater than 2.5 percent
of span.

Follow procedures in 40 CFR 60, Appendix A,
Method 21.

D. Monitoring
Frequency 

The outlet VOC concentration is monitored every 2 minutes. Monthly.

Data Collection
Procedures

The data acquisition system (DAS) collects the outlet VOC
concentration every 2 minutes and calculates a rolling 1-hour
average.  Periods when breakthrough is detected and the
interlock system shuts down the loading rack also are
recorded.

Records of inspections, leaks found, leaks repaired.

Averaging period 1 hour (rolling). None.

APCD Bypass Monitoring: A pressure gauge on the vapor header line is used to detect if the relief valve is open.  The valve opens if the pressure
reaches 18 inches H2O.  The DAS records the instantaneous pressure reading every 2 minutes.
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit (PSEU) is a vacuum regenerative carbon adsorber
used to reduce VOC emissions from a gasoline loading rack.  (Note: This facility is not a major
source of HAP emissions and is not subject to 40 CFR 63, Subpart R, or 40 CFR 60,
Subpart XX.)  The maximum throughput of the loading rack is 43,000,000 gallons per month,
and the facility operates 24 hours per day, 7 days per week.  

The carbon adsorber has two identical beds, one adsorbing while the other is desorbing on
a 15-minute cycle.  Carbon bed regeneration is accomplished with a combination of high vacuum
and purge air stripping which removes previously adsorbed gasoline vapor from the carbon and
restores the carbon's ability to adsorb vapor during the next cycle.  The vacuum pump extracts
concentrated gasoline vapor from the carbon bed and discharges into a separator.  Non-
condensed gasoline vapor plus gasoline condensate flow from the separator to an absorber
column which functions as the recovery device for the system.  In the absorber, the hydrocarbon
vapor flows up through the absorber packing where it is liquefied and subsequently recovered by
absorption.  Gasoline product from a storage tank is used as the absorbent fluid.  The recovered
product is simply returned along with the circulating gasoline back to the product storage tank  A
small stream of air and residual vapor exits the top of the absorber column and is recycled to the
on-stream carbon bed where the residual hydrocarbon vapor is re-adsorbed.

II. Rationale for Selection of Performance Indicators

A non-dispersive infrared (NDIR) analyzer is used to monitor the carbon adsorber outlet
VOC concentration in percent by volume as propane and ensure breakthrough is not occurring. 
This monitor provides a direct indicator of compliance with the VOC limit since it continuously
measures the outlet VOC concentration in percent.  An interlock system is used to shut down
loading operations when an excursion occurs.

A monthly leak inspection program also is performed to ensure that the vapors released
during loading are captured and conveyed to the vapor recovery unit.  A handheld monitor is
used to detect leaks in the vapor collection system.  The position of the vapor recovery unit’s
relief valve is monitored to ensure the control device is not bypassed.

III. Rationale for Selection of Indicator Ranges

The indicator range for the breakthrough detector was selected based on engineering
calculations.  The VOC emission rate can be expressed as follows (see 40 CFR 60.503):
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Figure A.18-1.  A typical day’s concentration data.

where:
E = emission rate of VOC, mg/L
V = volume of air/vapor mixture exhausted, scm
C = concentration of VOC, ppm
L = volume loaded, L
K = density of calibration gas, 1.83x106 mg/scm for propane

Assuming 100 percent displacement of all vapors into the vapor recovery unit (e.g., if
300,000 L are loaded, 300,000 L of vapor pass through the unit) and assuming that breakthrough
is occurring, it may be conservatively assumed that V is equal to L (V is actually less than L if
the carbon adsorber is operating properly).  Converting the volume displaced/exhausted
(300,000 L) to cubic meters (300 scm) and substituting 300 scm for V, 80 mg/L for E, and
1.83x106 mg/scm for K gives C equal to 43,700 ppm, or 4.4 percent.  Therefore, the indicator
range for the outlet VOC concentration is 4 percent (rolling hourly average), to provide a
reasonable assurance of compliance with the VOC limit of 80 mg/L loaded.  If the hourly
average outlet VOC concentration reaches or exceeds 4 percent, the unit will be shut down and
loading prevented via an automated interlock system.  All excursions will be documented and
reported.  Figure A.18-1 presents both 2-minute instantaneous (dotted line) and hourly average
(solid line) outlet VOC concentration data for a typical day’s operation.  The outlet VOC
concentration typically is less than 0.5 percent as propane.
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The most recent performance test conducted showed that the average hydrocarbon
emissions were 10.37 mg/liter loaded.  The average outlet concentration was 0.37 percent
propane by volume, and the unit’s efficiency was 98.6 percent.

For the second indicator, an excursion is defined as detection of a leak greater than or equal
to 10,000 ppm (as methane) during normal loading operations.  This is the limit established by
the applicable requirement.  If a leak is detected, corrective action will be initiated, and the leak
will be repaired within 15 days.  All excursions will be documented and reported.

Comment:  During the review period, one commenter suggested setting an internal warning
level for the bypass line pressure.  For safety reasons, the bypass valve on the inlet APCD line is
set to release at 18” w.c.  With respect to APCD bypass, the CAM rule only requires that a
facility monitor the bypass so that bypass events can be corrected immediately and reported. 
Consequently, establishing an indicator range at a level less than the release pressure is not
required.  However, if a facility wants to take extra precautions to avoid bypass events, it could
establish a warning at a lower pressure, such as the 15” w.c., which would allow them to initiate
corrective action before a bypass event, as suggested by this commenter.
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
CARBON ADSORBER FOR VOC CONTROL:  FACILITY EE

I. Background

A. Emissions Unit

Description: Loading Rack
Identification: LR-1
APCD ID: VRU-1
Facility: Facility EE

Anytown, USA

B. Applicable Regulation, Emission Limit, and Monitoring Requirements

Regulation: Permit, State regulation
Emission Limits:
 VOC: 45 mg/liter of product loaded
Monitoring Requirements: Monitor vacuum profile during carbon bed regeneration

cycle, monitor for APCD bypass, test the carbon
periodically, and conduct an inspection and
maintenance program and a leak detection and repair
program.

C. Control Technology: Carbon adsorber.

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.24-1.  The amount
of time the regenerating carbon bed remains at or below -27 inches of Hg is monitored to ensure
the bed has been fully regenerated.  An inspection and maintenance program, including annual
testing of the carbon activity, is conducted to verify proper operation of the vapor recovery unit
(VRU).  Periodic leak checks of the vapor recovery unit also are conducted and the carbon
adsorber bypass valve is monitored to ensure bypass of the control device is not occurring.

Note:  Facility EE also monitors parameters related to the vapor tightness of connections and
tank trucks and other parameters of the vapor recovery system, but this example focuses on the
monitoring performed on the carbon adsorber.
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TABLE A.24-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2 Indicator No. 3

I. Indicator Regeneration cycle vacuum. 
Specifically, the time the
regenerating carbon bed remains at
or below -27 inches Hg.

Documentation of inspection and maintenance
program and annual carbon testing.

Equipment leaks.

Measurement
Approach

Pressure transmitter. Proper VRU operation is verified by performing
periodic inspections and maintenance.  Daily
checks include verification of gasoline flow, purge
air flow, cycle time, valve timing, and operating
temperatures.  Annual checks include carbon
testing and pump and motor maintenance.

Monthly leak check of vapor
recovery system.

II. Indicator Range An excursion occurs when the
regenerating carbon bed remains at
or below -27 inches Hg for less than
2.5 minutes.  When an excursion
occurs, the loading rack will be shut
down via an automated interlock
system.  An excursion will trigger an
investigation, corrective action, and a
reporting requirement.

An excursion occurs if the inspection or annual
carbon test is not performed or documented or if
corrective action is not initiated within 24 hours to
correct any problems identified during the
inspection of the unit or carbon testing.  An
excursion will trigger an investigation, corrective
action, and a reporting requirement.

An excursion is defined as detection
of a leak greater than or equal to
10,000 ppm (as methane) during
normal loading operations.  An
excursion will trigger an
investigation, corrective action, and a
reporting requirement.  Leaks will be
repaired within 15 days.

III. Performance
Criteria
A.  Data
Representativeness

The pressure during the regeneration
cycle is measured in the vacuum
pump suction line.  The minimum
accuracy of the pressure transmitter
is ±1.0 percent.

VRU operation verified visually by trained
personnel using documented inspection and
maintenance procedures.  Representative carbon
sample obtained from both beds.

A handheld monitor is used to check
for leaks in the vapor collection
system during loading operations.

B.  Verification of
Operational Status

NA NA NA

C.  QA/QC
Practices and
Criteria

Pressure transmitter is calibrated
annually.

Personnel are trained on inspection and
maintenance procedures and proper frequencies.

Follow procedures in 40 CFR 60,
Appendix A, Method 21.

D.  Monitoring
Frequency 

Continuously during each
regeneration cycle.

Varies.  Carbon testing performed annually. Monthly.



(TABLE A.24-1.  Continued.)

Indicator No. 1 Indicator No. 2 Indicator No. 3
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Data Collection
Procedures

The data acquisition system (DAS)
records the pressure profile during
each regeneration cycle.  Periods
when the interlock system shuts
down the loading rack also are
recorded.

Results of inspections and any maintenance
necessary are recorded in VRU operating log. 
Results of carbon testing are maintained onsite.

Records of inspections, leaks found,
leaks repaired.

Averaging period None. None. None.

APCD Bypass
Monitoring:

The pressure in the VRU vapor line is monitored with a pressure transmitter to ensure bypass of the control device is not occurring. 
If the pressure in the VRU vapor line exceeds 18 inches of water, the safety relief valve opens and bypass occurs.  All instances of
control device bypass are recorded.
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit (PSEU) is a vacuum regenerative carbon adsorber
used to reduce VOC emissions from the loading of petroleum products (heating oil, diesel fuel,
and gasoline).  (Note: This facility is not a major source of HAP emissions and is not subject to
40 CFR 63, Subpart R, “National Emission Standards for Gasoline Distribution Facilities” or
40 CFR 60, Subpart XX, “Standards of Performance for Bulk Gasoline Terminals.”)

The carbon adsorber has two identical beds, one adsorbing while the other is desorbing on
a 15-minute cycle.  Carbon bed regeneration is accomplished with a combination of high vacuum
and purge air stripping which removes previously adsorbed gasoline vapor from the carbon and
restores the carbon's ability to adsorb vapor during the next cycle.  The vacuum pump extracts
concentrated gasoline vapor from the carbon bed and discharges into a separator.  Non-
condensed gasoline vapor plus gasoline condensate flow from the separator to an absorber
column which functions as the recovery device for the system.  In the absorber, the hydrocarbon
vapor flows up through the absorber packing where it is liquefied and subsequently recovered by
absorption.  Gasoline product from a storage tank is used as the absorbent fluid.  The recovered
product is returned along with the circulating gasoline back to the product storage tank  A small
stream of air and residual vapor exits the top of the absorber column and is recycled to the on-
stream carbon bed where the residual hydrocarbon vapor is re-adsorbed.

II. Rationale for Selection of Performance Indicators

The carbon adsorber system was custom-designed specifically for this installation based on
the maximum expected loading and types of products loaded.  The carbon beds and vacuum
pump were sized appropriately.  The vacuum profile during regeneration is an important variable
in the performance of the VRU.  If the carbon bed is overloaded, the time to achieve certain
vacuum levels will be longer, and the bed will not be fully regenerated during the 15-minute
cycle.  Monitoring of the vacuum profile during regeneration, coupled with regular inspection
and maintenance activities (including, daily verification of proper valve timing, cycle time,
gasoline flow, and purge air flow) and annual testing of a carbon sample from each bed, serves to
verify that the VRU is operating properly and provide a reasonable assurance of compliance.

A monthly leak inspection program is performed to ensure that the vapors released during
loading are captured and conveyed to the VRU.  A handheld monitor is used to detect leaks in
the vapor collection system.  The VRU’s relief valve in the VRU vapor line also is monitored to
ensure the control device is not bypassed.  Bypass occurs when the pressure in the vapor line
exceeds the safe limit.
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III. Rationale for Selection of Indicator Ranges

An engineering analysis was performed based on the worst case loading conditions
expected.  That analysis shows that if the regenerating carbon bed stays at or below -27 in Hg for
at least 2.5 minutes the bed will be properly regenerated and will have the capacity to meet the
VOC emissions limit under worst case loading conditions.  Therefore, an excursion occurs when
the regenerating bed does not stay at or below -27 in. Hg for at least 2.5 minutes.  The expected
vacuum profile during heavy loading is presented in Table A.24-2.  All excursions will be
documented and reported.  An interlock system is used to shut down loading operations when an
excursion occurs.  Typical operating data show that the beds stay at or below -27 in. Hg for more
than 5 minutes of the regeneration cycle, as shown in Table A.24-3.

The most recent performance test showed emissions of 3.8 mg/liter of gasoline loaded, less
than 10 percent of the VOC limit.  The unit’s efficiency was calculated as 99.99 percent.  The
exhaust concentration equivalent of 45 mg/L loaded calculated at the time of the performance
test was approximately 33,100 ppmv VOC.  Table A.24-4 shows exhaust VOC concentration
data for both beds collected over a period of several weeks using a portable VOC analyzer.  The
data show the carbon adsorber operated well under the VOC emission limit.

TABLE A.24-2.  WORST-CASE MODELED VACUUM
PROFILE (HEAVIEST LOADING)

Minute Inches Hg Vacuum

1 14.0

2 19.6

3 22.3

4 24.3

5 25.0

6 25.3

7 25.6

8 26.0

9 26.2

10 26.5

11 26.8

12 27.0

13 27.3

13:30 27.5

14-15 At 13:30, the bed is re-pressurized.
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TABLE A.24-3.  TYPICAL VACUUM PROFILE DURING
REGENERATION CYCLE

Bed 1 Bed 2

Minute Inches Hg Vacuum Minute Inches Hg Vacuum

1 12.5 1 10

2 20.5 2 18

3 24 3 23

4 25 4 26

5 26 5 27.5

6 26.5 6 27.6

7 26.8 7 27.6

8 27 8 27.7

9 27.1 9 27.8

10 27.1 10 27.8

11 27.2 11 27.9

12 27.3 12 27.9

13 27.4 13 28

14 At 13:30, the bed
is re-pressurized.

14 At 13:30, the bed
is re-pressurized.

15 15

TABLE A.24-4.  SAMPLE WEEKLY EXHAUST
VOC CONCENTRATION DATA

Week Bed 1 (ppmv) Bed 2 (ppmv)

1 6,000 6,500

2 4,800 5,200

3 7,900 5,100

4 8,450 6,240

5 9,000 6,450

6 9,500 11,000

7 9,110 7,500

8 10,000 8,000

9 12,000 9,500

10 8,000 6,500



CAM TECHNICAL GUIDANCE DOCUMENT
A.24  CARBON ADSORBER FOR VOC CONTROL

6/02 A.24-7

For the second indicator, an inspection and maintenance program is conducted, following
documented procedures.  This program is performed by terminal operators and contracted
maintenance personnel.  The results of all inspections and any maintenance performed are
recorded in the VRU operating log.  An excursion is defined as failure to conduct or document
the required inspections or maintenance activities or failure to initiate corrective action within
24 hours to correct any problems identified during the inspection.  All excursions will be
documented and reported.

For the third indicator, an excursion is defined as detection of a leak greater than or equal
to 10,000 ppm (as methane) during normal loading operations.  If a leak is detected, corrective
action will be initiated, and the leak will be repaired within 15 days.  All excursions will be
documented and reported.  Control device bypass also is monitored.  Bypass occurs when the
pressure in the VRU vapor line exceeds 18 inches of water and the safety relief valve opens.  All
instances of control device bypass are recorded.

Comment:  For regenerative carbon absorbers, an annual carbon activity check provides the
facility with information on the condition and activity of the carbon.  An alternative to periodic
carbon activity checks would be periodic checks of the outlet VOC concentration using a
portable monitor, or periodic (e.g., annual) Method 25A tests.

Furthermore, if an additional level of confidence in the monitoring approach were desired
(e.g., if the unit had a small margin of compliance with the VOC limit), one option would be to
require more frequent periodic (e.g., quarterly) monitoring of the carbon bed outlet concentration
with a portable VOC analyzer in lieu of the annual carbon testing.

Comment:  During the review period, one commenter suggested setting an internal warning
level for the bypass line pressure.  For safety reasons, the bypass valve on the inlet APCD line is
set to release at 18” w.c.  With respect to APCD bypass, the CAM rule only requires that a
facility monitor the bypass so that bypass events can be corrected immediately and reported. 
Consequently, establishing an indicator range at a level less than the release pressure is not
required.  However, if a facility wants to take extra precautions to avoid bypass events, it could
establish a warning at a lower pressure, such as the 15” w.c., which would allow them to initiate
corrective action before a bypass event, as suggested by this commenter.
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