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PREFACE

This revision to Appendix A of the Compliance Assurance Monitoring (CAM) Technical
Guidance incorporates into a single document the example CAM submittals initially published in
Appendix A (August 1998) and final versions of the draft submittals published in Supplements 1 and 2
(September 2000).  The original publication date for the final version of each submittal has been retained
in the footer of the submittal. 
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INTRODUCTION

The example compliance assurance monitoring (CAM) approach submittals presented in
this Appendix are based upon “case studies” of the current monitoring approaches in use at
actual facilities and historical data obtained from the monitoring system.  The development
process for these examples included:  (1) identifying facilities which currently monitor control
device parameters, had long-term monitoring data available for review, had conducted a
performance/compliance test, and were willing to participate, (2) obtaining information on the
monitoring approach and monitoring data from the facility, (3) reviewing and analyzing the
monitoring approach and data, (4) discussing the information with plant personnel and, in some
cases, conducting a site visit, and (5) preparing an example monitoring approach submittal from
the information.

The basic approach used was to evaluate the monitoring conducted by the facility against
CAM general (design) and performance criteria.  A monitoring approach submittal based upon
the facility’s current monitoring, modified as necessary to comply with CAM requirements, was
then drafted.  If sufficient information was available to evaluate alternative approaches (e.g.,
different indicators, indicator ranges, or data averaging periods), alternative approaches also
were investigated.  Note that the resulting examples are not necessarily the only acceptable
monitoring approaches for the facility or similar facilities; they are simply examples of
approaches used by particular facilities.  The owner or operator of a similar facility may propose
a different approach that satisfies part 64 requirements.  Also, the permitting authority may
require additional monitoring.

One purpose of this appendix is to provide nonprescriptive examples of monitoring
approaches that meet the CAM submittal requirements for the specific cases studied.  Each
example monitoring submittal contains background information (including identification of the
pollutant specific emissions unit), a description of the monitoring approach, and the rationale for
selecting the indicators and indicator ranges.  Several of the examples also contain quality
improvement plan (QIP) thresholds for particular indicators.  The QIP is an optional tool for
States and is not required to be included in the facility’s permit or CAM submittal.  These
examples represent the level of detail recommended by EPA, but States may develop their own
guidance as to the level of detail (more or less) required in CAM monitoring approach
submittals. 
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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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,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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$WWDFKPHQWýìïýý'LUHFWðIODPHýDIWHUEXUQHUýHIILFLHQF\ýDVýDýIXQFWLRQýRIýWHPSHUDWXUHï
$LUý3ROOXWLRQý(QJLQHHULQJý0DQXDOñý&KDSWHUýèýðý&RQWUROý(TXLSPHQWýIRUý*DVHVýDQGý9DSRUVï
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$WWDFKPHQWýëïýý7HPSHUDWXUHýFKDUWýGXULQJý2FWREHUýìääêýSHUIRUPDQFHýWHVWï
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¦7KLVýSDJHýLQWHQWLRQDOO\ýOHIWýEODQNï§
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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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,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



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïìEïýý7+(50$/ý,1&,1(5$725ý)25ý92&ý&21752/

A.1b-6                                                                                                                                                                      8/98 $ ðë ëåîäå

$WWDFKPHQWýìïýý'LUHFWðIODPHýDIWHUEXUQHUýHIILFLHQF\ýDVýDýIXQFWLRQýRIýWHPSHUDWXUHï
$LUý3ROOXWLRQý(QJLQHHULQJý0DQXDOñý&KDSWHUýèýðý&RQWUROý(TXLSPHQWýIRUý*DVHVýDQGý9DSRUVï
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$WWDFKPHQWýëïýý7HPSHUDWXUHýFKDUWýGXULQJý2FWREHUýìääêýSHUIRUPDQFHýWHVWï
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(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
9(1785,ý6&58%%(5ý)25ý30ý&21752/ðð)$&,/,7<ý%

,ï %DFNJURXQG

$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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-867,),&$7,21

,ï %DFNJURXQG

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

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

7KHýIROORZLQJýSDUDPHWHUVýZLOOýEHýPRQLWRUHGã

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

7KHýOLFHQVRUýRIýWKHýZHWýVFUXEEHUýSURYLGHGýDýJUDSKýUHODWLQJýWKHýQXPEHUýRIýRSHUDWLQJýVFUXEEHUV
UHTXLUHGýWRýPDLQWDLQýWKHýGHVLJQýOLTXLGýWRýJDVýUDWLRñýWRýWKHý)&&8ýUHJHQHUDWRUýDLUýEORZHUýUDWHïýý7KH
UHJHQHUDWRUýDLUýUDWHýDQGýWKHýQXPEHUýRIýYHQWXULVýLQýRSHUDWLRQýDUHýDQýLQGLUHFWýPHDVXUHýRIýOLTXLGýWRýJDVýUDWLRñ
ZKLFKýLVýDQýLQGLFDWRUýRIýVFUXEEHUýSHUIRUPDQFHïýý7KHýUHJHQHUDWRUýDLUýUDWHýDQGýWKHýQXPEHUýRIýYHQWXULVýLQ
RSHUDWLRQýDUHýPRQLWRUHGýWRýHQVXUHýWKDWýWKHVHýOLPLWDWLRQVýDUHýPHWï

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

7KHýFRNHýEXUQýUDWHýLVýDQýLQGLFDWLRQýRIýWKHý30ýORDGLQJýWRýWKHýVFUXEEHUï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

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

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

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

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

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

:KHQýDQýH[FXUVLRQýRIýDQ\ýRIýWKHýLQGLFDWRUýUDQJHVýRFFXUVýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñ
EHJLQQLQJýZLWKýDQýHYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïý
$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGï
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)LJXUHý$ïëðëïýý/LTXLGýWRý*DVý5DWLRVýõêðKRXUýDYHUDJHVôýIRUý2FWREHUð'HFHPEHUýìääçï

)LJXUHý$ïëðêïýý6FUXEEHUý2XWOHWý7HPSHUDWXUHVýõêðKRXUýDYHUDJHVôýIRUý2FWREHUð'HFHPEHUýìääçï
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(;$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$ïêðìï
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7$%/(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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-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&$0ýSODQýZDVýSUHSDUHGýIURPýLQIRUPDWLRQýDQGýGDWD
REWDLQHGýIURPýWKLVýIDFLOLW\ýDVýDQýH[DPSOHýRIýDýPRQLWRULQJýDSSURDFKýDQGýWKHýVHOHFWLRQýRIýDQ
LQGLFDWRUýUDQJHïý
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¦7KLVýSDJHýLQWHQWLRQDOO\ýOHIWýEODQNï§
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åîäå A.4-1$ ðé æ

(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
6&58%%(5ý)25ý92&ý&21752/ðð)$&,/,7<ý'

,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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åîäå A.4-3$ ðé ä

-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$WWDFKPHQWýìýOLVWVýWKHýGDLO\ýDYHUDJHýYDOXHVýIRUýWKH
çíðGD\ýSHULRGïýý+RXUO\ýDYHUDJHýGDWDýIRUýDýêíðGD\ýSHULRGýõý)HEUXDU\ýìæýWKURXJKý0DUFKýìæôýýDOVR
ZHUHýUHYLHZHGïýý7KHýKRXUO\ýDYHUDJHVýIRUýWKLVýSHULRGýUDQJHýIURPýìïìäýWRýìïëìïýý7KHýVFUXEEHUýKDV
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FRUUHFWýWKHýVLWXDWLRQïýý$OOýH[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGïýý7KHýLQGLFDWRUýUDQJHýZDV
VHOHFWHGýE\ýHVWDEOLVKLQJýWKHýH[FXUVLRQýOHYHOýDWýWKHýPLQLPXPýZDWHUýIORZýUDWHýWKDWýKDVýEHHQ
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E\ýëýPRQWKVýRIýPRQLWRULQJýGDWDïýý7KLVýZDWHUýIORZýUDWHýLVýDERYHýWKHýPLQLPXPýOHYHOýõìïìýJDOîPLQô
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1RýSHUIRUPDQFHýWHVWýKDVýEHHQýFRQGXFWHGýRQýWKHýVFUXEEHUï
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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-
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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.
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(;$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$ïèðìï
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7$%/(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
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,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
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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
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW
'HVFULSWLRQã 'U\ý'U\HUVýìðé
,GHQWLILFDWLRQã éíìñýéíêñýéíçñýéíæ
)DFLOLW\ã )DFLOLW\ý+

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQýDQGý(PLVVLRQý/LPLW

5HJXODWLRQý1Rïã 2$5ýêéíðëìñýSHUPLW
(PLVVLRQýOLPLWVã
ýý3DUWLFXODWHýPDWWHUã íïëýJUîGVFIýõêýKRXUýDYHUDJHô
0RQLWRULQJýUHTXLUHPHQWVã 6FUXEEHUýH[KDXVWýWHPSHUDWXUH

&ï &RQWUROý7HFKQRORJ\

:HWýVFUXEEHU

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïåðìïýý



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïåýý6&58%%(5ý)25ý30ý&21752/

A.8-2                                                                                                                                                                       8/98$ðçéåîäå

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

,ï
,Q
GL
FD
WR
U

0
HD
VX
UH
P
HQ
Wý$
SS
UR
DF
K

:
HW
ýV
FU
XE
EH
Uý
H[
KD
XV
WýW
HP
SH
UD
WX
UH

:
RU
Ný
SU
DF
WL
FH
ãýý
SH
UL
RG
LF
ýF
KH
FN
ýR
Iý
VF
UX
EE
HU
ýZ
DW
HU

IL
OW
HU

7
KH
ýZ
HW
ýV
FU
XE
EH
Uý
H[
KD
XV
WýW
HP
SH
UD
WX
UH
ýLV

P
RQ
LW
RU
HG
ýZ
LW
Ký
Dý
WK
HU
P
RF
RX
SO
Hï

:
KH
Qý
WK
Hý
VF
UX
EE
HU
ýLV
ýV
KX
WýG
RZ
Qý
IR
Uý
Z
HH
NO
\

P
DL
QW
HQ
DQ
FH
ñýW
KH
ýV
FU
XE
EH
Uý
Z
DW
HU
ýI
LO
WH
Uý
LV
ýLQ
VS
HF
WH
G

DQ
Gý
FO
HD
QH
Gï

,,
ï
,Q
GL
FD
WR
Uý
5
DQ
JH

$
Qý
H[
FX
UV
LR
Qý
LV
ýG
HI
LQ
HG
ýD
Vý
Dý
VF
UX
EE
HU
ýH
[K
DX
VW

WH
P
SH
UD
WX
UH
ýJ
UH
DW
HU
ýWK
DQ
ýì
èí

()
ýI
RU
ýD
ýç
ðP
LQ
XW
H

SH
UL
RG
ñýF
RQ
WL
QX
RX
VO
\ï
ýý(
[F
XU
VL
RQ
Vý
WU
LJ
JH
Uý
DQ

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

UH
TX
LU
HP
HQ
Wï

7
KH
ýI
LO
WH
Uý
Z
LO
OýE
Hý
UH
SO
DF
HG
ýD
Vý
QH
HG
HG
âýL
Iý
WK
HU
Hý
LV

H[
FH
VV
ýE
XL
OG
XS
ýR
Iý
SD
UW
LF
XO
DW
Hý
RQ
ýWK
Hý
IL
OW
HU
ñýW
KH

EO
RZ
GR
Z
Qý
Z
LO
OýE
Hý
LQ
FU
HD
VH
Gý
LI
ýQ
HF
HV
VD
U\
ï

4
,3
ý7
KU
HV
KR
OG
D

6
L[
ýH
[F
XU
VL
RQ
Vý
LQ
ýD
ýç
ðP
RQ
WK
ýU
HS
RU
WL
QJ
ýS
HU
LR
Gï

1
$

,,
,ï
3
HU
IR
UP
DQ
FH
ý&
UL
WH
UL
D

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

7
KH
ýP
RQ
LW
RU
LQ
Jý
V\
VW
HP
ýF
RQ
VL
VW
Vý
RI
ýD
ýWK
HU
P
RF
RX
SO
H

DW
ýWK
Hý
VF
UX
EE
HU
ýH
[K
DX
VW
ýZ
LW
Ký
Dý
P
LQ
LP
XP
ýD
FF
XU
DF
\

RI
ýò
é�
)
ýR
Uý
ò
íï
æè
ø
ñýZ
KL
FK
HY
HU
ýLV
ýJ
UH
DW
HU
ï

7
KH
ýI
LO
WH
Uý
LV
ýY
LV
XD
OO
\ý
LQ
VS
HF
WH
Gý
IR
Uý
KR
OH
Vý
RU
ýR
WK
HU

GD
P
DJ
Hï

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

1
$

1
$

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

7
KH
ýWK
HU
P
RF
RX
SO
Hý
Z
LO
OýE
Hý
FD
OL
EU
DW
HG
ýD
QQ
XD
OO
\ï

1
$

'
ï
0
RQ
LW
RU
LQ
Jý
)
UH
TX
HQ
F\

7
KH
ýV
FU
XE
EH
Uý
H[
KD
XV
WýW
HP
SH
UD
WX
UH
ýLV
ýP
HD
VX
UH
G

FR
QW
LQ
XR
XV
O\
ï

7
KH
ýI
LO
WH
Uý
LV
ýLQ
VS
HF
WH
Gý
DQ
Gý
FO
HD
QH
Gý
Z
HH
NO
\ï

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

7
HP
SH
UD
WX
UH
ýLV
ýU
HF
RU
GH
Gý
DV
ýD
ýç
ðP
LQ
XW
Hý
DY
HU
DJ
Hý
E\

WK
Hý
'
$
6
ï

0
DL
QW
HQ
DQ
FH
ýU
HF
RU
GV
ï

$
YH
UD
JL
QJ
ý3
HU
LR
G

çý
P
LQ
XW
Hý
DY
HU
DJ
Hï

1
$

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

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

ýýJ
HQ
HU
DO
ï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïåýý6&58%%(5ý)25ý30ý&21752/

åîäå A.8-3$ðçè

021,725,1*ý$3352$&+ý-867,),&$7,21

,ï %DFNJURXQG

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

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

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

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

7KHýGU\HUýH[KDXVWýZLOOýRQO\ýE\SDVVýLWVýDVVRFLDWHGýVFUXEEHUýLIýWKHýVFUXEEHUýLVýVKXWýGRZQýIRU
PDLQWHQDQFHýZKLOHýWKHýSURFHVVýLVýRSHUDWLQJïýý7KHVHýSHULRGVýDUHýGRFXPHQWHGýDQGýUHSRUWHGï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJH

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

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

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

%DVHGýRQýWKHýSHUIRUPDQFHýWHVWýGDWDýDQGýDýUHYLHZýRIýKLVWRULFDOýGDWDñýWKHýVHOHFWHGý4,3
WKUHVKROGýIRUýWKHýZHWýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHýLVýVL[ýH[FXUVLRQVýLQýDýçðPRQWKýUHSRUWLQJ
SHULRGýõ1RWHãýý(VWDEOLVKLQJýDýSURSRVHGý4,3ýWKUHVKROGýLQýWKHýPRQLWRULQJýVXEPLWWDOýLVýRSWLRQDOôïý
7KLVýOHYHOýLVýOHVVýWKDQýìýSHUFHQWýRIýWKHýVFUXEEHUýRSHUDWLQJýWLPHïýý,IýWKHý4,3ýWKUHVKROGýLVýH[FHHGHG
LQýDýVHPLDQQXDOýUHSRUWLQJýSHULRGñýDý4,3ýZLOOýEHýGHYHORSHGýDQGýLPSOHPHQWHGïý
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)LJXUHý$ïåðìïýý7\SLFDOý6FUXEEHUý([KDXVWý7HPSHUDWXUHýõæîëæîäçô
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¦7KLVýSDJHýLQWHQWLRQDOO\ýOHIWýEODQNï§
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$ïäýý:(7ý(/(&75267$7,&ý35(&,3,7$725ý)25ý30ý&21752/ðð)$&,/,7<ý,
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åîäå A.9-1$ ðæ ì

(;$03/(ý&203/,$1&(ý$6685$1&(ý021,725,1*ã
:(7ý(/(&75267$7,&ý35(&,3,7$725ý)25ý30ý&21752/ðð)$&,/,7<ý,

,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã *UHHQý'U\HUVý1Rïýìý÷ýë
,GHQWLILFDWLRQã ëíêñýëíè
)DFLOLW\ã )DFLOLW\ý,

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWVñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQý1Rïã 2$5ýêéíðëìñýSHUPLW
(PLVVLRQýOLPLWVýã
ýý3DUWLFXODWHý0DWWHUã íïëýJUîGVFIýõ1Rïýìôý

íïìýJUîGVFIýõ1RïýëôýõêðKRXUýDYHUDJHô
0RQLWRULQJýUHTXLUHPHQWVã :(63ýVHFRQGDU\ýYROWDJH

&ï &RQWUROý7HFKQRORJ\
:HWýHOHFWURVWDWLFýSUHFLSLWDWRUýõ:(63ôï

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïäðìïýý
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7$%/(ý$ïäðìïýý021,725,1*ý$3352$&+

,ï ,QGLFDWRU

0HDVXUHPHQWý$SSURDFK

:(63ýYROWDJHï

7KHý:(63ýYROWDJHýLVýPHDVXUHGýXVLQJýDýYROWPHWHUï

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

4,3ý7KUHVKROGD 6L[ýH[FXUVLRQVýLQýDýçðPRQWKýUHSRUWLQJýSHULRGï

,,,ï 3HUIRUPDQFHý&ULWHULDý

$ï 'DWDý5HSUHVHQWDWLYHQHVVE

7KHýYROWPHWHUýLVýSDUWýRIýWKHý:(63ýGHVLJQýDQGýLVýLQFOXGHGýLQýWKH
WUDQVIRUPHUîUHFWLILHUýVHWïýý,WýKDVýDýPLQLPXPýDFFXUDF\ýRIýòìýN9ï

%ï 9HULILFDWLRQýRIý2SHUDWLRQDOý6WDWXV 1$

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

'ï 0RQLWRULQJý)UHTXHQF\ 0HDVXUHGýFRQWLQXRXVO\ï

'DWDý&ROOHFWLRQý3URFHGXUHV 5HFRUGHGýDVýDýçðPLQXWHýDYHUDJHï

$YHUDJLQJý3HULRG çðPLQXWHýDYHUDJHï

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

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

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRU

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

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

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJH

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

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

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ2'(4ý0HWKRGýæýIRU
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
WET ELECTROSTATIC PRECIPITATORS (WESP) FOR PM CONTROL –  FACILITY P

I. Background

A. Emissions Unit

Description: Steam-heated dryers used in plywood
manufacturing

Identification: Veneer Dryers 1-6 (EU2)

APCD ID: WESP 1, WESP 2

Facility: Facility P
Anytown, USA

B. Applicable Regulation and Emission Limit

Regulation No.: Permit, State Regulation

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

basis)

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

C. Control Technology Wet electrostatic precipitator

II. Monitoring Approach

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

I. Background

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

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

II. Rationale for Selection of Performance Indicators

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

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

III. Rationale for Selection of Indicator Ranges

The selected indicator ranges are given below:

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

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

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

The indicator levels for the quench inlet and WESP outlet gas temperatures also were
selected based on levels maintained during normal operation.  High temperatures may indicate a
fire in the dryer or ductwork or a lack of water flow to the WESP.  Temperature action levels
were selected that are slightly higher than normal operating temperatures.  If the water flow to
the WESP is lost, the WESP outlet temperature will begin to approach the inlet temperature,
which is much higher than 175/F.  Figures A.9b-2 and A.9b-3 display the hourly average quench
inlet and WESP outlet temperature during October 1997 for WESP No. 1. 
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Figure A.9b-2.  October 1997 Hourly Average Quench Inlet Temperature
(WESP No. 1)
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Figure A.9b-3.  October 1997 Hourly Average WESP Outlet Temperature
(WESP No. 1)
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Indicator data for December 1995 to January 1996 and for October 1997 through
December 1997 were reviewed.  These data included hourly average WESP secondary voltage,
quench inlet temperature, and WESP outlet temperature measurements.  The maximum hourly
average quench inlet temperature for WESP No. 1 was 336/F, while the maximum for WESP
No. 2 was 352/F.  The maximum hourly average stack outlet temperature for WESP No. 1 was
151/F, while the maximum stack outlet temperature for WESP No. 2 was 178/F.  The average
monthly voltages ranged from 47 to 51 kV for WESP No. 1 and from 40 to 46 kV for WESP
No. 2.

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

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

WESP
No. Run

Production,
ft2/hr

Particulate,
lb/MSF dried

(3/8-inch basis)
WESP voltage,

kV
Quench inlet

T (/F)
WESP outlet,

T (/F)

1 1 22,760 0.24 54 317 134

2 23,419 0.17 54 318 134

3 23,075 0.17 -- -- --

Average 23,085 0.19 54 318 134

2 1 23,899 0.24 35 328 147

2 32,238 0.17 38 332 143

3 26,897 0.20 40 331 147

Average 27,678 0.21 38 330 146
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6/02 A.11-1

EXAMPLE COMPLIANCE ASSURANCE MONITORING
ELECTRIFIED FILTER BED (EFB) FOR PM CONTROL – FACILITY K

I. Background

A. Emissions Unit

Description: Natural gas-fired dryers used in plywood
manufacturing

Identification: Veneer Dryer 1, Veneer Dryer 2

Facility: Facility K
Anytown, USA

B. Applicable Regulation, Emission Limit, and Monitoring Requirements

Regulation: Permit, State regulation

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

basis), 4.1 lb/hr

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

C. Control Technology EFB

II. Monitoring Approach

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

I. Background

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

II. Rationale for Selection of Performance Indicators

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

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

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

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

III. Rationale for Selection of Indicator Ranges

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

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

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

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

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

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

current, mA

June 2.8

July 2

August 2

Average 2.3

Month
Mean hourly average

voltage, kV

June 12.4

July 11.6

August 10.9

Average 11.6

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

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

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

Emissions test results and indicator data are presented below for the 1992, 1993, and 1996
performance tests.  The 1992 and 1993 tests were conducted while drying pine; the 1996 test was
conducted while drying Douglas fir.  The EFB is subject to a PM emission limitation of
0.30 lb/MSF (4.1 lb/hr).  Both limits were met during all three performance tests.
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EFB taken offline once per week for maintenance

Figure A.11-1.  June EFB inlet temperature (hourly average).

Year

PM
emissions,

gr/dscf

PM
emissions,

lb/MSF

PM
emissions,

lb/hr
Average voltage,

kV
Average ionizer

current, mA

Average EFB
inlet

temperature, /F

1992 0.016 0.16 1.5 6.7 4.9 153

1993 0.015 0.22 2.0 10.8 2.8 154

1996 0.02 0.30 1.1 14 1.4 189
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Figure A.11-2.  June EFB bed voltage (hourly average).
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Figure A.11-3.  June EFB ionizer current (hourly average).
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

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

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

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

&ï &RQWUROý7HFKQRORJ\

3XOVHðMHWýEDJKRXVHýRSHUDWHGýXQGHUýQHJDWLYHýSUHVVXUH

,,ï 0RQLWRULQJý$SSURDFK

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

,ï ,QGLFDWRU

$SSURDFK

7ULERHOHFWULFý6LJQDO

$ýWULERHOHFWULFýPRQLWRUýLVýLQVWDOOHGýDWýWKHýEDJKRXVHýH[KDXVWïýý$QýDODUP
ZLOOýVRXQGýZKHQýWKHýVLJQDOýUHPDLQVýRYHUýDýSUHVHWýOLPLWýIRUýìèýVHFRQGVýWR
LQGLFDWHýDýEURNHQýILOWHUýEDJï

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

,,,ï 3HUIRUPDQFHý&ULWHULD

$ï 'DWDý5HSUHVHQWDWLYHQHVV

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

%ï 9HULILFDWLRQýRIý2SHUDWLRQDO
6WDWXV

1$

&ï 4$î4&ý3UDFWLFHVýDQG
&ULWHULD

7KHýWULERHOHFWULFýSUREHýLVýLQVSHFWHGýSHULRGLFDOO\ýõDWýOHDVWýPRQWKO\ôýIRU
GXVWýEXLOGXSïýý7KHýPRQLWRUýKDVýDQýDXWRPDWLFýLQWHUQDOýFDOLEUDWLRQýIXQFWLRQ
IRUýWKHýHOHFWURQLFVï

'ï 0RQLWRULQJý)UHTXHQF\ 7KHýWULERHOHFWULFýVLJQDOýLVýPRQLWRUHGýFRQWLQXRXVO\ï

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

$YHUDJLQJý3HULRG 1RQHï
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,ï %DFNJURXQG

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

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

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

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

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

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

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

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

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

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

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

,ï %DFNJURXQG

$ïýý(PLVVLRQVý8QLW

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

$Q\WRZQñý86$

%ïýý$SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWVñýDQGý0RQLWRULQJý5HTXLUHPHQWV

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

DPSHUDJHñýLQVSHFWLRQýDQGýPDLQWHQDQFHýSURJUDP

&ïýý&RQWUROý7HFKQRORJ\ã

5HYHUVHðDLUýEDJKRXVHVýRSHUDWHGýXQGHUýQHJDWLYHýSUHVVXUH

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïìêðìïýý
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021,725,1*ý$3352$&+ý-867,),&$7,21

,ï %DFNJURXQG

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

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

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

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

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

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

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

,,,ïýý5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

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

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

7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ50ýèôýZDVýFRQGXFWHGýRQ
-XO\ýåðäñýìääæïýý'XULQJýWKLVýWHVWñýWKHýDYHUDJHýPHDVXUHGý30ýHPLVVLRQVýZHUHýíïíåíýJUîGVFIýIRU
EDJKRXVHý1RïýìýDQGýíïíèêýJUîGVFIýIRUýEDJKRXVHý1RïýëýõERWKýZHUHýEHORZýWKHýFRPSOLDQFHýOLPLWýRI
íïëýJUîGVFIôïýý2SDFLW\ýREVHUYDWLRQVýGXULQJýWHVWLQJýDYHUDJHGýìæýSHUFHQWýIRUýERWKýEDJKRXVHVïýý7KH
FRPSOHWHýWHVWýUHVXOWVýDUHýGRFXPHQWHGýLQýWKHýWHVWýUHSRUWïýý3ULRUýWRýWKHýSHUIRUPDQFHýWHVWñýDQ
LQVSHFWLRQýRIýWKHýEDJKRXVHýZDVýSHUIRUPHGýWRýHQVXUHýWKDWýLWýZDVýLQýJRRGýZRUNLQJýRUGHUñýZLWKýQR
OHDNVýRUýEURNHQýEDJVïý
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,ï %DFNJURXQG

$ï (PLVVLRQVý8QLW

'HVFULSWLRQã :RRGý)LEHUý'U\HU
,GHQWLILFDWLRQã 'U\HUý1Rïýê
)DFLOLW\ã )DFLOLW\ý1

$Q\WRZQñý86$

%ï $SSOLFDEOHý5HJXODWLRQñý(PLVVLRQý/LPLWñýDQGý0RQLWRULQJý5HTXLUHPHQWV

5HJXODWLRQã 2$5ýêéíðêíðíëì
(PLVVLRQýOLPLWã
ýý3DUWLFXODWHýPDWWHUã íïèèýOEîìñíííýVTIWýGULHGýRUýìèïèýOEîKUýWRWDOý30ýOLPLW

IRUýDOOýVRXUFHVýDWý0')ýSODQWñýH[FOXGLQJýERLOHUñýWUXFN
GXPSñýDQGýVWRUDJHýDUHDVï

0RQLWRULQJýUHTXLUHPHQWVã 3UHVVXUHýGURSýDFURVVýZHWýVFUXEEHUñýVFUXEEHUýLQOHW
DQGýRXWOHWýWHPSHUDWXUHï

&ï &RQWUROý7HFKQRORJ\

:HWýVFUXEEHU

,,ï 0RQLWRULQJý$SSURDFK

7KHýNH\ýHOHPHQWVýRIýWKHýPRQLWRULQJýDSSURDFKýDUHýSUHVHQWHGýLQý7DEOHý$ïìéðìïýý
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,ï %DFNJURXQG

7KHýSROOXWDQWðVSHFLILFýHPLVVLRQýXQLWýLVýDýZRRGýILEHUýGU\HUýGHQRWHGýDVýWKHýIDFHýV\VWHPýDQG
XVHGýLQýWKHýPDQXIDFWXUHýRIýPHGLXPýGHQVLW\ýILEHUERDUGïýý)LEHUýIURPýWKHýGU\HUýLVýUHPRYHGýE\ýDýORZ
HQHUJ\ýF\FORQHïýý7KHýH[KDXVWýIURPýWKHýF\FORQHýLVýGXFWHGýWRýWKHýVFUXEEHUïýý,QýWKHýODVWýëíýIHHWýRIýWKH
GXFWñýZDWHUýLVýVSUD\HGýLQWRýWKHýDLUýVWUHDPïýý7KHýHPLVVLRQVýWKHQýHQWHUýWKHýVFUXEEHUñýZKHUHýEDIIOLQJ
UHPRYHVýWKHýVXVSHQGHGýZDWHUýGURSOHWVïýý7KHýWHPSHUDWXUHýGURSýDFURVVýWKHýVSUD\ýVHFWLRQýDQGýWKH
SUHVVXUHýGURSýEHWZHHQýWKHýLQOHWýWRýWKHýVSUD\ýVHFWLRQýDQGýWKHýVFUXEEHUýGLVFKDUJHýDUHýPRQLWRUHGï

,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý3HUIRUPDQFHý,QGLFDWRUV

3UHVVXUHýGURSýZDVýVHOHFWHGýDVýDýSHUIRUPDQFHýLQGLFDWRUýEHFDXVHýLWýLQGLFDWHVýWKHýZDWHUýOHYHOýLQ
WKHýVFUXEEHUïýý0DLQWDLQLQJýDQýDGHTXDWHýZDWHUýIORZýLQVXUHVýDGHTXDWHýSDUWLFXODWHýUHPRYDOïýý$ýKLJK
SUHVVXUHýGURSýLQGLFDWHVýWKHýZDWHUýOHYHOýLQýWKHýVFUXEEHUýLVýWRRýKLJKïýý8VXDOO\ñýKLJKýZDWHUýOHYHO
SUREOHPVýDUHýFDXVHGýE\ýDýPDOIXQFWLRQýRIýWKHýVFUXEEHUýZDWHUýOHYHOýFRQWUROOHUïýý$ýORZýSUHVVXUH
GURSýLVýFDXVHGýE\ýDýORVVýRIýZDWHUýLQýWKHýVFUXEEHUï

7HPSHUDWXUHýZDVýVHOHFWHGýEHFDXVHýDýWHPSHUDWXUHýGURSýDFURVVýWKHýVFUXEEHUýLQGLFDWHVýWKDWýWKH
ZDWHUýVSUD\VýDUHýRSHUDWLQJïýý$ýORVVýRIýWHPSHUDWXUHýGLIIHUHQWLDOýLQGLFDWHVýOLWWOHýRUýQRýZDWHUýLVýEHLQJ
DSSOLHGýWRýWKHýH[KDXVWýJDVýVWUHDPñýZKLFKýLQýWXUQýFDXVHVýOLWWOHýSDUWLFXODWHýWRýEHýUHPRYHGýIURPýWKH
H[KDXVWïýý7KHýPRVWýFRPPRQýFDXVHýRIýZDWHUýORVVýLVýSOXJJHGýQR]]OHVýGXHýWRýZRRGýILEHUVýLQýWKH
UHF\FOHGýZDWHUï

%\SDVVýRIýDýVFUXEEHUýRQO\ýRFFXUVýLIýWKHýVFUXEEHUýLVýVKXWýGRZQýGXULQJýSURFHVVýRSHUDWLRQïý
7KHýGU\HUýLVýWKHQýFRQWUROOHGýRQO\ýE\ýWKHýF\FORQHïýý7KHVHýSHULRGVýDUHýGRFXPHQWHGýDQGýUHSRUWHGï

,,,ï 5DWLRQDOHýIRUý6HOHFWLRQýRIý,QGLFDWRUý5DQJHV

7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýWKHýVFUXEEHUýH[KDXVWýJDVýWHPSHUDWXUHýLVýOHVVýWKDQýìèí()
õìýKRXUýDYHUDJHôïýý7KHýVHOHFWHGýLQGLFDWRUýUDQJHýIRUýVFUXEEHUýSUHVVXUHýGURSýLVýOHVVýWKDQýçïèýLQïý+ë2ïý
7KHUHýLVýQRýORZHUýOLPLWýIRUýWKHýSUHVVXUHýGURSñýVLQFHýDýKLJKýH[KDXVWýWHPSHUDWXUHýZLOOýLQGLFDWHýDýORVV
RIýZDWHUýIORZïýý:KHQýDQýH[FXUVLRQýRFFXUVñýFRUUHFWLYHýDFWLRQýZLOOýEHýLQLWLDWHGñýEHJLQQLQJýZLWKýDQ
HYDOXDWLRQýRIýWKHýRFFXUUHQFHýWRýGHWHUPLQHýWKHýDFWLRQýUHTXLUHGýWRýFRUUHFWýWKHýVLWXDWLRQïýý$OO
H[FXUVLRQVýZLOOýEHýGRFXPHQWHGýDQGýUHSRUWHGï

7KHýLQGLFDWRUýOHYHOVýIRUýWKHýVFUXEEHUýSUHVVXUHýGURSýDQGýLQOHWýDQGýH[KDXVWýJDVýWHPSHUDWXUHV
DUHýEDVHGýRQýQRUPDOýVFUXEEHUýRSHUDWLRQýDQGýSHUIRUPDQFHýWHVWýUHVXOWVïýý'XULQJýVRXUFHýWHVWLQJñýWKH
VFUXEEHUýZDVýRSHUDWLQJýXQGHUýQRUPDOýFRQGLWLRQVýDQGýWKHýDYHUDJHýVFUXEEHUýH[KDXVWýJDV
WHPSHUDWXUHýZDVýìêë�)ïýý:LWKýQRýZDWHUýIORZLQJýWKURXJKýWKHýVFUXEEHUñýWKHýH[KDXVWýWHPSHUDWXUH
ZRXOGýEHýDERXWýêíýGHJUHHVýKRWWHUïýý7KHUHIRUHñýWKHýH[KDXVWýWHPSHUDWXUHýOLPLWýZDVýVHWýDWýìèí�)ïý
'XULQJýWKHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWñýWKHýDYHUDJHýSUHVVXUHýGURSýZDVýèïæýLQïý+ë2ï
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7KHýPRVWýUHFHQWýSHUIRUPDQFHýWHVWýXVLQJýFRPSOLDQFHýWHVWýPHWKRGVýõ2'(4ý0HWKRGýæýIRU
SDUWLFXODWHôýZDVýFRQGXFWHGýDWýWKLVýIDFLOLW\ýRQý1RYHPEHUýëíðëìñýìääçïýý7KUHHýWHVWýUXQVýZHUH
FRQGXFWHGýRQýWKHýILEHUýGU\HUïýý'XULQJýWHVWLQJñýWKHýPHDVXUHGý30ýHPLVVLRQVýIURPý'U\HUý1Rïýê
DYHUDJHGýíïííåýJUîGVFIýõêïçýOEîKUôïýý'XULQJýWKHýFRPSOLDQFHýWHVWýWKHýVFUXEEHUýH[KDXVWýSDUWLFXODWH
HPLVVLRQVýZHUHýEHORZýWKHýSHUPLWýOLPLWýRIýìèïèýOEîKUïýý'XULQJýWKHýHPLVVLRQVýWHVWñýWKHýSUHVVXUHýGURS
DQGýWKHýVFUXEEHUýLQOHWýDQGýRXWOHWýWHPSHUDWXUHVýZHUHýPHDVXUHGýFRQWLQXRXVO\ïýý7KHýFRPSOHWHýWHVW
UHVXOWVýDUHýGRFXPHQWHGýLQýWKHýWHVWýUHSRUWïý

)LJXUHVý$ïìéðìýDQGý$ðìéïëýVKRZýDYHUDJHýKRXUO\ýWHPSHUDWXUHýDQGýGLIIHUHQWLDOýSUHVVXUHýGDWD
IRUýVFUXEEHUý1RïýêýIRUýWKHýPRQWKýRIý$XJXVWýìääæïýý7KHýGLSVýLQýWKHýGLIIHUHQWLDOýSUHVVXUHýDQGýWKH
WHPSHUDWXUHVýLQGLFDWHýSHULRGVýZKHQýWKHýVFUXEEHUýZDVýQRWýRSHUDWLQJïýý)LJXUHý$ïìéðìýVKRZVýWKDW
WKHýIDFLOLW\ýGLGýQRWýH[FHHGýWKHýPD[LPXPýRXWOHWýWHPSHUDWXUHýOLPLWýRIýìèí�)ñýDQGýWKHýLQOHW
WHPSHUDWXUHýH[FHHGHGýWKHýRXWOHWýWHPSHUDWXUHýGXULQJýSHULRGVýRIýVFUXEEHUýRSHUDWLRQïýý7KHýDYHUDJH
KRXUO\ýVFUXEEHUýLQOHWýWHPSHUDWXUHýZDVýìèæ�)ñýZLWKýDýPD[LPXPýKRXUO\ýLQOHWýWHPSHUDWXUHýRIýìåä�)ñ
DQGýWKHýDYHUDJHýVFUXEEHUýRXWOHWýWHPSHUDWXUHýZDVýìëä�)ñýZLWKýDýPD[LPXPýKRXUO\ýRXWOHW
WHPSHUDWXUHýRIýìéë�)ïýý7KHýDYHUDJHýWHPSHUDWXUHýGLIIHUHQWLDOýZDVýëå�)ïýý)LJXUHý$ïìéðëýVKRZVýWKDW
WKHýIDFLOLW\ýGLGýQRWýH[FHHGýWKHýPD[LPXPýSUHVVXUHýGURSýGXULQJýWKHýPRQWKýRIý$XJXVWïýý7KHýDYHUDJH
GLIIHUHQWLDOýSUHVVXUHýZDVýéïèýLQïý+ë2ýGXULQJýWKHýPRQWKýRIý$XJXVWñýZLWKýDýPD[LPXPýRIýçýLQïý+ë2ï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïìéýý6&58%%(5ý)25ý30ý&21752/

åîäå A.14-5$ ðì í è

)
LJ
XU
Hý
$
ïì
éð
ìï
ýý$
XJ
XV
Wýì
ää
æý
VF
UX
EE
HU
ýLQ
OH
WýD
QG
ýR
XW
OH
WýW
HP
SH
UD
WX
UH
Vï



&$0ý7(&+1,&$/ý*8,'$1&(ý'2&80(17
$ïìéýý6&58%%(5ý)25ý30ý&21752/

A.14-6 8 $ ðì í ç åîäå

)
LJ
XU
Hý
$
ïì
éð
ëï
ýý$
XJ
XV
Wýì
ää
æý
VF
UX
EE
HU
ýG
LI
IH
UH
QW
LD
OýS
UH
VV
XU
Hï



CAM TECHNICAL GUIDANCE DOCUMENT
A.16  CONTROL DEVICE (BOILER) BYPASS

6/02

A.16  CONTROL DEVICE (BOILER) BYPASS – FACILITY R



This page intentionally left blank.



CAM TECHNICAL GUIDANCE DOCUMENT
A.16  CONTROL DEVICE (BOILER) BYPASS

6/02 A.16-1

EXAMPLE COMPLIANCE ASSURANCE MONITORING
CONTROL DEVICE (BOILER) BYPASS – FACILITY R

I. Background

A. Emissions Unit

Description: APCD (boiler) bypass valve

Identification: East and West boilers

Facility: Facility R
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Bypass Monitoring Requirements

Regulation: Permit, State regulation

Emissions Limits:
    CO: 200 ppm

Monitoring Requirements: Temperature downstream of bypass valve.

C. Control Device

Two boilers in parallel.

II. Monitoring Approach

The key elements of the bypass monitoring approach are presented in Table A.16-1.  The
selected indicators are the temperatures in the horizontal and vertical portions of the bypass line
downstream of the boiler bypass valve.  The temperatures are measured continuously;
instantaneous temperature values are recorded every 15 minutes.

Note: This compliance assurance monitoring example is presented as an illustration of one
approach to monitoring for control device bypass.  The example presents only the
parameters monitored to ensure the control device is not being bypassed.  Parameters to
ensure the control device is operating properly also are monitored, but are not discussed
in this example.
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TABLE A.16-1.  BYPASS MONITORING APPROACH
I. Indicator Vertical and horizontal bypass line temperatures

Measurement Approach Thermocouples downstream of bypass valve.

II. Indicator Range An excursion is defined as a vertical line temperature of
greater than 550/F or a horizontal line temperature of greater
than 250/F.  An excursion shall trigger an inspection,
corrective action as necessary, and a reporting requirement.

III. Performance Criteria
A. Data Representativeness

Gas temperature is measured using thermocouples in two
locations downstream of the bypass valve, prior to the
common exhaust stack.  The minimum accuracy of the
thermocouples is 2.2/C (±4/F) or ±0.75 percent of the
temperature measured in /C, whichever is greater.

B. Verification of Operational Status NA

C. QA/QC Practices and Criteria The thermocouples are checked annually with a redundant
temperature sensor.  Acceptance criteria:  ±15/F of the
measured value.

D. Monitoring Frequency The temperatures are measured and recorded every
15 minutes.

Data Collection Procedures The temperatures are recorded by the computer control
system every 15 minutes.

Averaging period None.
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Figure A.16-1.  Process schematic.

MONITORING APPROACH JUSTIFICATION

I. Background

The FCCU regenerator flue gas contains approximately 10 percent CO by volume, and is
referred to as “CO gas.”  The CO gas is routed to two tangentially-fired boilers (East and West)
in parallel, designed with sufficient residence time, turbulence, and temperature to fully combust
the CO to CO2.  The exhaust from each boiler enters a common stack, where an emission limit of
200 ppm CO must be met.  The FCCU regenerator is equipped with piping that enables the CO
gas to bypass the boilers and flow directly to the common stack.  Use of the bypass line is
essential for the safe operation of the boilers during startup and shutdown periods.  The piping is
equipped with a butterfly valve.  The position of this valve is monitored by the computer control
system, and is kept fully closed during normal operation.  The operators routinely pack the valve
with ceramic fiber insulation to prevent leaks.  A process schematic is shown in Figure A.16-1.
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II. Rationale for Selection of Performance Indicator

Although the bypass valve position is computer-controlled, it has a tendency to leak if not
tightly packed with insulation.  Therefore, the operators need an indicator to detect leakage of
the valve that might cause excess CO emissions.  Testing was performed to determine the effect
of boiler load on CO emissions.  The results showed the boilers emitted negligible CO regardless
of operating load.  The effect of a leaky valve on CO emissions (measured in the stack) and the
gas temperature downstream of the bypass valve then was examined.  The results showed that as
the amount of valve leakage increases and the CO concentration in the common stack increases,
the temperature downstream of the valve also increases because of the high temperature of the
CO gas (the temperature of the CO gas upstream of the valve is approximately 960/F). 
Therefore, the selected indicator of a leaky or open bypass valve is the temperature downstream
of the bypass valve.

III. Rationale for Selection of Indicator Range

A test program was conducted to determine the relationship between the gas temperature
downstream of the bypass valve and the CO emissions.  The gas temperature in the bypass line
and the CO concentration in the common stack were measured at baseline conditions (no
leakage) and for eight different leak conditions.  Temperature was measured at two locations: the
vertical section of the bypass line (19 feet downstream of the valve) and the horizontal section of
the bypass line (47 feet downstream of the valve).  During normal conditions, when the CO level
in the common stack was less than 50 ppm, the temperature in the vertical section was roughly
410/F, while the temperature in the horizontal section was 110/F. 

To induce leakage of the valve, the valve was opened 5 percent on day 1 and 3 percent on
day 2, and immediately closed.  The packing material broke loose during each opening.  On
inducing the leaks, the temperature downstream of the valve rose quickly and eventually reached
a stable temperature.  To evaluate the effect of adding packing to the valve on downstream
temperatures and CO levels in the common stack, the valve was progressively packed with
ceramic fiber insulation and allowed to stabilize.  The level of CO in the stack and the
downstream temperatures decreased with the amount of insulation added.

For each of the seven test runs or conditions, multiple data points were collected and
recorded for the temperatures and the CO concentrations.  Rather than calculating the average 
as the representative value for each run as is traditionally done with performance test data, a
percentile measure was determined from the data for each run.  The percentile value for
temperature and for CO concentration were selected independently.  All of the temperature
readings for the run were ranked from lowest to highest, and the value that coincides with the
5th percentile for all of the temperature readings for that run was selected.  Then, all of the CO
concentration readings for the run were ranked lowest to highest, and the value that coincides
with the 95th percentile for all of the CO concentration readings for that run was selected.  These
percentile values were selected to represent the test run instead of an average value.  Table A.16-
2 shows a summary of the readings for each test condition or run; both the average values and
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the percentile values are shown.  Table A.16-2 shows data for the vertical duct temperature,
horizontal duct temperature, and CO concentration for each test condition.

Figures A.16-2 and A.16-3 show the relationship between CO emissions and the gas
temperature at the horizontal and vertical locations.  The 5th percentile temperature readings
reflect levels at the lower end of the range for each condition that can alert the boiler operator to
bypass valve leakage.  Conversely, since the CO levels varied during each test condition, the
95th percentile CO levels for each test condition were selected to be conservative (on the high
side).  For added confidence, indicator ranges were developed for both measurement locations (it
is expected that the two thermocouples will not fail at the same time).  Based on the data
collected during testing, an excursion is defined as a vertical duct temperature of greater than
550/F or a horizontal duct temperature of greater than 250/F.  An excursion will trigger an
inspection, corrective action as necessary, and a reporting requirement.
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TABLE A.16-2. SUMMARY OF TEMPERATURE AND CO EMISSIONS LEVELS DURING TEST CONDITIONS

Condition
Test Period
(minutes)

Vertical Temperature Readings
(°F)

Horizontal Temperature
Readings (°F)

CO Level (ppmvd at 50%
excess air)

Average 5th Percentile Average 5th Percentile Average 95th Percentile

Baseline -- Normal operation, minimal leakage 222 410 405 112 109 39.5 44.5

Open1 -- Open/close bypass valve to force leakage
(day 2)

8 Transient Data Period

Leak -- Monitoring period following valve
open/close

98 683 641 463 426 351 358

Pack1 -- Monitoring period after one tube of
packing was injected into valve

10 Transient Data Period

Pack2 -- Monitoring period after a second tube of
packing was injected

57 676 671 453 449 229 230

Pack3 -- Monitoring period after a third tube of
packing was injected

1084 634 629 341 307 169 191

Pack 45 -- Monitoring period after a fourth and
fifth tube of packing was injected

176 482 443 179 160 30.0 35.7

Open 2 -- Close/open bypass valve to force leakage
a second time (day 3)

9 Transient Data Period

Leak 2 -- Monitoring period following valve
open/close #2

105 641 604 443 411 242 248

Pack1X -- Monitoring period after one tube of
packing was injected into valve after Leak 2

20 Transient Data Period

Pack 2X -- Monitoring period after a second tube
of packing was injected into valve after Leak2

122 588 577 397 389 123 127
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Figure A.16-2.  CO Level (95th Percentile) in the Common Stack vs. Horizontal Temperature 
Measurement (5th Percentile).

Figure A.16-3.  CO Level (95th Percentile) in the Common Stack vs. Vertical Temperature 
Measurement (5th Percentile).
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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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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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INTRODUCTION

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

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

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

I. Background

A. Emissions Unit

Description: 375 mmBtu/hr coal-fired boilers

Identification: Boilers 1 and 2

Facility: Facility V
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: 40 CFR 60, Subpart Da
Permit

Emissions Limits:
    PM: 0.02 lb/mmBtu

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

C. Control Technology:

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

II. Monitoring Approach

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

I. Indicator PM concentration. Bag condition.

Measurement
Approach

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

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

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

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

III. Performance Criteria
A. Data

Representativeness

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

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

B. Verification of
Operational Status

Initial correlation test conducted August 1999. NA

C. QA/QC Practices
and Criteria

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

Trained personnel perform inspections and
maintenance.

D.  Monitoring
Frequency 

Continuous. Varies.



(TABLE A.19a-1.  Continued)

Indicator No. 1 Indicator No. 2

Data Collection
Procedures

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

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

Averaging period 3-hour. NA
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MONITORING APPROACH JUSTIFICATION

I. Background

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

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

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

II. Rationale for Selection of Performance Indicators

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

III. Rationale for Selection of Indicator Ranges

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

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

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

Parameter

Test Run

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

Steam
flow,
1,000 lb/hr

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

Method 17
result,
mg/acm1

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

PM CEMS
response,
mA

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

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

I. Background

A. Emissions Unit

Description: 375 mmBtu/hr coal-fired boilers

Identification: Boilers 1 and 2

Facility: Facility V
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: 40 CFR 60, Subpart Da
Permit

Emissions Limits:
    PM: 0.02 lb/mmBtu

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

C. Control Technology:

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

II. Monitoring Approach

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

I. Indicator PM CEMS response. Bag condition.

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

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

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

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

III. Performance Criteria
A. Data

Representativeness

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

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

B. Verification of
Operational Status

Initial verification test consisting of 3 test runs. NA

C. QA/QC Practices and
Criteria

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

Trained personnel perform inspections and maintenance.

D. Monitoring Frequency Continuous. Varies.

Data Collection
Procedures

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

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

Averaging period 3-hour. NA
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MONITORING APPROACH JUSTIFICATION

I. Background

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

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

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

II. Rationale for Selection of Performance Indicators

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

III. Rationale for Selection of Indicator Ranges

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

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

Parameter

Test Run

1 2 3

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

Method 17 result, mg/acm1 3.03 2.68 3.20

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

PM limit (see Figure A.19b-1).  Figure A.19b-2 shows a typical day’s worth of 15-minute
average PM CEMS data while operating at peak load.  The PM monitor’s signal normally is less
than 6 mA.  Based on the limited test data available and the source’s low variability and large
margin of compliance, the upper limit of the indicator range was set at 125 percent of the highest
measured value.  Therefore, for the PM CEMS, an excursion is defined as an hourly average PM
CEMS response greater than 7.5 mA (corresponds to a predicted PM concentration of
5.5 mg/acm, about one-third of the PM limit).
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Figure A.19b-2. Typical daily output from PM CEMS while operating boiler at peak load
(15-minute averages).
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
SCRUBBER FOR SO2 CONTROL – FACILITY W

I. Background

A. Emissions Unit

Description: Pulp Mill Blow Cyclone Vent

Identification: PU2 - EP003

Facility: Facility W
Anytown, USA

B. Applicable Regulation, Emission Limit, and Monitoring Requirements

Regulation: State regulation and permit

Emission Limits:
        SO2: 94 percent control

Monitoring Requirements: Scrubber liquid pH, liquid flow

C. Control Technology: Wet scrubber to remove SO2 from the digester
system blow cyclone gases.

II. Monitoring Approach

The key elements of the monitoring approach are presented in Table A.20-1.  The selected
performance indicators are the scrubber liquid pH and the scrubber liquid flow.
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TABLE A.20-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2

I. Indicator Scrubber liquid pH. Scrubber liquid flow.

Measurement Approach The scrubber liquid pH is measured
using a pH sensor.

The scrubber liquid flow is measured
using a magnetic flow tube element.  

II. Indicator Range An excursion is defined as an hourly
scrubber pH value less than 9.0.  An
excursion shall trigger an inspection,
corrective action as necessary, and a
reporting requirement.

An excursion is defined as an hourly
scrubber liquid flow value less than
175 gpm.  An excursion shall trigger an
inspection, corrective action as
necessary, and a reporting requirement.

III. Performance Criteria
A. Data

Representativeness

The scrubber liquid pH sensor is
located in the scrubber liquid
recirculation line.

The scrubber liquid flow rate sensor is
located on the scrubber liquid
recirculation line.

B. Verification of
Operational Status

Calibration of the pH sensor
conducted by comparison with
laboratory measurements of the
scrubber recirculation fluid.

Factory calibration of the magnetic
flow tube element before installation. 
Check the unit when installed to verify
correct electrical output.

C. QA/QC Practices
and Criteria

Monitoring equipment and process
downtime is recorded in a log.  The
pH meter is checked for accuracy
(±0.2 pH units) monthly.  The pH
sensor is calibrated weekly.

Monitoring equipment and process
downtime is recorded in a log.  The
flow sensor is calibrated quarterly. 

D. Monitoring
Frequency 

The scrubber liquid pH is measured
continuously.

The scrubber liquid flow is measured
continuously.

Data Collection
Procedures

The operator records scrubber liquid
pH once per hour on the scrubber
operating log.

The operator records scrubber liquid
flow once per hour on the scrubber
operating log.

Averaging period None.  The pH is recorded once per
hour.

None.  The liquid flow rate is recorded
once per hour.
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit is a wet scrubber that is used to remove residual SO2
from the digester system blow cyclone gases.  The vapor flows out of the top of the blow cyclone
into the bottom of the wet scrubber.  The scrubbing liquid is a weak sodium carbonate (Na2CO3)
solution.  This liquid enters the top of the scrubber through a distribution header to ensure the
scrubber packing is uniformly wetted.  The liquid flow rate is approximately 200 gallons per
minute.  The gas flows through the packed column and through a mesh pad mist eliminator to
remove entrained sodium carbonate solution and then exits through the top of the scrubber to the
atmosphere.  The scrubber is constructed of a fiber-reinforced plastic (FRP) material that has
chemical resistance properties suitable for this application.

An overflow nozzle in the scrubber maintains the liquid level at the bottom of the scrubber. 
A small amount of fresh sodium carbonate solution is added to the recirculation flow as the
solution is discharged;  the discharged solution is returned to the sulfur burner absorption tower
as an input in the production of cooking liquor used to digest wood chips in the pulping process.

II. Rationale for Selection of Performance Indicators

To ensure compliance with the applicable emissions limit, a minimum scrubbing liquid
flow rate must be supplied to the scrubber to absorb a given amount of SO2 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 ensure that the required L/G ratio is achieved at all
times.

As the pH of the scrubbing liquid decreases, the concentration gradient between the liquid
and gas decreases, and less SO2 is absorbed.  The chemical equation that describes the primary
scrubbing action is as follows:

SO2 + Na2CO3  6 Na2SO3 + CO2

It is important to maintain a minimum pH of the scrubbing liquid to drive this equation.

III. Rationale for Selection of Indicator Ranges

Because the wet scrubber is a new installation at this facility, indicator ranges for the
scrubber liquid pH and flow rate have been developed based on the manufacturer’s design and
operating guidelines, the chemistry of the reaction products, and previous experience operating
this scrubber on a similar application at another facility.  The selected range for scrubber liquid
pH is greater than 9.0, to ensure the reaction favors creation of the sodium sulfite (Na2SO3)
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compound.  This compound is subsequently utilized in the pulping process as an active cooking
chemical.  An excursion occurs and is documented if an hourly value is less than 9.0.  The
selected indicator range for scrubber liquid flow is greater than 175 gallons per minute.  If an
hourly value is less than 175 gallons per minute, an excursion occurs and is documented.  Hourly
readings are sufficient to ensure proper operation of the control device as operating experience
with this scrubber has shown that the pH and flow do not vary appreciably over the course of a
day (see Figure 1).  In addition, since this unit is not a large CAM source (post-control emissions
are less than the major source threshold), continuous monitoring is not required.

After data on these parameters are collected for 6 months and the operators have become
familiar with the new scrubber system, a performance test will be conducted to verify that the
removal efficiency standard can be met while operating within the selected indicator ranges. 
The performance test will be conducted at conditions that are representative of the operating
conditions that prevailed during the previous 6-month period.  The indicator ranges will be re-
evaluated at that time.

Comment:  During the review period, one commenter suggested that this example is not
complete and sufficient data to establish indicator ranges were not available.  We believe this
example is appropriate.  State agencies are likely to receive CAM submittals, which propose
indicator ranges based upon limited historical data or data from similar sources before
performance testing has been conducted or additional historical monitoring data can be collected. 
The CAM rule, 40 CFR part 64, paragraphs 64.4(d) and (e) discuss the submittal of a schedule to
obtain additional information, as is shown in this example.  The draft (or final) permit can be
written to accommodate a revision to the indicator range based upon the performance test results.
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Figure 1.  Typical scrubber flow rate and pH.

200 gpm

Flow rate

pH

100 gpm

0 pH

300 gpm
14 pH



This page intentionally left blank.



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

6/02

A.24  CARBON ADSORBER FOR VOC CONTROL--FACILITY EE



This page intentionally left blank



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

6/02 A.24-1

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

C
A

M
 T

EC
H

N
IC

A
L G

U
ID

A
N

C
E D

O
C

U
M

EN
T

A
.24  C

A
R

B
O

N
 A

D
SO

R
B

E
R

 FO
R

 V
O

C
 C

O
N

T
R

O
L

6/02
A

.24-3

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
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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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EXAMPLE COMPLIANCE ASSURANCE MONITORING
ELECTROSTATIC PRECIPITATOR (ESP) FOR PM CONTROL:  FACILITY FF

I. Background

A. Emissions Unit

Description: Coal-fired boilers

Identification: B001, B002, B003

APCD ID: ESP1, ESP2, ESP3

Facility: Facility FF
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: Permit, State regulation

Emissions Limits:
 PM: 0.137 lb/mmBtu

Current monitoring 
requirements: None.

  
C. Control Technology: Electrostatic precipitator.

II. Monitoring Approach

The key elements of the monitoring approach, including the indicators to be monitored,
indicator ranges, and performance criteria are presented in Table A.25-1.  Secondary voltage and
current are monitored in each field and the total power input to each ESP is determined.
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TABLE A.25-1.  MONITORING APPROACH
I. Indicator ESP secondary voltage and current are measured for each field to determine

the total power to each ESP.

Measurement Approach The secondary voltage is measured using a voltmeter and the secondary current
is measured using an ammeter.  The total power (P) input to the ESP is the sum
of the products of the secondary voltage (V) and current (I) in each field.  (P =
V1I1 + V2I2)

II. Indicator Range An excursion is defined as a total power input less than 15 kW.  Excursions
trigger an inspection, corrective action, and a reporting requirement.

III. Performance Criteria
A. Data

Representativeness

The voltage and current are measured using the instrumentation the
manufacturer provided with the ESP.

B. Verification of
Operational Status

NA

C. QA/QC Practices and
Criteria

Confirm the meters read zero when the unit is not operating.

D. Monitoring Frequency The secondary voltage and current are measured once each hour and used to
calculate the total power input once each hour.

Data Collection
Procedures

The 3-hr average total power input is calculated and recorded.

Averaging period 3-hr.

MONITORING APPROACH JUSTIFICATION

I. Background

There are three 2-field ESP’s controlling three coal-fired boilers (the emissions from each
boiler are controlled by one ESP).  The pollutant-specific emission unit is each ESP used to
control PM emissions from a boiler.  Boiler Nos. 1 and 3 are rated at 120,000 pounds of steam
per hour and Boiler No. 2 is rated at 50,000 pounds of steam per hour.  The three boilers are not
subject to any New Source Performance Standards (NSPS).  Boiler No. 1 typically operates from
December through February, Boiler No. 2 typically operates from March through November, and
Boiler No. 3 typically operates from December through March.  The boilers normally are not
operated at full capacity, but all emissions tests have been performed at or near full load.  These
units are not “large” CAM sources (their post-control PM emissions are less than 100 tons per
year) so continuous monitoring  is not required.

II. Rationale for Selection of Performance Indicators

In an ESP, electric fields are established by applying a direct-current voltage across a pair
of electrodes, a discharge electrode and a collection electrode.  Particulate matter suspended in
the gas stream is electrically charged by passing through the electric field around each discharge
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electrode (the negatively charged electrode).  The negatively charged particles then migrate
toward the positively charged collection electrodes.  The particulate matter is separated from the
gas stream by retention on the collection electrode.  Particulate is removed from the collection
plates by shaking or rapping the plates.

As a general rule, ESP performance improves as total power input increases.  This
relationship is true when particulate matter and gas stream properties (such as PM concentration,
size distribution, resistivity, and gas flow rate) remain stable and all equipment components
(such as rappers, plates, wires, hoppers, and transformer-rectifiers) operate satisfactorily.  In an
ESP with many fields, the power distribution also plays a key role in the performance of the
ESP.  In this case, however, measurement of total power input is acceptable because the ESP has
only two fields.

The secondary voltage drops when a malfunction, such as grounded electrodes, occurs in
the ESP.  When the secondary voltage drops, less particulate is charged and collected.  Also, the
secondary voltage can remain high but fail to perform its function if the collection plates are not
cleaned, or rapped, appropriately.  If the collection plates are not cleaned, the current drops. 
Thus, since the power is the product of the voltage and the current, monitoring the power input
will provide a reasonable assurance that the ESP is functioning properly.  In other words,
problems that would be detected by monitoring other parameters individually also will be
manifested in the power input. 

III. Rationale for Selection of Indicator Ranges

The total power input to the ESP is the sum of the products of the secondary voltage and
secondary current for each field.  An excursion is defined as a 3-hr. average total power input
less than 15 kW.  When an excursion occurs, corrective action will be initiated, beginning with
an evaluation of the occurrence to determine the action required to correct the situation.  All
excursions will be documented and reported.

The indicator range for the total power was selected based upon the level indicated from
recent operation.  The facility records parameter data once each hour.  The normal operating
voltage is set at the highest level achievable without having an excessive spark rate.  Based on
field experience, power levels less than 5 kW during normal operation result in opacity readings
that approach 20 percent (typically the opacity of the ESP exhaust is less than 5 percent).  During
abnormal operation or malfunction, the ESP power levels are appreciably lower than normal
operational levels.  Table A.25-2 shows that during normal operating conditions, the total ESP
power input for boiler No. 2 typically is between 18 and 22 kW.  If one field in the ESP goes out
of service, the total power input drops below 15 kW.  [Note:  Historically, the facility has
monitored ESP operating parameters but has not recorded the data.  Several days of historical
data were recorded manually by the facility specifically to provide representative data to EPA for
development of this CAM submittal; the facility provided a 1-hr reading for every other hour in
its data set.  The data shown in Table A.25-2 are instantaneous hourly readings and are not
averages.]
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The opacity normally is below 5 percent.  The opacities were measured using a continuous
opacity monitor installed in the boiler exhaust stack; however, the equipment does not meet the
criteria in 40 CFR 60, Appendix B, Performance Specification 1.  Therefore, it is not used for
compliance monitoring.  In addition, compliance with the boiler’s 20 percent opacity limit would
not necessarily indicate compliance with the PM limit, and continuous opacity monitoring is not
required of this source.

TABLE A.25-2.  BOILER NO. 2 NORMAL OPERATING CONDITIONS

Time
Total ESP Power

(kW)
Boiler Load

(lb/hr)
Opacity,
percent

1:00 AM 21 46,000 1.9

3:00 AM 21 47,000 2.0

5:00 AM 18 50,000 1.9

7:00 AM 18 47,000 2.0

9:00 AM 21 46,000 1.9

11:00 AM 22 44,000 1.7

1:00 PM 21 44,000 1.7

3:00 PM 20 44,000 2.1

5:00 PM 21 46,000 1.9

7:00 PM 21 50,000 1.9

9:00 PM 21 47,000 2.0

11:00 PM 21 46,000 1.9

The PM emissions measured during the most recent performance tests are between 4 and
22 percent of the emissions limit (0.137 lb/mmBtu); each ESP has a large margin of compliance
with the PM limit.  Table A.25-3 presents data from the past six performance tests.

Because no monitoring data are available for Boilers No. 1 and 3, the current indicator
ranges for Boilers No. 1 and 3 have been selected based on monitoring data for a similar source
(Boiler No. 2).  After data on power have been collected for six months, the indicator range for
Boilers No. 1 and 3 will be reevaluated based on the monitoring data for each individual boiler.

Comment:  In this example, we set the indicator range based on the performance test data and
the historical monitoring data.  Each of the units is operating at less than approximately
20 percent of the emission limit and therefore has a large margin of compliance.  Because the
units have this large margin of compliance, we set the indicator range using the historical
monitoring data as well.  An alternative to this approach is to base the indicator range solely on
the performance test; for example, set the range based on 90 percent of the 3-hr average from the
performance test.  This would also be correct, although somewhat more stringent.
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Comment:  Total secondary power would not be an adequate indicator for a large multi-field
ESP.  Monitoring for an ESP with many fields becomes more complicated because emissions are
highly dependent on how each field is performing. With multiple fields, monitoring should be
based on the secondary power parameter for each separate field.  Total secondary power
provides a reasonable assurance of compliance when the ESP has only a few fields (e.g., two
fields) and when the emissions unit has a large margin of compliance.

TABLE A.25-3.  PERFORMANCE TEST DATA

Boiler
No. Test Date

Average PM
Emission Rate

(lb/mmBtu)
Percent of Allowable

PM Emissions Rate (%)
Average load
(lb steam/hr)

Capacity
(lb steam/hr)

1 1997 0.030 21.9 115,500 120,000

1 1991 0.013 9.5 114,500 120,000

2 1997 0.020 14.6 47,600 50,000

2 1994 0.017 12.4 51,800 50,000

2 1991 0.006 4.4 51,400 50,000

3 1994 0.015 10.9 120,900 120,000
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EXAMPLE COMPLIANCE ASSURANCE MONITORING
FLUE GAS RECIRCULATION FOR NOX CONTROL: FACILITY HH

I. Background

A. Emissions Unit

Description: 187 mmBtu/hr boiler

Identification: Unit 026

Facility: Facility HH
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: 40 CFR 60, Subpart Db; State regulation

Emissions Limits:
 NOx: 0.20 lb/mmBtu

Monitoring Requirements: NOx predictive emissions monitoring system (PEMS),
position of flue gas recirculation damper

  
C. Control Technology: Flue gas recirculation (FGR)

II. Monitoring Approach

The key elements of the monitoring approach, including the indicators to be monitored,
indicator ranges, and performance criteria are presented in Table A.27-1.  The parameters
monitored are the exhaust gas oxygen concentration, fuel flow, and the FGR damper position.
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TABLE A.27-1.  MONITORING APPROACH
Indicator No. 1 Indicator No. 2 Indicator No. 3

I. Indicator Fuel flow rate Boiler exhaust O2 concentration FGR damper position

Measurement Approach The hourly fuel flow rate is monitored as an
input to the PEMS model.1   Fuel heat content
is obtained from the fuel supplier. (Steam
output is used to predict heat input if fuel flow
data are unavailable.)

The boiler exhaust gas O2
concentration, used as a check of
the boiler operating condition, is
measured at the boiler outlet.

The position of the FGR damper is
determined by the notch indicator.

II. Indicator Range An excursion is defined as predicted NOx
emissions greater than 0.05 lb/mmBtu (rolling
30-day average).  Excursions trigger an
inspection, corrective action, and a reporting
requirement.

An excursion is defined as a
boiler exhaust oxygen
concentration greater than 3.3
percent (rolling 30-day average). 
Excursions trigger an inspection,
corrective action, and a reporting
requirement.

An excursion occurs when the FGR
damper is closed further than
4 notches from the bottom. 
Excursions trigger an inspection,
corrective action, and a reporting
requirement.

III. Performance Criteria
A.  Data
Representativeness

Fuel oil flow rate is measured with a positive
displacement flow meter with a minimum
accuracy of ±0.5 percent of the flow rate.  The
natural gas flow rate is measured with an
orifice plate flow meter with a minimum
accuracy of ±1 percent of the flow rate.

The in-situ O2 monitor has a
minimum accuracy of <2 percent
calibration error to zero and
upscale reference gases.

The FGR damper position is checked
visually by an operator.

B.  Verification of
Operational Status

NA NA NA

C.  QA/QC Practices
and Criteria

Annual calibration of fuel flow meters
(acceptance criteria:  ±1 percent).
Annual relative accuracy test of the PEMS
(acceptance criteria:  <20 percent).
Data availability criteria:  75 percent of the
operating hours and the operating days.

Weekly zero and upscale
calibration of O2 monitor.

None.

D.  Monitoring
Frequency 

Fuel flow rate is monitored continuously.  The
NOx emission rate is calculated hourly and
daily using the PEMS model.

The boiler exhaust O2
concentration is monitored
continuously.

The position of the FGR damper is
checked by an operator on a daily
basis.



(TABLE A.27-1.  Continued.)

Indicator No. 1 Indicator No. 2 Indicator No. 3
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.27-3

Data Collection
Procedures

The data acquisition system (DAS) records the
hourly and 30-day rolling NOx emission rates
calculated using the PEMS model.

The DAS records the exhaust gas
O2 concentration hourly.

The position of the FGR damper is
recorded daily in the boiler operating
log.

Averaging period Fuel flow rate:  Hourly.
NOx emission rate:  Hourly and 30-day rolling.

Hourly and 30-day rolling. NA.

1 PEMS algorithm:

heat input, mmBtu/hr = fuel flow rate * fuel heat content

For heat input values equal to or greater than 45 mmBtu/hr:
NOx, lb/hr = 0.0002 * (heat input, mmBtu/hr)2 + 0.0101 * (heat input, mmBtu/hr) + 0.8985
NOx, lb/mmBtu = (NOx, lb/hr) / (mmBtu/hr)

For heat input values less than 45 mmBtu/hr:
NOx, lb/hr = 0.0379 * (heat input, mmBtu/hr)
NOx, lb/mmBtu = (NOx, lb/hr) / (mmBtu/hr)



CAM TECHNICAL GUIDANCE DOCUMENT
A.27  FLUE GAS RECIRCULATION FOR NOX CONTROL

A.27-4 6/02

MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit is a 187 mmBtu/hr boiler fired with fuel oil and
natural gas.  The boiler is equipped with low-NOx burners and FGR and is subject to 40 CFR 60,
Subpart Db.  A PEMS is used in lieu of a continuous emissions monitoring system (CEMS) to
calculate NOx emissions.  The parameters monitored for this PEMS are based on this specific
application.  Other PEMS might be designed to monitor different combinations of operating
parameters to meet the accuracy criteria.

II. Rationale for Selection of Performance Indicators

A properly designed, operated, and validated PEMS provides accurate emissions data. 
This PEMS was developed from data collected over a 30-day period.  An additional 75-day
PEMS/CEMS comparison was conducted to verify the validity of the PEMS model.  During the
75-day test, measured NOx emissions averaged 2.8 lb/hr and predicted emissions averaged
3.0 lb/hr.

The limits on boiler exhaust O2 concentration and the FGR damper position are to ensure
the boiler operates within the operating envelope used during the PEMS development.  A
definite correlation exists between boiler O2 and NOx.  As the combustion process is starved for
air (i.e., fuel rich with low O2) the combustion temperature is lower and the amount of NOx
produced is lower.  During the PEMS development, the position of the FGR damper was found
to have an impact on NOx emissions.  The position of the FGR damper is an indication of the
amount of air recirculated to the primary combustion zone.  As the damper is moved toward the
closed position, the NOx emissions increase.

III. Rationale for Selection of Indicator Ranges

For the NOx emission rate, an excursion is defined as predicted NOx emissions greater than
0.05 lb/mmBtu (rolling 30-day average).  This boiler is operated with a large margin of
compliance and the indicator range is set at 25 percent of the NOx emissions limit so corrective
action may be taken before the 0.20 lb/mmBtu emission limit is exceeded.  During the 30-day
emission test, the average NOx emission rate was 0.0373 lb/mmBtu and no single hourly average
exceeded 0.05 lb/mmBtu or 9.34 lb/hr.

For the boiler exhaust oxygen concentration, an excursion is defined as a concentration
greater than 3.3 percent (rolling 30-day average).  Since, during the 30-day development and
75-day verification periods, the average O2 did not exceed 3.3 percent (except for startup and
shutdown), the assumption that the PEMS maintains its accuracy at O2 levels below 3.3 percent
is reasonable.  For the FGR damper, an excursion occurs when the FGR damper is closed further
than 4 notches from the bottom.  Because the FGR damper was set at notch position 4 during the
PEMS development testing, the FGR damper must be closed no further than that position in
order to maintain the accuracy of the PEMS.  If the FGR damper is closed further than notch 4,
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less flue gas will be returned to the boiler and the PEMS will predict NOx emissions that are
lower than the actual emissions.
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