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Definition of Plume Opacity 
•  Opacity:	  Percent	  of	  light	  aVenuated	  by	  plume	  

x	  100	  

Light	  Source	  Light	  Detector	  

0

IOpacity= (1- ) *100
I
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Timeline 1 

1979	  
USEPA	  Method	  9	  developed	  to	  determine	  
atmospheric	  plume	  opacity,	  requires	  field	  
cerFficaFon	  of	  human	  observers	  every	  six	  
months	  



MoFvaFon	  for	  Development	  of	  DOM	  
•  Human	  percepFon	  is	  subjecFve	  
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60%	  10%	   ???	  
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Timeline 2 

2002-‐2003	  	  
Development	  of	  Digital	  OpFcal	  Method	  
(DOM)	  so_ware	  to	  quanFfy	  plume	  opacity	  
with	  low-‐cost	  digital	  sFll	  cameras	  



Methods	  to	  Measure	  Plume	  Opacity	  

•  USEPA	  Method	  9	  
•  Digital	  OpFcal	  Method	  (DOM)	  

8	  8 

USEPA	  Method	  9:	  
human	  observers	  

Digital	  OpFcal	  Method	  
(DOM):	  digital	  cameras	  



Digital	  OpFcal	  Method	  (DOM)	  
Advantages	  of	  using	  digital	  cameras	  compared	  
to	  Method	  9	  

•  More	  objecFve	  then	  human	  observaFons	  

•  PotenFal	  to	  save	  at	  least	  $200	  M/yr	  compared	  
to	  Method	  9	  (USEPA,	  2006)	  

•  Provide	  archival	  digital	  records	  of	  plume	  and	  
environmental	  condiFons	  

•  Deployable	  with	  low-‐cost	  digital	  cameras	  
allowing	  rapid	  data	  analysis,	  geo-‐posiFoning,	  
and	  data	  disseminaFon	  	  
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Methods	  

•  Two	  DOM	  Models	  

•  Contrast	  Model:	  use	  
two	  contrasFng	  
backgrounds	  behind	  
and	  next	  to	  the	  
plume	  

•  Transmission	  Model:	  
use	  a	  uniform	  
contrasFng	  
background	  behind	  
and	  next	  to	  the	  
plume	  
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ApplicaFon	  of	  Contrast	  Model	  
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ExisFng	  ContrasFng	  
Backgrounds	  

Installed	  ContrasFng	  
Backgrounds	  



ApplicaFon	  of	  Transmission	  Model	  
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Cloudy	  Sky	  Background	   Clear	  Sky	  Background	  
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Timeline 3 
2003	  	  
July: 	  DOM	  successfully	  demonstrated	  during	  first	  field	  

	  campaign	  at	  IEPA	  during	  ideal	  condiFons	  
	  
2004	  	  
April:	  	  Second	  field	  campaign	  at	  IEPA	  Smoke	  School	  	  
June:	  	  AWMA	  Annual	  Conference	  Proceeding	  and	  DoD-‐

	  DOM	  lecture,	  AusFn,	  TX	  	  
July:	   	  DOD	  Texas	  Air	  Workgroup	  MeeFng,	  DOD-‐DOM	  

	  lecture,	  Ft.	  Hood,	  TX	  
Oct:	   	  Third	  field	  campaign	  at	  IEPA	  Smoke	  School,	  

	  compared	  to	  human	  observaFons,	  DOD-‐DOM	  
	  lecture	  in	  Anchorage,	  AK	  

	  



DayFme	  Field	  EvaluaFon	  (1)	  
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DayFme	  Field	  EvaluaFon	  (2)	  
•  Evalua<on	  of	  DOM:	  

–  Appropriate	  range	  of	  sun	  angles	  
–  Compare	  results	  from	  DOM	  and	  reference	  measurements	  
by	  in-‐stack	  transmissometer	  

17	  
South	  camera	  

25	  m	  

North	  

Stack	  

North	  camera	  

Southeast	  
camera	  

49	  m	  

38	  m	  

Sun	  posiFon	  



18	  

Timeline 4 
2005	  
April: 	  DOM	  successfully	  demonstrated	  during	  

	  nighjme	  condiFons	  
June:	   	  AWMA	  Annual	  Conference	  Proceeding	  
Nov:	   	  Smoke	  School	  presentaFon,	  Sacramento,	  CA	  

2006	  
May:	   	  Formal	  leVer	  by	  USEPA	  OAQPS	  to	  regional	  air	  

	  quality	  directors	  about	  USEPA’s	  intenFon	  to	  
	  include	  digital	  camera	  technology	  in	  future	  rules	  
	  for	  visible	  emissions	  monitoring,	  potenFal	  
	  savings	  of	  at	  least	  $200M/yr	  

June:	   	  AWMA	  Annual	  Conference	  Proceeding	  
	  



Nighjme	  Field	  EvaluaFon	  
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Timeline 5 
2007	  
March:	   	  ES&T	  (Du	  et	  al.,	  2007)	  describes	  DOM’s	  

	  contrast	  and	  	  transmission	  models	  
	  based	  on	  first	  principles	  

July:	   	  JAWMA	  (Du	  et	  al.,	  2007)	  publicaFon	  
	  describes	  DOM	  results	  during	  
	  dayFme	  condiFons	  and	  comparison	  to	  
	  human	  observaFons	  

Sept: 	  Ph.D.	  dissertaFon	  by	  Ke	  Du,	  now	  
	  Professor	  Du	  
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Timeline 6 
2009	  
Feb: 	  DOM™	  was	  patented	  
Nov:	   	  Approval	  of	  ASTM	  D7520-‐09	  	  to	  

	  determine	  plume	  opacity	  with	  digital	  sFll	  
	  cameras	  

March:	   	  ES&T	  (Du	  et	  al.,	  2009)	  publicaFon	  
	  describing	  plume	  opacity	  during	  
	  nighjme	  

2011	  
Oct:	   	  Successful	  field	  campaign	  using	  

	  smartphone	  cameras	  determining	  
	  plume	  opacity	  during	  smoke	  school	  

	  



DOM	  Applied	  to	  Smartphones	  	  
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Timeline 7 

2012	  
Feb:	   	  Approval	  of	  using	  digital	  sFll	  cameras	  by	  

	  USEPA	  as	  an	  AlternaFve	  Method	  (ALT-‐082)
	  to	  Method	  9	  a_er	  nearly	  40	  yr	  of	  using	  
	  Method	  9	  

2013	  
Jan:	   	  AddiFonal	  smartphones	  and	  digital	  video	  

	  imaging	  tested	  with	  encouraging	  results	  
	  during	  IEPA	  tests,	  evaluaFng	  arFficial	  
	  intelligence	  to	  determine	  opacity	  values	  	  	  



Summary and Conclusions 

•  Digital	  OpFcal	  Method	  (DOM)	  quanFfies	  
plume	  opacity	  during	  dayFme	  and	  nighjme	  
condiFons	  

•  Improves	  objecFvity	  when	  compared	  to	  
human	  observers/Method	  9	  

•  Provides	  archival	  digital/graphical	  records	  of	  
visible	  emissions	  and	  their	  environments	  

•  ExciFng	  opportunity	  to	  monitor	  process	  and	  
atmospheric	  emissions	  with	  low-‐cost	  readily	  
deployable	  digital	  technology	  
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