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Origins of Opacity 

• Late 1800s Maximillian Ringelmann developed the 
first means of monitoring emissions from coal-fired 
boilers 

• Early 1950s Ringelmann concept was expanded to 
“equivalent opacity” which included smoke of all 
colors  

• In 1974 USEPA promulgated Method 9 for reading all 
visible emissions in unit of percent opacity 

• Opacity is a rough estimate of Particulate Mater in a 
plume the higher the opacity the more particulate  



Evolution of DOCS II (2006-Present) 

DOCS 

DOCS II 

DOCS II Web 

DOCS II SaaS 
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Evolution of DOCS II 
• 2000 to 2005 – Several research projects contracted by DOD & Universities 

• EPA Technology Transfer Network, Emission Technology Center Publishes 
PRE-008 - Determination of Visible Emissions Opacity from Stationary 
Sources Using Computer-based Photographic Analysis Systems 
 

• 2005 to 2009 – Research continued by DOD 
• 2007 - ASTM Workgroup formed due to EPA consensus standard direction 
• 2009 - ASTM D7520-09 approved and published  

 
• 2012 February – EPA Office of Air Quality Planning and Standards published US 

EPA Alternate Method 082 (ALT 082) in the Federal Register as a Broadly 
Applicable Standard, citing ALT 082 certified Digital Camera Opacity 
Techniques (DCOTs) can be used “in lieu” of Method 9, for all subparts of 40 
CFR 60, 61 and 63 

• Federal Permit changes not required 
• Case by case allowed for stack exits > 7’ (May 2012) 

 

US EPA ALT 082 Broadly Applicable Standard  4 



Evolution of DOCS II Continued  
• 2012 October – ASTM D7520-13 Update Approved by ASTM 

• Allows use of any Digital Image Device: High Definition Digital Recorders (Digital 
Video), CDMA based Cameras (Cell Phones), CCD based Cameras (98% of Digital 
Cameras) 
• Allows certification of optical and digital zoom 

• 2012 to Present – Fugitive Dust Applicability 
• Original research performed June 05’- June 11’ 
• Full NIST Long Path Trans. certification completed January 2012  
• Applicable to fugitives per 40 CFR 60 Subpart ooo October 2012 

• 2013 – 301 Testing began to eliminate 7’ ASTM stack exit limit 
• EPA desired “comparison with current compliance method” 
• Results show ALT 082 is the same as certified Method 9 observers on stack exits 
greater than 7’, standard update in progress to reflect this research. 

• 2015- EPA opinion “Any Creditable Evidence” rule of Clean Air Act, makes applicable to all 
sources and emission types, including stacks greater than 7’. “a picture says a thousand 
words”.   
• 2015 – EPA Final Rule Ferro-Alloy NESHAP Best Available Control Technology is Digital 
Camera Opacity Technique (DCOT) for Opacity monitoring.  Mandatory use of DCOT for 
fugitive and large stack opacity monitoring. 

DOCS II is the only ASTM D7520-13 & ALT 082 certified DCOT 
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Ferro-Alloy NESHAP BACT Determination 

Requires DCOT  for Opacity measurement 

Next Generation Air 

Embraces Mobile Apps 

Image based monitoring 

Growing Cancer Risk 
Growing Respiratory Risk 

Monetizing Mortality 

The Growing Risk of PM 2.5 Alone is Monetized into the Billions of Dollars Annually 

Next Generation Monitoring is a Reality, Everybody Cares and Everybody has a Cell Phone 



Method 9 vs. ALT 082, aka 
ASTM D7520 

EPA ALT 082 
• System certification (Done by Vendor) 

• (6) sets of (25) White and (25) Black against various 
backgrounds (300 images) 

• 4 independent Analyst use System to derive Opacity 
of each image (1200 results) 

• All (4) Analyst must pass all (6) sets, +7.5% overall 
and <= 15% within each set of 25 

• Cert. duration 3 ½ years 

• Camera Operator training (Each User) 

– EPA Required Content Training 

– Camera Operator Training 

– No reoccurring training required 

• Operational conditions 

– Unlimited backgrounds 

– Unlimited weather conditions 

• Digital Validated Record 

 

EPA  Method 9 
• Per Person 25 White and 25 

Black (50) reading, certification 
– EPA Required Content Training 

– 50 plume certification 

– +7.5% overall and <= 15% within 
each set of 25. 

• Cert. duration 6 months 

• Operational conditions 
– Unlimited backgrounds 

– Unlimited weather conditions 

• Paper Non-Validated Record 
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Electronic Method 9, allows separation of data 

“Capture” from “Analysis”  



Digital Opacity Compliance System Second Generation (DOCS II) 

Capture 

Transfer 

images 

automatically 

or manually 

Send for analysis 

Receive Validated 

Digital Report 



Analysis 

 



Report 
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Forensic Data 



DOCS II Compared to Humans 

• Less variation than Method 9 against NIST traceable transmissometer 
•Average deviation count for students at CARB certification is 23 
•Typical deviation count for DOCS II on same certification run is 15 
•Over 95% of DOCS II readings were zero or 1 deviation count 

• Average deviation under ideal conditions (high contrast)  
•DOCS II +5%  
•Method 9 +10% 

• Average deviation under difficult conditions (low contrast)  
•DOCS II +10% 
•Method 9 +15% 

• Flexible applicability 
•Clouds, Rain, Snow, Trees, & Buildings 
•Day or Night 
•Close & Far (Limited only by camera zoom) 

Simple, Fast, Reliable, Repeatable 
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Sample Customers in: 
Conservation, Compliance, Sustainability, Training 

Regulatory Policy and Enforcement, Local and International 

EPA ALT 082, The “Best” solution 
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Customer Comments Trends 

• Lower cost of maintaining certifications 

• Less time spent achieving certification 

• Unbiased opacity measurements 

• Better record keeping 

• More defendable 

• More dependable 

• More onsite visible emission capability 

• User friendly 

• Reproducible  

 Simply the Easiest to Operate, Most Economical 

Means to Measure Opacity 



Certified Cameras & Digital Video 
Recorders  

• VIVOTEK 83X Day/Night All Weather  

 

• Canon Powershot G11, G12, G16 

• Canon Powershot SX60HS 

 

• Nikon D3100, D3200, D5100 

• JVC HandiCam 
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“Certified Visible Emission Observation” = Certified Cam. 

“Credible Evidence” all digital cameras work 



EPA Contact 
Jason Dewees 

EPA OAQPS/RTP, NC 

Dewees.jason@epa.gov 

(919) 541-9724 
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How DOCS II Works 
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• An image or images of the emission source are captured by 

trained/certified camera operator using a certified camera.  

• The images are uploaded to “the Cloud” where they are 

acquired by a certified analyst who identifies the region of 

interest within the imagery. 

• Regions of Interest are marked according to explicit rules 

• DOCS II then applies algorithms to the Regions of Interest 

and calculates the opacity of each image and the average, 

based on selected rule, e.g. 6 min. avg., 3 min. avg. 

• DOCS II stores an archive of the draft VEE report. 

• Source owner accepts/rejects the draft VEE report. 

• DOCS II generates final VEE report and archive record. 

Simple, Fast, Reliable, Repeatable 



Problems & Solutions 
• The top three problems defending 

Human Method 9 readings. 

I. VEE record not technically 
correct, missing data, sun 
angle, point of view….. 

II. VEE not performed by 
Certified Observer 

III. Smoke School Quality 
Assurance Protocol not 
meeting the requirements set 
forth by USEPA for VE 
certification programs. 
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• DOCS II SaaS Model separates data 
collection from Certified Analysis. 

I. VEE record completely validated 
upon save. 

II. Certified Analyst always 
available to perform analysis 

III. Certified Analyst history of 
opacity determination across 
hundreds of readings 
eliminating personnel bias. 

DOCS II SaaS, 

Complete & Validated, Certified, Reproducible 

Most Samples are sent to Labs 

Why not Opacity samples? 


