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RP Analysis of Significant Sources and Categories 

Contributing to Visibility Impairment at Colorado CIAs

• Colorado developed a methodology for evaluating all significant point 

sources of pollutants contributing to RH at Colorado Class I Areas 

(CIAs).

• “Significant RP Point Source” is determined from comparing different 

Q/d ratios with the Δ dv sensitivity of BART source CALPUFF modeling.

– Q/d ≥ 20 was selected because the delta deciview (Δdv) sensitivity was about 0.3 Δdv

– EPA recommended that RP should be at least as stringent or more stringent than the 

0.5 Δdv threshold used in determining the subject-to-BART sources.

– “Q/d ratio” is defined as: the mathematical sum of uncontrolled actual SO2, NOx, 

and PM emissions in tpy (denoted “Q”) divided by the distance in kilometers from the 

point source to the nearest edge of a Class I area (denoted “d”).

• “Pollutants” determined from analysis of Colorado CIAs IMPROVE 

Monitoring data and statewide emission inventories.

– 2010 Conclusion: evaluate SO2, NOx and PM sources with Q/d  20 for RP 

controls, other pollutants – OC, EC, and Soil deferred until science and 

emission inventories are improved for consideration in future RH SIPs
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Significant Source Categories Contributing to 

Sulfate, Nitrate & Coarse Mass at Colorado Class I areas

Conclusions:

• For SO2: Q/d  20 captures all significant point sources
– Majority of significant SO2 sources have controls

– One EGU evaluated for SO2 controls (CSU – Nixon)

– Area & Mobile sources – not practical to impose further controls

• For NOx: Q/d  20 captures most significant point sources (73% ) 
– 40 RICE > 100 tpy, majority (36) are subject to Reg. 7 requirements ($5k off-ramp or lean burn)

– Significant mobile source reductions anticipated through federal emission standards

– Area sources dominated by O&G sector

– O&G Heaters is the largest category  - no practical controls (emissions based on well counts)

– O&G Drill Rigs - 2018 statewide NOx emission projections = 4,413 tpy.

• Coarse PM: Q/d  20 captures some point sources (21%)  
– Point Sources account for 11% of total PM10 emissions

– Three mining operations with Q/d  20 excluded because most of the PM was fugitive

– Windblown & Fugitive Dust account for over 80% of PM10

– Colorado has low permit thresholds that result in most sources have permits for activities such as 

construction sand & gravel operations, mining, coal handling and other industrial processes
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List of Point Sources with Q/d  20
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• Technical Review – Five Step Analysis Process

– Identify All Available Control Technologies

– Eliminate Technically Infeasible Options

– Evaluate Control Technology Effectiveness

– Evaluate Impacts and Document Results

• Costs of Compliance

• Time Necessary for Compliance

• Energy and Non-Air Impacts

• Remaining Useful Life of the source

– Evaluate Visibility Impacts

• Visibility improvement associated with controls

• State focused on SO2, NOx and PM emissions

RP Emission Control Evaluation

RP 4-factors used 

in Deciding 

Appropriate 

Emission Controls

5th factor –Colorado Added 
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• For coal-fired electric generating units (EGUs), 

– Colorado decided that two factors should be given 

more weight in deciding NOx controls

– Selective Catalytic Reduction (SCR):

• Cost of control must be <$5,000/ton

• Visibility Improvement must be ≥ 0.5 ∆ deciview

– Selective Non-Catalytic Reduction (SNCR):

• Cost of control must be <$5,000/ton of NOx removed

• Visibility Improvement must be ≥ 0.2 ∆ deciview

– EGUs not meeting the above criteria

• Other NOx control technologies were evaluated

EGU – Evaluation Criteria for NOx
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• Differences in Visibility Models

– BART and RP sources modeled using CALPUFF

• Each source modeled separately to determine impacts

– CIA RPGs established using Regional Model – CMAQ

• IMPROVE data used to calibrate model visibility estimates

• Visibility benefit of final controls not known

– Emission reductions beyond 2018(b) baseline were not modeled

» NOx = 35,452 tpy  (13% of 2018 NOx statewide)

» SO2 = 14,315 tpy   (25% of 2018 SO2 statewide)

• Total Emission Control Costs of Colorado RH SIP:

– $1.75 Billion on 16 Facilities with 30 BART/RP Units

Balancing Visibility with Costs
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ROMO Nitrate PSAT

• Nitrate PM Source Apportionment (PSAT) – includes all states/regions

– About 96% of nitrate is anthropogenic on worst days

– WRAP States ~39%; Colorado ~34%; Outside Model Domain ~21%, CENRAP ~5%, Eastern 
US ~1%

– Colorado Point Sources are the largest source category ~46%

– Colorado Mobile Sources ~33% and Area Sources ~19%, 

• PSAT is good for showing attribution and relative source contribution

– Difficult to understand how it relates to specific source categories & emissions

• Colorado developed an analysis tool to bridge the gap – the “ET” or Emissions 
Trace
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Understanding the Colorado ET

• Read from left to right

• Top bar (purple) denotes general source of information

• Colors denote different types particulates/sources

– Lt Green: secondary particulate from natural sources

– Lt Yellow: primary particulate from anthropogenic/natural sources

– Lt Blue: secondary particulate from anthropogenic sources

• Gray color bars provide specific detail on source of data

• WEP map provides information on likely source areas
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ROMO Nitrate - ET

• ROMO has highest monitored Nitrate concentrations (~16%) in State

Source 

categories  

potentially 

identified as 

significant

Colorado share is 32.2% (95.6*33.7/100) Impact of CO Point Sources is 

14.7% (95.6*33.7*45.7/100)



NOx Emissions Comparison:

Original - Base 2018b (used in PSAT Modeling)

vs  Latest WRAP EI - 2018 PRPb
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Colorado NOx Emission Comparison: 2018 PRPb is 2.7% lower than Base 2018b
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Colorado Point Source NOx

Significant 

Point  

Source 

Categories
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External Combustion Boiler Sources

Significant External Combustion Boiler Categories
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External Combustion Boiler Sources > 100 tpy

RP Sources with Q/d  20
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Colorado Point Source NOx

Significant 

Point  

Source 

Categories
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Internal Combustion Engine Sources > 100 tpy

RP Source with Q/d  20
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Internal Combustion Engine Sources > 100 tpy

Continued

RP Sources with Q/d  20

Plant retired in 2013
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Colorado Point Source NOx

Significant 

Point  

Source 

Categories
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Industrial Process Point Sources > 100 tpy

RP Source with Q/d  20

Plant Shutdown in 2002
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Colorado Area Source NOx

Significant Area Source Categories
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Industrial Processes & Stationary Source

Fuel Combustion Area Sources
Industrial Processes

Stationary Source Fuel Combustion
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Summary Controlling ROMO Nitrate

• Colorado Point Sources (~36% or 101,818 tpy of NOx)
– NOx Sources in Q/d  20 list capture most significant point sources

• Q/d list includes 73% of the point source NOx emissions (74,085/101,818*100)

– 36 of 40 NG-fired RICE over 100 tpy are subject to Reg. 7 
requirements
• All NG RICE >500 HP statewide are subject to the requirements of Reg.7

– Rich burn RICE subject to NOx control evaluation with a cost off-ramp of $5000/ton of 
NOx reduced

• All RICE >100 HP subject to Reg. 7 emission standards by 2011

– Point sources have a 14.7% nitrate impact at ROMO

• Colorado Mobile Sources (~30% or 83,165 tpy of NOx)
– On-road NOx expected to  68% by 2018

– Off-road NOx expected to  39% by 2018

– Mobile sources have a 10.5% nitrate impact at ROMO
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Summary Controlling ROMO Nitrate

• Colorado Area Sources (~18% or 49,877 tpy of NOx)
– O&G Heaters (~8% or 22,901 tpy) – largest single category

• Inventory assumes 0.88 tpy NOx per gas well heater and  26,000 gas wells in 
2018

• EPA Gas Star lists lowering heater temperature as a potential control

• No other practical controls for 26,000 small heaters

– Residential Combustion (~3% or 8,528 tpy) – Natural Gas Fuel
• No practical approach to controlling 1000’s of sources

– O&G Drill Rigs (~1.6% or 4,413 tpy)
• Considered Non-Road engines (regulated by EPA), except if state adheres to CA 

approach

• Drill Rig projections not updated with most current O&G inventories – thus 
projections are low

– O&G Compressor Engines (~1.4% or 4,006 tpy)
• Numerous small RICE below APEN thresholds  or  exempt – not practical to 

control

– Area sources have a 6% nitrate impact at ROMO

continued



Questions

• More information on Colorado’s RH SIP 

documents can be found at following link:
https://www.colorado.gov/pacific/cdphe/regional-haze
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https://www.colorado.gov/pacific/cdphe/regional-haze


Continuation of ROMO Analysis

• Following slides provide Emissions Trace analysis 

for Sulfate and Coarse PM
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ROMO Sulfate PSAT
• Sulfate PM Source Apportionment (PSAT) – includes all states/regions

– About 96% of sulfate is anthropogenic on worst days

– Outside Model Domain ~40%; WRAP States ~27%; Colorado ~24%;   
CENRAP ~7%; and Eastern US ~2%

Colorado Point Sources are the 

dominant source category
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ROMO Sulfate - ET
Colorado share is 22.5% (95.9*23.5/100) Impact of CO Point sources is 

17.7% (95.9*23.5*78.6/100)



SO2 Emissions Comparison:

Original - Base 2018b (used in PSAT Modeling)

vs  Latest WRAP EI - 2018 PRPb
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Colorado SO2 Emission Comparison: 2018 PRPb is 30% lower than Base 2018b
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ROMO Sulfate - ET
• ROMO has highest monitored Sulfate concentrations (~24%) in State

Source 

categories  

potentially 

identified as 

significant
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Colorado Point Source SO2

Significant 

Point  

Source 

Categories
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External Combustion Boiler Sources

All have SO2 controls, 

except Drake 5, Nixon, 

Trigen & Clark

RP Sources with Q/d  20
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Colorado Point Source SO2

Significant 

Point  

Source 

Categories
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Industrial Process Sources
Plant shutdown in 2002

All have some form of 

SO2 Control

RP Sources with Q/d  20
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Colorado Area Source SO2

Significant Area  

Source Categories



Page 37

Controlling Sulfate

• Colorado Point Sources (~78% or 44,062 tpy of SO2)
– SO2 Sources in Q/d  20 list capture all significant sources

– Majority of SO2 sources have controls

– Division to evaluate SO2 controls on CSU Nixon

– Point sources have 17.7% sulfate impact at ROMO

• Colorado Area Sources (~14% or 7,655 tpy of SO2)
– Boilers & IC Engines (~7% or 3,665 tpy) - distillate fueled

• Largest sub-category because of sulfur in fuel

• No practical approach to controlling 1000’s of small boilers and RICE

– Area sources have 2.7% sulfate impact at ROMO

• Colorado Mobile Sources (~3% or 1,431 tpy of SO2)
– From diesel-fueled engines

• Low-Sulfur Diesel Fuel Requirements are applicable for on/off road vehicles

– Mobile sources have 1.4% sulfate impact at ROMO
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Sources of ROMO Coarse PM (CM)

• CM over 13% at all Class I Areas

– 15% at ROMO, 3rd highest in state after Sand Dunes & Mesa Verde

• PSAT modeling not available for CM

– Must use Weighted Emissions Potential (WEP)

• WEP indicates that Coarse PM origins are widespread

– Colorado Share ~55%
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ROMO CM - ET

Source categories potentially 

identified as controllable and 

significant

Colorado share is 54.6% Impact of CO Point sources is 

15.5% (1*54.6*28.3/100)



CM Emissions Comparison:

Original - Base 2018b vs

Latest WRAP EI - 2018 PRPb
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Colorado CM Emission Comparison: 2018 PRPb is 5% lower than Base 2018b



PM10 Point Sources > 100 tpy
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RP Sources with Q/d  20



PM10 Area Sources
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Controlling ROMO Coarse Mass

• Colorado Fugitive Dust (~27% or 67,910 tpy of PM10)

– Generally not controllable at higher wind speeds

– Controls include limiting surface disturbance & frequency

– Fugitive dust sources have a 21.5% CM impact at ROMO

• Colorado Point Sources (~11% or 26,828 tpy of PM10)

– PM10 emissions based on permits for activities such as construction sand & gravel 
operations, mining, coal handling and other industrial processes

– Existing permits contain basic PM10 mitigation requirements

– Point sources have a 15.5% CM impact at ROMO

• Colorado Windblown Dust (~54% or 135,945 of PM10)

– About 50% from agricultural tilling

– Windblown dust sources have a 9.8% CM impact at ROMO

• Colorado Road Dust (~5% or 11,826 tpy of PM10)

– From mechanical entrainment of dust from paved and unpaved roads

– Controls for paved roads include sweeping up debris, control trackout

– Controls for unpaved roads include paving, chemical stabilization, speed control

– Road dust sources have a 3.9% CM impact at ROMO


