Paved Road Area Source Category Calculation Methodology Sheet

I.  Source Category: Paved Roads

II.  Pollutants: PM10 and PM2.5

III.  SCC: 2294000000

IV.  Description:  

This document describes the methodology to be used to calculate emissions of particulate matter with an aerodynamic diameter of less than or equal to 10 microns (PM10) and particulate matter with an aerodynamic diameter of less than or equal to 2.5 microns (PM2.5) from paved roads.  

Particulate emissions from paved roads are due to emissions from vehicles in the form of exhaust, brake wear, and tire wear emissions and resuspension of loose material on the road surface.  In general terms, resuspended particulate emissions from paved roads originate from, and result in the depletion of, the loose material present on the surface (i.e., the surface loading).  In turn, that surface loading is continuously replenished by other sources.  At industrial sites, surface loading is replenished by spillage of material and trackout from unpaved roads and staging areas.

Various field studies have found that public streets and highways, as well as roadways at industrial facilities, can be major sources of the atmospheric particulate matter within an area.  Of particular interest in many parts of the United States are the increased levels of emissions from public paved roads when the equilibrium between deposition and removal processes is upset.  This situation can occur for various reasons, including application of granular materials for snow and ice control, mud/dirt carryout from construction activities in the area, and deposition from wind and/or water erosion of surrounding unstabilized areas.  In the absence of continuous addition of fresh material (through localized trackout or application of antiskid material), paved road surface loading should reach an equilibrium value in which the amount of material resuspended matches the amount replenished.

V.  Current Methodology:

The emissions factor equation in the following section only estimates particulate emissions from resuspended road surface material.  The particulate emissions from vehicle exhaust, brake wear and tire wear are now estimated separately using EPA’s MOBILE 6.2.  Double counting results when employing the previous version of the emission factor equation and MOBILE 6.2.  

Silt loading
 and average weight of vehicle traveling on the road are the factors affecting dust emissions from paved roads in the emissions factor equation.  
PM10 and PM2.5 emission factors calculated from MOBILE 6.2 for vehicle exhaust tire wear, and brake wear are subtracted from the total to represent the emission factor from road surface fugitive dust.  The emission factor is adjusted to account for the number of days when there is enough precipitation to suppress dust suspension.

Once the PM-x emission factors have been calculated, they are multiplied by the vehicle miles traveled (VMT) for each type of paved road to obtain PM emissions per road type.

VI.  Emission Calculation:

A.  Paved Road Dust Emission Factor
1.  Equation:
	EF  = 
	k (sL/2)0.65  
	  x  (W/3)1.5 
	- C 


2.  Variables:


a.  EF     = particulate emission factor (having units matching the units of k)


b.  k       = particulate size multiplier for particle size range and units of interest 

i.  AP-42: Particle Size Multipliers for Paved Road Equation 

	Size Range

	Particle Size multiplier k


	
	g/VKT
	g/VMT
	lb/VMT

	PM-2.5

	1.1
	1.8
	0.0040

	PM-10
	4.6
	7.3
	0.016

	PM-15
	5.5
	9.0
	0.02

	PM-30

	24
	38
	0.082



c.  sL      = road surface silt loading (grams per square meter) (g/m2)

i.  AP-42:  AP-42 recommends use of site-specific data, but offers defaults in case site-specific data is not available.  As shown in the table below, a multiplier of 4 is applied for low volume roads (<500 ADT (average daily traffic)) to obtain wintertime baseline silt loading of 4 X 0.6 = 2.4 g/m2
ii.  Ubiquitous Silt loading Default values with Hot Spot Contributions from Anti-Skid Abrasives (g/m2)

	ADT Category 
	< 500
	500-5,000
	5,000-10,000
	> 10,000

	Ubiquitous baseline g/m2
	0.6
	0.2
	0.06
	0.03

0.015 limited access

	Ubiquitous Winter Baseline Multiplier during months with frozen precipitation 
	X4
	X3
	X2
	X1

	Initial peak additive contribution from application of antiskid abrasive (g/m2)
	2
	2
	2
	2

	Days to return to baseline conditions (assume linear decay)
	7
	3
	1
	0.5



d.  W     = average weight (tons) of the vehicles traveling the road


i.  An average default value of 6,360 pounds (3.19 tons) has been assigned 

for all vehicles. 


e.  C     = emission factor for 1980’s vehicle fleet exhaust, brake wear and tire 

                wear

i.  Emission Factor for 1980’s Vehicle Fleet Exhaust, Brake Wear and Tire Wear

	Particle Size Range
	C, Emission Factor for Exhaust, Brake Wear and Tire Wear

	
	g/VMT
	g/VKT
	lb/VMT

	PM-2.5
	0.1617
	0.1005
	0.00036

	PM-10
	0.2119
	0.1317
	0.00047

	PM-15
	0.2119
	0.1317
	0.00047

	PM-30
	0.2119
	0.1317
	0.00047


3.  Calculations for Paved Roads Emission Factors for ADT < 500 vehicles / day, ADTV = 500-5,000 vehicles/day Roads and ADTV = 5,000 – 10,000 vehicles/day Roads

a.  Emission Factors for paved roads with ADT < 500 vehicles /day  

	EF   =
	k(sL/2)0.65    x 
	(W/3)1.5   
	- C  

	EF   =
	1.8 (0.6/2 )0.65    x
	(3.19/3)1.5
	-  0.1617

	EF   =
	0.7407132496 g/VMT 


b.  Emission Factors for paved roads with ADTV = 500 - 5,000 vehicles/day  

	EF   =
	k (sL/2)0.65    x 
	(W/3)1.5   
	- C  

	EF   =
	1.8 (0.2/ 2)0.65    x
	(3.19/3)1.5
	-  0.1617

	EF   =
	0.2801518 g/VMT


c.  Emission Factors for paved roads with ADT = 5,000 – 10,000 vehicles/day 
	EF  =
	K (sL/2)0.65    x 
	(W/3)1.5   
	- C  

	EF   =
	1.8 (0.06/ 2)0.65    x
	(3.19/3)1.5
	-  0.1617

	EF  =
	0.04032516 g/VMT



d. Emission Factors for paved roads with ADT > 10,000 vehicles/ day 

	EF  =
	k (sL/2)0.65    x 
	(W/3)1.5   
	- C  

	EF   =
	1.8 (0.03/ 2)0.65    x
	(3.19/3)1.5
	-  0.1617

	EF  =
	-0.0329533 
, set to 0  g/VMT


B.  Adjust Emission Factor for Precipitation

Rain data for each day or hour of an extended time period (year, month, season) is used in calculating the daily and hourly PM emission factor. 

1.  Equation :


on Daily Basis :

	EF PAVED ADJ = 
	EF  x (1-P/4N) 



on Hourly Basis : 

	EF PAVED ADJ = 
	EF  x (1-{1.2 P/N}) 


2.  Variables:
a.  EF PAVED ADJ   =  Adjusted Annual or Long-term Paved Road Emission Factor  (in same units as k)



b.  EF  =  PM size-specific emission factor (in same units as k) for paved roads

c.  P    =  number of “wet” days with at least 0.254 mm (0.01 in) of precipitation 

during the averaging period

d.  N   =  number of days or hours in the averaging period (e.g., daily eqn.: 365 for annual, 91 for seasonal, 30 for monthly; hourly eqn.: 8760 for annual, 2124 for season, 720 for monthly)

3.  Calculate Paved Roads Emission Factors Adjusted for Precipitation

a.  Daily Basis Sample Equations – Data for Harrisburg, PA

i.  Annual Emission Factors Adjusted for Precipitation for ADT < 500 vehicles/day Roads (grams/mile) on daily basis

	EF PAVED ADT< 500  ADJ   =
	EF    x 
	(1-P/4N)

	EF PAVED ADT< 500 ADJ  = 
	0.7407132496  x   (1- 128/{4x365} )

	EF PAVED ADT< 500 ADJ   =
	0.7407132496  x  0.9123288

	EF PAVED ADT< 500 ADJ   =
	0.6757739 g/VMT


ii.  Annual Emission Factors Adjusted for Precipitation for ADTV = 500 - 5,000 vehicles/day Roads (grams/mile) on daily basis 

	EF PAVED ADT 500-5000 ADJ   =
	EF  x 
	(1-P/4N)

	EF PAVED ADT 500-5000 ADJ   =
	0.2801518 x   (1- (128/4(365)))

	EF PAVED ADT 500-5000 ADJ   =
	0.2801518 x  0.9123288

	EF PAVED ADT 500-5000 ADJ   =
	0.2555905 g/VMT


iii.  Annual Emission Factors Adjusted for Precipitation for ADTV = 5,000 – 10,000 vehicles/day Roads (grams/mile) on daily basis 

	EF PAVED ADT  5,-10,000  ADJ  =
	EF   x
	(1-P/4N)

	EF PAVED-ADT  5,-10,000 ADJ  =   
	0.0403252  x   (1- (128/4(365)))

	EF PAVED_ADT 5,-10,000  ADJ  =
	0.0403252  x  0.9123288

	EF PAVED_ADT 5,-10,000 ADJ   =
	0.0367898 g/VMT


b.  Hourly Basis Sample Equations – Data for Harrisburg, PA

i..  Monthly Emission Factors Adjusted for Precipitation for ADT < 500 vehicles/day Roads (grams/mile) on hourly basis

	EF PAVED ADT< 500  ADJ   =
	EF    x 
	(1-(1.2P/N))

	EF PAVED ADT< 500 ADJ  = 
	0.7407132496  x   (1- (1.2x82)/720)

	EF PAVED ADT< 500 ADJ   =
	0.7407132496  x  0.8633334

	EF PAVED ADT< 500 ADJ   =
	0.6757739 g/VMT


ii. Monthly Emission Factors Adjusted for Precipitation for ADTV = 500 - 5,000 vehicles/day Roads (grams/mile) on hourly basis 

	EF PAVED ADT 500-5000 ADJ   =
	EF  x 
	(1-(1.2P/N))

	EF PAVED ADT 500-5000 ADJ   =
	0.28015181741195 x   (1- (1.2x82)/720)

	EF PAVED ADT 500-5000 ADJ   =
	0.2801518  x  0.8633334

	EF PAVED ADT 500-5000 ADJ   =
	0.2418644 g/VMT


iii. Monthly Emission Factors Adjusted for Precipitation for ADTV = 5,000 – 10,000 vehicles/day Roads on daily basis 

	EF PAVED ADT  5,-10,000  ADJ  =
	EF   x
	(1-(1.2P/N))

	EF PAVED-ADT  5,-10,000 ADJ  =   
	0.0403252  x   (1- (1.2x82)/720)

	EF PAVED_ADT 5,-10,000  ADJ  =
	0.0403252  x  0.8633334

	EF PAVED_ADT 5,-10,000 ADJ   =
	0.034814 g/VMT


C.  Paved Road PM Emissions Calculation For State And Road Type

1.  Equation : 






PVDEMIS ST,Y = EF PAVED ADJ * VMT ST,Y

2.  Variables:

a.  PVDEMISST,Y. =  Paved road PM emissions (tons) for the entire State for road type y

b.  EF PAVED ADJ = Adjusted Annual or Long-term Paved Road Emission Factor  (in same units as k)








c.  VMTST,Y
= 
Total VMT (million miles in entire State for road type y)

D. Paved Road PM Emissions Calculation For County and Road Type

1. Equation:

PVDEMISX,Y = PVDEMISST,Y * VMTX,Y/VMTST,Y

2.  Variables:


a.  PVDEMISX,Y.  = Paved road PM emissions (tons) for county x and road type y

b.  PVDEMISST,Y. =  Paved road PM emissions (tons) for the entire State for road type y

c.  VMTX,Y. =  Total VMT (million miles) in county x and road type y






d.  VMTST,Y
= 
Total VMT (million miles) in entire State for road type y

Paved road mileage is calculated at the State/road type level by subtracting the State/road type-level unpaved road VMT from total State/road type-level VMT.  Because of differences in the calculation methods for paved and unpaved roads, there are instances where unpaved VMT is higher than total VMT.  In these instances, unpaved VMT is reduced to total VMT, and paved road VMT is assigned a value of zero.  The paved road VMT are then temporally allocated by month using the NAPAP temporal allocation factors for VMT.
VII.  Point Source Adjustments:
Emissions for this source category have not been reported in the point source inventory, therefore no adjustment of the area source emissions is required.  

VIII.  Adjustments for Controls:
The EPA applied controls to the paved road emission estimates for the years 1995 and later.  The control assumed is vacuum sweeping on paved roads twice per month to achieve a control level of 79%.  Mitigative controls are generally not as cost effective as preventative controls, and consist of vacuum sweeping, water flushing and broom sweeping and flushing.  Preventative control measures consist of such things as covering of loads in trucks.

IX.  Spatial Adjustments:

Data for spatial allocation is not available for this source.
X.  Temporal Adjustments:
ADVANCE \d4The emission factor is calculated over an average period (annual, monthly, seasonal) to reflect variability in precipitation and soil moisture content. Temporal adjustments for VMT should be the same as those used for the on-road motor vehicle exhaust emissions because they track overall vehicular activity.  Daily activity has typically peaks during the morning and afternoon rush hours, with less activity at other hours.  Weekday/weekend and monthly VMT variations would also be the same as on-road motor vehicle exhaust emissions.
XI.  Assumptions:
A.  Mean vehicle weight is uncertain, but could be improved by using recent vehicle registration data. (Automotive industry and U.S. Department of Commerce studies from the early 1990s)

B.  Surface material silt content is assumed, but could be improved by using location specific values.

C.  Vehicle miles traveled (Highway Statistics)

D.  The number of days in the year with greater that 0.01 inches of precipitation is not consistent from year to year.

XII.  Rule Effectiveness:

Any rules regulating emissions (such as street sweeping programs) from paved roads may affect this source category.
XIII.  Uncertainties/Shortcomings of Methodology
A. This method is based on an empirical model that was developed with data collected in measurement programs in discreet locations that may not be representative of all areas of the country.

The range of source conditions that were tested in developing the emissions factor equation. 

	Tested Source Conditions

	Silt Loading
	0.03-400 g/m2

	
	0.04-570 grams/ square foot

	Mean Vehicle Weight 
	1.8-38 megatons (Mg)

	
	2.0-42 tons

	Mean Vehicle Speed
	16-88 kilometers per hour (kph)

	
	10-55 miles per hour (mph)


The emission factor equation should not be used for roadways with speeds less than 10 mph and with stop and go traffic.  Using this equation in a situation such as this will result in a higher level of uncertainty.   

B.  The fleet average vehicle weight default value of 6,360 pounds is based on vehicles fleet statistics from the early 1990s.
XIV.  Recommendations to Improve Methods/Data
A.  Improved estimates of road silt loading could be obtained by selecting location specific values from the national database[see related documents under AP-42, Section 13.2.1], or by local measurement [see Appendix C1 and C2 AP-42] 

B.  VMT updates that are developed for calculating vehicle exhaust emissions can be applied directly. [State Environmental Agency or Transportation Department]

C.  The average vehicle weight is the most heavily weighted variable in the predictive equation. Improved accuracy can be achieved by updating the vehicle mix through the use of recent registration data.

Also note that the Western Regional Air Partnership (WRAP) has developed both short-term and long-term efforts to improve the methods for estimating emissions from paved roads in the west.  Updates on WRAP activities can be found at the WRAP web site (http://www.wrapair.org).

XV.  Additional Information/Guidance:
EPA Contact:  Mr. William B. Kuykendal











Emission Factor and Inventory Group











E-mail: kuykendal.bill@epa.gov










Telephone:  919-541-5372

AP-42, Section 13.2.1, Paved Roads: 












 http://www.epa.gov/ttn/chief/ap42/ch13/final/c13s0201.pdf
Area Source Emissions Model:  












www.epa.gov/ttn/chief/software/asem/index.html
County Level Emission Density Maps:  www.epa.gov/ttn/chief/eiip/pm25inventory/densitymaps.pdf 

NEI Methodology Description:  Section 4.8.1.5, pages 4-253 – 4-254












www.epa.gov/ttn/chief/trends/procedures/  

Procedure for Laboratory Analysis of Surface/Bulk Loading Samples:  www.epa.gov/ttn/chief/ap42/appendix/app-c2.pdf
Procedure for Sampling Surface/Bulk Dust Loading:  www.epa.gov/ttn/chief/ap42/appendix/app-c1.pdf
Road Silt Loading Database:  












www.epa.gov/ttn/chief/ap42/ch13/related/c13s02-1.html
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� Silt loading refers to the mass of silt size material (equal or less than 75 micrometers in physical diameter) per unit area of the travel surface


� Refers to airborne PM-x with an aerodynamic diameter equal to or less than x micrometers


� Units shown are grams per vehicle kilometer traveled (g/VKT), grams per vehicle miles traveled (g/VMT) and pounds per vehicle mile traveled (lb/VMT).  The multiplier k includes unit conversions to produce emission factors in the units shown for the indicated size range from the lixed units required in Equation 1. 


� Ratio of PM-2.5 to PM-10 taken from Fugitive Particulate Matter Emissions, EPA Contract No. 68-D2-0159, Work Assignment No. 4-06, Midwest Research Institute, Kansas City, MO, April 1997.


� PM-30 is sometimes termed “suspendable particulate” (SP) and is often used as a surrogate for TSP. 


� For example, if 99 percent of traffic on the road are 2 ton cars/trucks while the remaining 1 percent consists of 20 ton trucks, then mean weight “W” is 2.2 tons.  There will only be one emissions factor representing the “fleet” average of all vehicles, not one for each vehicle weight class.  


� In situations where there is low silt loading and /or low average weight, emissions may result in a negative number.  If this occurs, the emissions factor calculated should be set to zero. 


� Data Source - Road Silt Loading Database:  � HYPERLINK "http://www.epa.gov/ttn/chief/ap42/ch13/related/c13s02-1.html" ��www.epa.gov/ttn/chief/ap42/ch13/related/c13s02-1.html�





� Data Source - Road Silt Loading Database:  � HYPERLINK "http://www.epa.gov/ttn/chief/ap42/ch13/related/c13s02-1.html" ��www.epa.gov/ttn/chief/ap42/ch13/related/c13s02-1.html�


� AP-42 suggests that in calculating PM 10 emissions, 6 additional miles of road be added for each active track out point from an active construction site, to the paved road mileage of the specified category within the county.  In calculating, PM 2.5 emissions, 3 additional miles of road should be added for each track out point for active construction sites.  
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