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FOREWORD

When energy and material resources are extracted, pro-

- cessed, converted, and used, the related pollutional impacts
on our environment and even on our health often require that
new and inecreasingly more efficient pollution control methods
be used. The Industrial Environmental Research Laboratory -
Cincinnati (IERL-CI) assists in developing and demonstrating
new and improved methodologies that will meet these needs
both efficiently and economically.

This report contains an assessment of air emissions from
the asphalt hot mix industry. This study was conducted to
provide EPA with sufficient information to decide whether addi-
tional control technology needs to be developed for this
emission source. Further information on this subject may be
obtained from the Industrial Environmental Research Laboratory,
Cincinnati, 45268,

David G. Stephan
Director
Industrial Environmental Research Laboratory
Cincinnati
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PREFACE

The Industrial Environmental Research Laboratory (IERL) of
the U.S. Environmental Protection Agency (EPA) has the respon-
sibility for insuring that pollution control technology is
available for stationary sources to meet the requirements of
the Clean Air Act, the Water Act and solid waste legislation.
If control technology is unavailable, inadequate, uneconomi-~
cal, or socially unacceptable, then financial support is
provided for the development of the needed control techniques
for industrial and extractive process industries. Approaches
considered include: process modifications, feedstock modifi-
cations, add-on control devices, and complete process substi-
tution. The scale of the control technology programs ranges
from bench- to full-scale demonstration plants.

IERL has the responsibility for developing control technology
for a large number (>500) of operations in the chemical and
related industries. As in any technical program, the first
step is to identify the unsolved problems. Each of the in-
dustries is to be examined in detail to determine if there

is sufficient potential environmental risk to justify the
development of control technology by IERL. This report
contains the data necessary to make that decision for asphalt
hot mix manufacture. w T )

Monsanto Research Corporation has contracted with EPA to in-
vestigate the environmental impact of various industries that
represent sources of emissions in accordance with EPA's re-
sponsibility, as outlined above. Dr. Robert C. Binning serves
as Program Manager in this overall program, entitled "Source
Assessment," which includes the investigation of sources in
each of four categories: combustion, organic materials,
inorganic materials, and open sources. Dr. Dale A. Denny of
the Industrial Processes Division at Research Triangle Park
serves as EPA Project Officer for this series. This study

of asphalt hot mix plants was initiated by IERL-Research
Triangle Park in August 1974; Mr. Kenneth Baker served as

EPA Project Leader. The project was transferred to the
Industrial Pollution Control Division, IERL-Cincinnati, in
October 1975; Mr. Ronald J. Turner served as EPA Project
Leader from that time through completion of the study.
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ABSTRACT

This report summarizes the assessment of air emissions from
asphalt hot mix manufacture. The study was completed to

provide EPA with sufficient information to determine whether
additional control technology needs to be developed for this

emission source.

Asphalt hot mix is produced by mixing hot dry aggregate with
hot ligquid asphalt cement in a batch process or continuous
process. Some asphalt hot mix is produced using a dryer drum
process in which wet aggregate is dried and mixed with hot
liquid asphalt cement simultaneocusly in a dryer. Major emis-
sion points within a plant are the stack and the mixer.

To assess the severity of emissions from this industry, a
representative plant was defined based on the results of an
industrial survey. This plant utilized the batch process
with specific mean values for various plant parameters.
Source severity was defined as the ratio of the maximum
time-averaged ground level concentration of a pollutant to
the primary ambient air Quality standard for criteria pollu-
tants or to a reduced threshold. limit value for noncriteria
pollutants. For a representative plant, source severities
for particulate, nitrogen oxides, sulfur oxides, hydrocarbons,
and carbon monoxide are 4.02, 1.83, 0.67, 0.96, and 0.01,

respectively.




A decrease in particulate emissions from this industry, in

the range of 42% to 60%, is expected over the period 1973 to
1978. The asphalt hot mix industry contributes to the
national emissions for particulate, sulfur oxides, nitrogen
oxides, total hydrocarbons, and carbon monoxide in the amounts
of 0.35%, 0.05%, 0.03%, 0.024%, and 0.009%, respectively.

Primary collectors, used for control of dust >10 um, include
settling chambers, centrifugal dry collectors, and multi-
cyclones. Secondary ccllectors, used for micron and sub-
micron particles, include gravity spray towers, cyclone
scrubbers, venturi scrubbers, orifice scrubbers, and fabric

filters.

This report was submitted in partial fulfillment of Contract
No. 68-02-1874 by Monsanto Research Corporation under the
sponsorship of the U.S. Environmental Protection Agency.
This report covers the period August 1974 to April 1977,

and the work was completed as of July 1977.
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SECTION 1

INTROCDUCTION

The asphalt hot mix industry is economically among the
leading U.S. industries. Asphalt hot mix is produced by one
of three processes: batch, continuous, or dryer drum process.
In the batch and continuous processes, aggregate is dried,
then mixed with hot asphalt cement. In the dryer drum proc-
ess, aggregate is dried and mixed with hot asphalt cement
simultaneously. Emissions from an asphalt hot mix plant
include particulate, nitrogen dioxide, sulfur oxides, carbon
monoxide, hydrocarbons, aldehydes, hydrogen sulfide, ozone,

polycyclic organic material, and trace metals.

This document presents a detailed study of the asphalt hot
mix industry from an environmental standpoint. It defines a
representative asphalt hot mix plant, presents the emission
factors determined for all species emitted to the atmosphere,
and identifies emission points and heights of emission using
the best available control technology for the representative
plant. These data are then used to calculate source severity,
industry contribution to state and national emissions, and
affected population. These criteria are used to assess the

environmental hazard potential of the asphalt hot mix industry.




SECTION 2

SUMMARY

The term asphalt hot mix defines a mixture of properly graded
aggregate, hot and dry, and asphalt cement in a molten state.
Asphalt hot mix is used for surfacing roads, airport runways,
parking lots and driveways. It has other, smaller uses such
as liners in sanitary landfills, extruded curbs, and impcocund-
ment liners. Over the past 5 years, highway and street

paving has accounted for 67% of the market, commercial paving

for 28%, and airport and private paving for the remainder.

The asphalt hot mix industry is economically a U.S. indus-
trial leader. 1In 1975, an estimated 4,300 plants produced
2.99 x 108 metric tons® (3.29 x 10® tons) of hot mix.
Asphalt hot mix is produced by one of three major processes:
batch process, continuous process, and dryer drum process,

which-account for 90.8%, 6.6%, and 2.6% of the total produc-
tion, respectively.

Asphalt hot mix is produced by mixing hot, dry aggregate
with hot liguid asphalt cement in the batch and continuous

processes. In the dryer drum process, wet aggregate is

a .
1 metric ton = 10%° grams = 2,205 pounds = 1.1 short tons
(short tons are designated "tons" in this document); other

conversion factors and metric system prefixes are presented
in the prefatory pages.




dried and mixed with hot liquid asphalt cement simultaneously

in the dryer.

The production of asphalt hot mix results in the emission of
particulate, sulfur oxides, nitrogen oxides, carbon monoxide,
hydrocarbons, aldehydes, polycyclic organic material, hydro-
gen sulfide, and trace metals. The two major points of
emission within an asphalt plant are the stack and the

mixer. Other emission sources include fugitive emissions
(from transfer points, handling and storage of asphalt, oil
coated truck beds, the settling pond and miscellaneous
points) and open source emissions (from aggregate stockpiles,
loading operations, cold storage bins, cold aggregate con-

veyor and truck traffic within the plant).

To assess the severity of emissions from the asphalt hot
mix industry, a representative plant was defined from the
results of an industrial survey as a stationary plant using
the batch process and having the following mean values for

various plant parameters:

Average production rate...... 160 metric tons (176.4 tons/hr)
Average mixer capacity....... 2.9 metric tons (3.2 tons)
Average stack height......... 10.3 m (33.8 ft)
Average particulate emission
b= ot = SO 21.9 kg/hr (48.3 lb/hr)
Average hours of operation... 666 hrs/yr
Primary collector............ Cyclone
Secondary collector.......... Wet scrubber
Fuel for dryer burner........ 0il
Release agent.......ooveeernan Fuel oil

The impact of the asphalt hot mix industry on the environment
was assessed by the calculation of source severity; by the

determination of growth factor, of state burdens for




particulate emissions, and of the national burden for
criteria pollutants; and by estimation of the population
affected by pollutants having a source severity greater than

or equal to one.

Source severity is defined as the maximum time-averaged
ground level concentration divided by a hazard potential.
The maximum time-averaged ground level concentration is
determined by using Gaussian plume methodology. The hazard
potential for criteria pollutants is defined as the primary
ambient air quality standard; for noncriteria pollutants it
is defined as a reduced threshold limit wvalue (TLV®). For a
representative asphalt hot mix plant, source severities for
particulate, nitrogen oxides, sulfur oxides, hydrocarbons
andrcarbon monoxide are 4.02, 1.83, 0.67, 0.96 and 0.01,
respectively. Source severities for polycyclic organic
material (with a TLV of 2 x 10~"% g/m3) and aldehydes (with a
TLV of 0.18 g/m?®) are 0.14 and 0.13, respectively.

The growth factor is determined from the ratio of known emis-
sions in 1973 to projected emissions in 1978. Asphalt hot
mix production in 1973 amounted to 3.31 x 10% metric tons
(3.64 x 10% tons), and 1.23 x 10° metric tons (1.35 x 10°
téns)-éf pafEicuiéie wé;é emi%ted to the atmosphere. In 1975,
production decreased to 2.99 x 10% metric tons (3.29 x 108
tons), and particulate emissions were.reduced to 6.3 x 10%
metric tons (6.95 x 10% tons). By predicting a 4% increase
in production and emissions from 1975 through 1978, produc-
tion would increase to 3.37 x 10% metric tons (3.71 x 108
tons), whereas emissions would increase to 7.09 x 10% metric
tons (7.81 x 10% tons) assuming the worst-case condition.

By plotting the decline in emission factor since 1970

through 1975 and extrapolating to 1978, the emission factor
for 1978 was estimated to be 0.145 g/kg. Using this best-

case approach, the total emissions for 1978 were estimated to




be 4.90 x 10% metric tons (5.40 x 10* tons). Therefore, the
particulate emission growth factor should range between 0.40
and 0.58, and the decrease in particulate emissions from
asphalt hot mix manufacture will be in the range of 42%

to 60% over that period.

Particulate emissions from asphalt hot mix plants comprise
from 1.0% to 3.5% of each state's total particulate emissions
in Alaska, Connecticut, Missouri, New Hampshire, New Jersey,
New York, Oklahoma, Rhode Island, and Vermont. For all

other states particulate emissions are less than 1% of the
state totals.

The total mass of criteria pollutants emitted nationwide by
asphalt plants is estimated to be 6.30 x 10" metric tons/yr
(6.95 x 10% tons/yr) particulate, 1.37 x 10" metric tons/yr
(1.51 x 10* tons/yr) sulfur oxides, 7.7 x 103 metric tons/yr
(8.5 x 103 tons/yr) nitrogen oxides, 6.0 x 103 metric tons/yr
(9.0 x 103 tons/yr) total hydrocarbons and 8.2 x 103 metric
tons/yr (6.6 x 103 tons/yr)lcarbon monoxide. The percent
contribution to national emissions for particulate, sulfur
oxides, nitrogen oxides, total hydrocarbons and carbon
monoxide are 0.35%, 0.05%, 0.03%, 0.024% and 0.009%, respec-
tively.

Asphalt hot mix plants, though concentrated in populated
areas, are also located in rural areas and even in desert
areas. The population density of the county within which the
representative plant was located, 379.5 persons/km? (983
persons/mi?), was used as the representative population
density. The areas surroﬁnding the representative plant for
which the source severities for particulate and nitrogen
oxides are greater than or equal to 1.0 were calculated to be
0.453 km? (1.17 mi?) and 0.108 km2 (0.28 mi?), respectively.

The affected populations are thus 180 persons and 43 persons




for particulate and nitrogen oxide emissions, respectively,

for the representative plant.

Pollution control technology within the asphalt plant consists
of two stages - primary and secondary control equipment.
Primary collectors are designed to recover dust greater than
10 ym with approximately 70% efficiency. They prevent dust
nuisance, protect downstream eguipment from wear due to the
impact of dust particles, and are considered a sound invest-
ment since the recovered aggregate can be recycled. Primary
collectors used include settling or expansion chambers,
centrifugal dry collectors, and multicyclones. Secondary
collectors have a higher collection efficiency than primary
collectors and are able to remove particles in the micron

and submicron sizes. Secondary collectors are of two types -
wet and dry. Wet collectors include gravity spray towers,
cyclone scrubbers, venturi scrubbers, and orifice scrubbers.

Dry collectors include fabric filters or baghouses.




SECTION 3

SOURCE DESCRIPTION

The asphalt hot mix industry is economically among the

leading U.S. industries.! The estimated 4,300 plants? operat-
ing in the U.S. in 1975 produced 2.99 x 10% metric tons

{3.29 x 10° tons) of hot mix asphalt.?

Asphalt hot mix is produced by one of three major processes:
batch process (which accounts for 90.8% of capacity), continu-
ous process (6.6%) and dryer drum process (2.6%). Figure 1
shows the breakdown of the asphalt industry based on process
type, plant mobility, fuel type and emission control device
used. Asphalt hot mix production consists of mixing a
combination of aggregates with liquid asphalt.“ The asphalt
plant is used to heat, mix and combine the aggregate and
asphalt in measured quantities to praduce the required

paving mix,*

lLaster, L., L. Atmospheric Emissions from the Asphalt
Industry. U.S. Environmental Protection Agency, Office of
Research and Development. Research Triangle Park. Report
No. EPA-650/2-73-046 (PB 227 372). December 1973. 36 p.

2private correspondence. Fred Kloiber, National Asphalt
Pavement Association, to Monsanto Research Corporation.
October 7, 1975.

3Hot Mix Asphalt - Plant and Production Facts, 1973-74.
National Asphalt Pavement Association. Riverdale.
Information Series 56. 31 p.

Yair Pollution Engineering Manual, Second Edition.
Danielson, J. A. (ed.}. U.S. Environmental Protection
Agency. Research Triangle Park. Publication No. AP-40.
May 1973. 987 p.




IKDUSTRY

ASPHALT HOT

PROCESS TYPE

MIX PLANTS

LEA]_C_H_EBOCESS {90,5%}

LONTENUQUS PROCESS {6.6%)

PLANT MOBILITY FUEL TYPE EMISSION CONTROL TYPE

BAGHOUSE (0%}
GAS (0%)

UHEY COMLECTOR (02) .

\

. BAGHOUSE (0%)

amL {1,3%)

LWET COLLECTOR (1.3%)
BAGHOUSE (0.1%)

WET COLLECTOR (D.8%)

RENT {1.3%

_ BAGHOUSE {0.1%)

WET COLLECTOR (0.3%}

BAGHQUSE (0.7%)
GAS {1.2%)

WET COLLECTOR (0.5%})

BAGHOUSE {V.7%)

0IL (3.1%}

WET COLLECTOR (1.4%})

BAGHOUSE (0.6%)

WET COLLECTQR (0.7%

GAS (1.3%

PERMANENT (2.3%}

BAGHOUSE (0. 4%}

LIL [1.0%}

|WET_COLLECTOR {0.6%)

BAGHOUSE (0.33)
GAS (0.9%) o

WET COLLECTOR {0.6%)

BAGHOUSE (4.2%

Oy (3 4%}

IWET COLLECTOR (9.2%)

PERCENTAGES SHOWN IN { )} REPRESENT

% OF TOTAL INDUSTRY.

0% INDICATES NO INDUSTRY RESPONSE.

Figure 1.

BAGHDUSE [12.5%

GAS (29,81}

WET COLLECTOR (17.3%}

PERMANENT . (76.5%)
BAGHOUSE (19.6%}

Lot (a6 72) .

WET COLLECTOR (27.1%)

SUMMARY
PLANT MOBILLTY FUEL TYPE EMISSION CONTROL TYPE
PERMANENT PLANTS (B0X GAS (341) BAGHOUSE {40%3)
MOBILE PLANTS 20 oiL (663) WET COLLECTOR {60%)

Asphalt hot mix industry
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The batch process for producing asphalt hot mix is described
in detail in this document. The other two processes are
briefly considered from the standpoint of their variations

from the batch process.

A, PROCESS DESCRIPTION

1. Raw Material
a. Asphalt - Asphalt is a dark brown to black cementitious

material composed principally of bitumens which come from

natural or petroleum sources.>:6

Chemically, asphalt is a hydrocarbon consisting of three
phases: asphaltenes, resins and o0ils. Asphaltenes are small
particles surrounded by a resin coating. The o0il serves as

a medium in which the asphaltene resin can exist. The three
phases affect the properties of asphalt independently:
asphaltenes contribute to body; resins furnish the adhesive
and ductile properties; and o0il influences the viscosity and

flow characteristics of the asphalt.’

The use of petroleum asphalt has grown steadily and currently
90% of all asphalt used in the U.S. is recovered from crude

0il.®

Sasphalt as a Material. The Asphalt Institute. College Park.
Information Series No. 93 (IS-93}. Revised June 1973. 16 p.

6Jones, H. R. Pollution Control in the Petroleum Industry.
Pollution Technology Review No. 4. Park Ridge, Noyes Data
Corporation, 1973, 349 p.

’Larson, T. D. Portland Cement and Asphalt Concretes. New
York, McGraw-Hill Book Company, Inc., 1963. 282 p,.
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Figure 2 is a flow chart for petroleum asphalt and the types
of products produced by refining crude petroleum.5r7-10
Crude petroleum is distilled in a fractionating tower. The
volatile components vaporize and are removed for further
refining into naphtha, gasoline, kerosene and various other
petroleum products.>~7 The residue called "topped crude” is
processed further into one of several standard grades of

asphalt.?®

Asphalt cement is produced commercially by two methods:
partial vacuum distillation or solvent extraction.®s® Asphalt
cements upgrade aggregates of substandard quality, making them
suitable for base courses in pavement structures. Such
cements are used in asphalt concrete and many other hot mix
pavements, and in surface treatment and penetration macadam

courses. >

Asphalt cement is a highly viscous material available in many
standard grades. Penetration tests were originally used to
specify grades, but more recently viscosity is used to specify
the desired grades.>:8:3 Specifications for viscosity graded
asphalt cement are based on viscosity ranges at 60°C (140°F).
A minimum Viscosity at 135°C (275°F) is also specified. These
temperatures were chosen because 60°C (140°F) approximates the
maximum temperature of asphalt pavement surfaces in the United
States while 135°C (275°F} approximates mixing and laydown
temperatures for hot asphalt pavements.3r8/9

8A Brief Introduction to Asphalt and Some of Its Uses,
Seventh Edition. Manual Series No. 5 (MS-5). College Park,
The Asphalt Institute, September 1974. 74 p.

9Specifications for Paving and Industrial Asphalts, 1974-1975

Edition. Specification Series No. 2 (S5-2), College Park,
The Asphalt Institute, issued September 1974. 50 p.
10Phe Asphalt Handbook. Manual Series No. 4 (MS-4). College

Park, The Asphalt Institute, March 1966. p. 129-134.
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Other test methods used in specifications for asphalt cements
include the penetration test, flash point, thin film oven
test, ductility test and solubility test.5,7-10

Rapid-curing (RC) and medium-curing (MC) cutback asphalts are
blends of asphalt cement and light petroleum fractions,
called diluents.®r7s8,10 10w boiling diluents, boiling in’
the range of naphtha or gasocline, are used to prepare rapid-
curing liquid asphalts. Medium-curing liquid asphalts are
prepared by using diluents such as kerosene. Slow-curing
liquid asphalts are prepared by blending asphalt cement with
an oily diluent.5s7/8/10

Emulsified asphalts are dispersions of colloidal size globules
of asphalt in water that are prepared using high speed mixers
or colloid mills. Small quantities of surface active agents
or emulsifiers are added to the asphalt to aid dispersion.
Anionic and cationic emulsified asphalts are two commercially

available asphalt emulsions,2r7-10

A modified asphalt emulsion called inverted emulsion, indicat-
ing that water is dispersed in the asphalt phase rather than
asphalt in the- water-phase, may be produced using rapid-curing, _
medium-curing or slow-curing liquid asphalts.>.7,8,10 fTypes
of liquid asphaltic products are illustrated in Figure 3, and
Table 1 lists typical uses of the different asphalt cements
and liquid asphalts.8&,10

b. Aggregate - Asphalt paving mixes are produced by combin-
ing mineral aggregates and asphalt cement. Aggregates con-
stitute over 90% of the hot mix.®,7 Mix characteristics,

aside from the amount and grade of asphalt used, are

12
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Table 1. TYPICAL USES OF ASPHALTS

ASPHALT CEMENTS

TYPE VISCOSITY GRADED|VISCOSITY GRADED) PENE TRATION
oF -~QRIGINAL -RESIDUE GRADED
g §

CONSTRUCTION
g 8

ASPHALT - AGGREGATE MIXTURES W I

ASPHALY COMCRETE AND ‘
HMOT LAID PLANT WX

PAVENENT DASE AND SURFACES
HIGHWAYS
AIRPORTE
PARKING AREAS
DRIVEWAYS
CuRm:
INDUSTRIAL FLOORS
BLOCKS
SROINS
DAM FACINGS
CANAL AND RESERVOIR LINiNSS

c o

AC-2.5
AR~ 160
4

AR- 8
A
85- 100

g
¢

AC-40

AC-20
R

AR- 20

AR- 10

60-70

AC-10
AC-

|5 |

| 2 |2 [ 3¢ [

ted

|| D [ | e

¢ |3 |5 | % [
= ] [x
o | 3 | [

| [ [

¢ | 2 = [
| > 2

¢ | e e [ 2 ] 2
¢ [ > )¢

COLD - LAID PLANT MIX

PAVEMENT BASE AND SURFACES |
OPEN-ORADED AGUREGATE
WELL- SRADED ASQREDATE

FATCHING , IMMEDIATE UsE

PATCHING | ATOCKPILE

MIXED-IN- PLACE { ROAD MIX )

PAVEMENT SABE AND SURFACES |
OPEN - GRADED AGQNEATE !
WELL -ORADED AQSREQATE
AND . X | X X
BANDY BOIL XX X1 X
PATCHING , LMMEDIATE USE
PATCHING , STOCKPILE

ASPHALT - AGGREGATE APPLICATIONS
SURFACE TREATMENTS
SINGLE SURFACE TREATMEWT
MULTIPLE SURFACE TREATMENT
AGGREGATE SEAL
SAND SEAL |
SLURRY SEAL

PENETRATION MACADAM T

PAVENENT BASEN
LARGE vOIDY X X
SMALL VOLDS X X

ASPHALT APPLICATIONS

SURFACE TREATMENT
FO0 SEAL |
PRIME COAT , OPEN SURFACES
PRIME GOAT , TISHT SURFACES
TAGK COAY
DUST LAYING
MULCH

»

[
el =
>
»

MEMBRANE

CANAL AND RESERVOIR LININGS X
ENBSANKMENT ENVELGPED X| x XX

o

CRACK FILLING

ASPHALT PAVEMENTS
PORTLAND CENENT GONCRETE PAVEMINTE | X' XB|

a . .
For use in cold climates,
For use in bases only in cold climates.

eRubber asphalt compcounds.
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Table 1 (continued). TYPICAL USES OF ASPHALTS

LIQUID ASPHALTS

TYPE | RAPID CURING | MEDIUM CURING | SLOW CURING EMULSIFIED

(RC) (Mg) (sC} ANIONIC | CATIONIC

OF I '

CONSTRUCTION
Blaes8d| 88 |

NN
'

250
3000
RS- 1
RS-2
MS- |
MS-2
MS-2h
85-1
$5- Ih
CRS-|
CMS
CMS-2h
Css-1i

“
&
o

CSS- 1h

o @
238
ASPHALT - AGGREGATE MIXTURES ? ' |

ASPHALT CONCRETE AND
HOT LAID PLANT WIX

PAVEMENT OABL AND SURFACES ’

HEHWAYS

AIRPORYS :

PARXING AREAE i

DRIVEWAYS I

CURES b

INDUSTRIAL FLOORS

nocKs |

GROINS 1

CAM FACINGS l

CANAL AND RESEAVOIR LININGS LI

COLEC -LAID PLANT MIX

PAVEMENT BASE AND SURFACEN | I

OPEN-QRADED AQRREGATE j |

WELL - GRADED AQOMEQATE X
PATCHING , IMMEDIATE USE X

|
x| =

| =
»

>
'xxx
’xxxx

PATCHING , STOCKMILE

MIXED- IN- PLACE { ROAD MIX } , !

PAVEMENT BASE AND SURFACER i i

OPEN- GRADED AGEREQATE

WELL ~ORADED AQEREQATE

X
X
SAND XX X
SANDT SOIL XiX| X,
X

b k3P 15 4
|| w2
>

o[ 2| 2| 2
[ | mf 2

FATCHING , IMMEDIATE usE !

»
ey e[ e | e[
] | | e | X 2

PATCHING , STOCKPILE

ASPHALT - AGGREGATE APPLICATIONS l |

SURFACE TREATMENTS
SINGLE SURFACE TREATMENT

MULTIALE SURFACE TREATMENT

ASOREGATE BEAL

S 1T
>
> |2} x
b
xxlxx
e

—

| |
2| b g

SAND ZEAL

SLURRY SEAL

PENETRATION MACADAM

PAVEMENT BARED

o

LameE voiD8 XX % X S

SMALL YOIDI

ASPHALT APPLICATIONS
SURFACE TREATMENT :

FOO SEAL X xe

=
4

PRIME COAT , DPEN SURFACES

o[>

PRIME COAT , TIOHT SURFACES X LS

[
TACK COAT X X 3 X

xﬂ
DUST LAYING

k3
b e

T
MULCH X

MEMBRANE

" CANAL AND RESERVOIR LININGS

EMBANKMENT ENVELOPES

_CRACK FILLING

ASPHALT PAVERENTS H

TE " !
__PORTLAND CEWENT CONCRETE MYEMINTY, - ‘ . -

CDiluted with water.

dSlurry mix.
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determined by the relative amounts and types of aggregate
used.l:s7,8,10,11

Aggregate must be clean, hard, tough, strong, durable and
properly graded. Tests commonly used to determine aggregate
gquality include: sieve analysis, sand equivalent test,
abrasion (wear} test, soundness test, specific gravity, unit

weight and moisture content.”’/8/10

Aggregate is generally sized into three separate groups:

- coarse aggregate (material retained on a 2.38-mm [No. 8 mesh]

sieve and up to 0.06 m in diameter), fine aggregate (material

passing a 2.38-mm [No. 8 mesh] sieve}, and mineral dust

(material passing through a 74-ym [No. 200 mesh] sieve).l:12

Coarse aggregate can consist of crushed stone, crushed lime-

stone, crushed gravel, crushed slag from steel mills, crushed

glass, oyster shells and material such as decomposed granite

(or other material occurring naturally in a fractured condi-

tion), or highly angular material with a pitted or rough

surface texture. Fine aggregate consists of natural sand

with crushed limestone, slag or gravel. Mineral filler or

mineral dust consists of crushed rock, limestone, hydrated
lime, portland cement or other nonplastic mineral matter. A
minimum of 65% of this material must pass through a 74-um
sieve. All aggregate must be free from coatings of clay and
silt.!,%s12,13 qgble 2 lists sieve analysis specifications
for two typical paving mixes.!

11¢rim, J. A., and W. D. Snowden. Asphaltic Concrete Plants
Atmospheric Emissions Study. Valentine, Fisher & Tomlinson,
EPA Contract 68-02-0076. Seattle. November 1971. 101 p.

12prjedrich, H. E. Air Pollution Control Practices. Hot-Mix
Asphalt Paving Batch Plants. Journal of the Air Pollution
Control Association. 19:924-928, December 1969.

13patankar, U. Inspection Manual for Enforcement of New
Performance Standards: Asphalt Concrete Plants. JACA Corp.,
EPA Contract 68-02-1356, Task 2. Fort Washington. June
1975. 79 p.
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Table 2. TYPICAL PAVING MIXES!

Maximum size aggregate normally used

Paving Surface and Base, binder and
type Description leveling mixes leveling mixes
I Macadam | 63.5 mm

IT1 Open graded 9.5 to 19.1 mm 19.1 to 38.1 mm
I1I Coarse graded 12.7 to 19.1 mm 19.1 to 38.1 mm
v Dense graded 12.7 to 25.4 mm 25.4 to 38.1 mm
\Y Fine graded 12.7 to 1929.1 mm 19.1 mm

VI Stone sheet 12.7 to 19.1 mm 19.1 mm

VII Sand sheet 9.5 mm 9.5 mm
VIII Fine sheet No. 4 No. 4

Generally, a single natural source cannot provide the required
gradation; hence, mechanical combination of two or more
different aggregates is necessary. Aggregates are also
blended because of limited supplies, for economic reasons,

and to control particulate emis‘s,io:ns.?'11 Blending tech-
niques used include trial and error, mathematical and graph-

1
ical blending methods.

State transportation departments are responsible for specifi-
cations dictating the percent of each aggregate size in the
mix. State and local specifications account for aggregate
properties required fo§3a sound mix including local variations
in available supplies. A typical aggregate gradation chart
showing the specification limits and the job-mix formula is

‘'shown in FPigure 4.

2. Batch Process

a. Aggregate Storage - Excavation, crushing and screening

of the aggregate occur at the gravel pit or quarry. Of the

asphalt companies surveyed in 1974, 52% owned a gravel pit

17
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3
Oor guarry. The crushed and screened aggregate is trans-

pPorted to the asphalt plant site by truck or barge and
stockpiled according to size as shown in Figure 51'%'7'10_17
(A and B{;Q’Ef?gf?76 is a block flow diagram of the batch
process. The moisture content of the stockpiled
aggregate is normally between 3% and 5% moisture by weight.11
Mineral fines are often stored separately (Q). The aggregate
is mechanically loaded (from the stockpiles) into storage
bins, C, which are equipped with a hopper to discharge the
bin contents onto a conveyor, D, feeding the dryer. The
aggregate could also be transported directly to the dryer
from the stock?%les by an underground tunnel belt fed by

special gates.

b. Rotary Dryver and Burner - The cold moist aggregate is

fed into the rotary dryer (stream 1), E. The rotary dryer (or

kiln) is the most important component of an asphalt hot mix

l4Background Information for Proposed New Source Performance
Standards: Asphalt Concrete Plants, Petroleum Refineries,
Storage Vessels, Secondary Lead Smelters and Refineries,
Brass or Bronze Ingot Production Plants, Iron and Steel
Plants, and Sewage Treatment Plants. Volume 1, Main Text.
U.S. Environmental Protection Agency, Office of Air and
Water Programs. Research Triangle Park. Report No.
APTD-1352a (PB 221 736). June 1973. 61 p.

lSprivate correspondence. James F. Denton, Warren Brothers
Company, to Monsanto Research Corporation. May 7, 1975.

l6asphalt Industry Survey. Monsanto Research Corporation.
Dayton. Conducted through the National Asphalt Pavement
Association. November 23, 1975. 24 p.

l17primary and Secondary Collection Systems for Environmental
Control (Proceedings from NAPA's 15th Annual Midyear
Meeting, July 30 - August 1, 1971, and the 17th Annual
Convention, January 4-14, 1972). National Asphalt Pave-
ment Association. Riverdale. Information Series 38.

18chemical Engineers' Handbook, Fifth Edition. Perry, J. H.,
and C. H. Chilton (eds.). New York, McGraw-Hill Book
Company, 1973.
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plant.1%,20 Asphalt hot mix plants generally employ direct
fired rotary dryers that utilize oil or gas for fuel. A
rotary dryer consists of an inclined rotating cylinder,
Aggregate is fed at the elevated end and discharged at the
lower end. Heated air or combustion gases flow counter-

current to the aggregate.“

Flames contacting the aggregate are developed with burners,

F, located at the lower end of the dryer. Varying amounts of
air are required for combustion of different fuels. Table 3
shows typical air volumes needed for various fuels.?? When
air needed for burning is furnished to the burners by the
pressure blower, the burner is called a forced draft burner.
If an exhaust fan pulls the required air, the burner is called
an induced draft burner. Asphalt hot mix plants use hybrid
burners in which part of the air (30%) is forced through the

burner and the remainder (70%) is induced.?2?

Table 3. AIR REQUIREMENTS AND EXHAUST GAS VOLUMES
FOR VARIOUS FUELS20

kg of Air Standard m3
required per of fuel gases
Fuel per m? of fuel |per unit of fuel

#2 Fuel oil 1.25 x lo* 1.04 x 10%
#3 Fuel oil 1.28 x 10* 1.07 x 1o
#5 Fuel oil 1.32 x 1o* 1.10 x 10*
6 Fuel oil 1.37 x 10" 1.14 x 10"
Natural gas (Pennsylvania) 11.53 10.5
Natural gas (Georgia) 12.98 11.7
Natural gas (California) 12,82 11.6
Natural gas (Kansas) 11,21 10.2

18pickson, P. F. Heating and Drying of Aggregate. National
Asphalt Pavement Association. Riverdale. May 1971. 50 p.

20The Operation of Exhaust Systems in the Hot Mix Plant -
Efficiency and Emission Control. National Asphalt Pavement
Association. Riverdale. Information Series 52. 1975,
51 p.
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The rotary dryer serves two purposes: heating and removing
moisture from the aggregate. When fuel is burned, heat is
produced and transferred to the aggregate by a combination

of radiation, convection and conduction.!? Removing moisture
from the aggregate requires heating particle surfaces above
the vaporization temperature. This evaporated water then
diffuses back into the gas stream. Additional heat is trans-—
ferred to within the aggregate particles to raise the temper-
ature high enough to vaporize the internal moisture, which is
then diffused back to the gas stream through the aggregate

pore structure.!?

The exhaust fan handles the water vapor (steam) created from
the drying process, dust entrained in the gas stream, products
of combustion and air. It is the controlling device in the
drying operation. Table 4 shows the balance that exists
between air flow and heat available for two different exhaust

air temperatures and 25% excess air.20

A dryer exhaust temperature between 95°C (200°F) and 120°C
(250°F) is ideal. Lower temperatures cause aggregate caking
and higher temperatures waste fuel. When dryer exhaust
temperatures exceed 120°C, flights should be used.2® Flights
1ift the aggregate and shower it uniformly across the cross
section of the rotary cylinder, exposing as much of the
aggregate surface area as possible to the flame.%r11r12

Figure 7 shows a section through a rotary dryer.

The factors influencing dryer performance include production
rate, moisture content of the aggregate, air flow through
the dryer, burner capacity, and flight design.*/20 If the
settling velocity (velocity at which a particle will settle
in still air) of an aggregate particle within the dryer is
less than or egqual to the gas velocity through the dryer,
the particle will be swept out of the dryer. Therefore,
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TYPICAL FLIGHT
ALIGNMENT

FLIGHTS DESIGNED TO S~
DISTRIBUTE PARTICLES ACROSS ROTATION

ENTIRE CROSS SECTION
Figure 7. Section through a rotary dryer%:11,20

controlling the percent of mineral dust, aggregate that can
pass a 74-um (200-mesh) screen, entering the dryer is impor-
tant for pollution control. The exhaust gas with entrained
dust is vented (stream 2) to the primary control device.

The heat and dried aggregate (stream 3) exit the opposite

end.

c. Hot Aggregate Elevator, Vibrating Screens, Storage Bins

and Weigh Hopper - The hot aggregate from the dryer

{stream 3) combined with aggregate recycled from the primary
collector (stream 4) is hauled by a bucket elevator (G) to
the vibrating screens (H)}. The screens separate the aggre-
gate into predetermined uniform grades and drop it into one
or more f{up to five) storage bins (I). Oversized aggregate,
aggregate from overfilled bins and mineral fines are rejected

10-13,21
(stream 8a}.

2l1Background Information for Establishment of National
Standards of Performance for New Sources. Asphalt Batch
Plants. Environmental Engineering, Inc. Gainesville.
EPA Contract CPA 70-142, Task Order No. 2. 15 March 1971..
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The hot aggregate bins provide surge capacity for the dryer
system. From the storage bins each grade of aggregate is
dropped in turn into the weigh hopper (J) until the mix
specification is met. At this point a filler or mineral
fines may be added to the weigh hopper by means of a separate
feed. After all the aggregate is weighed the mixture is

dropped into the mixer (L).10-13,21

Atmospheric emissions occur from the hot aggregate elevator
(stream 7d), storage bins (stream 7c), weigh hopper (stream
7b) and mixer (stream 7a), which are all vented (stream 7e)

to the secondary control device (N).

d. Asphalt Storage - Asphalt used for preparing the hot mix

is transported from the refineries to the asphalt plant by
tanker truck or railroad tank car and stored in the asphalt
storage tank (S) in a liquid state. Heat is provided to
maintain asphalt in the liquid state, usually using electricity
or hot o0il. Hydrocarbon emissions from the hot asphalt are

11
partially removed by cooling in fluted air cooled vent pipes{R).

Hot asphalt is pumped (stream 9) to an asphalt bucket (K},

through a fluidometer and the amount of..asphalt required -to
15

meet mix specification is weighed by the bucket scales or

metered by the fluidometer.

e. Batch Mixer - After weighing, the aggregate is dropped

into a mixer (L) and dry mixed for a few seconds.l!3/15 The
mixer is identical to an egg beater except that the paddles
are mounted horizontally instead of vertically, and rotate
slowly.l1/15 Mixer capacities range from 0.5 metric ton
(0.55 ton) to 9.1 metric tons (10 tons) with an average mixer

size of 2.9 metric tons (3.2 tons).!®

At the end of the dry mix period asphalt from the asphalt

bucket is introduced into the mixer and the materials are
28




blended for less than a minute before being discharged to

waiting trucks.

Beds of asphalt trucks are sprayed to prevent the hot mix

from adhering to them.!® Materials used in the truck spraying
operation are either kerosene {(5%), chemical release agent
(38%) or fuel oil (55%). A typical release agent sprayed onto
a truck bed consists of 20% silicone sclids in 80% naphtha.
The naphtha evaporates, and the silicone serves to prevent
adhesion of the asphalt to the bed. Approximately 1% of the

asphalt plants do not use the truck spraying operation.

f. Storage S5ilos -~ In some plants, hot mix from the mixer is

conveyed to a storage sile from which the trucks are loaded.
Before the advent of hot mix storage, the time required to

load trucks was directly dependent upon the production capaci-
ty of the plant. The capacity of the plant is now dictated by
the number of tons of asphalt that can be laid rather than the
amount that can be hauled away.!! The number of asphalt plants

using storage facilities has been increasing.?3

g. Automation - There is a general trend in the asphalt in-

dustry toward some degree of automation. Automation stabilizes
process conditions and minimizes plant shutdowns. This is

desirable from both an economic and emissions standpoint.3

Some plants are sc automated that all plant operations except
loading the cold aggregate into the cold storage bins are
controlled from a control center by manual pushbuttons or

digital card controlled sequences.!?

h. Primary and Secondary Pollution Control Devices - all

asphalt plants have some form of dust control equipment as
an integral part of the process. Pollution control equipment

is required to protect process equipment downstream from the
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dryer from the impact of dust particles, to economize by
preventing loss of fine aggregate and mineral filler, and to

17

control atmospheric emissions. Air pollution control

regulations have made emission control the overriding consid-

eration in an asphalt plant system design.!1,17

The air pollution control system at an asphalt plant consists
of primary and secondary collectors of two categories: wet
and dry. Primary pollution control equipment used includes
settling chambers (4%), cyclones (58%) and multicyclones (35%).
Secondary control devices include gravity spray towers (8%),
cyclone scrubbers (24%), venturi scrubbers (16%), orifice
scrubbers (8%) and baghouses (40%). Eight percent of the
plants surveyed reported using tertiary collectors.!® Dust
particles entrained in the gas stream and the products of
combustion from the rotary dryer {stream 2) are vented to

the primary collector (M). The average efficiency of the
primary collector is 88.5%.1% Dust removed by the primary
control device from the gas stream is recycled (stream 4) to
the hot aggregate elevator by a screw conveyor. The remaining
gases (stream 6) are vented to the secondary control device
(N), along with gases collected in the scavenger duct system
{stream Je). - IR —

The secondary control device (N), which has an average effi-
ciency of 96.5%, further removes pollutants from the gas

stream before discharg%gg to the atmosphere (stream 13)
through the stack (P).

Material removed from the gas stream by the secondary collector
is either discarded or reused. Approximately 53% of the
plants surveyed reported recycling, and 61% reported the use

of a settling pond for removal of sblid material.l®
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3. Continuous Process

The continuous process operations, shown in Figure 8, are
very similar to batch process operations, except in the
method of feed to the mixer, and in the mixer itself.l3 The
"hot aggregate storage bins in this process are smaller than
those used in a batch plant and hence do not provide a large
surge capacity.l1s13 From the hot aggregate storage bins
aggregate is metered through a set of feeder conveyors to
another bucket elevator and into the mixer.l! Asphalt is
simultaneously metered to the inlet end of the mixer:; the
aggregate and asphalt feeder systems are mechanically inter-
connected to insure proper proportions in the mix.!? The
mixture is conveyed by the mixing paddles to the outlet end
of the pugmill to be discharged continually into a loading
hopper. Retention time and some surge capacity are controlled

by an adjustable dam at the end of the mixer.ll:13

4. Dryer Drum Process

A recently revitalized process for manufacturing asphalt
hot mix, known as the dryer drum process, is now used by
2.6% of the asphalt plants in the United States.!® This
process simplifies the conventional processes by replacing
hot aggregate storage bins, vibrating screens and the mixer

_ ) ) 22
with propeortioning feed controls.

Figure 9 is a block flow diagram of the dryer drum process.
Both aggregate and asphalt are introduced near the flame end
of the revolving drum in this process. A variable flow

asphalt pump is electronically linked to the aggregate belt

227errel, R. L., et al. Asphalt Paving Mixtures Produced by
the Dryer-Drum Process. Prepared for Federal Highway
Administration, Olympia, by University of Washington,
Seattle, and Federal Highway Administration, Vancouver.
Final Report (PB 212 854). August 1972. 134 p,
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scales to control mix specifications. Dryer drum plants use
parallel flow design for hot burner gases and aggregate flow.
Parallel flow has the advantage of giving the mixture a
longer time to coat and collect dust in the mix, thereby
reducing particulate emissions to the atmosphere. Particu-
late generated within the dryer for the dryer drum process
Ny
(Oﬂ%gfgigg_;\iéﬁ) is lower than than generated within con-
ventional dryers (22.5 g/kg). But as asphalt is being heated
to high temperatures for a long period of time, hydrocarbon
emissions from dryer drum dryers are greater., Studies are
currently being conducted to arrive at a suitable compromise
between hydrocarbon and particulate emissions. Asphalt
is being introduced into different sections of the dryer to
reduce residence time in the dryer, thereby reducing hydro-
carbon emissions. However, the shorter residence time in-

creases particulate emissions.

The mix is discharged from the revolving dryer drum into

surge bins or storage silos.

B. MATERIALS FLOW

A simplified material balance for the asphalt hot mix

batch process for a representative plant with a production
rate of 160 metric tons/hr and an emission rate of 22 kg/hr
is shown in Figure 10. (Stream numbers correspond to those

in Figure 5.}

C. GEOGRAPHICAL DISTRIBUTION

Asphalt hot mix plants are located in residential

communities, industrial areas, rural areas, and even in arid
desert areas. Most permanently installed plants are located
in urban areas where there is a continuous market for new

paving and resurfacing work. Portable plants are usually
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involved in highway construction projects since they can be
disassembled and relocated to shorten hauling distances as

highway construction proceeds.!!

In January 1974, there were 3,989 operating plants in the

U.S. Figure 11 provides a map showing the state distribution
of asphalt plants.? Table 5 lists the existing asphalt hot mix
plants in the U.S. and shows their percent state distribution.

PERCENT OF TOTAL
PLANTS PER STATE
| |0-10%
L1-2.5%
Il 2.6 -4.9%
- 15.00% AND OVER

Figure 1l. State distribution of asphalt hot mix plants?
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Table 5. EXISTING ASPHALT HOT MIX PLANTS IN THE U.S.
AND STATE DISTRIBUTION (JANUARY 1974)°2

Number Percent
State of plants of total
Alabama 82 2.1
Alaska 30
Arizona 12 0.3
Arkansas 38
California 228
Colorado 38
Connecticut 50
Delaware 8
District of Columbia 4 0.1
Florida 115
Georgia 83
Hawaii 10
Idaho 27
Illinois 202
Indiana 130
Jowa 68
Kansas 61
Kentucky 128
Louisiana 66
Maine 28
Maryland 66
Massachusetts 50
Michigan 147
Minnesota 114
Mississippi 21
Missouri 153
Montana 31
Nebraska 37
Nevada 8
New Hampshire | 20
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Table 5 {continued).

EXISTING ASPHALT HOT MIX PLANTS IN THE

U.S. AND STATE DISTRIBUTION (JANUARY 1974)2

Number Percent
State of plants of total

New Jersey 117 .
New Mexico 31

New York 212

North Carolina 116

Nerth Dakota 19

Ohio 287 .
Oklahoma 57

Oregon 55 .
Pennsylvania 258

Rhode Island 12

South Carolina 58

South Dakota 31
Tennessee 105

Texas 96

Utah 18

Vermont 12

Virginia 106
Washington 71

West Virginia V. i}
Wisconsin 135

Wyoming 24

TOTAL 3,989 100
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SECTION 4

EMISSIONS
Al LOCATIONS AND DESCRIPTIONS
At an asphalt hot mix plant, atmospheric emission sources can
be grouped according to four categories: stack emissions,
mixer emissions, fugitive emissions, and open source emis-

sions. These are discussed in detail below.

1. Stack Emissions

Materials emitted from various sources within an asphalt

hot mix plant are vented either through the dryer vent or

the scavenger vent. The dryer vent stream is controlled by
the primary and secondary collectors, while the scavenger vent
stream is controlled only by the secondary collector before
being released through the stack.

Sources connected to the scavenger vent within an asphalt hot
mix plant are the hot aggregate elevator, vibrating screens,
hot aggregate storage bins, weigh hopper and mixer. The

dryer vent carries emissions only from the dryer.

Material emitted from the hot aggregate elevator, vibrating
screens, hot aggregate bins and weigh hopper is particulate that
is B85.3% to 98B.9% below 50 uym in size that becomes airborne

within the gas stream flowing through the plant ductwork.!?
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Emissions from the mixer are intermittent, occurring when
the load of asphalt hot mix is dumped into trucks. These
emissions consist of particulate, hydrocarbons, SOX, NOx,

€0, aldehydes, and polycyclic organic material.

Emissions generated within the dryer consists of particulate
and other gaseous substances. Particulates include dust part-

icles, fly ash, soot and unburned droplets of fuel cil.

As the dryer rotates, the aggregate it contains is raised by
flights and cascaded across the cross section of the revolving
cyclinder, while hot combustion gases flow countercurrent to
the aggregate, causing particulates to be carried out with the
gas stream. The velocity of the gas stream at which particu-
late will be come airborne depends on particle size, weight an
shape, and is called terminal velocity.11

Fly ash results from fuel oil impurities, which form solid
rather than gaseous combustion products, and is proportional
to the ash content of the fuel. Soot consists of unburned
carbon particles formed during combustion control problems
such as a malfunctioning burner, lack of air, or insufficient

heating of fuel o0il cause emission of unburned oil droplets.

Gaseous combustion products formed within the rotary dryer
include carbon monoxide, sulfur oxides, nitrogen oxides, a
variety of partially burned hydrocarbons and polycyclic

organic material.

Carbon monoxide is formed when inadequate oxygen is available.
Deficiency of oxygen can be caused by insufficient air for the
total combustion reaction, by poor mixing, or by guenching in

23
the burner flame. Sulfur oxides are produced when fuel

23gchreter, R.E. Carbon Monoxide (CO) Formation in Aggregate
Dryers. Hauck Manufacturing Company. July 21, 1973. 13 p.
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containing sulfur is combusted. Nitrogen oxides are formed
when air (composed of 79% nitrogen and 21% oxygen) is heated

by high temperature flames to 815°C or more.?2%

Table 6 lists the materials emitted through the stack and

their concentrations in the gas stream.

Table 6. CONCENTRATION OF MATERIAL EMITTED FROM STACK

Material emitted Concentration
Particulate 400.0 mg/m3 + 20%
Sulfur oxides 30.6 ppm
Nitrogen oxides <29 ppm
Hydrocarbons (as methane 42.3 ppm

eguivalents)
Carbon monoxide 32.2 ppm *+ 18%
Polycyclic organic material 36.4 ug/m3 + 38%
Aldehydes 14.8 ppm * 33%
2. Mixer Emissions

To produce the hot mix, asphalt in a liquid state comes in
contact with hot aggregate in the mixer, and the mixture is
discharged into trucks or conveyed to an asphalt hot mix

storage silo by means of a skip hoist.

Particulate and gaseous emissions are emitted during the mix-
ing operation. Some of these emissions are vented through
the scavenger system to the secondary control device while
the rest of the material emitted is released to the atmo-
sphere during discharge of hot mix from the mixer into the
skip hoist or the asphalt truck.

24tEnvironmental Pollution Control at Hot Mix Asphalt Plants.
National Asphalt Pavement Association. Riverdale.
Information Series 27. 23 p.
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Atmospheric emissions from the mixer were studied by The
Asphalt Institute?%:26 and the results are summarized in

Table 7. (Estimates and approximations made are discussed in

Appendix F.)

Table 7. CONCENTRATION OF MATERIAL EMITTED FROM MIXERZ25,26

Material emitted Concentration
Particulate 7.2 mg/m3
Sulfur oxides <2 ppm
Nitrogen oxides <0.1 ppm
Hydrocarbons <3.5 ppm
Carbon monoxide 6 ppm
Polycyclic organic material 0.36 ug/m3
Trace metals 0.24 ug/m3
Hydrogen sulfide 1.5 ppm
Ozone <0.1 ppm

3. Fugitive Emissions

Sources of emissions considered in this category include par-
ticulate emissions from transfer points, hydrocarbon and POM
emissions from handling and storage of raw liquid asphalt,
hydrocarbon emissions from coil-coated truck beds, miscel-
laneous emissions within the plant due to plant breakdown,
disposal of mineral fines rejected from the vibration screens

and emissions from the settling pond.

25asphalt Hot-Mix Emission Study. The Asphalt Institute.
College Park. Research Report 75-1 (RR-75-1). March 1975.
103 p.

26puzinauskas, V. P., and L. W. Corbett. Report on Emissions

from Asphalt Hot Mixes. The Asphalt Institute. (Presented
at the Division of Petrocleum Chemistry, Inc. American
Chemical Society meeting. Chicago. August 1975.) 20 p.
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These emissions vary and can be reduced through proper house-
keeping and equipment maintenance. Table 8 lists fugitive

émission points for an asphalt hot mix plant site.

Table 8. FUGITIVE EMISSIONS FROM AN ASPHALT HOT MIX PLANT

Emission source Material emitted
Asphalt loading and handling Polycyclic organic materials
Hydrocarbons
Settling pond Hydrocarbons
Oil~-coated trucks Hydrocarbons
Transfer points Particulate
4. Open Source Emissions

Particulate emissions considered under the open source
category within an asphalt hot mix plant include emissions
from fine aggregate stockpiles, loading operations,

cold storage bins, cold aggregate conveyor, and truck
traffic. These emissions are caused by natural elements,
poor housekeeping, exposed aggregate stockpiles and storage

bins, and uncontrolled traffic conditions.

Open source emissions will not be covered in this document
since they are considered in detail in publications on

crushed granite,?’ crushed limestone,?® crushed sandstone,

27Chalekode, P. K., J. A. Peters, and T. R. Blackwood.
Source Assessment: Crushed Granite. Monsanto Research
Corporation, EPA Contract 68-02-1874. Dayton. Preliminary
document submitted to the EPA, July 1975. 62 p.

28Chalekode, P. K., and T. R. Blackwood. Source Assessment:
Crushed Limestone. Monsanto Research Corporation, EPA Con-
tract 68-02-1874., Dayton. Preliminary document submitted
to the EPA, February 1976. 59 p.

43




quartz and guartzite,2?9% crushed stone,3? and transport of

sand and gravel.?3!l
B. EMISSION FACTORS

State air pollution regulations affecting the asphalt

hot mix industry vary considerably from state to state but

in general these cover particulate emission rates, visible

emissions, fugitive dust, and odor.3? Dual standards exist
based on plant age. The standards for existing plants are

less stringent than those for new plants.

Particulate emission standards are expressed as ratio of
emission weight to production weight, or emission weight per
dry standard cubic foot of stack gas or emission weight per

thousand pounds of discharge gas.

Visible emission standards are expressed in either Ringelmann
numbers or opacity. Exceptions to opacity standards are

allowed for startup and special maintenance.3?

29Chalekode, P. K., and T. R. Blackwood. Source Assessment:
Crushed Sandstone, Quartz, and Quartzite. Monsanto
Research Corporation, EPA Contract 68-02-1874. Dayton.

Preliminary document submitted to the EPA, August 1975,
59 p.

30Blackwood, T. R., P. K. Chalekode, and R. A. Wachter.
Source Assessment: Crushed Stone. Monsanto Research Cor-
poration. Dayton. Report No. MRC-DA-536. Preliminary
document submitted to the EPA, February 1976. 108 p.

3lchalekode, P. K., and T. R. Blackwood. Source Assessment:
Transport of Sand and Gravel. Monsanto Research Corpora-
tion, EPA Contract 68-02-1874. Dayton. Preliminary docu-
ment submitted to the EPA, December 1974. 86 p.

32air Pollution Regulations Study. National Asphalt Pavement
Association. Riverdale. Information Series 49. 1973.
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Fugitive dust regulations require that reasonable measures

be taken to prevent particulate matter from becoming airborne.
Only New York, Pennsylvania, Indiana, Kansas, and Hawaii
quantify the amount of allowable fugitive dust.32

Similarly, odor regulations are generally nonspecific. Odors
which "cause a nuisance or interfere with reasonable enjoyment

of life or property" are restricted.

New source performance standards and effluent limitations
guidelines for new or ?gdified asphalt concrete plants were
proposed in Jgﬂe 1973, and the final standards were published
in March 1974 and are currently under judicial review. These
standards state that no owner or operator shall discharge into
the atmosphere any gases which: (a) contain particulate

matter in excess of 90 mg/dscma (0.04 grains/dscf); and/or

(b) exhibit >20% opacity.

The concentration standard applies to emission of particulate
from the control device, while opacity regulations cover all
13

emission sources, not just stack emissions.

1. Stack Emissions

a. Particulate Emissions ~ Emission rates for particulates

were determined using data acquired through an industrial

survey.l®

dascm = dry standard cubic meters; dscf = dry standard cubic
feet.

- e o = = em wm v mM e

33New Source Performance Standards for New or Modified
Asphalt Concrete Plants. Federal Register. 38:15407,
June 11, 1973.

3%New Source Performance Standards for New or Modified
Asphalt Concrete Plants. Federal Register. 39:9314,
March 8, 1974,
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Total particulate generated within a typical dryer is reported
to be 22.5 kg/metric ton (45 lb/ton)3°® and emission factors

for different types of control equipment are shown in Table
9_35

Table 9. PARTICULATE EMISSION FACTORS FOR CONTROL
EQUIPMENT USED IN AN ASPHALT HOT MIX PLANT3?>

Emission factors
kg/metric ton (1lb/ton of
Efficiency, of asphalt asphalt
Type of control percent produced produced)
Settling chamber 66.67 7.50 (15.0}
Cyclone 96.22 0.85 (1.7)
Multicyclone 99.33 0.15 {0.3)
Gravity spray tower 99.11 0.20 (0.4)
Cvyclone scrubber 99.33 0.15 {0.3)
Venturi or orifice scrubber 99.91 0.02 (0.04)
Baghouse 39.98 0.005 {0.01)
Uncontrolled particulate
generated in dryer - 22.5 (45.0)

Based on production rate, hours of operation and type of
primary and secondary control equipment used by each ;eport;pg
Eiént,gihe iﬂéivid&él em;ésioﬁmrateé_ﬁere calculated ahd
grouped into classes as shown in Table 10. Class limits for
emission rates were set and class frequency and cumulative

fregquency were determined.

Data from Table 10 were used to plot Figure 12, a plot of
emission rate vs. cumulative percent of plants having an

emission rate equal to or less than the indicated value.

35compilation of Air Pollutant Emission Factors. U.S.
Environmental Protection Agency. Research Triangle Park.
Publication No. AP-42. April 1973. p. 8.1-8.4.
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Pigure 12. Asphalt hot mix emission rate
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From Figure 12 the mean emission rate for controlled par-
ticulate emissions from an asphalt hot mix plant is 6.09 g/s
(48.34 1b/hr), and 76% of the operating plants have emission

rates egual to or less than the mean.

Figure 12 also shows that 70% of asphalt hot mix plants have
a controlled particulate emission rate of less than or equal
to 1.39 g/s (11.0 lb/hr}). Assuming a representative flow
from the stack to be 916 dscm/min (32,350 dscf/min}, the

(5.0 kg)( min \( hr )
hr 916 dscm/\60 min

_ 5.0
= T918) (60) K9/dscm

Particulate emission rate

9.1 x 1072 kg/dscm

I

91 mg/dscm
Approximately 70% of the asphalt hot mix plants have emissions
less than or equal to 90 mg/dscm (0.04 grains/dscf) using

emission factors given in Table 9.33

b. Sulfur Oxides - The industrial survey showed that over 66%

of operating asphalt hot mix plants used fuel o0il for combustion.

Possible SOx emissions from the stack were calculated assuming

all sulfur in the fuél 0il is oxidized to SOX; (See Appendix
F for calculations.) The amount actually released through
—

the stack may be attenuated by water scrubbers or by aggregate
itself where limestone is being dried.?! j

i —

c. Nitrogen Oxides, Hydrocarbons and Carbon Monoxide -

Concentrations of nitrogen oxides, hydrocarbons and carbon

monoxide detected in the stack gas as a result of samplin
conducted at a representative asphalt hot mix plant were used
e ——————— I - = .

to—calcllate emission rates (see Appendix F)~
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d. Polycyclic Organic Material and Aldehydes Field

sampling was carried out at a representative asphalt hot mix

plant to determine total aldehydes and polycyclic organic

material present in the stack exhaust. Results of the

sampling effort are presented in Appendix B.

Table 11 gives the emission factors for material emitted from
the stack. Tables 12 and 13 give emission factors for the
various polycyclic organic materials and the various alde-
hydes emitted from the stack.

Table 11. EMISSION FACTORS FOR SELECTED
MATERIALS EMITTED FROM STACK

Emission factor,
g/metric ton of
asphalt hot mix

Material emitted produced
Particulate ' 137 + 208 «
Sulfur oxides 32b -
Nitrogen oxides lab'
Hydrocarbons (as methane equivalents) 14b -

Carbon monoxide 19t lB%b

Polycyclic organic material 0.013 t 38%° " jﬁ/
1,
Aldehydes 10 ¢+ 338° 4{:33 /-

dCcalculated from mean value of 6.09 g/s in,figureﬁlz and -
- mean average production rate of 160 metric tons/hr in
Table A-1. — ——

bCalculations described in Appendix F.

Ccalculation shown in Table B-20, Appendix B,
Q\\}r/"

2. Mixer Emissions

Materials emitted from the mixer and the concentrations of
these emissions were determined by The Asphalt Institute.25:26
These data were used to egstimate maximum possible emissions
from the mixer and are presented in Appendix F. Table 14
gives the estimated emission factors for materials emitted

from the mixer.
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Table 12. EMISSION FACTORS FOR POLYCYCLIC

ORGANIC MATERIAL EMITTED FROM STACK

Il

Emission factor,

mg/metric ton of

asphalt hot mix

POM component produced
Dibenzothiophene 2.1 = 76%
Anthracene/phenanthrene 2.5 + 15%
Methylanthracenes/phenanthrenes 4.7 =+ 7%
9-Methylanthracene 0.16 + 71%
Fluoranthene 0.43 + 146%
Pyrene 0.70 = 173%
Benzo (¢)phenanthrene 0.16 = 71%
Chrysene/benz (a)anthracene 0.18 = 24%
7.,12-Dimethylbenz(a)anthracene 0.16 =+ 71%
3,4-Benzofluoranthene 0.34 + 144%
Benzo(a)pyrene/benzo (e)pyrene/perylene 0.19 + 10%
3-Methylcholanthrene 0.16 = 71%
Dibenz(a,h)anthracene 0.16 + 71%
Indeno(l,2,3-c,d)pyrene 0.16 = 71%
7H-Dibenzo(c,g)carbazole 0.19 6%
Dibenzo(a,h & a,li)pyrene 0.16 = 71%
[2.uf

Table 13. EMISSION FACTORS FOR
ALDEHYDES EMITTED FROM STACK

Emission factor,@

g/metric ton of
Aldehydes asphalt hot mix

emitted produced

Formaldehyde 0.077 = 26%
Iscbutanal 0.63 = 350% -
Butanal 1.2 + 12%‘//
Isopentanal 8.3 + 30%

dcalculated from production rate and
emission rate shown in Table B-23.
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Table 14. EMISSION FACTORS FOR
MATERIAL EMITTED FROM THE MIXER

Maximum estimated?
emission factor,
mg/metric ton of asphalt
Material emitted hot mix Produced

Particulate <320
Sulfur oxides : <260
Nitrogen oxides <9.3
Hydrocarbons <110
Carbon monoxide <340
Polycyclic organic material <0.01l6
Trace metals <Q.,011
Hydrogen sulfide <100
Ozone <9.9

%pescribed in Appendix F.
C. DEFINITION OF A REPRESENTATIVE SOQURCE

A representative asphalt hot mix plant was defined for the pur-
pose of assessing the environmental impact of the asphalt hot
mix industry. An industrial survey was conducted to obtain
plant parameter-data for the asphalt hot mix “industrv.!® The
parameters used to define a representative plant included
plant type, plant production rate, capacity of mixer, types
of primary and secondary control equipment, type of fuel
combusted, type of release agent used, stack height and
emission factors for pollutants emitted. Average values of
these parameters were used to define the representative
source in the asphalt hot mix industry.

Appendix A contains the summary of survey data that were
used to determine a representative plant. .Table 15 summarizes
kel

the data for a representative plant. Table 16 summarizes data
.
for a typical asphalt hot mix plant that was sampled to obtain
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J‘D
Table 15. SUMMARY OF DATA FOR A REPRESENTATIVE “
ASPHALT HOT MIX PLANT
Representative plant
Percent of
industry Representative
Parameter represented data
Plant type 76 Permanent batch
plant
Rate of production, 100 160 = 4% -
metric tons/hr (tons/hr) (177 + 4%)
Capacity of mixer, 100 2.9 + 4%
metric tons (tons) (3.2 t 4%)
Primary collector 58 Cyclone
Secondary collector 60 Wet scrubber W}
Fuel type 66 .01l v~
Release agent type 55 Fuel oil” G{
Stack height, m (ft) 100 10.3 + 3%
(33.8 =+ 3%) d
Particulate emission rate, 100 21.93 +20% .
kg/hr (1b/hr) (48.34 +20%)

Table 16. SUMMARY OF DATA FOR A TYRICAL EXISTING ASPHAL

HOT MIX PLANT THAT WAS SELECTED FOR SAMPLING ‘
AS A REPRESENTATIVE PLANT \(Q_@{ﬂ‘ﬂf’)/

Parameter Plant sampled \
Plant type Permanent batch plagi
Rate of production, 160.3 *+ 16% (177 £ 16%) E
metric tons/hr ({(tons/hr)
Capacity of mixer, 3.6 (4.0)
metric tons (tons)
Primary collector Cyclone
Secondary collector Wet scrubber (Venturi)
Fuel type 0il
Release agent type Fuel oil
Stack height, m (ft) 15.85 (52)
Particulate emission rate, 7.7 £ 48% (17.0 x 48%)
kg/hr {(lb/hr) ~ -
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further information on polycyclic organic materials emitted

during asphalt hot mix production.

D. ENVIRONMENTAL EFFECTS
1. Determination of Severity
a. Maximum Ground Level Concentration - The maximum ground

nax’ for each material emitted from

asphalt hot mix manufacturing was estimated by Gaussian

level concentration, x

plume dispersion theory. The maximum ground level concentra-

tion, x ., {(in g/m3), was calculated using the equation:
2 Q
X = £ % (1)
max nHZ2eu
where Q = mass emission rate, g/s
H = effective emission height, m
e = 2,72
T = 3.14
U = average wind speed, m/s (= 4.47 m/s)

b. Time-Averaged Maximum Ground Level Concentration - ;ﬁax'

the maximum ground level concentration averaged over a given S

period of time, is calculated from Xmax " The averaging time
is 24 hr for noncriteria pollutants (chemical substances).

For criteria pollutants, averaging times are the same as
those used in the primary ambient air quality standards (e.q.,
3 hr for hydrocarbons and 24 hr for particulates). The

relationship between ¥ and Y. is expressed as:
: max max

_ toyo.17 )
Xmax ~ *max ;— (2)

where tg short-term averaging time or 3 min

I

averaging time, min
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c. Source Severity - To obtain a quantitative measure of

the hazard potential of the emission source, the source

severity, S, is defined as:

where x
max

concentration of each pollutant, and F is defined as the

is the maximum time-averaged ground level

primary ambient air quality standard for criteria pollutants
(particulates, sox, Nox’ CO and hydrocarbons). For non-

criteria pollutants:
F =TLV « 8/24 « 0.01 (4}

The factor 8/24 adjusts the TLV to a continuous rather than
workday exposure, and the factor of 0.01 accounts for the
fact that the general population is a higher risk group than
healthy workers. Thus, gﬁax/F represents the ratio of the
maximum mean ground level concentration to the concentration

constituting an incipient hazard potential.

Tables 17, 18, 19 and 20 contain emission rates, maximum
ground level concentrations, time-averaged ground level
concentrations and source severities of materials emitted
from the stack, polycyclic organic material emitted from
the stack, aldehydes emitted from the stack, and materials
emitted from the mixer, respectively. Appendix D contains

the derivation of source severity equations.

Industry survey data were used to calculate source severities
for all reporting plants; the severities were grouped into
classes. Table 21 gives class limits for the source sever-
ities, and class frequencies and cumulative frequencies.

Data from Table 21 were used to plot Figure 13, a graph of
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Table 17. SOURCE SEVERITY OF EMISSIONS FROM THE STACK

Emission -
Material TLV, rate, Xmax’ Xmax’ Source
emitted mg/m? g/s mg/m?3 mg/m? severity
Particulate 10 6.09 3.01 1.05 4,02
+ 20%
NOX 9 0.78 0.38 0.18 1.83
SO2 13 1.42 0.7 0.25 0.67
Hydrocarbons 67 0.63 0.31 0.16 0.96
(methane
egquivalent)
POM(Benzene 0.2 0.00056 | 0,00028 | 0.000097 0.14
soluble) + 38%
Carbon 55 0.83 0.41 0.25 0.01
monoxide + 18%
Aldehydes 180 0.45 0.22 0.078 0.13
+ 33%

source severity plotted against cumulative percent of plants
having source severity less than or egual to the indicated
value. Figure 13 shows that the mean source severity for

the asphalt industry is 5.59 and 56% of all operating asphalt
plants have a source severity less than or equal to 1.0.

2. Contribution . to Total Air Emissions

The average emission rate of 21.93 kg/hr for particulate
emissions, the average hours of operation for the asphalt hot
mix industry of 666 hr/vr + 5.1% and the total number of oper-
ating plants, 3,989, extrapolated to 1975 assuming a 4% in-
crease were used to calculate the total mass of particulate
emitted by the asphalt hot mix industry. The 1975 mass of
particulate emissions from asphalt hot mix plants was 63,000
metric tons.
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Table 19. SQURCE SEVERITY OF ALDEHYDES EMITTED FROM THE STACK
Emission Emission —
Aldehyde TLV, height, rate, Xmax’ Xmax’ Source
emitted mg/m3 m mg/s ug/m3 ug/m3 severity
Formaldehyde 3 10.3 3.4 1.7 | 0.59 0.059
+ 26%
Isobutanal 180b 10.3 28 14 4.8 0.0081
+ 350%
Butanal 180b 10.3 53 26 5.2 0.015
+ 12%
b
Isopentanal 180 10.3 370 180 64 0.11
+ 30%
Total lBOb 10.3 450 224 78 0.13
aldehydes + 33%

aSource severity = 5.5{emission rate)}/TLV (emission height)z.

bUsing TLV for acetaldehyde,

Table 20.

SOURCE SEVERITY OF EMISSIONS FROM THE MIXER

Emission

T - TLV, rate, Xmax’ Xmax’ Source T

Material emitted mg/m3 ng/s ug/m3 ug/m3 severity
Particulate 10 <14 <35 <12 <0.047
Sulfur oxides 13 <12 <30 <11 <0.029
Nitrogen oxides 9 <0.41 <1.0 <0.53 <0.0053
Hydrocarbons 67 <4.9 <12 <6.1 <0.038
Carbon monoxide 55 <15 <38 <23 <0.00056
Polycyclic organic 0.2 <0.00071 <0,0018 <0, 00062 <0.00093

material
Trace metals 0.5 <0.00049 <0.0012 <0,00043 <0.00026
Hydrogen sulfide 15 <4.4 <il <3.9 <0.077
Ozone 0,2 <0.44 <1.1 <0.39 <0.58
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The total masses of particulate emitted by the asphalt hot
mix industry for the years 1967 through 1975 are presented in

The projected contribution of particulate emissions to total
air emissions can be estimated by two methods: (a) worst
case and (b) best case. Each of these methods is described
briefly below.

a. Worst Case Analysis - Particulate emissions from the

asphalt hot mix industry for 1978, for a worst case analysis,
were estimated by assuming that the hours of operation and
the emission rate will remain constant, and the number of
plants was assumed to increase to 4,850 at an annual rate of
4% per year. Therefore, the mass of particulate emissions
from the asphalt hot mix industry for 1978 was estimated to
be 70,850 metric tons. As shown in Figure 14, particulate

emissions for 1973 were 123,000 metric tons.

According to these estimates, the mass of particulate emis-
sions from the asphalt hot mix industry in 1978 for worst

case analysis will be 58% of the amount for 1973:

Emissions in 1978 _ 70,850 metric tons/yr _
Emissions in 1973 123,000 metric tons/yr

0.58

17
Private correspondence. Asphalt Paving Hot Mix Industry
response to Environmental Protection Agency comment. 17 p.

38cavender, J. H., et al. Nationwide Air Pollutant Emission
Trends 1940-1970. U.S. Environmental Protection Agency.
Office of Air and Water Programs. Research Triangle Park.
publication No. AP-115. January 1973. 52 p.

39vandegrift, A. E., et al. Particulate Pollutant System
Study. Volume III - Handbook of Emission Properties.
Midwest Research Institute, EPA Contract CPA 22-69-104
Kansas City. May 1971. 607 p.
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b. Best Case Analysis - Particulate emissions from the

asphalt industry for 1978, for a best case analysis, were
calculated by using emission factors determined from available
data for 1970, 1971, 1973, and 1975 as shown in Table 22.
These emission factors were plotted in Figure 15 and extrapo-
lated to determine the emission factor for 1978, assuming con-
trol trends continue to be 0.145 g/kg. Assuming a 4%

increase in production through 1978, production was estimated
to be 337 x 10° metric tons per year. Therefore, the mass of
particulate emissions from the asphalt hot mix industry for

1978 were estimated to be 49,000 metric tons.

The mass of particulate emissions from the asphalt hot mix
industry in 1978 for best case analysis will be 40% of the

amount for 1973:

Emissions in 1978 _ 49,000 metric tons/yr _ 0.40
Emissions in 1973 123,000 metric tons/yr :
Table 22. PARTICULATE EMISSION FACTOR

TRENDS FOR ASPHALT HOT MIX INDUSTRY
Estimated
a b emission
Tetal production Total emissions factor

Year | 10° metric tons | (105 tons) metric tons {tons) g/kg | (1b/ton}
1970 280 (309) 476,300 (525,000 1.70 {3.40)
1971 288 (317} 181,400 {200,000) 0.63 {1.26)

1972 295 (325) Not estimated | (Not estimated) - (-}
1973 330 {362) 123,000 (135,600} 0,37 (0.74)

1974 319 (352) Not estimated | (Not estimated) - {(==)
1975 299 (329) 63,000 (70,000} 0.21 (0.42)

aProduction values from Section VI.B.

Emissions from Figure 14.

The contribution of asphalt hot mix manufacturing to state-
wide and nationwide emissions is shown in Tables 23 and 24.

The mass emissions of criteria pollutants resulting from
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Table 23.
INDUSTRY TO STATE

CONTRIBUTION OF ASPHALT - HOT MIX
PARTICULATE EMISSIONS

Asphalt hot mix
State, particulate industry emissions
emissions, Percent
State 103 metric tons/yr Metric tons/yr | contribution

Alabama 1,179 1,285 0.1
Alaska 14 473
Arizona 73 190 .
Arkansas 138 600 0.4
California 1,006 3,601 0.4
Colorado 201 600 0.3
Connecticut 40 789 2.0
Delaware 37 126 0.3
District of Columbia 19 63 .
Florida 226 1,816 0.8
Georgia 405 1,311 0.3
Hawaii 62 158 0.3
Idaho 55 427 0.8
Illinois 1,143 3,191 0.3
Indiana 748 2,053 0.3
Iowa 216 1,074 0.5
Kansas 348 963 0.3
Kentucky 546 2,022 0.4
Louisiana 381 1,042 0.3
Maine 49 442 0.9
Maryland 495 1,042 .2
Massachusetts 96 789 0.8
Michigan 706 2,321 0.3
Minnesota 266 1,801 0.7
Mississippi 168 1,437 0.9
Missouri 202 2,417 1.2
Montana 273 490 .
Nebraska 25 584 0.6
Egvada 94 126 0.1
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Table 23 (continued}.

CONTRIBUTION OF ASPHALT

HOT MIX INDUSTRY TO STATE PARTICULATE EMISSIONS

State particulate

Asphalt hot mix
industry emissions

emissions, Percent
State 103 metric tons/yr Metric tons/yr | contributien
New Hampshire 15 316 2.1
New Jersey 152 1,847 1.2
New Mexico 103 490 0.5
New York 160 3,348 2.1
North Carolina 481 1,833 0.4
North Dakota 79 300 0.4
Chio 1,766 4,533 0.3
Oklahoma 94 900 1.0
Oregon 169 869 0.5
Pennsylvania 1,811 4,076 0.2
Rhode Island 13 190 1.5
South Carolina 199 916 0.5
South Dakota 52 490 0.9
Tennessee 410 1,659 0.4
Texas 549 1,517 0.3
Utah 72 284 0.4
Vermont. 15 190 1.3
Virginia 477 1,674 0.4
Washington 162 1,122 0.7
West Virginia 214 695 0.3
Wisconsin 412 2,132 0.5
Wyoming 75 379 0.5
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Table 24. CONTRIBUTION OF ASPHALT HOT MIX INDUSTRY
TO NATIONAL EMISSIONS OF CRITERIA POLLUTANTS

Emissions from
National asphalt paving
Criteria emissions, hot mix plants, Percent
pellutant 10% metric tons/yr 103 metric tons/yr contribution
Particulates 17.87 63.00 0.35
Sulfur oxides 29.95 13.71 0.05
Nitrogen oxides 22.25 7.65 0.034
Hydrocarbons 25.05 6.03 0.024
{as methane
equivalent)
Carbon monoxide 96.87 8,22 0.0085

asphalt hot mix manufacture were calculated by multiplying
the average emission rate by the average number of hours
each plant operates per year and the number of plants in
each state. The mass of emissions for all states is shown
in Table 23 along with the percent contribution of asphalt
hot mix manufacture to the total state emissions. Table 24
gives the contribution of criteria pollutant emissions from
asphalt hot mix manufacture tc the total emissions of

criteria pollutants on a nationwide basis.

3. Affected Population

The population affected by emissions from a typical asphalt
hot mix plant was obtained by determining the area exposed

to the time-averaged ground level concentration, ¥ , for

which x/F > 1.0. The number of persons within themZEposed
area was then calculated using the average population den-
sity around the typical plant. Table 25 shows the affected
area and affected population for a representative asphalt

hot mix plant.
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Table 25. AFFECTED AREA AND AFFECTED POPULATION
FOR SOURCE SEVERITY GREATER THAN OR EQUAL TO 1.0

Criteria pollutant

Parameter for a representative plant Particulate NOx
Population density, persons/km? 397.5 397.5
Emission height, m 10.3 10.3
Emission rate, g/s 6.09 0.78
Primarg ambient air quality standard, 0.26 0.1
mg/m

Affected area, km? 0.453 0.108
Affected population, persons i80 43
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SECTION 5

CONTROL TECHNOLOGY

Pollution control technology in the asphalt hot mix
industry consists of two stages: primary and secondary
pollution control devices.

The purpose of the primary collector is to recover the larger
particulate emissions from the kiln. Table 26 shows particle
sizes of material entering and leaving the primary collector.
Well designed primary collectors can recover dust greater

than 10 pm with approximately 70% efficiency.!7’

Table 26. PARTICLE SIZE DISTRIBUTION
BEFORE AND AFTER PRIMARY COLLECTION!?

Size, Percent less than size shown
um To primary collector | From primary collector
5 19.5 78.00
10 30.5 96.40
15 38.2 97.50
20 45.1 97.80
25 50.1 97.90
30 55.5 98.03
35 60.0 98.20
40 64.0 98.28
45 67.5 98.40
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The primary collectors were initially used to prevent dust
nuisance and protect the exhaust fan blades and equipment

17 The primary collector

downstream from the dryer from wear.
soon proved to be a sound investment as the aggregate it

recovered could be recycled. The primary collector cannot
meet current particulate emission regulations but consider-

ably eases the load on the secondary collector.

Secondary collectors are used to control emissions to the
atmosphere. These collectors are more efficient than primary
collectors and are able to remove particles in micron and
submicron sizes. Material recovered from the secondary
collector may be recycled or discarded depending on economic
feasibility. Secondary collectors may be further subdivided

into wet and dry types.

An individual survey of the asphalt hot mix industry indi-
cates that primary collectors used are usually dry collectors.
Table 27 shows types of primary and secondary collectors

used and percent of industry usage.

Table 27. PRIMARY AND SECONMNDARY CONTROL DEVICES
USED IM THE ASPHALT HOT MIX INDUSTRY

Type of control equipment Percent of industry

Primary collectors

Settling or expansion chambers 4
Centrifugal dry collectors 58
Multicyclones 35
Other 3
Secondary collectors
Gravity spray tower 8
Cyclone scrubber 24
Venturi scrubber 16
Orifice scrubber 8
Baghouse 40
Other 3
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Figure 16 shows the relative particle size and collection
efficiency of different types of control equipment. 20 Figure .
17 graphically depicts the variation of collection efficiency

of pollution control equipment with particle size.®

74 pm

CYCLONE (LOW RESISTANCE) 80 -96%

30 pum

CYCLONE 50-60%
MULTICONE 80-95%

10 pym ()

MULTICONE 40-50%
WET COLLECTOR 90-96% \

Spm O
WET COLLECTOR 50-60%
WET FAN 95-98% BAG HOUSE 95-98%
1pm o— HIGH PRESSURE VENTURI 95-98%
HIGH PRESSURE VENTURI /
0.5 um o
SMOKE
0.3 um

Figure 16. Relative particle size and collection
efficiency of control equipment??
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Al PRIMARY COLLECTORS

1. Settling Chambers

The simplest type of primary collector is the settling chamber.
Simple in design and operation, as seen in Figure 18, it lowers
the velocity of the exhaust gas by expanding the ductwork to

a point where it allows airborne particles to reach a terminal
settling velocity and settle by gravity.2%*/%? Typical veloc-
ities within the chamber are between 0.3 m/s and 1.5 m/s.}!

The particles removed from the gas stream are discharged
through a valve at the bottom of the chamber to the hot

aggregate elevator.

BAFFLE TO IMPROVE PARTICLE COLLECTION

—

-~ "~
- .
. ~ s s
- . .o~
. A . .
S -~ -
~ *

Figure 18. Settling chamberll.24,40

Major disadvantages of settling chambers are low collection
efficiency for smaller particles and large space requirements.
Collection efficiency for a settling chamber is directly

proportional to the settling velocity of airborne particles

“0Control Techniques for Particulate Air Pollutants. U.S.
Department of Health, Education, and Welfare. Washington.
Publication No. AP-51 (PB 190 253). January 1969. 215 p.
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and the length of the chamber, and inversely proportional to
the height of the chamber and the velocity of exhaust gas.!!
Higher efficiency may be achieved if baffles or shelves are

installed in the chambers.

2. Centrifugal Dry Collectors

Centrifugal dry collectors remove particulate from the gas
stream by centrifugal force that is created by imparting a
spinning motion to the gas stream through use of a tangential
gas inlet, vanes or a fan."? Particulate that is denser than
the carrier gas is forced against the walls of the cone in a
spinning motion. The smaller the cone diameter becomes, the
faster the particulate travels. The particulate thus becomes
increasingly heavy through centrifugal force as it travels
downward in a spiraling path to the bottom of the collector

cone. 24

The forces that act on each particle and determine the path
of the particle and the efficiency of the collector during
the separation process are gravitational, centrifugal and

frictional .40

The gravitational force, which causes the particle to settle,
is the product of particle mass and acceleration due to
gravity. The centrifugal force, which causes separation of
the particle in the cyclone, is due to a uniform change in
linear velocity because of rotation and is equal to the

product of particle mass and centrifugal acceleration.“?

The ratio of centrifugal force to gravitational force is
called the separation factor, and it varies from 5 for large
diameter, low resistance cyclones to 2,500 for small diameter,
high resistance cyclones.4?
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The frictional drag is due to the relative motion of the
particle and gas stream and opposes the centrifugal force on
the particle. The frictional drag is directly proportional

to the product of drag coefficient, the projected cross-
sectional area of the particle density, and the square of

the particle velocity relative to the gas stream, and inversely

proportional to the acceleration due to gravity.“?

Collection efficiency of a dry centrifugal collector increases
with increasing particle size, particle density, inlet gas
velocity, cyclone body length, number of gas revolutions and
smoothness of cyclone walls. The collection efficiency
decreases with increases in gas viscosity, cyclone diameter,

gas outlet duct size and diameter of gas inlet area."“?

When higher collection efficiency is desired, long body, small
diameter, high efficiency cyclones are used. Both long body
and small diameter act to increase retention time in the
cyclone and exert greater centrifugal force on the particle,

resulting in greater separation.®
A given cyclone design can fall into more than one class
- depending-on the mode of operation and the particle size being

collected.t?

A typical centrifugal dry collector, a conventional reverse

flow tangential inlet cyclone, is shown in Figure 19.

3. Multicyclone

A multicyclone consists of a number of small diameter cyclones
operating in parallel. All the cyclones have a common gas
inlet and are mounted within a common hopper with one common
gate at the hopper bottom to discharge the collected
particulate. 2t

14




4\

Figure 19. Centrifugal dry collector?2¥

The gas stream in the multicyclone, unlike that in the con-
ventional cyclone, enters at the top of the collecting tube
and has a swirling action imparted to it by a stationary vane
located in its path." Figure 20 shows a multicyclone, and
Figure 21 shows an enlargement of the collector element. The
collector elements range from 0.05 m to 0.3 m in diameter.
Well designed multicyclones have collection efficiencies up

to 90% for particles in the 5 uym to 10 ym range."
B. SECONDARY COLLECTORS

1. Wet Scrubbers

Wet scrubbers use a liquid (e.g., water) either to remaove
particulate matter directly from the gas stream by contact
or to improve collection efficiency by preventing reentrain-
ment. In the first of two mechanisms for particle removal

fine particles are conditioned to increase their effective
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size, enabling them to be collected more easily; in the
second, the collected particles are trapped in a liquid film

and washed away, reducing reentrainment.%0

The effective particle size may be increased in two ways.
First, fine particles can act as condensation nuclei when

the vapor passes through its dew point. Condensation can
remove only a relatively small amount of dust, since the
amount of condensation required to remove high concentrations
is usually prohibitive. Second, particles can be trapped on
liguid droplets by impact using inertial forces. The follow-
ing six mechanisms bring particulate matter into contact with

liquid droplets:*?0

+ Interception occurs when particles are carried by a
gas in streamlines around an obstacle at distances
which are less than the radius of the particles.

+ Gravitational force causes a particle, as it passes
an obstacle, to fall from the streamline and settle
on the surface of the obstacle.

+ Impingement occurs when an object placed in the path
of a particle-containing gas stream causes the gas to
flow around it. The larger particles tend to continue
in a straight path because of inertia and may impinge
on the obstacle and be collected.

« Diffusion results from molecular collisions and, hence,
plays little part in the separation of particles from
a gas stream.

- Electrostatic forces occur when particles and liquid
droplets become electrically charged.

+ Thermal gradients are important to the removal of
matter from a particle-containing gas stream because
particulate matter will move from a hot area to a
cold area. This motion is caused by unequal gas
molecular collision energy on the hot and cold sur-
faces of the particles and is directly proportional
to the temperature gradient.

Wet scrubber efficiencies are compared on the basesg of
contacting power and transfer units. Contacting power is

the useful energy expended in producing contact of the
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particulate matter with the scrubbing liquid, and represents
pressure head loss across the scrubber, head loss of the
scrubbing liquid, sonic energy or energy supplied by a
mechanical rotor. The transfer unit (the numerical value of
the natural logarithm of the reciprocal of the fraction of
the dust passing through the scrubber) is a measure of the

difficulty of separation of the particulate matter, "0

a. Gravity Spray Tower - The simplest type of wet scrubber

used in the asphalt hot mix industry is the gravity

spray tower. Liguid droplets, produced by either spray
nozzles or atomizers, fall downward through a countercurrent
gas stream containing particulate matter. To avoid droplet
entrainment, the terminal settling velocity of the droplets
must be greater than the velocity of the gas stream. Collec-
tion efficiency increases with decreasing droplet size and
with increasing relative velocity between the droplets and
air stream. Since these two conditions are mutually exclusive,
the optimum droplet size for maximum efficiency is from

500 ym to 1,000 um,40

The chief disadvantages of gravity spray towers are low
scrubbing efficiencies for dust particles in the l-uym to 2-pm
range and large space requirements. Figure 22 shows a typical

spray tower, "0

Exhaust gas entering at the base of the spray tower rises
through inlet conditioning sprays, through a distributor
plate, through one or more banks of spray nozzles and through
a mist eliminator. The mist eliminator is used if gas

velocities exceed 2 m/s.%0

b. Cyclonic Scrubbers - An improvement on the gravity spray

tower is the centrifugal spray scrubber (Figure 23). This

type of wet scrubber increases the relative velocity between
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the droplets and gas stream by using the centrifugal force
of a spinning gas stream. The spinning motion may be imparted
by tangential entry of either the liquid or gas stream or by.

the use of fixed vanes and impellers.t?

These collectors are generally 90% to 96% efficient in the

5-um to 10-pm size, but drop to 50% to 60% efficiency in the
l-ym to 5-um range. Pressure drop obtained in the centrifugal
scrubber is 0.5 kPa to 1.5 kPa, gas velocity into the collector
should be more than 0.5 m/s (100 fpm), and water usage is

2.41 x 1072 to 8.02 x 1072 m3 of water per m3/s of gas (3 to

10 gal of water/1,000 cfm).20

C. Centrifugal Fan Wet Scrubber - This type of scrubber

(Figure 24) consists of a multiblade centrifugal blower. Its
advantages are low space requirements, moderate power require-
ments, low water consumption, and a relatively high scrubbing

efficiency.?

The design pressure drop is about 1.62 kPa with a maximum
pressure drop of 2.24 kPa. Water requirements range from
0.60 x 1072 to 1.2 x 10~? m3 of water per m3/s (0.75 to

1.5 gal of water/1,000 cfm)."? T

d. Venturi Scrubber - The venturi scrubber consists of a

convergent section (throat) and a divergent section. Figure

25 is a sectional view of a venturi showing the throat.

Dust laden gases enter the convergent section and are accel-
erated to a high velocity (61 m/s to 183 m/s)%*? at the throat.
Water introduced either into the throat or into the top of
the venturi is atomized at the high gas velocity.2?? The
energy utilized in the venturi is accounted for by the gas

stream pressure drop.
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Figure 25. Sectional view of wventuri scrubber?2?0

Collision between dust particles and water droplets causes
dust to be entrapped in the water. Further collision occurs
between the water droplets, creating agglomerated droplets
of large size.??0

In the divergent section the gas and dust particles are
slowed due to enlarging of the duct, which creates a new
velocity differential with additional agglomeration. A
change of the gas flow direction in the elbow connecting the
venturi and the separator causes further impaction and

agglomeration.?20

The gas and liguid enter the separator, usually a cyclone,
and the clean gas leaves the collector through the upper

portion of the separator.2®

Figure 26 shows a typical venturi. Based on 4.98 kPa drop
and 1.07 x 10”3 m3/s of water per m3/s of gas (8 gpm of water
per 1,000 cfm), the venturi has 95% to 98% efficiency for

l-ym to 5-um range particles and 50% efficiency for 0.5-um to
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Figure 26. Venturi scrubber™?

l-ym range particles.?? Higher efficiencies can be achieved

using more water, more power and other design modifications.?20

e. Orifice Scrubber ~ In an orifice scrubber (Figure 27)

gas is forced through the orifice together with the scrubbing
liguid. The turbulence and high gas velocities atomize the
droplets, increasing the probability of collision and entrap-

ment of dust particles in water droplets.?2"
Gas and dust laden liquid enter the separator tank where the
liguid drains to the bottom while the clean gas exits through

the top of the tank.?2"

2. Baghouses (Fabric Filters)

Exhaust gases from the dryer, consisting of air, products of
combustion, dust particles and water vapor, are drawn through

the baghouse. Particulate is retained on the dirty gas side
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Figure 27. Orifice scrubber?“

of the filtering medium, the fabric, while the gases pass
through the fabric into the clean gas chamber. The "bags"
are made of glass, polyesters, Dacron, or Nomex type nylon;
they are cylindrical or flat and may be fitted over wire
forms called "cages" for support, depending on the direction
of gas flow through the bags.2%
Baghouses can effectively remove particles as small as 0.5 pm
and will also remove a substantial guantity of particles in
the 0.0l1-um range, but, since the space between fabric fibers
may be 100 uym or larger, it is obvious that the filtering
process is not simple fabric sieving.“? As the exhaust gases
pass through the baghouse, small particles are initially
captured and retained on the fabric fiber by direct intercep-
tion, inertial impact, diffusion, electrostatic attraction
and gravitational settling.!!:*% Ag time passes and more
dust particles are deposited, a mat or cake is formed on the

fabric, which serves as a supporting structure. Further
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removal of dust particles from the exhaust gas is achieved

by mat or cake sieving as well as by the above mechanisms.
When the mat or cake resistance begins to hinder the air

flow required to properly ventilate the dryer, the fabric
filter is cleaned by removing the dust cake, which is allowed
to fall into the hopper.20,2%,4%0

Baghouses fall into two general types - low energy and high
energy -~ depending on construction and type of cleaning

procedure used.

a. Low Enerqgy Type Baghouses - Low energy type baghouses

are usually compartmented units, wherein the group of bags

to be cleaned is isclated from the rest of the baghouse.

FEach compartment has its own inlet, outlet, hopper and

bag housing. One compartment at a time is removed for
cleaning. Low energy units generally use a mechanical shaker
or reverse air flow for cleaning.20:40 Figure 28 shows a

typical low energy type baghouse.

Exhaust gases pass through'the inside of the bags, where the
dust is filtered out, as clean gas passes through the bag

and out of the system. This structure does not require cages
and the bags are self supporting. Generally the bags are
made of woven fabrics, although felt fabrics have been used.
The air-to-cloth ratio for low energy baghouses is low,
ranging from 5.08 x 10~3 m3/s per m? to 2.03 x 1072 m?/s per
m2 (1:1 to 4:1 cfm of air/ft? of cloth).20 only older

asphalt plants use low energy baghouses.

b. High Energy Type Baghouses - Since they conserve energy

and space and have high collection efficiencies, high energy
type baghouses are widely used. Exhaust gases enter through
the hopper and flow upwards around the outside of these bags,
passing through the fabric from the outside in. Dust

85




CLEAN AIR —~CLEAN AIR
OUTLET SIDE
— FILTER
BAGS
DIRTY AIR
INLET
—CELL PLATE

COLLECTION
HOPPER

Figure 28. Low energy type baghouse40
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particles deposit on the outer surface of the bags and clean
air moves upwards through the inside and out an open end of
the baghouse to an exhaust manifold. 1In this type of con-
struction cages must support the bags from within to prevent
their collapse.?9:2% Figure 29 shows a typical high energy
type baghouse.

7 REVERSE AIR JETS

CLEANED GAS OUTLET

r _REVERSE AIR
“ CLEANING

-|!_ FRAME BAG
SUPPORT

Figure 29. High energy-type baghouse?"

Bag cleaning is accomplished by using compressed air to
sharply reverse the air flow; the shock thus applied disen-
gages the dust cake from the surface of the fabric. High
energy baghouses require a sturdy fabric such as felt because
of the large energy utilization in cleaning the bags, which
repeatedly move on and off the supporting cages. High energy
baghouses use a relatively higher air-to-cloth ratio ranging
from 2.03 x 1072 m3/s per m? to 3.56 x 10~2 m3/s per m? (4:1
to 7:1 cfm of air/ft2 of cloth).24%.,40

The success of both types of baghouses depends upon the fabric
and fiber from which the bags are made. New fabrics continue
to improve performance of baghouses. Fabrics used currently
within the asphalt hot mix industry include: glass yarns
treated with lubricants such as silicone to prevent fibers

from breaking due to self abrasion during flexing (good for
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continuous operation up to 260°C), polyesters (maximum temper-
ature of 1329C), and Neomex type nylon (good for temperatures
up to 234°C).%2% A special fabric, glass/Nomex web on a Nomex
scrim, has had to be developed for use within the asphalt

industry, to meet federal codes.%!

For optimum operation and long bag life temperature control
within the baghouse is essential. High temperature protec-
tion devices are required in the exhaust duct entering the
baghouse to protect the bags from damage if exhaust gas
temperature rises over the operating limit of the bag material.
The sensor activates shutoff valves in the burner fuel supply
when a preset temperature is reached. Cold air from outside
can be pulled in to dilute hot exhaust gases by opening a

door in the inlet duct. However, this is avoided as it upsets
the combustion process within the dryer, causing fuel and/or

soot to deposit on the bags,20/,%2

Exhaust gases from the dryer contain large guantities of
water vapor within the 121°C to 177°C temperature range. As
long as the exhaust gas temperature within the baghouse
remains above dew point (82°C to 100°C}, water vapor will not
condense. If the temperature of the exhaust gases falls
below the dew point, water vapor will condense, mix with the
dust and cause plugging of the bags. Therefore, the baghouse
should be kept well insulated, and an auxiliary heater should
lbe provided to raise the temperature of the exhaust gases if

necessary. "2

4l1gtatus Summary of Different Industries - Asphalt Plants.
Journal of the Air Pollution Control Association.
23:1190-1191, December 1974.

“2peigel, S. A., et al. Baghouses - What to Know Before You
Buy. Pollution Engineering. May 1%73. p. 32-34.
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SECTION 6

GROWTH AND NATURE OF THE INDUSTRY
A. PRESENT TECHNOLOGY

Asphalt hot mix production consists of combining dried, heated
aggregate with an even coat of hot liquid asphalt cement.

This process has remained virtually unchanged for decades.%3
Industry modifications of the process include automation of
plant operations, installation of storage silos for hot mix,
spraying truck bodies with chemical release agents, and
installation 6f primary and secondary control devices to meet
federal emission codes. The industry has progressed during
the past 5 years by educating plant personnel to efficient
operation of equipment, thereby lowering atmospheric emissions
and conserving fuel.“*:%*5 From a simple mixing operation the
asphalt industry is transforming into an organized, responsi-
ble, technically oriented industry.

“3pbraham, H. Asphalts and Allied Substances, Fifth Edition.
Volume I. New York, D. Van Nostrand Company, Inc.,
January 1945. 887 p.

“%*Good Housekeeping - Your Responsibility. National Asphalt
Pavement Association. Riverdale. Information Series 43.
24 p.

4SFoster, C. R., and F. Kloiber. Fuel Conservation.
National Asphalt Pavement Association. Riverdale. 7 p.
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B. INDUSTRY PRODUCTION TRENDS

Asphalt hot mix is used primarily for paving roads, streets
and other areas that carry vehicular traffic.%® Increasing
population requires transportation and housing development,
construction of new roads and maintenance of old roads. This
has resulted in a large demand for asphalt hot mix; con-
sequently, production increased steadily from 1965 through
1973 (see Figure 30) as it had for the past several decades."®
Asphalt hot mix production declined in 1974, and a further
decrease in ﬁroductiOn is anticipated for 1975. The decrease
is a result of sharp price increases for asphalt cements

and a slowdown in the home building and construction industry.“®

400

'PRODUCTION, 108 metric tons

160 1
1965 1970 1975 1980 1985
YEAR

Figure 30. Asphalt hot mix production, 1965-1985%6

The price cof asphalt hot mix increased gradually over the

years, but in 1974 (see Figure 31) there was a sharp

“6Foster, C. R. The Future for Hot-Mix Asphalt Paving.
National Asphalt Pavement Association. (Presented at
the 1976 International Public Works Congress of the

American Public Works Association. New Orleans.
September 1975.) 4 p.
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Figure 31. Asphalt hot mix, average price'®

increase due to the increase in the price of asphalt cement
and the inability to obtain quotations for future delivery
of asphalt cement.“® From 1965 through 1970 the average
price of asphalt cement was $24.25/metric ton. It averaged
$30.86/metric ton between 1971 and 1973. In 1974 it reached

$71.65/metric ton and in 1975 it was $76.06/metric ton.46

Over the past 5 years highway paving has accounted for an aver-
age of 7% of the asphalt hot mix market, parking lot paving
for another 28%, and airport and private paving made up the

remainder (see Table 28).3,%7-%9% New construction has accounted

“7Hot Mix Asphalt - Plant and Production Facts, 1970.
National Asphalt Pavement Association. Riverdale.
Information Series 35. 24 p.

“8Hot Mix Asphalt - Plant and Production Facts, 1972.
National Asphalt Pavement Association. Riverdale.
Information Series 46. 32 p.

4“9Background Information for New Source Performance Standards:
Asphalt Concrete Plants, Petroleum Refineries, Storage
Vessels, Secondary Lead Smelters and Refineries, Brass and
Bronze Ingot Production Plants, Iron and Steel Plants and
Sewage Treatment Plants. Volume 3, Promulgated Standards.
U.S. Environmental Protection Agency. Research Triangle
Park. Report No. EPA-450/2-74-003 (PB 231 601). February
1974, 150 p.
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Table 28. ASPHALT HOT MIX - MARKETS 3¢ 4749

Percent of market

Interstate State Municipal and |Private and
Year highways highways county roads commercial’| Airports | Others
1970 13 33 ‘ 24 24 4 ‘ 2
1971 14 31 24 25 2 4
1972 16 30 21 28 3 2
1973 12 27 25 32 2 2
1974 11 30 25 29 3 2

for 53% of the work load while resurfacing accounted for the
remainder {(see Table 29). An average of 69% of asphalt hot
mix is used as surface binder, 26% as hot mix base, 4% for

patching and 2% for other purposes (see. Table 30).3,%7-49

Table 29. ASPHALT HOT MIX BY TYPE OF CONSTRUCTION3 #7-49

Percent
New Resurfacing

Year construction and maintenance
1970 51 49

1971 54 46

1972 55—~ e 45 e
1973 53 47

1974 54 46

Table 30. ASPHALT HOT MIX BY END USES3 #7-429

Percent
Surface Hot mix
Year and binder base Patching Other
1970 72 23 3 2
1971 70 24 4 2
1972 , 67 28 4 1
1973 67 27 4 2
1974 67 28 4 1
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1. Industry Status

In 1975 there were estimated to be 4,300 asphalt plants in the
United States. The asphalt hot mix industry is characterized

by its large number of small companies; 38% of the companies

operated a single plant while 89% operated five or fewer plants.

About 80% of the operating plants are stationary while the
remainder are mobile. Stationary plants are located in urban
areas where there is a continuing market for paving and re-
surfacing work. Mobile plants are usually involved in highway
projects since they can be disassembled and relocated to

shorten hauling distances."*9,50

The average production rate reported was 160 metric tons/hr
(176.4 tons/hr) at an average mixer capacity of 2.9 metric tons
(3.2 tons/hr).1%® Asphalt hot mix plants usually shut down
during the winter months for maintenance and repair. They
operate an average of 8.6 months per year and 666 hr/yr.l6
Variable weather conditions, inefficient truck scheduling and
the fact that the industry operates on a project basis are
factors that contribute to the low operating ratio of this
industry."?®

Approximately 34% of the industry uses gas for fuel while 66%
uses o0il. No. 2 fuel cil is used by 63% of the 0il users in

the industry, and 13% of them report using No. 4 0il.!®

S0Comprehensive Study of Specified Air Pollution Sources to
Assess the Economic Impact of Air Quality Standards, Volume
I. U.S. Environmental Protection Agency. Research Triangle
Park. Report No. FR 41U-649 (PB 222 857). August 1972.

377 p.
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2. Competitive Products

The only alternative product to asphalt hot mix currently

is portland cement8,50 which is costlier than asphalt hot
mix, based on the guantity required to produce a given volume
of pavement. Portland cement accounts for only 10% of all
highway mileage constructed but it has been used extensively
in the interstate highway system (60% of the mileage). If

it becomes necessary for the portland cement industry to
provide the service now provided by asphalt hot mix, con-

siderable expansion will be required.>?
C. OQUTLOOK

Asphait hot mix will be needed in the future for new con-
struction as well ‘as to maintain the 6.1 x 10° km of existing
road network. Another 2.1 x 10°% km of gravel and stone sur-
face highways need paving, and many existing highways and
streets need widening and upgrading.!“®

The population is projected to increase for several years and

the current slowdown in housing and transportation development

is only a postponement due to economic conditions. The demand
will have to be made up in the future.!"®

Barring any o©il embargo, asphalt cement supplies for the next
several years should be available. An increase in the price
of asphalt cement is predicted as it competes with fuel oil

for a larger share of the energy barrel."®
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APPENDIX B.

RESULTS FROM REPRESENTATIVE PLANT SAMPLED BY MRC

Table B-1., POM ANALYSIS DATA, INLET RUN NO. 1
{nanograms)
Front Back Total
half half POM
POM compaonent sample sample present
Dibenzothiophene 9,700 <100 <9,B800
Anthracene/phenanthrena 19,900 630 20,530
Methylanthracenes/phenanthrenes 12,000 1,010 13,010
9-Mathylanthracense 13,900 <100 <14,000
Fluoranthene 9,800 <loC <9,900
Pyrene 6,500 <100 <6, 600
Benzo(c}phenanthrene 800 <108 <900
Chrysene/benz(a)anthracene 1,200 <100 <3,300
7,12-Dimethylbenz (a)anthracene <2,000 <100 <2,100
, 3, 4-Benzoflucranthene 1,400 <100 <1, 500
Benzo{a)pyrene/benzo{e)pyrana/perylena 800 <109 <70¢
J-Methylcholanthrene 6,300 <100 <6,400
Dibenz{a,h}anthracene <500 <100 <600
Indeno{l, 2,3-c,d)pyrene <500 <100 <600
7H~Dibenzo{c,g}carbazola <500 <140 <600
pibenzo(a,h & a,i)pyrene <500 <100 <600
TOTAL <BE,100 <3,040 91,140
Table B-~2. POM ANALYSIS DATA, INLET RUN NO. 2
(nanograms)
: o o Front _Back Total o
half half POM
POM component sample sample present
Dibenzothiophena 21,700 <250 <21,950
Anthracene/phenanthrene 37,100 1,500 39,000
Methylanthracenes/phenanthrenes 68,100 1,000 69,100
9-Methylanthracene 12,700 <250 <12,950
Fluoranthene 6,390 <250 <6,550
Pyrene 4,600 <250 <4,850
Benzo({c) phenanthrene 560 260 820
Chrysene/benz {a)anthracena 3,100 <250 «3,350
T.12-Dimethylberz (a)anthracene <2,000 <250 <2,250
3 ,4-Benzofluoranthene 410 330 740
Benzo (a) pyrene/benzo(e) pyrene/perylens 350 <25¢ <600
3=Methylcholanthrene 2,600 <250 <2,850
Dibenz (a,h)anthracene 170 <250 <420
Indeno(1,2,3-c,d)pyrens 210 <250 <460
TH-Dibenzo (c,g}carbazcle <2,000 <250 <2,250
Dibenzo{a,h & a,i}pyrenc 240 <250 <490
TOTAL <162,140 <6,490 <168,630
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Table B-3. POM ANALYSIS DATA, MIXER DUCT RUN NO. 1

(nanograms)
Front Back Total
half half POM
POM component sample sample present
Dibenzothiophene 492,500 20,600 513,100
Anthracene/phenanthrene 560,000 25,760 585,760
Methylanthracenes/phenanthrenes 293,500 31,440 324,940
9-Hethylanthracene <1,000 <1,000 <2,000
Fluoranthene 4,800 2,000 6,600
Pyrene 10,500 1,930 12,430
Benzo (c)phenanthrene <1,000 <100 1,100
Chrysene/henz (a)anthracene 28,200 210 28,410
7,12-Dimethylbenz (2) anthracene <1,000 <100 <1,100
3,4-Benzofluoranthene 1,900 <100 <2,000
Benzo (a) pyrene/benzo {e)pyrene/perylene 1,806 138 2,030
3-Methylcholanthrene <1,000 <100 <1,100
pibenz(a, h) anthracene <1,000 <100 <1,100
Indeno{l,2,3-c,d)pyrens <1,000 170 «1,170
TH-Dibenzo(¢,g) carbazole <1,000 <100 <1,100
Dibenzo(a,h & a,i)pyrene <1,008 <100 <1,160
POTAL <1,401,100 | <83,940 '<1,485,040

Table B-4. POM ANALYSIS DATA, MIXER DUCT RUN NO. 2
(nanograms)

Frant Back Total
half half PCH
POM component sample sample Present
Dikenzothiophene 354,200 49,300 403,500
anthracene/phenanthrene 3130, 300 40,400 370,700
Methylanthracenes/phehanthrenes <184 ,600 39,300 <223,900
9-Methylanthracene <2,400 <500 <2,900
Fluoranthene 7,100 1,900 9,000
Pyrene <8,400 2,500 «10,900
Benzo{c}phenanthrene <10,000 <500 <10,500
Chrysene/benz (a) anthracene <14,600 <500 <15,100
7,12-Dimethylbenz [a)anthracene <2,000 <500 <2,500
3,4-Benzofluoranthene <3,400 1,000 <4,400
. Benza {a) pyrene/benzo (e)pyrene/perylenc <2,000 <500 <2,500
3-Methylcholanthrene <2,9000 <500 <2,500
Dibenz{a,h}anthracene . <2,000 <500 <2,500
Indenc(l,Z,3-c,d)pyrene <2,000 <500 <2,500
TH-Dibenzo{c,g}carbazole <2,000 <500 <2,500
Dibenzo{a,h & a,i)pyrene <2,000 <500 <2,500
TCTAL <929,000 <139%,400 |<1,068,400
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Table B-5.

Front Back Total
half half POM
POM component sample sample present
Dibenzothicphene 582,900 3,540 586,440
Anthracene/phenanthrene 575,800 6,420 582,220
Methylanthracenes/phenanthrenes 367,000 20,630 387,630
9-Methylanthracene <1,000 <1,000 <Z,000
Fluoranthene 7,100 550 7,650
Pyrene 11,800 640 12,440
Banzeo (c)phenanthrene <1,000 <160 <1,100
Chrysene/benz (a)anthracene 22,500 110 22,610
7:12-Dimethylbenz (a)anthracens <1,000 <100 <1,100
3,4-Benzofluoranthene 3,200 <100 <3,300
Benzo (a)pyrene/benzo{e) pyrene/perylene <1,300 120 <1,420
J-Methylcholanthrene <1,200 <100 <1,300
Dibeng {a,hlanthracene «<1,000 <100 <1i,100
Indeno(l,2,3-c,d) pyreng <1,000 <10¢ <l,100°
Tu-Dibenzo (¢, g) carbazole <1,000 <100 <1,100
Dibenzo(a,tt & a,i)pyrene <1,000 <100 <1,100
TOTAL <1,579,800 | <33,810| <1,613,610
Table B-6. POM ANALYSIS DATA, OQUTLET RUN
(nanograms)
Front Back Total
half half POM
POM component sample sample present
Dibenzothiophene 10,900 1,550 12,450
e e .. hntbracene/phenanthrene | __ 9,500 2,10 [ 11,680
Methylanthracenes/phenanthrenes 16,000 1,950 17,950
9-Methylanthracene 1,700 <100 <1,800
Flucranthene 1,600 <100 <1,700
Pyrene 900 160 1,060
Benzo (o) phenanthrens <500 <100 <600
Chrysene/benz (a) anthracene 2,400 <100 <2,500
7.12=Dimethylbenz (a}anthracene <500 <100 <600
3,4-Benzcfluoranthene <500 <100 <600
Benza (a}pyrene/benzo{e)pyrene/perylene <500 <100 <600
3-Methylcholanthrene 600 <100 <700
Dibenz{a,n)anthracene <500 <100 <600
Indenc{l,2,3=c,d)pyrens <500 <100 <600
TH-Dibenzo (¢, g)carbazole <500 <100 <600
pDibenzo{a,h & a,i}pyrene <500 <100 <600
POTAL <47 ,600 <7,040 <54,640

(nanograms)

100

POM ANALYSIS DATA, MIXER DUCT RUN NO.

NO.

3




Table B-7. POM ANALYSIS DATA, OUTLET RUN NO. 2

(nanograms)
Front Back Total
half half POM

POM component sample sample present
Dibenzothiophene 9,500 <250 <9,750
Anthracene/phenanthrene 8,900 1,200 10,100
Mothylanthracenes/phenanthrenes 17,400 1,400 18,800
9-Methylanthracene <500 <250 <750
Fluoranthene 800 300 1,100
Pyrene 900 700 1,600
Benzo (c)phenanthrene <500 <250 <750
Chrysene/benz {a)anthracene <500 <250 <750
7,12-Dimethylbenz{a)anthracene <500 <250 <350
3,4-Benzofluoranthene <500 1,300 <1,800
Benzo (&) pyrene/benzo{e)pyrenc/perylene <500 <250 <750
3«Mathylcholanthrene <500 <250 <750
Dibenz (a,h) anthracene <500 <250 <750
Indenc(l,2,3-c,d)pyrene <500 <250 <750
TH-Dibenzec (o, glcarbazole <500 <250 <750
pibenzo{a,h & a,i)pyrene <500 <250 <750
TOTAL <43,000 <7,650 <50, 650

Table B-8. POM ANALYSIS DATA, OUTLET RUN NO. 3

{nanograms)
Front Back Total
half half POM

POM coDponent sSample sample present
pibenzathiophene 7,500 <100 «7,600
Anthracene/phenanthrene 9,800 720 10,520
Methylanthracenes/phepanthrenas 17,600 2,740 20,340
9-Methylanthracene <500 <100 <600
Fluoranthene 2,00Q 490 2,490
Pyrene 2,300 1,890 4,1%0
Benzo {¢)phenanthrene <500 <100 <600
Chrysene/benz (a)anthracene , 600 150 750
7.12-Dimathylbenz{a)anthracene <500 <100 <600
3,4-Benzofluoranthene 900 <100 <1,000
aenzotu}pyrene/benzz:(e)pyrene/perylene 700 <100 <8O0
3-Methylcholanthrene <500 <100 <600
pibenz (a,hlanthracene 500 <100 <600
Indeno{l,2,3-c,d)pyrenea <500 <100 <600
7#-Dibenzo{c,g)carbazole <500 360 <860
Dibenzola,h & a,i)pyrens <500 <100 <600
TOTAL <45,400 <7,350 <52,750
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co2
DN
PM
PB
02

CP

N2

Table B~9. POM SAMPLING INPUT DATA FOR RUN 1I
TT 104.3 Po 29.92 VM 60.410 Vi 14,4
co2 3.4 02 16,3 N2 50,3 CO 0.0
b G20y s 6.09 -1 0,09 DS S2,5
e
M -6.000 cv 0. 850
VELH L)Y Mz T8 DELP
0.900 51.0 50,0 146,40 0,550
5.89¢ 55,0 52,40 144 .0 0,540
1.250 &6.0 64,0 162,40 0,770
1,200 s4,0 65,0 196.0 0,800
1,100 63,0 64,0 157.0 0.800
1,25y 76.0 T1l,0 162.0 0,760
1.250 74.0 74,0 195.0 1,000
1.420 75,0 75,0 168.0 ¢,a50
1,540, T4,0 75,0 1488.0 0.950
1.320 78,0 7.0 156,0 0,800
i.320 79.0 78,0 167,0 0,800
1,620 18.0 80,0 158,46 1,100
l.4u0 75,0 77.0 154,06 0.850
1.%00 T6.0 77.0 178,0 0,850
Y.L 7.0 7.0 174.0 0,850
1420 To.0 77.0 itk G 0,880
l.2u0 8,0 75,0 157.0 0,930
1aaht 79,0 76,0 160.0 0.850
1.41L 79,0 76,0 166.0 0,870
1.4y 78,0 76,0 169,0 6,850
1,876 2,0 7.0 206.0 5,900
l1.%0L 80,0 77.0 195,0 0,970
Time duration of run, min MT = Particulate {(total), mg
Percent COj VW = Total H0 ¢ollected, ml
Probe tip diameter, cm CO = Percent CO
Stack pressure (static), cm Hp0 DS = Stack diameter, cm
Barometric pressure, cm Hg DELH = Average orifice pressure drop, cm H0
Percent Oj TM1 = Average gas$ meter temperature, °C
Particulate (front), mg TM2 = Average gas meter temperature, °C
Pltot coefficient TS = Stack temperature, °C
Volume of dry gas (meter conditions), dry m? DELP = Average stack velocity head, om Hy0

Percent Nj
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Table B-10. POM SAMPLING INPUT DATA FOR RUN 2I

1T 113,0 Py 29,99 VM 53,270 Vi 14.7
cu2 3.4 02 16.3 W2 80,3 co o.o0
NN 0,204 MF D.16 MT 0.17 0s  52.5
—
FIF =&,0U0 cr 0.,H/50
DELH ™1 T2 TS DELP
1.280 46.0 44,0 195.0 0,780
1,280 48.0 45,0 210,90 0,780
1.22v 47.0 47.0 178.0 0.750
1.34%0 50,0 44,0 186,0 0.820
1,236 52,0 49,0 164 .0 0.750
1,390 23,0 50,0 160,0 0,850
1.39¢ 53,0 52,0 161.0 0,850
1.5%n 54.0 53.0 189.,0 0,940
1,220 56.0 55,0 184,0 0,750
1,580 57.0 55.0 185,0 0,950
1.580 59.0 58,0 188.0 0,950
1.980 60,0 59,0 171.0 0,950
1.310 63.0 60,0 165.0 0,800
1,330 67.0 65.0 164,90 0,800
1.310 b6.0 66,0 176,0 0,800
1,37u 68,0 67,0 178.0 0.830
1.42L 73.0 FO.0 187.0 0.870
1.390 4,0 72.0 213,0 0,850
1,330 75.0 73.0 217.0 0,820
1,300 79.0 77.0 180,0 0,840
1,30 81.0 79,0 213,0 0,840
1,300 BT 0 a4, 0 214,0 0,840
1,350 8fr.0 85,0 221.0 0,820

TT = Time duration of run, min MT = Particulate (total), mg
C02 = Percent COj VW = Total Hy0 collected, ml

DN = Probe tip diameter, cm CO = Percent CO

PM = Stack pressure (static), cm HyO DS = Stack diameter, cm

PB = Barometric pressure, cm Hg DELH = Average orifice pregsure drop, cm Hy0
02 = Percent 0s TM1 = Average gas meter temperature, °C

MF = Particulate (front}, mg TM2 = Average gas meter temperature, °C

CP = Pitot coefficient TS = Stack temperature, °C

VM = Volume of dry gas (meter conditions), dry m? DELP = Average stack velocity head, cm H,0

N2 = Percent Nj
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Table B-11. POM SAMPLING INPUT DATA FOR RUN 1M

IT 114.0 Py 29.95 vM  54.090 VW -5.6
Cug .0 02 29.7 N2 80,3 CC 0.0
N 0,204 ME 1.40 MT 1.48 Tus 8.0
PE. 6,600 cr 0.850 |
BELI Tl TM2 T8 DELP
1,100 64,0 62,0 175.7 2,119
1,200 69,0 63.0 175.7 2.110
1.20¢ - 66.0 63,0 175.7 2,110
l.100 Gh, 0 63,0 175.7 2.110
l.1u0 67,9 6u4,0 175, 7 2,110
v,.810 67.0 65,0 175,40 2,110
u,92vu 5%, 0 64,0 175.7 2,110
n.egu 66.9 65,0 166,0 2,110
U, 960 66,0 &4,0 175.7 2,10
(.8%0 67.4 65,0 175,.7 2,110
Uv,83L 67,0 &4,0 173.0 2,110
b.o2L 6,0 66,0 175.7 2.110
4,214 68.0 67,0 175,7 2.110
J.9°0 69,0 65,0 l62.0 2,110
4,91y mn.0 64,0 175.7 2,110
0.91v¢ T1.0 69,0 175.7 2.110
0.H70 72,0 64,0 190.0 2,110
U, ARG 73.0 63,0 115, 7 2,118
. 904 71,0 68,0 175,7 2,110
L.850 73,0 A9,0 175,7 2.110
u.81u 74,0 71.0 175.7 2,110
t.100C Tu,.0 69,0 188,0 2,110
G.9ur 5.0 T4.0 175,7 24110
U890 72.0 75.0 175.7 2.+110
TT = Time duration of run, min MT = Particulate (total}, mg
€02 = Percent COp . VW = Total Hp0 collected, ml
DN = Probe tip diameter, cm €0 = Percent CO
PM = Stack pressure {static}, cm H0 DS = Stack diameter, cm
PB = Barometric pressure, cm Hg DELE = Average orifice pressure drop, cm Hy0
02 = Percent Oy TM1 = Average gas meter temperature, °C
MF = Particulate (front), mg TM2 = Average gas meter temperature, °C
CP = Pitot coefficient TS = Stack temperature, °C
VM = Volume of dry gas (meter conditions}, dry m3 DELP = Average stack velocity heau, cm Hz0

N2 = Percent Nj
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co2
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02

CP

N2

Table B-12.

1T 135.0
cuz  u.t
ON gL 204

P¥ -6.000

HELH
u.,580
0,55
G530
0,980
0.980
g.5680
0.580
G.6%0
d,680
0,660
u,6R0
D.ekl
Gubal
0,u7e
L LBU
0.72u
0,&n0
U,686C
U.6%0
[V TAT]
fabbu
Gobol
[ 1T)
U.e’{
C.6Li
C.6a0
U,.6350
U.0dl

Time duration of run,
Percent CO,

Probe tip diameter, cm

POM SAMPLING INPUT DATA FOR RUN 2M

M1

65.0
67,0
67.0
66,0
L
66.0
67,0
ah. 0
66,0
57.0
66.0
66,0
T1.0
T2.0
72.0
75.0
T7.0
79.0
77.0
79.0
79.0
0.0
61,0
63,0
83,0
62.0
82,0
62.0

min

Py 29,80
02 29.7
MF

ce

Stack pressure (static), cm Hy0

Barometric pressure, cm Hg

Percent Op

Particulate (front), mg

Pitot coefficient

M2

59.0
60,0
61,0
64,0
64,0
65,0
64,0
63,0
f4,0
65,0
65,0
66,0
67,0
&8,0
69,0
T4 ,0
75.0
75,0
75.0
TT.0
7.0
TA.0
19,0
80.0
81,9
a1,n
81,0
n1.0

vVolume of dry gas (meter conditions), dry

Percent Nj
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N2 a0

MT

E 883§

DE

TM2
TS
DELP

9.310 Vi =-5.4
3 co 0.0
.21 0s 8.0
TS DELP
144,90 1,500
152.8 1,900
132,0 2,000
152.8 1,900
152,8 2.000
152,8 2,300
152.8 2,500
172.0 2,200
1%2,.8 2,300
152.8 2,200
152.8 2,000
152.6 2,200
16A,0 2,000
152.8 2,600
152.8 1,900
152,48 1,300
152,8 1,500
152,48 1.500
152.8 1,400
143,01 1.450
152.48 1,790
152,8 1.600
143,0 1.500
152,8 1.600
157.0 1,600
152.0 2,800
60,0 2,900
157.¢ 2,900
= Particulate (total), mg
= Total H,0 collected, ml’
= Percent CO
= Stack diameter, cm
= Average orifice pressure drop, cm H;O

= Average gas meter temperature, °C
= Average gas meter temperature, °C
= Stack temperature, °C

= Average stack velocity head, cm H0




Table B-13. POM SAMPLING INPUT DATA FOR RUN 3M

IT 1660 Ps 29,74 VM 61,770 Vu =5.7
€02 uv.D 02 29,7 W2 80.3 €O 0.0
OH .20 Mr 1,58 HT 1,61 DS 8,0
BFM 6,000 cP 0,850
f
1HELH M1 TH2 LS DELP
1,300 60,0 59,0 80,0 1,700
1.200 61.0 60,0 129,0 1,900
1.200 62.0 60,0 131,60 1.900
1,200 63,0 61,0 140,90 1,900
1,200 64,0 61,40 155.u 2,000
1,200 64,0 62,0 137,90 2,600
1.20u 65,0 62,0 148,0 2,100
1.200 67.0 63,0 152.¢ 2.000
1,240 66,1 64,0 153,0 1,800
1,230 &67.0 64,0 162,0 2,900
1,208 67,0 64,0 164,08 2,700
1,200 67.0 65,0 157,90 2,000
1,300 67.0 65,0 166,90 2,100
1,200 68.0 66,0 160,49 2,100
1.200 E8.0 £6,D 142.¢ 2.000
1,200 T0.0 a7.0 156,0 2.600
1.200L 71,90 1) 158,0 2,200
1,20t} 72,0 69,0 150,0 3,100
1,700 72.0 £9,0 150,0 3,200
1.200 71.0 .o 160.0 3,200
TT = Pime duration of run, min MT = Particulate (total), mg
C02 = Percent Qg VW = Total H0 collected, ml
DN = Probe tip diameter, cm CO0 = Percent CQ
PM = Stack pressure (static), om Hy0 DS = Stack diameter, cm
PB = Barometric pressure, cm Hg DELH = Average orifice pregsure drop, cm Hy0
02 = Percent Qg TM1 = Average gas meter temperature, °C
MF = Particulate {(front), mg TM2 = Average gas meter temperature, °C
CP = Pitot coefficient TS = Stack temperature, °C
VM = Volume of dry gas (meter conditions), dry m3 DELP = Average stack velocity head, cm Hy0

N2 = Percent Np
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Table B-14. POM SAMPLING INPUT DATA FOR RUN 10

TT 10%.7 Ps 29,92 VM 45,560 Vi 89.0
cJy2  3.u 02 16.3 42 B0.3 co 0.0

Gk D.24% Mt 0.05 T c.05 Ds 69.9

Mo~ CL 100 cpP 0,850

uELn M1 M2 TS DELP ,

U,u60 53.0 53.0 112.0 0.120

v,obi 53.0 53,0 119.0 0,120

0,240 B56.0 $5,0 118.0 0,080

0.28¢ 56.0 56,0 11&,0 0,080

U.2ed 57.0 57.0 117.0 0,880

L. 2ul 7.0 36,0 115.0 0,880

-3y 58,0 57.0 118,10 0,580

L2246 6RO 66,0 105.0 0,080

h,220 67,0 66,0 99,0 0.069

G.700 68,0 67,0 95.0 0,200

u,leu 69.0 68,0 7.0 0,050

tL2ru 6%.0 69.0 91,0 0,060

et .0 ro.n 96.0 0,120

U, 260 70,0 T1.0 103.0 0,880

7ol T1.0 - 102.0C 0.200

1,600 72.0 72,0 102,06 0,180

1.6L0 75.0 73.0 98.0 G,180

iv6bu Th.0 75.0 100,90 G,180

l.blt 770 75.0 103.0 0,180

1okt 9.0 75,0 113,¢ 0,180

I A 76.0 76,0 106.0 0,180
Pime duration of run, min MT = Particulate (total), mg
Percent CO; VW = Total Hy0 collected, ml
Probe tip diameter, cm CO = Percent CO
Stack pressure (static), cm Hp0 D5 = Stack diameter, cm {
Barometric pressure, cm Hg DELH = Average orifice pressure drop, cm Ho0 ‘
Percent O3 TM1l = Average gas meter temperature, °C
Particulate (front), mg TM2 = Average gas meter temperature, °C
Pitot coefficient TS = Stack temperature, °C
Volume of dry gas {(meter conditiens), dry m? DELP = Average stack velocity head, cm H,0

Percent Nj
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Table B-15. POM SAMPLING INPUT DATA FOR RUN 20

T 110.6 PH 29,99 VM A7,090 vw  131.1
te2  3.u 0¢ 16.3 N2 80,3 ca 0.0
Pho0.24Y MF D.U4 MY 0.05 DS 69,0
PE 20,100 cH 0.850
CELH ™1 ™2 T8 DELP
1,900 54,0 52,9 112.6 0,180
1,900 51.0 52,0 108,06 0,180
1,900 51,0 51,10 105.0 0,180
1,900 51,0 51,0 105,0 0,180
1.500 51,0 51,0 106,0 0,180
1,500 3.0 52,0 102,0 0,180
1.500 53.0 53,0 103.0 2,18¢
1,400 53.0 53,0 103,0 9.18¢0
1 4G 54,0 56,0 94 .0 0,180
1,506 55,0 55,0 112,90 0,180
1,600 55.0 55,0 59,0 6,180
1,300 bb. 0 53,0 102,0 0,180
1,460 56.0 56,0 114,0 0,180
), e 57.0 56,0 102.0 0,180
1,200 57.0 57.0 05,0 0,180
J.4Luy 5640 57.0 102.¢ 0,180
1A 50,0 58,0 108.0 0,180
1.500 60,0 59,0 98,0 0,180
.l 8040 0,0 105.0 0,180
1.100 62.0 61,0 11,0 0,180
1,400 63.0 63,0 113.0 0.180
1,400 65.0 63,0 114.0 0,180
1.200 86,0 64,0 114,0 0,180
Pt 05,0 64,0 113.0 0.180
1.300 58,0 8.0 106,0 0,180
S A | S -1 2 : 8,0 117.6 0,180
PRTI¢ 71.0 71,0 116.0 0,180
1,050 7.0 71.0 114,0 0,180

= particulate (total}, mg

3

TT = Time duration of run, min
= Total HzO collected, ml

]

CO2 = Percent CO3z
DN = Probe tip diameter, cm Cco = Perce_nt.col
PM = Stack pressure (static), cm H;0 DS = Stack dla.mete.r. cm o
PB = Barometric pressure, Cm Hg DELH = Average orifice pressure drop, r:m 3/
02 = Percent O TM1 = Average gas meter temperature, l‘C
MF = Particulate (front), mg TM2 = Average gas meter temperature, c
CP = Pitot coefficient TS = Stack temperature, °C

i Hz0
vM = Volume of dry gas’(meter conditions), dry m? DELP = Average stack velocity head, cm Hyp

N2 = Percent N

108




TT
co2
DN
PM
PB
02

CPp
VM
N2

Table B-~16. POM SAMPLING INPUT DATA FOR RUN 30

T 120,00 PB 29.95 YM  60.610 Vi 116.4
cu2 3.4 O 16.3 n2 80.3 co 0.0
oM 0,372 Mk 0.0% 5k 0,05 Ns 69,0
PM ~0.100 cy 0,850
LTLH T ™2 TS DELP
[N S+ 66.0 66,0 117.0 0,160
u,&00 67.0 67,0 115,0 0,180
0.570 70.0 T0.0 116,0 0,160
U.600 70.0 T0.0 111,0 0,170
U.e0U 70,0 70,0 113.0 0,170
V.50 71.0 71,0 112.0 0,160
U.59¢ T1l.0 Tl.G 112,0 0,170
UL,EDD 72,0 71.0 105,0 0,170
L.56k T4.0 73.0 114.,0 0,180
0,E1u 3.0 72,0 115,0 0.160
J.60¢ TU.0 1.0 117,0 0.160
S.640C0 T3.0 73.0 121,¢C 0,160
0.59¢C 75.0 74.0 128.0 0,160
0,540 ThaO 74.0 123.0 2,160
{.all 76.0 76.0 119,0 0,150
v, bl 77.0 17.0 11,0 0,190
n,59¢ 78.0 77.0 110.90 0,150
U.530 79.0 76,0 114.0 0.150
CW570 80,0 8d.0 113.0 0,130
FIS-Tan £0.0 890.0 118,90 0.140
L.B76 79.0 72.0 121.0 0,140
0,57y BN, G 80,0 119,10 0,130
u,57C 61.0 4l.0 120.0 0,140
eL.53u 2.0 82,0 126.0 0,120
Time duration of run, min MT = Partieculate (total), mg
Percent COp VW = Total HyO collected, ml
Probe tip diameter, cm CO = Percent CO
Stack pressure {(static), cm H0 D5 = Stack diameter, ¢m
Barometric pressure, c¢m Hg DELH = Average orifice pressure drop, cm Hy0
Percent QO3 TM1 = Average gas meter temperature, °C
Particulate {front}, mg TM2 = Average gas meter temperature, °C
Pitot coefficient TS = Stack temperature, °C
Volume of dry gas (meter conditions), dry m3 DELP = Average stack velocity head, cm Hy0

Percent Nj
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Table B-17a. POM SAMPLING DATA SUMMARY (metric units)

At b

T1
Pty
QL
Vo
T
VESTR
Vi
Vi
FCNTM
L11]
coz
a2
N2
MWD
b
DELP
cp
TS
[£4]
PS
V5
o8
AS
uf
wn
Al
iCTI
L1
BT
CAM
CAD
CATY
<AL
Thalk
CaY

Table B-17b. POM SAMPLING

LN

T
P
DELH

YR e

T
YMSTL
Vi
Vil
PCiT
M
cos
o2
174
(21718
MU
LELK
cP
TS
P
25
Vs
08
AN
[
uh
Y
PCTY
*F
~T
Cnt-
Cat
car
Lru
Thd
[N Y3

DESCRIFPTION (20 PLEG C)

LUFATEON OF RuUIl:
FAEUMETKEC PRESAURE
AViy URIFICH PRESE ChOP
VOL DHY GAS{METER CON)
AVG GAS WLTEK ThNp

VOL ORT &aS (5TJ CORD)
TOTAL H20 CULLECTED
VLl H20 VAPOR(STD o)
PERCHT MOISTURE By vGL
"OLE FRACTION UKY GaS
PERCENT COR

PERCENT Q°

PERCENY N2

mMGL WT OF DRY GnaS

#Mul. WI OF STACr. GAS
AVG STACK VELOLITY HEAD
PITOT COEFFICERAT
STACK TEMPEHATUKE
STACK PRESSURE(STATIC)
STACK PHESSURE {apS)
AVG STACK GAS VELGQCITY
STACK WIAMETEH

STACK AREA

STACK FLOW RTICRY STD)
STACK FLOW RT{ACTUAL)
FROGE TIF NIAMLTER
PERCENT ISOKIMNETIC
VALTICULATL (FROMT)
PARTICULATE (TOTAL)
PARTICULATE (FRUNT)
PARTICULATE (TOTAi Y
PARTICULATE (FRUNT)
PARTICULATE {10TaL)
FARTICULATE (FRONT)
FARTICULATE ¢TGTAL)

UESLKIFFEDN fok [LG F)

QUEATION {F Rut
AARUMETHIL PREESUKE
AVG ORIFICE PHLSS DROP
VUL BDRY GAS{MLYLER CON)--
AVL GAS METEK Timp

VUL ORY GAS (8Tu conDy
TUTAL W20 CULLECTER
VOl H20 yAPOR(ST{ CuM)
PERCHNT MOISTURE &Y voL
MOLE FRACTION LRY GaS
PERCENT coZ

HERCENT p2

PERCENT N2

MOL WT OF DRY GAS

MOL WY CF STACK GaS
AVG STACK VELOCITY HEAD
PITOT COEFFICILMT
STACK FEMPLRATUKE
STACK PRESSURL(STATIC)
STACK PRESSURE (AES)
AVG STACK BLAS VELCCITY
STACK UIAMETER

STACK RKEA

STACK FLOwW RT{DRY 51D)
STACH FLDwk RT({ACTUAL}
FROBE TIP LIAMLTER
PERCCNT JSUKLNETIC
PAMTICOLATE (FRONT)
FARTICULATE (TOTAL)
FARTICWLATE (Fnlt 1)
FARTICULATE 4TULTaL)
FARTICULATE (FiuMy)
FAHTICULATFE (1QTaL)
FARTICULATE (FROMT)
FARTICULATE (TOTAL)
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UNITS

MINUTES
CM He
CM HzO
DCw

DEG €
OMNCM

ML

WM

CM H20

CEG C
C™ H20
CM HG
MPH

M

S@ CM

. DNCMPM
* ACMPM

cM

MG

MG
G/ONCM
G/DNCM
G/ACMH
G/ACM
KG/HK
KG/HK

UnMITS

MINUTES

IN HG
1N Hz0
DeF
DEG F
OSCF
ML

ser

IM H2O

OEG F
IN HZO
IN Ho
FPM
INCHES
SQ IN
CSCFM
ACFM
INCHES

MG

MG
GR/0SCH
SR/DSCH
GR/ALF
GRAACF
LE/Hi
LB/H

11

io4.3
T6.00
3,398
1,711
22.7
1.70
19.%
u,019
1.12
0,989
3.0
16.3
8C.3
29.2
2%.1
2.138
0,650
75.
«l15.2%
Ty4.88
lpua,
133.35
13967.0
1196.
1454,
0,518
90.7
0.09
0.09
0.0001
0.0001
0,0000
0.0000
0.004%
6.004

1l

1nu,3
29,92
1,538
60,410
7248
60.07
14.4
0,683
1.12
0.949
3.4
16.3
40,3
29.2
29.1
0,842
U.850
168.
-6.00
29.48
3416,
52.50
2164.8
42221.
51340,
0.204
0.7
2.0
.09
0.0000
U.0u00
O.nuee
0.0000
0,008
0,008

21

115.0
T6.17
3.48Y
1,792
16.9
1.82
14,7
0,020
1,407
0,989
3.4
16.3
80.3
29.2
29.1
2.124
0.8%50
86,
=15.24
75.05
1054,
133.35
13967.0
1177,
1472,
0.518
89, u
O.18
0.17
02,0001
0.0001
0,000t
0,000
0,006
0,007

DATA SUMMARY (English units)

21

115,0
29.99
1.3%72
633270
62.4
B4 4 33
4.7
0.897
1.07
0.9a9
3.4
16,3
a0.3
29.2
271
0.836
0,850
187,
=6,00
29.55
a458,
52.50
Z216%.8
41574,
51972.
0,204
89,4
0.16
0.17
a.00v0
¢.co00
G,0000
g.00u0
0.014
0.014




Table B-18a.

AL

™
yms T
Ve
Lo
e T
iy
cnz
o2
2
Pty
M
DEL}
cp
18
3
Ps
Vs
DS
AS
88
aa
oM
FCT}
MF
MT
Catl
CAG
CAT
CAl
CAh
Car

Table 13-b.

ABHt

17
43
GELH
VK
T
ywsTIn
Vi
vkG
PCKTw
rMD
co
02
N2
MWD
Mw
DELP
cp
T8
M
PS
VS
Ds
AS
Qs
[A])
b1
PC1y
MF
LA |
CAM
€a0
cat
cAu
CAwW
CAx

LESCRIFTION (20 DEG

ULHATION OF R
PAHQMETHIC PRESSURF

AVG DRIFICL PHESS L
VL DRY GAS(METLR CCI)

iy GAS MLTLCR TLM|-

VoL DRY GAS (%Tu (OnD)

TOTAL b20 COLLECIED

VUL H20 VAPOR(Y I LUk
PERCHT ¥MO15TUFE BY vOL
MOLE FRACVYICN DRY GAS

PERCENT Cu2

PEFCENT Q2

FERCENT N2

FOL WT OF DRY GAS
MOL WT GF STACK Gib

AVG STACK VELOCLITY HEAD

PITUT COEFFICIENT
STACK TEMPERATURF

POM

STACK
STACK

PRESSURL (STATIC)
FRESSURE [ARLS}H

avG STaCk GAS VELOCITY

STACK
STACK
STACK
STACK
PROBE

LIAMETER

AREA

FLOW KT by STD)
FLOW RT(RCTLALD
TIP RLIAMETFR

PERCEHT ISOKINETIC

FARTICULATE
PAKTICULATE
PAKTICULATE
FARTICULATE
FARTICULATE
FARTICULATE
FARTICULATE
PARTICULATE

DESCRIPTION

DURATION OF

(FEUMT)
{10TAL)
iFKUMT )
(TOTAL)
(+RUNT}
1T0TAL)
{FRONT )
(10TAL)

tofi DLG F)

RUN

BARQMETRIL PRESHLKE

AVG ORIFICE PHESS DHOP

VOL ORY GRS«
AVG GAS METE
VGL CRY GAS

METER CON)
R TEMP
{STu CLOND)

TOTAL H20 COLLECTED
VOL H20 VAPOR¢SID CON)

PERCNT MOIST

URE PY vOL

MOLE FRACTION LfY GAS

PERCENT €02
PERCENT 02
PERCENT N2

MOL WY OF DRY GASR
MOL WT OF STACK GAS

aVG STACK VELOCITY HEAD

PITQT COEFFICIENT
STACK TEMPERATURE

STACK
STACK

PRESSURE(STATIC)
PRESSURL (ABS)

AYG STRCK GAS VELOCITY

STACK
STACK
STACK
STACK
FFROGE

DIAMETER

AREA

FLOW KT(DHY STD)
FLOW RT{LACTUAL)
TIP plAMETER

PERCENMT ISOKINETIC

PARTICULATE
FARTICULATE
PARTICULATE
PaRTICULATE
PARTICULATE
PARTICULATE
PARTICULATE
PAKTICULATE

(FFOMT)
(TUTALY
(FHONT}
70T AL
(FRUNT)
(TOTAL)
{FRULT)
1101 AL)

SAMPLING DATA SUMMARY

ur1Ts

MINUTES
CM HG
CF HzO
pecM

DEG C
DNCM

ML

HeM

CM Hz0

QEG C

€M HZ2C
CM HG

MPM

Ch

SQ oM

ONCMPM
ACMPM

M

G

MG
G/DHCKE
G/DNLM
G/ACH
G/ACM
rG/HF
KG/HR

UNLITS

MINUTES
IN HG
IN H20
DCF

DEG F
DSCF

ML

SCF

IN H20

DEG F
IN H20
IN HG
FPM
INCHES
SO IN
DSCFM
ACFM
INLHES

MG

nG
GR/DSLH
GR/0SCF
GR/ACF
GR/ACF
LB/HR
LR/HR

M

l1e4.0
7T6.07
2.400
1,615
19.9
1.682
=b.b
-0,u08
=0.41
1.004
G-D
29.7
B0.3
Se.0
32.0
5.359
U,.85C
a0,
-15,24%
Ty .99
1563,
2p.32
Sz4,3
42,
51.
0,518
Géra
1.40
1.48
G.np08
0.0003
0.0L06
0.0G07
0,002
o,u02

1k

118.0
29.95
0,945
64,090
678
64,353
=5.6
-0,265
-0.41
1.004
0.0
29.7
80.3
32.0
32.0
2,110
0,850
176,
«6.00
29,53
5192,
8,00
%0.3
1496,
1812,
G,204%
56.2
1.40
1,48
0.0603
0.0004
c.ou03
0.G003
0,004
0,005

111

zM

135.0
75.6%9
1.563
1.660
22.2
1.6
-5.4
-0,007
=0edt
1,004
¢.C
29.7
20,3
2.0
32.0
4,954
0,850
67,
=15.24
Tu.57
1489,
20,32
324.3
41,
LT
1.518
U6, 2
1.08
1.21
4.00C6
g.0007
0,0005
0,00us
0.002
n,oo2

2M

135,0
29.60
0.615
59,310
71.9
58.74
-5.4
-0,256
-0,4u
1,000
0.0
29.7
80,3
32.0
32.0
1.952
0,850
153,
-6.00
29.36
4886,
a,00
50.3
1453,
1705,
0,204
46.2
1,08
1.21
0,0003
0,0003
0,0002
0.0003
a,9004
0.00y

3M

100.0
75,54
3,073
1.749
18.6
1.75
-5.7
-0.,008
-0 44
1,004
0.0
2%9.7
60,3
32.0
32.0
5.918
0.850,
&4,
-15.24
T4.42
1624,
20.352
324.,3
45,
53.
0.518
59.9
1.58
1,61
0,C009
0,n00%
0.0008
0,6008
0.002
n.002

L1

i0c,.0
29,74
1,21¢
61,770
65.4
61,89
-5.7
0,276
-0.4%u
1.004
0.0
29.17
80,3
32.0
3240
2.33¢
0,850
147,
-6.00
29.30
5328.
8.00
50,3
1596,
1860,
0.204
59.9
1,58
1,61
0.0004
0.0G0u
0.0003
0.0003
n,00%
0.005

(metric

10

108.2
76.00
1.782
1,290
18.9
1.30
89,0
0,119
8.43
0.916
3.4
16.3
80,3
29,2
28.3
0,659
0,850
a1,
-0.25
75,98
497,
175.26
24125,8
1027,
11248,
D.622
82.9
0,05
.05
0.0000
d.0000
0.0000
0.0c000
0,00e
0.003

POM SAMPLING DATA SUMMARY (English

10

1p8,2
29,92
0,701
45,560
6640
45,82
89,0
4,219
8,43
0,916
3.5
16,3
80.3
29,2
26843
0.260
0,850
106,
~0.,10
29.9:1
1830,
69,00
3739,3
16269,
42311,
0,245
92,9
b,05
0,05
0.0000
0.0000
0,0000
¢, 0000
0,005
0.006

units

20

110.0
Te.17
3,574
1,900
1%.7
1.95
131.1
0,176
8,29
0.917
P
16.3
80,3
29,2
28,3
0,457
o,850
42,
-0.25
76.16
461,
175.26
24125,8
955,
1113,
0,622
187.4
n.o4
0.05
0.0000
0.0000
0.0000
60,0000
n,o0l
0.001

units)

20

110,0
29,99
1.407

67,090

58.4
68,74
131,1
6,214

8,29
0,917

3,4

16,3

80.3

29,2

28,3
0,180
0,850

107.
~0.10
29.98
1513,
69,00

31739,3

33736,

39287,
0,245
147, 4

0,04

0,05

0.0000

0.0000

0.0000

0.0000
0,003
0,003

30

120.0
76.07
1,492
1.71s
23.6
1.70
1164
0,156
8,42
0,916
LT
16.3
80,3
29.2
28.3
0,3%4
0.8590
ut,
=0.25
76.0%5
431,
175.26
24125.8
877,
1040,
0,945
55. 8
0,04
.05
0,0000
0.0000
0.0000
0,0000
0,001
0.002

30

120.0
29.9%
0,587
60,610
Ths 5
60,03
116.4
5,517
8.42
0.916
3.4
16.3
80.3
29.2
283
¢,155
0,850
116,
-0,30
29,94
1415,
69,00
3739,3
30963,
36729,
0,372
56,8
0,04
0,05
02,0000
0.0000
0,0000
0,0000
0,003
0.004




Run
No.

Table B-19.

MIXER DUCT POM EMISSION RATE

Emission rate,
kg/hr (lb/hr)

Production rate,
metric tons/hr {tons/hr)

Emission factor,
kg/metric ton {lbh/ton)

0.0023 (0.005)
0.0018 (0.004)
0.0023 (D.005)

139.2 (153.4)
131.6 (145.1)
205.0 (226.0)

(3.3 x 107%)
(2.8 x 10™9)
(2.2 x 1075

1.7 x 10°°
1.4 x 1079
1.1 x 10°°

d , .
Mean emission factor =

«J/&able B-20.

1.37 x 1073 +
(2.74 x 10™° +

35.2% kg/metric ton
35.2% lb/ton)

OUTLET POM EMISSION RATE

Run
No.

Emission rate,
kg/hr (lb/hr)

Preduction rate,
metric tons/hr (tons/hr)

Emission factor,
kg/metric ton (lb/ton)

b—-"’”_’l'a
2
3

0.0027 (0.006)
0.0014 (0.003)
0.0018 (0.004)

57.0 (62.8)
119.3 {(131.5)

133.1 (146.7)

4.8 x 1073 (9.6 x 10~9)
1.2 x 1075 (2.3 x 107°)
1.4 x 10™° (2.8 x 10™9)

a . . -
Mean emission factor = 1=25 x 10°°

7 b

=

+
(25 x 1070 #

38.2% kg/metric ton
38.2% 1b/ton)

Not included during averaging because of difficulties during sampling.

Table B~21.

INLET POM EMISSION RATE

Run

‘No. |

Emission rate,

kg/hr (lb/hr)

7 Production rate,
metric tons/hr (tons/hr)

_ Emigsion factor,
kg/metric ton (lb/ton)

1
2

0.0036 (0.008)
0.0063 (0.014)

58.3
118.3

(64.2)
(130.4)

0.63 x 10~% (1.25 x 10~%)
0.54 x 107% (1.07 x 107%)

a . .
Mean emission factor =

0.58 x 107% %
(L.16 x 107" +

33.4% kg/metric ton
33.4% 1lb/ton)

Table B-22. ALDEHYDE CONCENTRATION IN IMPINGER LIQUOR
/i Total
oOutlet mg/m volume of
run Isobutanal Formaldehyde Butanal Isopentanal sample, ml
1 0.003 0.0002 0.003 0.02 51.5
2 <0.0002 0.00011 0.002 <<(.0001 92.7
-3 0.03 (.0002 0.007 0.02 66.5
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Table B-23. ALDEHYDES DETECTED IN SAMPLES COLLECTED AT.OUTLET

i /

Run Concentration Emission rate
no. Aldehyde pg/ml ng/m3 g/hr Mean mg/s
1 Formaldehyde 0.2 215 12.3
2 Formaldehyde 0.11 187 10.7 3.4 =+ 26%
3 Formaldehyde 0.2 247 14.2
1 Isobutanal 3 3,213 184
2 | Isobutanal <0.2 <339 19,4 | 28 * 3°0%
SRy Isobutanal 30 - | 37,076 2,13089
1l Butanal 3 3,213 184.2
2 | Butanal 2 <3,390 104.3 | 33 * 12%
3 . |-Butanal 7 g,828 5069 .
1 Isopentanal 20 21,540 1,230
2 | 1sopentanal <<0.1 <<177 10.1%(370 + 30%
3 Isopentanal 20 24,718 1,420

ANot averaged.

Table B-24. TOTAL HYDROCARBON AND CARBON MONOXIDLE ANALYSIS

Qutlet run

Relative concentration, ppm by weight

Total hydrocarbona

Carbon monoxide

1

2
C; (duplicate)

le

130
(s

3.6
(33
34

3yalue reported as methane equivalent.
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APPENDIX C

DATA USED TO DETERMINE PARTICULATE
SOURCE SEVERITY DISTRIBUTION

_ Table C-1. RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY COLLECTORS ONLY)

ASPHALT BURVEY CALCULATIONS-~PR1MARY COLLECTURS UKLY

PRODUCTIUN HOURS OF EMISSION FACTORS EMISSION eMISSION STACK SEVERITY
RATE OPERATION  PRIMAKY SECONDARY RATE RATE HEIGHT
{TONS/TH) {HRS/YR) (LB/ION} (LE/TON) (LB/HK) (G/SEC) (METERS)
85000, 447 .37 0.3 0.01 57.00 7.18 9.1 6,027
60000, 500,00 0.3 0.30 36,00 4.54 135.7 1.6878
1750¢00, 875,00 1.7 0,30 340,00 42,84 15,2 12,9115
300600, 166.67 1.7 0404 306.00 38,56 15,2 11,6203
45000, 3uy,.0U 1.7 45,00 259.00 32,13 9.1 26,8989
10000V, Bbb.b7 45,0 Ga01 ET4Y.99 850,50 3,0 6408,2676
50000, 483,483 1.7 .01 25%.00 52,15 10,7 19.7625
€5000. 650,00 0,3 G.04 3u,00 3,78 15,7 1,4065
180000, 1200.0U 0.3 0.04 45,00 5,67 10,7 3,.4875
75000, 500.0U 0.3 0.04 495,00 S.67 9.1 4,7469
1G000U. 100Q.UUY 1.7 0.40 170.00 21,42 13.7 7.9700
60000, 6U0.0U 1.7 0.01 170.00 21.42 6.1 40,3484
180000, 9Y0,. 00 1.7 0.01 340.00 42,8% 10.7 26,3499
300000, 1500400 0.3 1.70 60,00 7.56 9.1 6.32%2
70000. Ubb.6T 0.3 0.30 45,00 5.67 9.1 4,7469
125000. 961.54 0.3 0,01 39.00 4,91 4.3 18,8906
100000. 5U0,0U 0.3 0.0k &0,00 7.56 15,2 2,2785
40000. 26667 1.7 1.70 259,00 32,13 9,1 26,8989
50000. 2UU0.0U0 0.3 1.70 75.00 9. 45 12,2 4,4502
750004 3U0.00 1.7 1.70 429.00 53,55 12,2 25.2177
50000, 250,00 0.3 1.70 60,00 7.56 10,7 4,6500
SOU00, 353,33 0.3 1.70 45,00 5.67 10.7 3,4875
75000, 6UU.OU 1%.0 0.30 1875.00 236,25 12.2 111.2546
H7000. 505.38 0.3 1.70 27490 3,52 18.3 0.7358
73000, Su0,0U 0.3 0,01 45.80 5,52 18,3 1.1551
37000, 402,17 0.3 1.70 27.60 3,48 18,3 0,7279
250000, 1041.,67 1.7 0.01 408,00, . 51,41 10,4 33,5073
© 140000, " F00.00 1.7 0,04 340,00 42,84 15.2 12,9115
65000, 433,33 1.7 0.04 255%.00 32.15 12.2 15,1306
120000, 1200.00 1.7 1.70 17u.00 2l.42 12,2 10,0871
120000, BUO.UU 1.7 1.70 259.00 32,13 12,2 15,1306
90000, 450,00 45,0 Q.U1 8999,499 1134,00 16,7 697.4985
120000. 600,00 1.7 . 0.01 340,00 42,84 12.2 20,1742
80000, 543,35 1.7 1.70 255,00 32.135 6,1 60,5225
70000. 583.33 1.7 0.01 204.00 25,7V 7.6 30.9875
90000, 6U0.00 15,0 0.01 2250400 283.50 12.2 133.5056
220000, 10U0,0U 1.7 0,01 374,00 47,12 10,7 28,9849
80000, 470,59 45,0 0.01 Te49.99 963,90 9,1 806.9670
130000, 1300.00 1.7 1.70 170400 21.42 12,2 10,0871
130000, 520.00 0.3 1.70 794,00 9,45 12,2 4,4502
1v0vo00, 35714 0.3 1.70 84.00 10,58 10,4 6.8986
S0000. 227.27 0.3 1.70 66400 8,32 13.4 3.2365
280000, 31k1.11 1.7 1.70 155,00 19.28 10.7 11,8575
40000, 320.00 1,7 0.04 212.50 26,77 18,3 5,6039
150000, 12u0.0U 1.7 1.70 212.50 26,77 10,7 16.4687
50000, 416.67 0.3 1.70 36,00 4.54% 9.1 3,7975
270000, 18u0.0U 45,0 0.01 6749,99 850.50 16,3 178.0074
100000 833,33 1.7 0,04 204,00 25.70 7.6 30,9875
100000, 1111,11 1.7 0.04% 153.00 19,28 7.6 23,2407
1uocou, 333,45 1.7 0,01 51U,.00 64,26 9.1 53,7978
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Table C-1 {continued). RAW DATA
{ASPHALT SURVEY CALCULATIONS -~ PRIMARY COLLECTORS ONLY)

PRODUCTIUN HOURS OF EMISSION FACTORS EMISSION EMISSION STACK SEVERITY
RATE OPEHATION PHRIMARY SECONDARY RATE RATE HEIGHT
{TONS/ YR} (HHS/YH?} {LB/TONY (LE/TON} tLB/RR} {G/3EC) ({METERS)

200000, 155858.55 1.7 0.01 259.00 32,13 7,6 38,7344
75000, SUU.0U 1,7 0.01 259,00 $2.15 T.3 42,0295
75000, 6U0,0U 1.7 Q.04 212.50 26,77 12,2 12.6089
50000, 553,55 1.7 0,04 299,00 32,18 7.6 38,7344
940000, Sul,tu 45,0 0,01 8099.99 1020.60 9.8 750.9689

150000. 600,00 1.7 0.01 425.00 33.55 6,1 100,8709
5pv00, 500,00 0,3 0.30 3u,00 5.78 2.1 3.1646
40000, 4UD.0u 1.7 0.40 170.00 2L, 42 15,2 6.4557
60000, 6Uu,.0U G.3 0.4%0 3U,.,00 3.78 12,2 1.7801
50000, 500,00 0.3 0.3C 3u.00 .78 15,2 1.1392

300000, 10u0,00 45,0 0,01 15499.98 1701,00 9,1 1424,0596

100000, Su0.00 1.7 1.70 34l.00 42.8% 8.5 41,1718
36000, qu0,00 0,3 0.04 27,00 3,40 8,5 3,2695
60000, aug,0u 0.3 1.70 22,50 2.83 7.3 3,7085
50000. 553,35 0.3 0.04 42.00 5.67 9,8 4,1720

125000, 492,00 1.7 0.04 425,00 53.55 12,8 22.8732
56000. 466,67 0.3 1.70 36.00 4,54 i2.5 2,0332
50000, 416.67 1.7 1.70 204,00 25,70 10,4 16,7536
71000. 591.67 1.7 1.70 204%.,00 25.70 T.3 33,6236
80000. 615.38 0.3 0.30 39.00 4.91 9.1 H.1139
50000, 384,62 0.3 0,30 39.00 §.91 9,1 4,1139
70000. Tup. 0V 0,3 0.30 30.00 3.78 7.6 4,.5570
70000. 700,00V 1.7 1.70 170,00 21.42 12,2 10.0871

100000, 571443 1.7 0.01 297.50 3748 9,1 31.3821
20000. 400,00 1.7 1.70 85,00 10.71 9.1 8.,9663
21769. 362,82 1.7 1,70 102.00 12.85 2.1 10,7596

138194, 1105.55 0.3 1.70 37.50 4.72 12,2 2.,2251
58000, 483,35 1.7 1,70 204%.00 25,70 14,6 8,4059
79000. 526.67 15.0 0.30 2250.00 283,50 12,2 133,5056
65000, 433,35 45,0 0,01 6T49,99 850.50 8.3 912,5337
15000, 25u.00 1.7 0.04 102.00 12,85 12,2 6,0523

1100D0. 61l.11 0.3 0.01 54.00 6,80 16,8 11,6947

130000, 812,50 0.3 0,01 48.00 ©.05 12,5 2,7109

260000. 1040,00 0.3 0.01 79400 F. 45 23,8 1,1703
55000. 458.33 1,7 0.01 204,00 25.70 12,8 10,9721
45000, 1285.71 1.7 1.70 SY9.50 7450 10,1 5.,1871

100000, 454,55 1.7 0.04 374.00 47,12 9.1 39,4517

250000, 555.56 15.0 0.01 6T49.99 850,50 7.6 1025,3228
60000, 480,00 15,0 0.01 1875,.,00 236.25 6,1 445,0186
75000, 394,74 1.7 G.01 323,00 40.78 6,1 76.5619

190000, 844, 44 1.7 0,01 3p2.50 48,19 13,7 17,9326

100000, 714,29 0.3 1,70 42,00 5,29 12,2 2.,4921
90000, 6UD,0U D.3 0.04 4o.00 S.B7 14,6 1.8542
85000, 623,85 1,7 0.01 221.00 27.89 6,1 52,4529
100060, 111.11 0.3 1,70 27400 3.40 18,3 0.,7120
80000, 615.38 1.7 0.01 221.00 27.85 4,3 107.0466
80000, 9f1.4% D.3 1.70 42.00 5.29 13,7 1.,9691
50000, 404,50 0,3 0.04 33,00 4,16 18,3 0.,8703

125000, 625,00 0.3 0.30 6&0.00 7T.56 9.1 6.3292
60000, 555,53 1.7 1.70 306.00 38,56 9,1 32,2787
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Table C-1 (continued).

RAW DATA

(ASPHALT SURVEY CALCULATIONS - PRIMARY COLLECTORS ONLY)

PRODUL T TURN
RATE
{TONS/YR)

120000,
i0000uU,
0000,
90000,
15000.
20000,
8000V
209000,
75000,
75000,
145000.
loguou,.
50000,
100U00.
30000,
100000,
150000,
200000,
150000,
80U00.
150000,
B0000.
i50000.
75060.
150000.
100000,
125000.
50000,
200000,
150000,
350000,
85000,
120000.
50000.
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272.00
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1956,2288
0,3071
2,0110
22.4158
98.6191
30,8788
306.6%75
316.4576
2.3734
107,59546
8,9663
3.7975
TT.4688
43,0382
19.1655
273,4194
41,3147
46,4813
140.0984%
243734
15,9495
9.9684
4,5840
1.2532
25,2177
3.1646
6.9621
25,8229
1044,3103
2.3407
6.6456
2.7900
6.5384%
10,0871
1.6947
1.4672
29.5888
1424,05986
B.4059
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Table C-1 (continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY COLLECTORS ONLY)

PRODUCTIUN  OUKS OF EMISSION FACTORS EMISSION EMISSIUN STACh SEVERITY
RATE GPERATION PRIMARY SECONDARY RATE RaTE HEIGHT
{TONS/ZYR) (HHS/YRY (LB/TON) (LB/TON) (LH/HR) (6/SEC) {METERS)
250000, 714,29 1.7 0a04 999,00 Th,97 12.2 35,3048
200000, 1666,67 45,0 0.30 4399,99 68040 7.6 B20,2582
150000, 790.00 45,0 0.01 8999,99 113%,00 12,2 534.0223
sSQ000, S00.0U 1.7 G.30 l1tu.00 To2l.42 12,2 10,0871
250000, 12%0,00 0.3 0,01 60,00 7.56 e,1 14,2406
50000, SUUL LD 1.7 0,30 170,00 21,42 1z,2 10,0871
70000, 388,89 0.3 0.0% 54,00 6,80 2.1 5.6962
75000. 535,71 1.7 0.04 238,00 29,99 4.9 88,2620
50000, 720.00 0.3 1.70 37,50 4,72 9,1 3.9557
160000, 842.11 1.7 1.790 325,00 40,70 15,2 12.2659
100000, 500.00 1.7 0.0% 340.00 42,8% 4,6 143,0608
uouno,. 4u0,00 1.7 0.04 170,00 21,42 4,6 71.7304%
175000, 700,00 15.0 0,01 3750.00 472.50 4 6 1582,2883
100000, 666,67 1.7 0,04 255,00 32,12 19,7 19,7625
75000, 625.00 1.7 0.04 204,00 25.70 7.6 30,9875
265000, 883,33 15.0 0.01 4499,99 567,00 2.4 6675,2793
50000, 625,00 1.7 1.70 136.00 17.14 9.1 14,3461
B5000, 6Y6.72 0.3 0.01 36.60 4461 9.1 3.B608
300000, 1000,00 15,0 0,01 44949,99 567.00 7.9 6£31.,9790
100000, 666,57 45,0 0.01 6T49,99 850,50 6.1 1602.066%
150000, 750.00 1.7 0.01 340.00 42,84 6.1 B0,6967
75000 479,00 0.3 D.04 6L.00 7.56 12.8 3,2292
65000, B66.6T 0.3 0.04% 22.50 2.83 9,1 2.3734
65000, B866.67 0.3 0.0¢% 22.50 2.83 9.1 2,3734
65000, 433,35 45.0 0.01 6Tu9.99 850,50 9.8 625,8074
100000. SUd,0U 1.7 0,01 Ayu, 00 42,84 9,1 35,8652
56000, 625.00 0.3 0.04 24,00 3,02 9,1 2,5317
80000. Bu8,.89 1.7 0.0u 153.00 19,28 9.1 16,1393
150000, 1500,0U 1.7 1,70 17v.00 21,42 6.1 40,3484
150000, 1200.0U 1.7 0,01 212.50 26,77 6,1 50,4354
10006900, 500,00 1.7 1.70 340,00 42,84 11,6 22,3537
200000, 1052.63 1.7 0.01 225.00 49,70 4,6 136.2878
200000, B53.35 0.3 0«30 72.00 94,07 12.2 4,27122
130000, 650.00 1,7 0.01 340,00 42,84 18,3 8,9663
100000, 555.56 1.7 1,70 306,00 38,56 9,1 32,2787
180000, 720400 1.7 0.01 429,00 53.5% 17,7 11,9942
50000, 533,34 0.3 0.0 49,00 S5.67 19.8 1.0112
100000. BUD,.00 0.3 .30 3750 b.72 9,1 3.9557
70000, 4vo.0u 1.7 1.7¢ 297.50 37,48 15,2 11,2975
30000, 642,86 1.7 0.30 236,00 29,99 10,7 18,4450
170000. 680.00 1.7 0.01 429,00 53,59 12,2 25,2177
80000, 290,91 0.3 1,70 82450 10.39 15,2 3.1329
160000, 555,33 45,0 0,01 130499,99 1701,.0U0 9.1 l424,0597
48000 . 600.0UL 043 0.01 24.00 3.02 13,7 1.1252
90000, SUL,.OU 1.7 0.04 170.00 21.42 13,7 7.9700
100000, 1553.33 1.7 0.01 127450 16.06 6.1 30,2613
40000 . 571443 0.3 D.30 21.00 2.65% 14,7 1.6275
150000. 833,33 1.7 0.04 306.00 38.56 12.2 18,1568
30000. 250,00 1.7 1.70 204,00 25,70 9.8 18,9133
120000, 650,00 0.3 0.0% 6U+00 7.56 9.1 63292
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Table C-1 (continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY COLLECTORS ONLY)

PRODUCTIUN HOUKS OF CMISSION FACTORS EMISSION EMISSION STACK SEVERITY
HATE OPERATIUN PRIMARY SECONDARY HATL RATL HEIGHT
(TONS/YR) {HKS/YR) (LBZIONY (LEBE/TON) (LB/HH) (G/SEC) {METERS)
125000, 694 .44 0.3 .04 54.00 6,80 19,1 1,3124
125000, 759,29 1.7 0.01 289,00 36441 5,5 84,6817
hOUGd. 10up.0U 1.7 0,30 &b,00 10.71 10,7 6.5875
35000. 466,67 1.7 0,01 127.50 le6.06 6,1 30,2613
1520600, 675.56 1.7 1.70 382450 48,19 10.7 29,6437
211000, 496, 47 1.7 0.01 722.50 91.03 10,7 55,9936
144029, 798400 1.7 0.01 323.00 40.7U 10,7 25,0324
180u00, 720,00 1.7 0.01 429,00 55,559 10,7 52,9374
150000, 666.67 1.7 0.01 382,50 48,19 10,7 29,6437
92000, 4U8.89 1.7 0.01 382,50 48,19 10,7 29.6437
176000, 782,22 1.7 G.01 382,50 48.19 10,7 29.6437
210000. 844,00 45,0 U.01 11249.,99 1417.50 10,7 811.8731
200000, 509.09 0.3 a.0% €6.00 8.32 3,7 43,5129
150000, 750.00 45,0 0.01 8Y9Y9,99 1134.00 3,0 B544,3564
1uouou., bbb,.67 1.7 0.30 255.00 32,15 8,5 30,8788
100000, 66,67 1.7 0.30 255.00 32,15 B.5 30,8768
45000, 450,00 1.7 0.01 170,00 21.42 9.1 17.9326
200000, 1250,00 1.7 0.03 272.00 34,27 9.1 28,6922
50000. sug.0u 0.3 0.01 30.00 3,78 4,6 12,6583
50000. 595,56 1.7 0.01 155.00 19,28 6.1 36,3135
27%000. 763,89 1.7 0.01 612.00 77411 9.1 64,5574
100000, 6bb.67 1.7 0.30 25%.00 32,18 6.1 60,5229
1ULL00. 666,67 1.7 0.350 259,040 32.15 6.1 60,5225
90000, 692,31 1.7 .04 221400 2785 9.1 23,3124
50000, 500,0U 1.7 1.70 17V.00 21.42 el 40,3484
135000, 1350,00 15.0 0.01 1500, 00 189,00 4.6 £32.9153
s0000, 333,43 0.3 1.70 45.00 S.67 13,7 2,1097
255000, 1576, 58 0.3 0.01 59450 6.99 4,9 20,5821
100000, 555,56 1.7 0.01 306.00 38.56 6.1 72,6270
80000. 8Uy. 00 0.3 0.04 3U.00 3.78 10,7 2.3250
1U0U0U. 566,67 1.7 0.04 259,00 32.18 10,7 19.7625
80000, 533,35 0.3 D.Ou 45,00 Se67 6.1 10,6804
40000, 571.43 .3 0,04 21.00 Z2e65 12,2 1,2461
40000. Q44,44 45,0 0.01 4U5U. LD 510,30 12.2 240,3100
25000. 208,33 0.3 0.04% 36.00 4454 9,1 32,7975
10000, 166.67 6.3 0.0 18.00 2.27 9.1 1.8987
- 60000, 500,00 0.3 0.04 36.00 T4 54 3.0 34,1774
30000. 250,00 0.3 0.01 36,00 4,54 3,0 34,1774
20000. 26B.67 0.3 1.70 2¢.50 2.83 9.1 2,3734
30000. 166,67 0.3 0.04 54,00 6.80 9.1 5,6962
20000. 333,33 0,3 1.70 18.00 2.27 9,1 1.,8987
20000. 2Un,.00 0.3 0.01 3u.00 3.76 5.0 28,4812
30000, 355,55 0,3 0.04 27.00 3,40 9,1 2.6481
3000, 500,00 1.7 1.70 102.00 12,85 9.1 10,7596
50000, 10UB.CU 0.3 0.30 19,00 1.89 7.6 2,2785
225000, Uy, 0uU 1.7 0.01 425,00 535,55 15,2 16,1393
60000, 400.00 1.7 0.01 255.00 32.13 15,2 92,6836
SU00D0, 250,00 1.7 1.70 34U,00 42,84 15,2 12,9115
330000, 1320.00 1.7 1,70 425,00 55,59 15.2 16,1393
1.7 1.70 259.00 32,13 15,2 9.6836

95000, 633.34
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Table C-1 {continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS -~ PRIMARY COLLECTORS ONLY)

PRODULCTIVR  wOURS OF EMISSION FACTORS LMISSION EmMISSION STACK SEVERITY
FATE OPERATION PRIMARY SECONDARY RATE HATE HELIGHT
[TONS/YR} (HRS/YR) (LB/TON) (LB/TON) (LB/HR) {G/SEC} (METERS)
150000. 352.94 0.3 0.01 127450 le.06 15,2 4,8418
3z2p000. 128U0,u00 1.7 Q.01 429,00 93.59 15,2 16,1393
140000, TU0,.0U 1.7 0.01 340,00 42,84 15,2 12.9115
1500040, T50.00 1,7 0.01 340V.00 42,84 15,2 12.9115
200000, 533,33 0,3 0,01 1i2,50 14,17 15,2 4,2722
60000, 2%0,00 1.7 1.70 422.00 53,55 1b,2 16,1393
Jugeou,. 952,48 0.3 0.01 157.90 19,8% 15,2 5.9810
120000, 320.00 1.7 0.01 637,50 ap,32 15.2 24,2090
300000, éuo,00 1.7 1.70 637 .50 8p,32 1,2 25,2090
80000. bbb, 67 1,7 D.01 204%.00 25,70 15,2 T.T469
130000. HE1,44 1.7 1,70 459.00 57.83 12,2 27,2351
10000U. 625,00 0.3 0.04 48.00 b.0b 15.8 1.6853
50000. 500,00 0.3 0.01 AU, 00 3. 78 2.1 3.1646
2unoou, 1000,00 1.7 1.70 340,00 42,84 2.1 35,8652
40000, 266.67 1.7 0.0C1 25%.00 32,135 4.6 107,5956
l120000. 6U0,0U 1.7 0.04 340.00 42,84 15,2 12,9115
2U0000, 625, 00 0.3 0.04% 96,00 12,10 1,2 - 569.,6238
S0000. 4le.67 0.3 0.04% 36.00 4,54% 18,3 D+ 9494
125000. 694%.44 0,3 0.04% 54 .00 6,80 14,3 2.3208
1004000, 666,67 0.3 1.7¢ 49.00 5.67 12,2 2,6701
aooov,. 553,335 0.3 0.04% 72.00 9.07 le.8 2,2597
100000, 555,56 0.3 0.04% 54.00 6,80 7,6 84,2026
60000, 480,00 1.7 1,70 212,50 26,77 3.1 22.4158
450000, 1590.11 0.3 D.0% B8%.90 10.70 10.4 6.9725
&0000. 10U0,00 1,7 1.70 102.00 12,85 8,8 11.5144
160000, 666,67 1.7 1,70 259%.00 32,13 6,1 60.5225
75000. 1071.43 1.7 1.70 119.00 14,99 9.1 12,5528
150000. 10U00,00 0.3 0.04 45,00 5.7 7.6 6,8355
75000. 300,00 1.7 0,30 425.00 53,99 16,5 13,8369
40000, 200,00 1.7 0.30 34U.00 42,84 18,3 8.,9663
150000, e681.82 1.7 0,30 374.00 47.12 19.8 8,4039
70000. 411.76 0,3 1.70 51.00 6,43 10,7 3,9525
50000. 588,.24% 1.7 0,01 148%,50 18,21 2,1 15.2427
140000, 953.33 1.7 0.01 255.00 32,13 12,2 15,1306
140000. 777.78 0.3 0.04 S4.00 6,80 12,2 3.2041
a00u0o0. 592.59 0,3 0.30 40.50 5.1V 18,3 1,0680
75000, 625,00 0.3 0.30 36400 4,54 12,2 2.1361
100000, 1111.11 1.7 1,70 153.00 19,28 7.3 25.2177
150000. 10V0.00 0.3 1,70 45,00 B5.67 10,7 3.4875
luouou. 190000 1.7 0.04 170,00 21,42 15,2 6.,4557
50000. 533,398 1.7 0.01 25%9.00 32.13% 9.1 26.89289
160000, 666,67 1,7 D430 255,00 32.13 1.6 38,7344
150000, 666,67 45,0 0.01 1012%.99 127,75 15,2 384,4961
130000. 619,00 Ued 1.7v 653.00 7494 9.1 6.6456
100000, bbb, 67 1.7 0.01 259,00 32.15 7.1 26,8989
55000. 22U.00 45.0 0.01 11249.99 1417.50 11,7 720.5563
200000. 566,67 1,7 0.01 S1U.00 64,26 12,2 30,2613
70000, 7UD.00 1,7 45.00 17V.00 21,42 10,3 i4.1271
200000, 666.67 0.3 0.01 9u.00 11,534 12,2 S.3402
150000. Blo.861 1.7 0.01 314,50 59.63 10.7 24,3737
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Table C-1 (continued). RAW DATA
({ASPHALT SURVEY CALCULATIONS -~ PRIMARY COLLECTORS ONLY)

PRODUCTIUN HOURS OF EMISSION FACTORS EMISSION EMISSION STACK SEVERITY
RATE OPERATION PRIMARY SECONDARY RAIE RATE HEIGHT
(TONS/YR) (HKS/YR] (LB/TUN) (LR/TON) (LB/HR) (B/SEC) (METERS)
4ouo0. 4U0.0U 1.7 6.01 17v.00 21 .42 12,2 10.0871
&0000. bUD. QU 1.7 0,01 17v.00 21,42 9.1 17.9326
150000, 857 .14 1.7 0.01 297.50 37.48 9,1 31.3820
350000, 1750,00 15.0 g.01 3000, 08 378,00 7,6 455,8990
lyo00U. B84, 44 0.3 0,01 67.50 8,50 10,4 5.5435
1u0p000. bb6,67 0.3 0.04 49.00 S.67 9.8 4.1720
lpocau. 666 .67 1.7 1.70 25%.00 32413 17.7 741965
650000, 385,55 45,0 0,01 8099,99 l02u.60 9.1 854.4357
4pouou, 1uug,.0u 1.7 0.01 680,00 85.68 11,0 49,8128
2uscoo, 1283,90 0.3 0.01 48460 6.12 7.6 T.3823
83000, 1276.32 0.3 0.40 19.50 2.46 15,2 0.7405
83000, 12760.92 0.3 0.04% 1950 2,46 15.8 D.6846
96000, 1297.30 0.3 0.40 22,20 2.80 12,5 1.2538
95000. 1265.78 1.7 a.40 125.80 15,85 i2,2 74644
10000, 4up.0U 1.7 0.30 42,50 5,35 9.1 4. 4832
60000, Ab2 .94 .3 0.04% 51.00 6,43 22,9 0.8608
60000, 4uo.ouU 1.7 0.04% 259.00 32,13 12,2 15.1306
150400. 750,00 1.7 0.01 340.00 42,84 10,7 26,3499
100000, 666,67 D3 1.70 49,00 S.67 10.7 3.,4875
80000. 8u0.0UV 1.7 1,70 170.00 21,42 12,2 10,0871
a0000. 888,489 0.3 1.70 27.00 3,40 10,7 2,0925
200000, bbb .67 1.7 0.01 510.00 64,26 7.6 T7.4688
120000. 480.00 1.7 45.00 425,00 53.5% 7.6 64,5574
500000, 12U0.0U 03 0.04 79.00 F.45 10,7 5.8125
200000, 571.43 0.3 0.01 105,00 13,23 6,1 24,9210
100000, 285,71 0.3 0.01 105,00 13,23 15,2 3.9874%
65000. 203,13 0.3 0,01 96,00 12,10 6.1 22,7849
110000, 647,06 0.3 0.40 51,00 6,43 6,1 12,1045
lgou00, 625,00 45.0 0.0l 7199,99 907,20 12,2 427.2178
30000, 500.0U 1.7 .30 102.00 12,85 6.1 24,2090
200000. HB8,.89 15.0 6.01 3375.00 425,295 7.0 605,695
125800, Su00,.0u 1.7 0.04 425,00 53,59 10,7 32.9374
50000. 111,11 45,0 0,01 20249.98 2551.50 6,1 4806.2007
195000. 975,00 0.3 1.70 60.00 T+56 6,1 14.2406
l1uouQu,. 625,00 0.3 0.30 48400 6,05 12,2 2.8481
5000, 475,00 0.3 0.04 60.00 7.56 4.3 2%9.0624%
———T75000. - 750,00 1.7 0.04 17v.00 21.42 12,5 2.6010
115000, 1150.00C 0.3 0.0% 30,00 3.78 7.6 4.5570
105000, 1050.00 0.3 0,04 30,00 3,78 14,3 1.2893
100000. 384,62 0.3 0.04 78.00 ?.83 11,6 5.1282
150000. 9357.50 1.7 0.30 272.00 34,27 10.7 21,0800
250000, 835,33 1.7 0,04 S1U,.,00 64,26 6,1 121,0451
2000090, suu. QU 15.0 0.01 375U.00 4T72.50 7.6 569,6238
135000. gu0.00 15.0 0,01 2250.00 283,50 6,7 441,.3408
g0000. 790.00 1.7 0.01 204.00 25,70 15.2 T.7469
160000, 533,35 1,7 0.04 51V.00 64,26 9.1 53.7978
S0000. 333.35 1.7 . 0.30 o 259.00 32,13 9.1 26.8989
100000, 40G,00 0.3 0.04 79.00 9.45 7.6 11,3925
100000, 625.00 0.3 0.,0% 48.00 6.05 5,5 14,0648
100000, Ti4.29 1.7 0.04% 738,00 29,99 9.1 25.1056
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Table C-1 (continued). RAW DATA
{ASPHALT SURVEY CALCULATIONS - PRIMARY COLLECTORS ONLY)

PRUDUCTION HOUKS OF EMISSIUN FACTORS EMISSION EmMISSIUN STACK SEVERITY

RATE OPERATIGN PRIMARY SECONDARY RAlE RATE HEIGHT

(TONS/YR) (HHE/ YR LLB/TONY (LE/TONY (LB /HRY 1G/SEC) {METERS)

30000, 214,29 U.3 1.70 42,00 5,29 12.2 2.4921
150000, &UU, DU 0.3 0.04 79.00 g 49 7.6 11,3925
300000, 1200.00 45,0 0.01 11249,99 1417.50 7.6 1708,8713
100000, Ghy 4y 1,7 1.70 382,50 48,19 w,6 161,3934

4uun0, 320,00 1,7 0,30 212,50 26,77 12,2 12,6089

60000, 320.400 15.0 0.01 37S5U.00 472.5u 10,4 307.9714
200000, 952,38 1.7 1.70 357.00 4y, 98 10,3 29,6669

12000, 300,00 0.3 U.0% 12.00 1.51 9,1 1,2658

€0000, 500,00 45,0 0.01 H39Y,99 680, 4V 3.0 5126.6138

40000, 384,62 0.3 1,70 31.20 3,94 18,3 0.8228
198000, 034,62 0.3 0.01 93.60 11,79 18,3 2.4684%

50000, 608,11 0.3 1.70 B4 ..40 5.59 16,3 1.170%

50000, 2up.0u 0.3 1,70 79.00 945 12,2 4,4502

80000, 666,67 0.3 0,04 36,00 4,54 9,1 3.7975

25000. 1250.00 1.7 1,70 34,00 4,28 4,6 14,3451

95000, 237.50 1.7 0,04 680,00 B5.68 9,1 71,7304

50000, 416,67 1,7 1,70 204,00 25,70 7.3 33,6236
100000, 571,43 0.3 0,04 52450 bebl 9.1 5.5380

26000, 148,57 1.7 1.70 297.50 37.48 10,7 23.0962

56000. 466,67 1.7 0.40 204,00 25,70 12,2 12,1045
102600, 453,33 1.7 0.01 382,50 48,19 9,4 37,7872

15000, 120,00 15,0 0.01 1879,00 236,25 3,0 1780.0742
100000, 526,32 19.0 0.01 2850.00 359,10 3,0 2705.7131
200000. 500, 00 15.0 0.04 - 5999,99 756.00 9,1 6£32.9153
100000, 526, 32 15.0 0.04 2850.00 359,10 9,1 300.6348

30000, 272.73 1.7 1,70 187.00 23,56 9.8 17,3372

50000. 384 .62 0,3 1.70 39.00 4,91 18.3 1.0285

40000, 2U0.00 1.7 1.70 340,00 42,84 9,1 35,8652
250000, 755,29 0.3 0,04 102.00 12,85 9,1 10,7596
100000, 533,33 0e3 0.0% 9U.00 11,34 2,1 9,4937

50000, 277.78 De3 0,01 54,00 6.80 3,0 51,2661
150000, Su0, 00 0.3 1.70 90,00 11,34 18,4 G.4134

4UUDD. 571,43 1.7 0.04 119,00 14,99 4,3 57,8405

20000, T27.27 0.3 1,70 33,00 belb 4,6 13,9241

29000, 37662 0.3 1.70 25410 2.5 19.2 0.8772

28000, 353,55 G,.3 0.30 23,20 3.%8 15.2 0.9570

68000, 764,04 0.3 0.30 26.70 3.5 18,3 0.7041
150000. SU0, 00 U3 0,40 9000 11,34 9.1 9,4937

50000, 250,400 0.3 0,01 6U,00 7.56 10.4% 4.9275

50000, 285,71 45,0 0.01 T8T4.99 992,29 %,9 2307.5037

75000, 750.00 0.3 0,01 30,00 3.78 12,8 1,6146
140000, 14U0.0U 1.7 0,04 17V.00 21,42 9,8 15.7611
11uU00, 745,34 1.7 0,01 255,00 32,15 9,1 26,8989

BUUOD, 6U0,0U U,3 0,04 30,00 3,78 6.1 7.1203
1U0U0D. BU0,. LU U.5 0.01 37450 4,72 19,8 0.8426
100000, 444 4y 15.0 u.08 3375400 425,25 14,3 145,0491

85000, 459,46 1.7 44, 0u 31%450 39.64 10.7  24.3737
200000, 666 67 1.7 45.00 510.00 64,26 4,6 215,1912
100000, 400, 0U 45,0 0.01 11249,.99 1417.50 10,7 B871.B731
200U00. 1345,38 Uaed .04 45,00 5.67 12,2 2,6701
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Table C-2. RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY CCLLECTORS)

ASPHALT SURVEY CALCULATIONS-~PRIMARY & SECONDARY COLLECTORS

PRODUCTIUN HOURS OF EMISSION FACTORS EMISSION EMISSION STACK SEVERITY
RATE OPERATION PRIMARY SECONDARY RATL RATE HE IGHT
{TONS/YR) {HHS/TR) (LB/TON) (LB/TON) {LB/HR} (G/SEC) (METERS)

85000, H4T .37 Ue3 0,01 1,90 U.24% 2.1 00,2004
60000, 500,00 0.3 0.30 36400 4,54 13,7 1.,6878
175000. B75.00 1.7 0.30 60,00 7.56 15,2 2.2785
30000, 166,67 1,7 0,04 T.20 0.91 15,2 0.2734
45000, 3u0, 00 1.7 45,00 255.00 32,13 5.1 26,6989
1000400, 666,67 45,0 0.01 1.50 0.19 3,0 1.4261
50000, 533,33 1.7 0,01 1,50 0.19 10,7 0.1162
65000, 650,00 0,3 0,04 4,00 0.50 13,7 0.1875
180000, 1200.00 0,3 0.04% 6,00 0,76 10,7 0.46590
75000, 500,00 0.3 0.04 6,00 0.76 9,1 0,6329
100000, 1000.00 1.7 0,40 40,00 5,04 13,7 1,8753
60000, 6UD0.0U 1,7 0,01 1,00 0,13 6,1 0.2375
180000, UL, 00 1,7 0,01 2.00 G.25 1¢,7 0,1550
3000Q0. 1500,00 0.3 1.70 6l.090 T.56 9.1 6.3292
70000, 466,67 0.3 0.30 45,00 S.67 9.1 4,7469
125000, 961,54 0.3 0.01 1.30 0,16 4,3 0,6297
100000, 500,00 0.3 0,04 8.00 1,01 15,2 0.3038
40000, 266.67 1.7 1.70 2559.00 32.13 9.1 26,8989
50000. 200,00 C.3 1,70 75400 9.45 12,2 4,4502
15000, 300,00 1.7 1.70 425,00 53.55 12,2 25,2177
50U00. 250,00 0.3 1.70 60400 7.56 10,7 4.6500
50000. 553,54 043 1.70 45,00 5.67 10,7 3,4875
75000, 6UL L0V 15,0 0,50 37.50 4,72 12,2 2,2251
47000, 509,38 C.3 1.70 27.90 3,52 18,3 0.7358
73000, 500,00 0.3 0.01 1.46 0.18 18,3 0.0385
37000. . 402,17 0.3 1.70 27460 3.48 18,3 0.7279
250000. 1041.67 1.7 0.01 2440 0,30 10.4 0.1971
140000, 7U0,00 1.7 0,04 8.00 1,01 15,2 0.3038
65000, 433,33 1,7 0.04 6,00 0.76 12,2 0.3560
iz2c000, 1200,0U 1.7 1,70 170.00 21.42 12,2 10,0871
120000, avo,0u 1.7 1,70 255,00 32,15 12,2 15,1306
90000, 450,00 45,0 0.01 2,00 0,25 10,7 0,1550
~ 120000, 6uUD,0U 1.7 6,01 2,00 0.25 = 12,2 0,1187
80000, 533,35 1.7 1,70 259.00 32,13 6,1 60,5225
70000, 585,33 1.7 0.01 1,20 0.15 7.6 0.1823
30000, 6U0.00 15,0 0.01 1,50 0.19 12.2 0.0890
220U00. 100V0,00 1.7 0,01 2.20 0.28 10,7 0,170%
80000, 470,59 45,0 0.01 1.70 0.21 9,1 0.1793
130000. 1300.00V 1.7 1,70 170,00 21,42 12,2 10,0871
130000, 520.00 0.3 1.70 79,00 9,45 12.2 4.4502
100000, 357.14 0.3 1,70 B4.00 10,58 10.4 6,8986
50000. 227.27 u,3 1.70 66,00 8,32 13,4 3,2365
260000, 3111,11 1.7 1,70 153.00 19,28 10,7 11,8575
40000, 320.00 1.7 0.04 .00 0.63 18.3 0.1319
150000, 1200.00 1.7 1.70 212.50 26,77 10.7 16.4687
50000. 416.67 Ue3 1.70 36400 4,54 9.1 3,7915
270000. 1800,00 45,0 0,01 1.50 0.19 18,3 0.0396
100000, 833,33 1.7 0.04% 4,80 0.60 7.6 0,7291
10go00uU, 1111,11 1,7 0,04 3.60 0,45 7.6 0.5468
16000y, 353,35 1,7 0,01 3,00 0.38 9,1 0.3165
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Table C-2 (continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

PRODUCTIUN HOURS OF EMISSION FACTORS EMISSION EMISSIUN STACK SEVERITY
HATE OPERATION PRIMARY SECONDARY RATE RATE HEIGHT
(TONS/YR} (HRS/YK] (LB/TON) (LEB/TON) (LB/HK) {G/SEC) [METERS)

200000, 1553,35 1.7 0.01 1.50 D19 ' 7.6 0.,2278
75000, Hug,.0u 1.7 0.01 1.50 U.19 7.3 D.2472
yaugo, BUR,0U 1,7 0.04 o,00 0.65 12,2 0D.,2967
suuoo,. H3D, 55 1.7 0.0% b, 00D U.70 7.6 0.3114
90000, Sun,0u 45,0 0.01 1,80 0.23 9.8 0.1669

150000, BUU, DL 1.7 0.01 2450 0.31 6.1 0.5934
S0000. 50,0V U.3 0.30 3V00 5.78 3.1 J.1646
40000, 400,00 1.7 0,40 4U.00 S5.04 15,2 1.5190
60000, 6VD.00 0.3 D40 30,00 5.78 12,2 1,7801
50000, 500,00 G.3 0.30 30,00 5,78 15,2 1.1392

3oooou. S 1bul. U 45.0 0.01 3.00 U+ 38 9,1 0.3165

100000, 500,00 1.7 1.70 34uU.00 42.84% a8,s 41,1718
36000, 4u0,0U0 0.3 0.04 .60 U.45 8,5 0.4359
&e0o00G, 8ud.0U D.3 1,70 22.50 2.83 7.3 3.7085
S50000. 555,35 0.3 0.04 b,00 0a76 9.8 0.5563

123000, 492.00 L7 B.04 1V.00 1.26 12,8 0.5382
56000. 4eheb7 0.3 1.70 36.00 4,54 12.5 2.0332
50000. 416.67 1.7 1.70C 204.00 25.70 10,4 16.7536
71000, 391.67 1.7 1.70 204.00 29.70 7.3 33,6236
80000. blb,38 De3 0.30 39,00 4.91 9.1 4,1139
50009. 384 .62 0.3 0.30 3Y.00 k.91 9,1 4.,1139
70000, 7uUD,.0U Yo0.3 0,30 3U.00 5.78 7.6 4,5570
70000. TUud.00 1.7 1.70 170.00 21l .42 12.2 10.0871

10000V, 571.43 1.7 D01 179 V.22 9,1 0.1846
20000, 4u0.00 1.7 1.70 85.00 10,71 9.1 B8.9663
21769. 362.82 1.7 1.70 102.00 12.85 9.1 10,7596

138194, 1105,5% 0.3 1.70 37.50 4,72 12,2 2.2251
58000, 463,33 1.7 1.70¢ 20%.00 25.70 14,86 8,4059
79000, 526.67 15,0 0.3U RD.00 D67 12,2 2.6701
65000, 833,35 45,0 .01 1.50 0.19 8.1 0.2028

. 13000, 250,00 1.7 0.0u4 2a80 Ue30 12,2 0.1424

110000, 611,11 0.3 0.01 1.80 Ue23 16,8 0.0565

1300U0D0. 812,50 0.3 0.01 l.60 D20 12,5 00,0904

260000, 1040,00 0.3 0.01 2.50 D431 25,8 00,0390
5%000. Bhb.A5 1.7 0.01 1.20 Deid 12,8 0.0646
45000 . 1285,71 1.7 1,70 59,50 T.50 10.1 5.1871

1U0U0Y. 454,55 1.7 0.0 B.B80 1.11 9.1 0.9283

2590060, 995,56 15.0 0,01 4,50 0457 1.6 0.6835
60000, 480,00 15.0 U.01 1.25 0.16 B.1 0,2967
75000. 394 T4 1.7 D.01 1.90 De2k 6.1 0.4510

1900900, B44,44 1.7 0.01 2425 0,28 13.7 0.1055

Logooy. Tl4,29 Ue3 1.70 42.00 5.29 12,2 2.,4921
30000, 6UU.0U 0.3 .04 6.00 Ge78 14,6 0.2472
85000. 604,489 1.7 G.01 1.50 lelb &,1 0.3085
1000C. 111.11 Ded 1.70 2700 S.40 18,3 0.,7120
80000 GE1lh.498 1.7 .01 1+30 016 4.3 0.6297
aooon, 57T1.43 0.3 1.70 42.00 5.29 13,7 1.9691
50000. 494,55 n.3 0.04% 4.40 0.55 18,3 0.1160

125000. 625,0U 0.3 0.40 &U.00 7.56 9,1 6.3292
60000 . 553,33 1.7 1.7U0 306. 00 " 38.56 9.1 32.2787
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PRODUCTIOUN
RATE
{TONS/YR}
120000,
1p0000.,
apooo.
90000.
15000,
20000.
80000 .
20000.
75000.
75000,
145000,
1u0000.
50000.
100000,
3o000.
100000,
150000,
200000,
150000.
a0000.
150000,
80000.
150000.
75000,
150000,
1q0000.
1250040.
50000,
200000,
156000,
$50000.
85000,
120000,
50000,
150u00.
80000,
225000,
70000,
165000,
125000.
75000,
35000,
Logogu,
85000,
100004,
150000,
1750400,
200000,
20000.
20000,

Table C-2 (continued}.

RAW DATA

(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

HKOURS QF
CPERATIOUN
(HRS/YR)

bBb6.6T
355,35
4uu,00
3715.00
125,00
343,45
1428,57
1428,.57
442,351
1442.31
1450,0U0
1449,28
1428.57
559,56
30,00
bbb ,b7
789,47
1353,33
SuUU, 0V
535,35
750,00
BEE BT
500,00
312.50
TBO 47
625,00
781.25
277,78
1600, 00
00,00
10u0,00
607.1%
10v0,0U
454,55
6ud,ou
1022,73
FUp,.00
840,91
1000.00
457.14
291,67
4u0,0u
asy,.0u
595,56
1181,.82
1060,561
Bb6.bT
[-1-1-39 -}
250,00

EMISSION FACTORS

PRIMAKY

(LA/TON)

[

oy

+

+&

* # 8 % @ & ® a2 & 8 B & 8 BB m 8 8 = s 3 = & 4% 9 8 WS B =L s 8 s s .

£

+
O~ O NN NS ] NG~ NT WA N WO N0 =S N NN o

« & B & & e & & & w & & % =

& .
N R0 O ORCOCRCOORFEMIEFPOFREMONPHEIE RO HE2 O CcUNCC

SECONDARY
(LB/TON)

0.30
0.04
.04
0.30
0.01
0,04
0.04
0.04
45,00
45,00
0,01
0.01
0.30
0.01
0.30
1.70
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LMISSION
RAIL
(LB/HR)
T«20
S.00
2,00
2.40
204,00
2440
99.20
234,80
D52
V.52
l.0U
276
59.50
1.80
4400
1.50
1,90
1,50
12.00
259,00
2400
4,80
3.00
2:40
1,90
1.60
1,60
1.80
1,25
12,00
3,50
5,60
4,80
4440
75.00
%.00
8,80
30.00
2.20
5.00
B,40
4,80
TS.00
170,00
1.80
1.10
49,50
5,00
F00
136.00

L%ISSION
RATE
{G/5EC)

7.50
0,23
0,50
0.19
0.24%
0,19
1.51
32,13
0.2%
.60
0.38
0.30
0.2%
0,20
0.20
0,23
0,16
1.5
O 44
0,71
0,60

G.55  _

9,49
0.50
1.11
3.78
0.28
0.63
1.06
0.60
D45
21.42
0.23
O.1%
6,.24%
0.38
1.13
17.14%

STACK
HEIGHT
(METERS)

P e PO M

o

- - -

[
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Table C-2 (continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

PRODBUCTIUN HOURS OF EMISSION FACTORS EMISS1ION EMISSION STACK SEVERITY
RATE OPEKATION PHIMARY SECONDARY HATE RATE HE TGHT
(TONS/YR) {HRS/TR} (LB/TUN) (LB/TON) (LB/HR) {G/SEC) (METERS)
25%0000. 714,29 1.7 0.04 14.00 1.76 12,2 0.8307
200000, 1666,67 45,0 0.30 36,00 4. 5% 7.6 5, 4684
150000, 750,00 45,0 0,01 2,00 0.25 12,2 0.1187
590000, 500,00 1.7 0,30 30,00 3. 78 12,2 1.7801
250000. 1250.00 0.3 0.01 2400 0.25 6,1 04747
50000. 5U0.00 1,7 0.30 3v.00 3.78 12,2 1,.7801
70000. 388,89 0.3 D.04 7420 ¢.921 9,1 0.7595%
75000, 535,71 1.7 0.0 $.60 0.71 4,9 2.0768
S0U00. T20.00 0.3 1.70 37.50 G,72 9.1 3.9557
1606000, au2,11 1.7 1.70 323,00 40,70 15,2 12,2659
10006V, 500,00 1.7 0.0% B.00 1.01 4.6 3,3755
40000, 400,00 1.7 0.04% 4,00 0.50 4,6 1.6878
175000, TU0. 00 15,0 0.01 2450 0.31 4,6 1,0549
100000, 6bE .67 1,7 D.04% 6,00 0.76 10,7 0.4650
75000, 625,00 1.7 0.04 4,80 0.60 7.6 0.7291
265000, 883,33 15.0 0.01 3.00 0.38 2.4 4.4502
50000, 625.00 1,7 1.70 136,00 17.14% 9,1 14,3451
85000. 696.72 0.3 0.01 1.22 D.15 9,1 6.1287
duguou. 10U0,00 15.0 0.01 3,00 0.38 7.9 0.4213
iuovou. 6b6.67 45,0 0.01 1.50 0.19 6,1 0.3560
150000, 750,00 1.7 0.01 2,00 .25 "' 6.1 0.4747
75000. 375.00 0.3 0.04% 8,00 1.01 12.8 0.4306
65000, Bb6 .57 D3 0,04 3,00 0.38 %.1 0.3165
65000, B66 .67 D+3 0.04 3.00 0.38 9.1 0.3165
65000, 433,35 45,0 0.01 1,50 0.19 9,8 0.1391
100000, SU0,.0U 1.7 0.01 2.00 0.29% 9,1 0.2110
S0000.- 62%5.00 0.3 0.04 5.20 .40 9,1 0.3376
80000, BHE .89 1.7 0.04% 4,60 045 9,1 0.,3797
150000, 15U0,.00 1.7 1.70 170,00 21.42 6,1 40,3484
150000, l2u0.0u0 1.7 0,01 1,25 0.18 6,1 0.2%7
100000, Su0,0U 1.7 1.70 340,00 42,84 11,6 22,3537
200000, 1052.63 1.7 0.01 1.90 0.2% 4,6 0,8017
200000, 835,33 0.3 0.30 72,00 2.07 12,2 4,2722
130000. 650,00 1.7 0.01 2.00 D.29 18,3 0.0527
100000, 555,56 1.7 1.70 306,00 38,56 9,1 32.2787
180000, 720.00 1.7 0.01 2450 D31 17.7 0.0706
500060, 333,38 0.3 0.04 &.00 D+76 19,8 0,1348
1U0000, 8UD. 00 0.3 0.30 371.50 4,72 9.1 3,9557
T0U00. 400.0U 1.7 1,70 297,50 37.48 15,2 11.2975
30000. B42,86 1.7 0.30 42, U0 5.29 10.7 32,2550
170000. 680,00 1.7 0.01 2.50 0.31 12,2 0.1483
50000, 290.91 0.3 1.70 82.50 10.39 15,2 3.1329
160600 . 585,35 45,0 0.01 4400 038 9.1 0.3165
48000, 6U0.00 0.3 0.01 u.80 0.10 13,7 0.0375
S0000. 9UU,0U 1.7 0.04 4,00 0.50 13,7 0.1875
1U0U0U,. 13538,45 1.7 0.01 Ue?5 0,09 6,1 0.1780
46000, 571.43 0.3 0.30 21,00 2.65 10,7 1.6275
150000, B35.35 1.7 0,04 fe20 0.9 12,2 0.4272
- 30000, 250.0u 1.7 1.70 2U%.0U 25.70 9,8 18,9133
139000, 650,00 0.3 0.04% 8,00 1.01 9,1 0.8439
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Table C-2 {continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

PRODUCTION HOUKS OF EMISSION FACTORS LMISSION EMISSION STACK SEVERITY
RATE OPERATIUN PRIMARY SECONDARY Ralt RATE HEIGHT
(TOMS/YR) (HRS/TR) (LB/TUN} (LB/TON) (LB/HR) {G/5SLC) tMETERS)
125000, 694%. 44 0.3 0.04 fe20 ¢.91 19,1 0.1750
125000, 735.29 1.7 0.01 1.70 0.21 5,5 0.4981
S0000. 1000,00 1.7 0.30 12.00 1.89 10,7 1.1625
35000. 4bb.67 1.7 0,01 V.75 0.09 6.1 0.,1780
i%2000, 675,56 1.7 1,70 382.50 48,19 10,7 29,6437
211000. 496 .47 1.7 0,01 H.25 0.54 10,7 00,3294
144029. 7o8.05 1.7 0,01 1.90 U,24 10,7 0.1472
180000, 720,00 1.7 0.01 2.50 0,31 10,7 0.1937
150000, bbb .67 1.7 0.01 225 0,28 10,7 043744
92000. 408,89 1.7 0.01 2e2b 0.28 10,7 0.1744
176000, TB2.22 1.7 0,01 2.25 0,28 10,7 0.,1744
2100040, 840,00 45.0 0,01 2.50 0.31 10,7 0.,1937
200000, 309.09 0.3 0.01 220 o248 3.7 1.4504
150000. 7%0.00 45,0 ¢.01 2400 0.25 3,0 1.,8987
100000, 6b6 .67 1.7 0.30 45.00 5.67 8,5 S.4492
100000, 666,67 1.7 0.30 4D.00 9.67 8,% S.4492
45000. 450.00 1.7 0.01 l.00 0.13 9.1 0.,105%
200000, 1250,00 1.7 0.01 1.60 0,20 9.1 0.1688
50000. 500,00 0.3 0,01 1.00 D.15 4,6 0.,4219
50000, 555,56 1.7 6,01 Ue90 0.11 6.1 0.2136
275000, 763.89 1.7 0.01 de60 Oetd 9.1 0.3797
100000, 666,67 1.7 0.30 45.00 5.67 P 8 10,6804
100080, 666.67 1,7 0.30 4D.00 5.67 6,1 10.6804
90000, 692,31 1.7 0.04 2. 20 D.66 2,1 D.5485
50000, 500,00 1.7 1.70 17v.00 2l.42 bl 40,3484
135000, 1590.,00 15.0 0.01 1.00 J.13 4,6 0.4219
50000, 333,33 0.3 1,70 43,00 5.67 13,7 2,1097
255000, 1378,38 0.3 t.01 1,85 0.23 4,9 0.,688)
lopo000, 955.56 1,7 0.01 1.80 0.23 6,1 0.4272
8oooo,. auod.ov 0,3 0,04 4,00 0.50 10,7 0,3100
100000. 666,67 1.7 0.04 6,00 0.76 10,7 0.,4650
80000, 553.35 0.3 0.04 6.00 D78 6.1 1,424]1
40000, S5T1.43 0.3 0,04 2.80 0,35 12,2 0.1661
%0000, 449,449 45,0 0.01 Ue90 0,11 12,2 0,0534
—25084, 2u8.35 0,3 0,04 - 4.80 -ga.60 2,1 0.5063
10000, 166,67 0.3 0.04% 440 0.3U 9.1 0.2532
&0000. Suuv.00 0.3 0,04 4480 0.60 3,0 4.5570
30000. 29U.00 0.3 0.01 1.20 0.1% 3,0 1.1392
20U00. 266.67 D.3 1.70 22450 2.83 9.1 2.,3734
30000. 166.67 0.3 0.04 T+20 0,91 9,1 0.7595
20000, 583,35 0.3 1.70 18.00 2.27 9.1 1.,8987
20000, 200,00 0.3 0.01 1.00 0.15 3,0 0.9494
30000, 383,33 0.3 0,04 S.60 0.45 9.1 0.3797
30000. Sub, 0V 1.7 1.70 102.0U 12.85 9,1 10.7596
s0000., 1uvd.00 0.3 0.30 19.00 "1,89 7.6 2.2785
225000. guu.0U 1.7 0.01 Z420 U.31 15.2 0.0949
60000, 4uL.0u 1.7 0D.01 l.50 0.19 15,2 0.0570
50000. 290,00 1.7 1.70 340.00 42,84 15,2 12,9115
330000, 1520.00 1.7 1.70 422400 D3.50 15,2 16.1393
95000. 633,33 1.7 1.70 259.00 52415 i%.2 9.6836
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Table C-2 {(continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

PRODUCTIUN HOURS OF EMISSIUN FACTURS EMISSION LMISSION STACK SEVERITY

RATE OPERATION PRIMARY SECONDARY RATE RATE HEIGHT
{TONS/YR)} {HHE/YR) (LB/TON) {(Lb/TON) (LB/HR) (G/SEC) (METERS)

.......... S T e
150000. 3b2.9%%4% 0.3 0.01 4.25 0.54% 15,2 0.1614
52000¢C. 1280.00 1.7 0.01 2,50 0431 15,2 0.0749
140000, 7u0.0U 1.7 0.01 2,00 0.25 15.2 0.0759
1%0000. 750.00 1.7 0,01 2.00 De29 15,2 0,0759
200000. 533,33 0.3 0.01 5.75 Dol47 15,2 D.1424
60000, 240. 00 1.7 1,70 425.00 53452 15,2 16,1393
200000, 952, 34 0.3 0,01 9.25 V.66 15,2 0.1994
120000, 320,00 1.7 0,01 &.75 Dot 15,2 D.1424
300000, 8uyU.0UD 1.7 1.70 631.50 80,32 15,2 24,2090
80000, bb6 .67 1.7 0,01 1,20 0.15 15,2 0.0456
130000. HE1,48 1.7 1.70 459.0U0 57.83 12.2 27.2351
100000. 625.00 0.3 0.04 Gelt0 0.81 15,8 0.2247
50000. 500,00 0.3 0,01 1.00 0.13 9.1 0.1055
200000, 100,00 1.7 1,70 340,00 42,84 9.1 35.8652
40000. 266.67 1.7 0.0k 1,50 0,19 4.6 0.,6329
120000. 600,00 1.7 0,04 8,00 1,01 15,2 0,3038
200000, 625,00 0.3 0,04 12.80 1.61 1,2 75.9498
50000. 4316.67 0.3 0.04 %.80 0.60 18,3 0,1266
125000. 694 .44 0.3 0.04% 7.20 0,91 14,3 00,3094
100000, 666.6T7 0.3 1,70 45,00 5.67 12.2 2.6701
80000. 533,355 0.3 D.04% Jeb0 1.21 16,8 0.3013
100000, b5b.be 0.3 O.04 7.20 0.91 7.6 1,0937
60000, 480.00 1.7 1,70 212.50 26477 9.1 22.4158
450000. 1590.11 0.3 0.04 11.32 1,43 10,4 0.,9297
60000, 1000,00 1,7 1.70 102,00 12,85 8,8 11,5144
106000, 666,67 1,7 1,70 255.00 32,13 6,1 60.5225
75000. 1071.43 1.7 1,70 119.00 14,99 9.1 12.5528
150000. 10u0,00 0.3 0.04% 6,00 0,76 7.6 0.9114
75000. 3uo,0u 1.7 0,30 75.00 TS 16,5 2.4418
4qo000, 200,00 1.7 0,30 6U.00 T.56 18,3 1.5823
150000, 681.82 1.7 0.30 6b.00 He32 19.8 1.4830
70000. 411,76 0,3 1.70 51.00 6o l3 10,7 3.9525
So0o0,. 588,24 1,7 0,01 V.85 0,11 9,1 0,0897
140000, 953,35 1.7 0.01 1.50 0.19 12,2 0,08%0
140000. TTT.78 0.3 0.04 fe«20 0.91 12,2 0.4272
80000, 992,59 0.3 0.30 40.50 $.10 18.3 1.0680
75000, 625.00 0.3 0.30 36.00 4,54 12.2 2.1361
10000Q0. 1111.11 1.7 1.70 153.00 19,28 7.3 25,2177
150000, 10UD .U 0.3 1.70 45,00 5467 10,7 3.4875
100000. 1900.0U0 1.7 0.04 #.00 0.50 15,2 0.,1519
50000. 355.33 1.7 0.01 1.50 0.19 9.1 0.1582
100000, 666,67 1.7 0.30 42.00 5«67 7.6 6.8355
150000. 666.67 45,0 0.01 2425 0.28 15,2 0,0854
130000. 619.05 0.3 1.70 63.00 7+94 9.1 6.60456
1090000, 666,67 1.7 0.01 1.50 0.19 9.1 0,1582
550004 22U.0U 45.0 0.01 2.50 0.31 11,7 0.1601
200000, 666,67 1.7 0,01 S.00 0.38 12,2 0.1780
70000, UL, 0u 1.7 45,006 17U.00 2l.42 10.3 14.1271
200000, bbb .67 U.3 0.01 4400 -1 12,2 0.1780
1.7 0.01 1.85 0.23 10,7 0.1434

150000. 810,81
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PROLDULTIUN

RATE

(TONS/YR)

LOUuon.,
60000,
150000,
350000.
luo0000.
100000,
100000,
60000,
400000,
208000,
a3poo0.
B3000.
96000,
95000,
10000,
60000
60000,
150000.
100000,
aoougu.
80000 .
200000,
120000,
200000
200000,
1000QU.
65000 .
110000.
10000V.
30000.
200000,
125000,
50000,

-195000.-

iooopov.
95000.
75000,
115000,
105000,
10000,

,150000.

250000.
200000,
135000,

90000,
160000,

50000,
100000,
luol0b.
10DUBU.

Table C~-2 (continued). RAW DATA
{ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

HOURS OF EMISSION FACTORS EMISSION EMISSION STACK

OPERATION PHRIMARY SECONUDARY HATE AaThk HE IGHT
(HRS/ YR} (LB/TON)} (LB/TON) (LB/HK) (G/SEC) (METERS)
4u0, gu 1.7 0.01 1.00 0,13 12,2
6U0.0U 1.7 0.01 1.00 V.15 9.1
857.14 ls7 0,01 1,75 Be22 9,1
1750.00 15,0 0,01 2.00 0.25 Teb
G4, 4n 0.3 0,01 2.25 0.28 10,4
bbb .67 0.3 0,04 6,00 0.76 9,8
bEb,.67 1.7 1.70 255,00 32.148 17,7
353,83 45.0 0D.01 1,80 0,23 9,1
1ouvl, 0y 1.7 0.01 4.00 0,50 11,0
1283,95 0.3 0.01 1,62 0,20 7.6
1276.92 0,3 0.%0 19,50 2,46 15,2
1276,.,92 0.3 0.0% Zs60 0.33 15.8
1297.30 0.3 0,40 22,20 2.80 12.5
1283,78 1.7 0.40 29460 3.73 12,2
4u0,0v 1.7 0.30 750 0,94 9,1
352,94 0.3 0.04 6,80 0,86 22.9
400,00V 1.7 0,04 6,00 .76 12.2
T750.00 1.7 0,01 2,00 0,25 10,7
666,67 0.3 1.70 45,00 5,67 10,7
8uo,0u 1.7 1.70 170.00 21,42 12,2
888,89 0.3 1.70 27.00 3.40 10,7
bbE,b7 1.7 0,01 S5.00 0.38 7.6
480,00 1.7 45,00 425,00 53,59 Teb
1200,.00 0.3 0.04 10,00 1.26 10.7
571.43 0.3 0,01 3,50 D44 6.1
285,71 0.3 0,01 5450 0,44 15,2
205,13 0.3 0,01 3,20 0,40 6.1
647.06 0,3 0,40 51,00 643 6,1
625.00 45,0 0,01 l.60 0,20 12.2
500,00 1,7 0.30 18,00 2,27 6.1
Ba8,u9 15,0 0.01 2.25 0.28 7.0
500,00 1,7 0.04% 10,00 1.26 0.7
111.11 45,0 0.01 4,50 2.57 6.1
975,80 — 0.3 1,70 - 6000 —T«96 B.l
625,00 0.3 G.30 48,00 6,05 12,2
475,00 0.3 0.04 Ha00 1.01 4,3
750,00 1.7 G.04 Y400 0,50 12.5
1150,00 a3 0.04 4,00 0.50 7.6
1050,00 0.3 0,04 %00 0.50 1443
3BH,.62 0,3 0,04 10,40 1,31 11.6
937.50 1.7 0.30 L48.00 6,05 10.7
833,35 1,7 0.04 12,00 1,51 el
Bud.00 15,0 0.01 2.50 0,31 7.6
9u0,0v 15,0 o.01 1.50 0,19 6.7
750,00 1.7 0.01 1,20 U,.15 1b.2
533,35 1.7 D.04 12.00 1,51 9.1
353,35 1,7 0D.30 49.00 5.67 J.1
400.00 0,3 D04 10.00 1.26 Ts6
625.00 0,3 D.04 &40 U.81 5.5
714,29 1.7 0,04 .60 6,71 9,1
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Table C-2 (continued). RAW DATA
(ASPHALT SURVEY CALCULATIONS - PRIMARY
AND SECONDARY COLLECTORS)

PRODUCTIUN  HOURS OF EMISSION FACTORS LMISSION EMISSION STACK SEVERITY

KATE OPERATIUN PRIMARY SECONDARY RATL RATE HEIGHT

{TONS/YR) {HRS/YR) tLB/TON) (LB/TON) {LB/HKR) (G/SEC) (METERS)

30000, 214.29 0.3 1,70 42.00 5.29 12,2 2.4921
150000, 600,00 0,3 0,04 10.00 1,26 7.6 1,5190
3oogouv, 12U0.0V 45,0 0.01 2.50 0,31 7.6 0,3797
iuvo0g00, Gub, 44 1.7 1.70 382,50 48,19 4,6 161,3934

40000. 320.00 1.7 0.30 3750 4.72 12,2 22251

80000, 320.00 15.0 0.01 2450 0.31 10,4 0.2053
200000, 9be,.38 1.7 1.70 357400 44 .98 10,3 29.6669

12000, 3ug,.00 0.3 0.04 l.60 4,20 9.1 0.1688

60000, 5u0,00 45.0 0.01 1.20 0,15 3,0 1.1392

40000, 38y, 62 0.3 1,70 31.20 3,95 18,35 00,8228
1984000, 634,62 0.3 0.01 J.12 0,39 18,3 0.0823

90000, 608,11 0.3 1.70 4% .40 5,59 18.3 1.1709

50000, 200,00 0.3 1.70 75.00 Fetth 12.2 4.4502

soco0Q,. 666,67 0.3 D.04 %+ 80 B.60 9.1 0.5063

25000, 125%6.00 1.7 1.70 34.00 4,28 4.6 14,3461

95000, 237.50 1.7 0.04% 16,00 2.02 F.1 1.6878

50000, 416.67 1.7 1.70 20%.00 25.70 7,3 33.6236
100000, S71.43 043 0.04 7400 v.88 2,1 0.7384

26000. 148,57 1.7 1.70 297.50 3T.48 0.7 23,0562

56000, Y466.67 1.7 0.4%0 48,00 6£.05 12,2 2.8481
102000, 453,35 1.7 0.01 2425 0.28 I8 0.2223

15000, 120.00 15.0 0.01 1.25 0.16 3,0 l,1867
10000U. 526.32 15.0 0.01 1,90 Us24% 3.0 l.8038
200000, sSvp,0u 15.0 0,04 16,00 2,02 9.1 l1.6878
100000. S526.32 15.0 D.04 1.60 0.92¢ 9.1 0.8017

30000. 272.73 1.7 l1.70 187.00 23.56 9.8 17.3372

50000. S84.62 Ue3 1.70 37400 4,91 18,3 1.p285

40000. 200,00 1.7 1.70 340,00 ha.au 9.1 35,8652
250000, 755,29 0.3 D.0% 13.60 1,71 2.1 1.4348
100000, 583,33 0.3 0.04% 12,00 1.51 9.1 1.2658

50000, 277.78 0.3 0.01 1.80 0.235 3.0 l1.7089
150000. Suu.0v 0.3 1.70 gu.00 11.34 15,4 4.4134%

40000, S5T1,43 1.7 0.04 Z.80 0,35 4,3 1,3562

80V00. 727.27 0.3 1.70 33,00 4,16 4,6 13,9241

29000. 376.6¢ 0.3 1.70 25.10 2,91 15,2 0.8772

28000, 553.33 0.3 0.30 29.20 3.18 15,2 0.9570

68000, To4,04 0.3 04350 26,70 5.36 18,3 Q. 704]
156000. 500,00 0.3 Q.40 U, 00 11 .34 9.1 9.4937

50000, 250.00 0.3 0.01 2.00 B.25 10,4 0.1643

50000, 285.71 45.0 0.01 1.75% 0.22 5.5 0.5128

79000, 750.00 0.3 0.01 1.00 D.15 iz,.8 0.0538
140000, 14u0.0V 1.7 0.04 %.00 0,50 9.8 0,3708
110000, 733.35 1.7 0.01 1.50 0.19 9.1 0.1582

&0U00. 6U0,0U U.3 0.04 4.00 U.50 6.1 0.3494%
100000, aup.ov 0.3 0,01 1.25 B.16 19.8 0,0281
100000. Q4,44 15.0 0.04 9.00 1.198 14,3 0.3868

85000, 459.46 1.7 45,00 314,50 39.63 10,7 24,3737
200000, 666,67 1.7 45,00 S31V.00 64,26 4,6 215.1912
1tuougeu,. 400.00 45.0 0.01 24,50 U.31 10,7 0.1937
200000, 1353,58 0.3 0,04 6,00 0.76 12,2 0.3560
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APPENDIX D. DERIVATION OF SOURCE SEVERITY EQUATIONS
{(T. R. Blackwood and E. C. Eimutis)

1. SUMMARY OF SOURCE SEVERITY EQUATIONS

The source severity of pollutants may be calculated using the
mass emission rate, Q, the height of the emissions, H, and the
ambient air quality standard, AAQS. The equations summarized

in Table D-1 are developed in detail in this appendix.

Table D-1. POLLUTANT SEVERITY EQUATIONS FOR ELEVATED SQURCES

Pollutant Severity equation
Particulate S = 70 ©
u2
SO s =-2228
X H2
NOXI S = 315 0
H2-1
Hydrocarbons S = 162 Q
H2
co s =278 0
H2
2. DERIVATION OF Xmax FOR USE WITH U.S. AVERAGE CONDITIONS

The most widely accepted formula for predicting downwind

ground level concentrations from a point source is:®!

lTurner, D. B. Workbook of Atmospheric Dispersion Estimates.
U.5. Department of Health, Education, and Welfare.
Cincinnati. Public Health Service Publication No. 999-AP-26.
May 1970. B84 p.
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-9 _ L (v )\ _l{H)? _
X = 15 o u ©EXP 2 o exp 2\o_ (b-1)
Y 2 Y

where x = downwind ground level concentration at reference
coordinate x and y with emission height of H, g/m3

Q = mass emission rate, g/s
Gy = standard deviation of horizontal dispersion, m
o, = standard deviation of vertical dispersion, m
u = wind speed, m/s
y = horizontal distance from centerline of dispersion, m
H = height of emission release, m
X = downwind dispersion distance from source of
emission release, m
™= 3.14
We assume that Xmax CCCUrs when x>>0 and vy = 0, For a given

stability class, standard deviations of horizontal and verti-
cal dispersion have often been expressed as a function of

downwind distance by power law relationships as follows:>2

g = ax ' (D-2)

g =c¢x + f (D-3}

Values for a, b, ¢, d and £ are given in Tables D-2 and D-3.
Substituting these general equations into Equation D-1 yields:

0 _ H? _
57 exp {D-4)

acrTux + amufx 2(cxd + £f)2

>
"

52Martin, D. O., and J. A. Tikvart. A General Atmospheric
Diffusion Model for Estimating the Effects of Air Quality
of One or More Sources. (Presented at 6lst Annual Meeting
of the Air Pollution Control Association. St. Paul.
June 23-27, 1968.) 18 p.
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Table D-2. VALUES OF a FOR THE COMPUTATION OF cya'53

Stability class a
A 0.3658
B 0.2751
c 0.2089
D 0.1471
E 0.1046
F 0.0722
qFror Equation D-2: oy = axb
where x = downwind distance
b = 0.9031

Assuming that Xax OCCurs at x < 100 m or the stability class

is €, then f = 0 and Equation D-4 becomes:

. 0 i A |
x = exp - (D-5)
ac'nuxb+d [ZCZXZd}

For convenience, let:

R = acru 274 By =

so that Equation H-5 reduces to:

B
X = ARx_(b+d) exp[—zg] (D-6)
X

53Tadmor, J. and Y. Gur., Analytical Expressions for the
Vertical and Lateral Dispersion Coefficients in Atmospheric
Diffusion. Atmospheric Environment, 3:688-689, 1969.
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Table D-3. VALUES OF THE CONSTANTS USED TO
ESTIMATE VERTICAL DISPERSION2(52

Stability
Usable range class Coefficient
C d; £
>1,000 m A 0.00024 2,094 -9.6
B 0.055 1.098 2.0
C 0.113 0.911 0.0
D 1.26 0.516 -13
E 6.73 0.305 -34
F 18.05 0.18 -48.6
C2 dp fs
100-1,000 m A 0.0015 1.941 9.27
B 0.028 1.149 -3
C 0.113 0.911 .0
D 0,222 0.725 -1.7
E 0.211 0.678 -1.3
F 0.086 0.74 ~0.35
C3 dj f3
<100 m A 0.192 0.936 0
B 0.156 0.922 0
c 0.116 0.905 0
D 0.079 0.881 0
E 0.063 0.871 0
r 0.053 0.814 0
a .
For Equation D-3: ¢ = cxd 4 £

2
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Taking the first derivative of Equation D-6 yields

dx - -b-d -2d - -2d-1
ax AR { X exp BRx : 2dBRx

+ exp [BRX"Zd] (-b-4d) x‘b‘d'I} (D-7)

-

and setting this equal to zero (to determine the roots which
give the minimum and maximum conditions of x with respect

to x)} yields:

= = -b-4-1 -2d - -2d _p- -
0 Apx (exp [BRX ]) ( 2dBRx b d) (D-8)

, the following

Q-lDJ
W

Since we define that x ¥ 0 or = at Xma

b4

expression must be equal to 0:

-2dBRx-2d -d-b = 0 (D-9)
Therefore (b+d) x28 = -2dB, (D-10)
or X2d = R — 2d H = d H (D—ll)

b+d 2¢? (b+d) c? (b+d)
] . a2 AN
Hence x = —4H" V23 4¢ Xmax {p-12)

c? (b+d)

Thus Equations D-2 and D-3 (at f = 0) become:

b
2 2d
o - (__@_L) (0-13)

Y c2 (d+b)
d i
2 2d 2\7
s = cf 9 H" =48 (D-14)
z c2 (b+d) b+d
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The maximum will be determined for U.S. average conditions
of stability. According to Gifford,®% this is when Oy = Ty
Since b = 0.9031, and upon inspection of Table D-2 under
U.S8. average conditions, Gy = 0,4 it can be seen that

0.881 < d < 0.905 (class C stabilitya). Thus, it can be
assumed that b is nearly equal to 4@ in Equations D-13 and

D-14 or:
(D-15)

and o =2 (D-16)
C

Under U.S. average conditions, Oy =0, and a = ¢ if b = 4
and £ = 0 (between class C and D, but closer to belonging

in class C).

Then 5. = =2 (D-17)
¥ /2
Substituting for Gy from Equation D-17 and for g, from
Eguation D-15 into Equation D-1 and letting y = 0:
2 1 (H/2 ?
_ Q _ L+ (H -
‘max 5 exp[ 2 (H ):l (D-18)
TuH
- 29 -
or Xmax ~ (D-19)

reuH?

dThe values given in Table D-3 are mean values for stability
class. Class C stability describes these coefficients and
exponents, only within about a factor of two.

5tGifford, F. A., Jr. An Outline of Theories of Diffusion
in the Lower Layers of the Atmosphere. 1In: Meteorology
and Atomic Energy 1968, Chapter 3. Slade, D. A. (ed.).
U.S5. Atomic Energy Commissicon Technical Information
Center. ©Oak Ridge. Publication No. TID-24190. July
1968. p. 113.
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3. DEVELOPMENT OF SQOURCE SEVERITY EQUATIONS

Source severity, $, has been defined as:

X
_ *max _
S = Zags (D-20)
where ;ﬁax = average maximum ground level concentration
AAQS = ambient air gquality standard

values of ¥

nax are found from the following equation:

_ tO 0.17
*max = *max \T (D-21)

where t; is the "instantaneous" (i.e., 3-minute) averaging
time and t is the averaging time used for the ambient air

quality standard as shown in Table D-4.

a. CO Severity

The primary standard for CO is reported for a 1-hr averaging

time. Therefore, t = 60 minutes. Hence, from Equation D-21:

>

— 3 0.17
max ~ ‘max gﬁ) (D-22)
Substituting for X oax from Equation D-19 vyields:

— _ 20 3 0,17 _
max 2(35) (D-23)
TeuH

>

= 20 (0.6) (D-24)
(3.14) {2.72) (4.5)H2

= 0:032 9 4 g,
H2
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Table D=4.

QUALITY STANDARDSSS

SUMMARY OF NATIONAL AMBTIENT AIR

Averaging Primary Secondary
Pollutant time standards standards
Particulate Annual 75 ug/m3 602 ug/m3
matter (geometric mean)
24 hrP 260 ug/m3 150 ypg/m3
Sulfur oxides Annual 80 ug/m3 60 ug/m3
(arithmetic mean) | (0.03 ppm) (0.02 ppm)
24 hrP 365 ug/m3 260% ug/m3
(0.14 ppm) (0.1 ppm)
3 hrb none 1,300 ug/m3
(0.5 ppm)
Carbon 8 hr” 10,000 ug/m3 none
monoxide (9 ppm)
1 he? 40,000 ug/m3  (same as
(35 ppm) primary)
Nitrogen Annual 100 ng/m3 (Same as
dioxide (arithmetic mean) {0.05 ppm) primary)
Photochemical 1 hrb 160 ug/m3 (Same as
oxidants (0.08 ppm) primary)
Hydrocarbons 3 hr 160 pg/m3 (Same as
{(nonmethane) (6 to 9 a.m.) (0.24 ppm) primary)

4 The secondary annual standard (60
assessing implementation plans to
secondary standard.

ng/m3) is a guide for
achieve the 24-hr

bNot to be exceeded more than once per year.

“The secondary annual standard (260 ug/m3) is a guide for
assessing implementation plans to achieve the annual

standard.

55code of Federal Regulations, Title 42 - Public Health,
Chapter IV - Environmental Protection Agency, Part 410 -
National Primary and Secondary Ambient Air Quality

Standards, April 28,

1971.

16 p.
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- 3,12 x 1072 g
Xmax - H2 (D-25)

or

Substituting the primary standard for CO (0.04 g/m3) and the
value for iﬁax from Equation D-25 into the equation for S
(Equation D-20) then gives:

Xmax 3.12 x 10-2 ¢

S = = (D-26)
AAQS 0.04 H?
or SCO = Q_LM. (D—27)
HZ2
b. Hydrocarbon Severity

The primary standard for hydrocarbon is reported for a 3-hr
averaging time. Therefore, t = 180 minutes. Hence, from

Equation D-21:

- 3 \0-17
Xmax - *max <180) = 0-5Xnax (D-28)

Substituting for Xmax from Equation D-19 yields:

= _ (0.5)(0.052) @ _ 0.026 Q

= D-29
xmax Hz H2 ( )
For hydrocarbons, AAQS = 1.6 x 10~% g/m3. Therefore
i'max 0.026 Q
S = = . (D=-30)
AAQS 1.6 x 10™"* H?
or SHC = M (D..3l)
HZ
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C. Particulate Severity

The primary standard for particulate is reported for a 24-hr
averaging time. Therefore, t = 1,440 minutes. Hence, for

Equation D-21:

3 \0.17
Xmax ~ Xmax (l,440> (D-32)

Substituting for X max from Equation D-19 vields:

_ 0.052 0 o 55 - 0.0182 0 (D-33)

max H2 H2

For particulates, AAQS = 2.6 x 10" g/m3. Therefore

X
g = _max _ 0.0182 O (D-34)
AAQS 2.6 x 10~% H?
or Sp = 70 Q (D-35)
H2
d. S50y Severity
The primary standard for SOx is reported for a 24-hr
averaging time. Therefore, t = 1,440 minutes. Hence,
proceeding as before:
“ﬁax _ 0.0182 Q (D-36)
H2
For SO, AAQS = 3.65 x 10~% g/m3. Therefore
X
g = _Mmax _ 0.0182 Q (D-37)
AAQS  3.65 x 107" H?
or Sgp = 2 (D-38)
H2
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e. NOx Severity

Since NOx has a primary standard with a l-yr averaging time,
the Xmax correction equation (Equation D-21) cannot be used.

Alternatively, the following equation is used:

- _2.03Q 1/ HY?

X = o, UxX exp[ 2(5_> (D-39)
A difficulty arises, however, because a distance x, from
emission point to receptor, is included in Equation D-39.
Hence, the following rationale is used: Equation D-19 is
valid for neutral conditions or when o, = 0. This maximum

Yy
occurs when

H = /ZUZ

and since, under these conditions,

b

then the distance xmax where the maximum concentration

occurs is:
1

R nax = (o) (p-40)

max /fa

For class C conditions, a = 0.113 and b = 0.911. Substituting
these values into Equation D-40 yields:

H1-098

=8 - - - 1.098 _
Xmax 0 TIe 7.5 H {(b-41)

Since g 0.113 x 0.911
max

i

and u 4.5 m/s
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Xnax’ Egquation D-39 becomes:

4 0 1/ H\?
=— 289  exp|- z{—= D-42
max % 1.911 p[ 2(OZ>:] ( )

max

U

and letting x

{

>
|

In Equatiocon D-42, the factor:

4 Q - 40
3 1.911 (7.5 H1'098)1'911
max
- 2
Therefore, X - 0.0859Q exp[} l(_ﬁ):] (D-43)
max 2.1 2l
z
As noted above, o, = 0.113 x0.911

Substituting for x from Eguation D-41 into the above equation

vields:
T, = 0.113 (7.5 H1-1)0-91 = g 71 H (D-44)

Substifuting for o, from Equation D-44 into Equation D-42

yvields:
_ . B 2
Xmax = 0.085 9 exp |- %(——————) {(D-45}
HZ -1 0.71 H
-2
_ 0.085 @ (0.371) = 3.15 x 10 Q (D-46)
g2.1 H2.1

Since the NO_ standard is 1.0 x 10~% g/m?, the NO, severity

equation is:

X -2
Syo = max _ 3.15 x 10 Q (D-47)
X  AAQS 1 x 10~% H2Z-1
or S - 315 9Q (D-48)
NOX H2.l
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4, AFFPECTED POPULATION CALCULATION

Another form of the plume dispersion equation is needed to
calculate the affected population since the population is
assumed to be distributed uniformly around the source. If
the wind di;ections are taken to 16 points and it is assumed
that the wind directions within each sector are distributed
randomly over a period of a month or a season, it can be
assumed that the effluent is uniformly distributed in the
horizontal within the sector. The appropriate equation for

average concentration, yx, in g/m3 is then:5!

— 2
- | 3]
Z

Z

To find the distances at which y/AAQS = 1.0, roots are

determined for the following equation:

2.03 @ _ 1/ H\ _ )
(BAQS) o ux exp[ 5(3‘)} = 1.0 (D=50)

keeping in mind that:

where a, b, and ¢ are functions of atmospheric stability
and are assumed to be selected for stability Class C. Since
Equation D-50 is a transcendental equation, the roots are

found by an iterative technique using the computer.

For a specified emission from a typical source, x/BAQS as

a function of distance might lock as follows:
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=

AAGS
10|——A--——== - -

X1 X2

DISTANCE FROM SOURCE

The affected population is contained in the area
A= w(x,2 - x,2) (D-51)

If the affected population density is DP, the total affected

population, P, is

P = DPA (persons) (D-52)
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