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ABSTRACT

An investigation of fine particulate emissions from stationary and
miscellaneous sources in the greater Los Angeles area was conducted. The

cbjectives were to help provide information on the origin of the ambient

aercsol (haze) and to develop a basis from which to plan control strategy.

The program results included extensive field test data, an inventory of total
suspended particulate (TSP) emissions, a compreaensive prof1 Lte on these |
emissions (i.e., by size dlstrlbutzon and chemical composxtzon) and recommen-—
dations of altemative methods of emission control. The particulato
inventory was delivered to the ARB in the form of. computer print-outs and
magnetic tapes. The emission prof11e9 developed on the progran were
presented as an appendix kO this report. These proflles divide the TSP
emisgions by weight percent into four categories, >10um, 3-10um, 1-3um, and
<lum. Within each category, the chemical composition is tabulated in weight
percent. These data include: elemental composition (by X-ray fluorescence);
sulfate and nitrate composition {(by wet chemistry); and carhon ccntent (by

carbon analyzer) in the forms of volatile, carbonate, and total carbon.
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SECTTON 1.0
QVERVIEW

1.1  INTRODUCTION

In order to characterize air quality in the California South Coast
Air Basin (SCAB) and to provide information on which to base control strategy
decisions, the ARB has sponsored a series of programs to inventory emissions
from stationary sources and investigate the systems in place for their czatrol.
' The MNOx, SOx and VOC* programs have already been completed and.the precent
program documents the work perfofmed to provide the same information for fine

particulates.

Air-suspended matter having particle diameters of less than 1l0um is
defined as fine particulates. Emitted from stationary sources, f£ine particu-
lates contribute to the ambient aerosol, causing haze or reduced visibility,
and conctitute a human health hazard. Because of their visibility, some of
the earliest efforts to control air pollution were directed at particulate
emissipns. As a iesult. the mass flow of particle emissions has been reduced
by 95% or more from what prewailed under previbusly uncentrolled conditions.

. Because of the classifying nature of the control processes applied, however,:
the remaining particulate emissions are in the fine particle range. This
material tends to remain suspended in the ambient air and, compared with. coarser

particle ranges, constitutes the greatest health hazard.

Fennélly (Ref. 1-1) indicates that for very fine (<lum) particles that
enter the pulmonary system, more than 30% will remain there. 1In coqsidering
a fine particulate standard recently, the U.S5. EPA decided that partiélgs
'<15um are in the respirable range. 1In ccmbustioﬁ sourées, KVB (Ref, 1-2) and
others (Ref. 1-3) have found that the smaller particles often have hisher

concentrations of toxic metals than do larger particles. This effect is due‘

k4 3
Volatile Organic Compounds
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e,

to selective condensation in the cooling gas. Friedlander (Ref. 1-4) identified
fuel-oil fly ash as a significant constituent in the ambiert aerosol of the

Basin.

Particles having diameters of 0.3 to 1.0um are consideréd to be most
effective in light scattering and, therefore, haze prdduction. This i3 because
this size range corresponds to the wavelength range of visiblellighf. Thus,
while emissions of (coarser) particulates in the Basin have been greatly

reduced as a result of applied controls, fine particle that are still emitted

- by statiocnary sources contribute significantly to reduced visibility and

increased health hazards. In view of these considerations, a study of the
persistent fine fraction of particulate emissions was considered justified.
A contract was accordingly awarded by the ARB, resulting in the work described

here.
The objectives of this program were to: B
a. Characterize the emissions of fine particulates from stationary
sources in the South Coast Air Basin and Ventura County in terms of:
. identification and location of point ahd area sources
. individual source annual emission rates
. seasonal and temporal operétional variations
* . particle size distributions
. predominant chemical compnsitions
b. Report the zhove data (excluding chemical compositions) in the EPA's
Emission Sub-system format on IBM-compatible magnetic tape.
¢. Genecate the following computer print-outrs cr typed reports:
. Application Category Report
. Geographic Location Listing (10 kn grid)
. Emission profile listing by SCC Code

d. Provide particle size distribution and chemical composition data
in the form of emission profiles

e. Assess the cost effectiveness of potential methods of reducing
the emissions identified. ‘ .
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1.2 SIMMARY AND CONCLUSIONS

In-order to accomplish the above objectives, the first steps under-
taken were: to prepare a preliminary inventory of total suspended particulates
(TSP) without consideration of particle size or composition; to identify the
major emission sourcés; and to determine the distribgtion of emissions among

tne various source types.

On the basis of this preliminary inventory, a field test program was
 next conducted to characterize emissions from the sources select.d, emphasizing
thosé source types producing the greater amounts of emissions. Seventy-eight
particulate sampiing runs were then made, 40 using the EPA Source Assessment
Sampling System (SASS) and 37 employing a modified EPA Method 5 train. Ia each
run particles wére collected in threé cyclones with particle size cuts of 10,

3 and 1 um follbwed by a backup filter and watec impinger. Wnenever catches

in excess of 'L00 milligrams were acquired, they were analyzed for chemical

composition. A summary of the sources tested is as follows:

Source Type- . "No. of Runs
Utility Boiler 18
Industrial Boiler 10
1c Engine 3
Hog Fuel (Woodchip) Boiler L
Gypsum Plant ‘ 1
Brick Plant 2
Cement Plant 2
Glass Furnace .6
Fiberglass Plant ‘2
Asphalt Roofihg Plant x
Asphalt Paving Plant 2
Rice Dryer 2
Carob Plant 2

~ Heat Treating Process 2
Sand Blasting Process 2
13 - KVB 5806-783



‘Open Hearth Plant
' Spray Bocth
Boric Acid Plant
Fertilizer Plant
viood Processing

Process Heater

H o BN SN

Fliidized Bed Catatytic'Cracking (FCC Unit)

In preparing foar the field test program a commercial SASS unit withouc
the standard organic module was acquired along with a commercial Methoed 5 unit.
‘With the assistance of “he Southern Research Institute a set of three cyclones
‘having the same cut sizes as the SAS5 train were designed and fabricated for the
Method 5 train. Subsequently, both the SASS and the Method 5 cyclone sets were
calibrated at 400 °F using sperical aluminum powder. At flow races of 4 and

1 SCFM, respectively, the results were as followsr:

Nominal Cut SASS Method 5
3 ¥ ] . g
Size, fol Q—S (Hm QS g Hm
‘ 10 - 9.2 8.3 (9.1)+
3 . 3.8 1.9 (4.1)+
T ' 1.3 0.6 (1.2)8§

'bso is the aercdynamic diameter at which 50% of the particles
would be retained in the cyclone and 30% would pass through.

‘The numbsrs in parenthesis are the Ds)'s obtained by Southern
Research on identical cyclones using a vibrating orifice aerosol
generator calibration technique (See Section 3.2.1).

iThe value of (1.2) shown was not measured directly by Southern
Research but was derived from measurements at a lower temperature.

Particle size distributions were calculated for each particulate
sampling run. Chemical analyeis of the particulate catches consisted of X-ray
fluorescence analysis for e;emental composition, wet chemistry for nitrate and
sulfate content,'and carbon analysis for volatile, carbonate, and total carbon

vilues.

Fror these data--plus data found in the lite:ature-emission profiles
were prepared for 81 of the 135 Source Classification Codes which are found
in the Basin. The profiles divide the TSP emissions by weight percent into
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four categories: >10um, 3-10um, L1-3um and <lpm. The XRF analysis, sulfates,
. nitrate and carbon cumposition are listed in weight percent for each size

category.

The next step in the program was to generate a final inventory. The
ARB provided Emission Information Subsystem (EIS) data files for the South
Coast Air Quality Management District (SCAQMD), which includes Los Angeles,
Orange, Riverside, and San Bernardino Counties, and the Ventura Air Pollution
Control District (VAPCD), along with a breakdown of human populatioﬁ data for:
the Basin on a 1 Km grid map. The EIS data were the basis for the KVB final
inventory. The emission factors in the EIS files were reviewed by KVB and’
édjus;ed where necessary by applying correction factors determined from data
obtained in tests of specific sources cr from data for a group of sources
identified with a certain Source Classification Code (SCC) number. The
emission profiles were keyed to the specific sources. Additionally, source
types not contained in the EIS files, primarily area sources, were added to

the data base.

The final inventory was delivered to .the ARB under separate cover as
computer print-outs and magnetic tape files. The primary elements delivered

are as follows:

% a-tOtal suspended particulates re§0r£ with lofkm—grid mapping

- a total suspended paztiéulates're;ort by ARB application category
- a plant index

- an emission profile listing (Appendix A of final'report)

) an SCC report

. a point source emission file in EIS format (tape)

. an area source file (tape)

. an SCC report file (tape}

The inventory, which has the time frame of 1975-1976, shows total
suspended particulate emissions of 510 tons/day. Of this, 385 tons/day
derived from miscellaneous area sourées, such as fugitive dust (290 tons/day)
sea salt (55 toné/day). automotive tires and brakes (30 tons/day), and various
forms of cpen burming (12 tons/day). Of the 125 tons/day emitﬁed by peoint
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sources, 28 percent came from mineral sources, notably one sand and gravel and
one brick menufacturing plant (both in Ventura County); Utility boilers accounted
for 27% of the point source emission, while the entire category of "Combustion

of Fuel"” accounted for 30% of the point source emissions.

Over 90% of the total emissions (point.and aréa source) have a particle
size of less than ten um. This assessment was based on an analysis‘of available
emission profiles for the various application categories. , It shculd be pointed
out, however, that.ihe major category, "Miscellaneous Area Sources,” here includes
only particulate contributions of 1lOum and smaller. A summary of the owerall

TSP and fine particulate emissions. for the periocd covered is as follows:

. TSP ' Fine Particle (<10um)
Application Category ' Tons/Daz Tons/Day
. Petroleun 2.1 1.2
Solvent use ' 3.2 2.1
Chemical , : . 1.4
Metallurgical 135 10.4
Mineral ' 35 6.8
Ceombustion of fuel | . 38 35
' Food and agriculture 30 24
_Wood processing 0.4 L 0.2
Waste burning . 1.6 1.1
Mise. industrial " 1.2 0.5
Misc. area sources 385 385
 Total ok 510 468

From these totals, it can be seen that 66% of the particulates emitted from

point sources in the Basin were in the fine (<10um) particle size range.

Table 1~1 summarizes the TSP particu'late emissions of koth point and
area sources by application category. As given, area sources account for
80% of the TSP. In this connection, it should be pointed out that the
Table 1-1 Gata and that tabulated just above do not reflect fugitive dust
emissions attributable to "paved road travel." This major ciassification com-
prises materials released from‘roadbeds; includihg deposited dusts but not
automotive exhaust particulates or matter released from tirés oi brakes.
Paved road travel emissions and the rationale for their omission in these

totals are explained in Section 2.3.3.
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TABLE 1-1. EIS/KVB TSP PARTICULATE EMISSICN INVENTORIES

Tons/Year
) l 1975-76 EIS/KVB File
¥No. Point : T
Application Category Sources Point Sources Area Souxcos!_ Total
:

Patroleum ' i 750 3 750
Production ; 34 so 0 ' so
Refining 28 600 0 600
Marketing ' 8 ©o100 0 . 100

Organic Solvent Usa 1160 d 1160
Surface coating 546 1150 2 11s¢C
Degreasing . S 10 0 19
Other 4 5 3

Chenical 157« 540 o] 540

Metallurgical 547 4200 ‘ 0 4200

Mineral : 480 12600 . 0 12600

Waste Burning . o 48 75 500 €00

Combustion of Fuel 13900 - ' 13900
Urility boilers 187 9100 0 9100
Industrial devices 1084 2700 e} 2700
Commarcial/inscitue’l . 199 600 0 600
Petroleum C316 . © 1500 a 1sc0

—_.Um 25 130 0 130

Pood and Agriculturs " 163 g 460 11000 . 11800

Miscall. Industrial 72 a0 10 450

Unclassified (Misc. Area) Q e ; 140,500 140, 500
Pugitive dust ; 105,000, 105,000
Forest & structural fires 4,500 4,500
Tires and brakes 11,000 11,000
Sea salt . . 20,000 20,000

3500 ; .
Sources . !
Total, Toms/Year, 34000 152,000 185,830
(Total), Tons/Day . SN G} (416) (510)
1-7
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Table 1-2 is a detailed breakdown, with estimated accuracies, of the
miscellaneous area sources by county in the SCAB.  These estimates involve
an .overall uncertainty of +65,000 tons/year (180 tons/day) and =36,000 tons/
year (-99 tons/day). Unlike the previous two tables, paved road travel

emissions are included in Table 1l=2.

Figure l-1 furnishes a spatial distrikution of point and area TSP
sources pased on a 10-km grid map of the SCAB. Each grid element shows the
_da;ly emission rates, while Table 1-3 itemizes those grid elements with

TSP emission rates greater than 5 tons/day.

Finally, an investigation of control techniques was made, Control

technigques reviewed in the revort include:

. Mechanical collectors (cyclones, settling chambers, etc.)
.  Wet scrubbers
. Electrostatic precipitators

. Fabric filteré (baghouses)

Cost data for control systems were obtained from Research=Cottrell and are
presented. These data presént installed cost as a function of: mean particle

size; volumetric flow rate; and partibulaté loading.

This report consists of five sections, the present discussion
combrising Secﬁicn 1.0. Section 2.0 deals with the emission inventory; it
describes the data sources and presents the detailed data used in thebinventcry
compilations. Variou# summary tables and élots are aiso presented. - Section
3.0 presents the sampling and‘analysis methodology as well as an assessment of
the data quality. Section 4.0 is a detailed discussion of results obtained
from each of the tests conducted. Finally, Section 5,0 is a treatment of

control techniques and their asscciated costs of application.

» 1.3 RECOMMENDATIONS FOR FURTHER RESEARCH

On this program, a maximum effort has been made to perform as many
tests as possibie within budgetary constraints. There are many additional

sources that could not be tested due to lack of time or the availability of
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TABLE 1-2. ESTIMATED 1976 AREA SOURCE FINE PARTICLE EMISSIONS SUMMARY(a)"

3 (b) Parcent
South Coast Air Basin Counties {c) of Estimated
. Los River- San - Santa Emissions Grand Percent
Orange Angeles side Lernardino Ventura Barbara Tons/yr 'Total - Accuracy
Road & Building Con- : _
struction 21,000 24,000 - 7,100 11,000 6,400 1,000 71,000 20.9 +50,-20
Agricultural Tilling 1,360 1,200 3,100 800 3,100 40 - 9,500 2.8 +25
Refusae Disposal Sites 60 200 20 20 20 6 300 <g.1 +25,~20
Livestock Feedlots 150 : 3 150 950 85 - 5 1,300 0.4 +50
Unpaved Road Travel 2,000 14,000 2,000 1,800 . 2,600 230 23,000 6.8 +40
Paved Road Travel (d) . 33,000 140,000 7,600 12,000 8,800 . 3,100 200,000(d) 5¢ 8 +50
Fugitive Dust--Subtotal _ "o 305,000  89.7
Forest Fires o © 120 700 600 430 530 50 2,400 D7  +50,-20
Structural Fires (e}~ 40 160 10 15 10 § . 200 <0.1 +100,-20
- Flreplaces 70 280 30 60 20 10 500 0.1 +100,~10
%' Residential Natural Gas 20 90 5 10 10 5 100 <0.1 +25
© cigarattes 130 520 30 50 © =~ 30 10 - 800 0.2 +20,~-50
Agricultural Burning , 20 - 50 30 -- 400 10 - 500 0.1 +25
Combustion--Subtotal ) .A : 4,500 1.3
) Tire Attrltlpn ’ - 1,400 5,700 320 490 370 130 8,400 ——2.5 +20° Y
~— - Brake Lining Attrition~. 530 2,100 120 180 140 50 3,100 0.9 +20
Automotive--Subtotal . 8 ) % - - 11,000 3.2
Sea Salt-- 4,000 6,700 - | e 3,500 5,800 20,000 5.9 - +50,-20
Grand Total k e : 340,000 100%
a) Emission estimates are based on particles < 10 um : KVB 5806-783

b) Includes only that portion of County within SCAB
c¢) Rounded to three significant figures )
d) A large (but unknown) percentage of the 200,000 tons/year is assignable
to other area source categories only some of which were studied on this program.
For this reason (see Section 2.3.3 A-6) it was not included in the final
'inventory count as indicated in Table 2--18.
e) Includes property, contents and vehicle loss,
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TABLE 1-3.

GRILU-ZONES HAVING ESTIMATED

EMISSION RATES IN EXCESS OF 5 TONS/DAY.

5 Principal

UTM Coor.
E/W . N/S Nearest City fmissions (Ton/Day) Source Tyve
280 3790 W. Ventura 10.8 Ceramic manufacturing
300 3770 Pt. Mugu 7.4 Elect. gen. & area.
320 3800 Fillmore 19.1 Sand and gravel
360 3750 LA Airport 5.3 Area
370 3740 Torrance 9.4 Elect. gen. & area
380 3740 Paramount 6.4 280 Pt. sources & area sources
380 3730 LA Harbor 5.9 250 Pt. sources & area sources
390 3730 Long Beach 1135 Elect. gen. & area
450 3770 Fontana 1.1 Steel manufacturing
1-11 KVB 5806-783




W

the test unit. As mentioned earlier, only 70% of the SCC's found in the
Basin had emission profiles developed for them. In most cases a source
type has had to be cha:aqterized by the emission'from only a single plant
tested. ' ' o

To give a greater univérsality to the emission profiles developed in
this program and to develop additional new profiles, it is recommended that
further testing be considered. Particulate testing with the full charac-
terizations.achieved on this program is expensive, particularly if compared
to any other type of pollution testing. The £rains used in this program
performed adequately, but it is questicnable‘if this would have been true had
more ‘economical approaches been applied. Therefore, to insure that these
presently developed data are to be meaningfully used with any future new
data thatlare generated, it is recommended that the same general procedures

uysed on this program be employed in any subsequent efforts.
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SECTION 2.0

INVENTORY

2.1 DATA SQURCES

The data used in this particulate emission inventory were obtained

from the following sources:

1.
2.
3.
4.
S.

Va:iéus gavernment‘a§ency files
Field testing

Literature |

Engineaering analyses

Personal contacts witﬁ'gOVEtnment and industry personnel.

The final inventory was compiled,ﬁsinq the South Coast AQMD and Ventura
County APCD EIS* (Ref. 2-1),§ata Bases for the major point sources, and a KVB-
developed area source file. The EIS files were checked for completeness and

emission data credibilify. Adjustments in emission factors were made as-

required based on information acquired from the field test program and other

studies performed during the program. The following key data were contained
.in the EIS data base: .

.
2.
-3
4.
5.
6.
7.

8.

9.
10.
ll.

Plant name, address, ID tlo., etc.
Standard Industrial Code iSIC)
Source Classification Codes (SCC)
UT™ Cocrdinates ' A
Staék height

Pollutant identification

Emission factor
Throughput rates
Estimated emisai&ns
Seasonal variations

Operating period (hx/day, day/week, week/yr)

*Emission Inventory Subsystem/Permit and Registration
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https://progr.am

Fisld test data were used to formulate emission profiles and to
develop emission factors for new sources or check those factors on sources

already characterized by the Districts or the EPA in AP-42 (Ref. 2-3).

Other sources of information inéluded personél contacts with various
industzry assoclations and"government agencies {especially the ARB, EPA Office
of Air Quality Planning and Standards in Durham, EPA Region 9, local air poi-
lutionvdistriéts, and the Southexn California Association of Governments (SCAG).
The data received from these sources were used to derive additicnal emission

profiles in a form compatiblé with the inventory format.

From summaries of the EIS files, a breakdown of total paiticulate emis-
sions into industrial source categories (referred to hereafter as ARB Application'
Categorias) for each countrvaas tabulated és shown in Figure 2-1. A summarv of
emissions by application categories for the entire SCAB is given in Figure 2-2i.
The fraction of the total particulate emissions from each county is given in
Figure 2-2b. TIFrom these breakdowns of emissions into application categories,
the Phase II field test program was deveioped. The disuribution of the field

tests among the various application categories is shown in Flgure 2-2c.

2.2 ‘DATA MANAGEMENT

The data to be'p:oceséed as bart of the final particulate emissicn
inventory included:

1. EIS data for major and minor point sources of SCAQMD
2. EIS data for major and minor sources of Ventura County

3. Additional area data for sources such as forest fires,
fugitive dust, tire attrition, and agricultural burning

4. Emission profile number vs SCC number
5. Population distribution by one kilometer, grid
6. Emission factor adjustﬁents to EIS data

The'available EIS data processing software was incorporated for pro-

cessing the EIS data. 1In this‘system, individual sources could be modified,
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SCAB POINT SOURCE EMISSIONS COUNTIES IN SCAH ‘fESTS PERFORMED (Total 41}
E - 1.7%
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Figure 2-2. a. Composite of point source emissions into source classification for SCAB.
b. Fraction of point source emissions from each county.

c. Fraction of field tests done for each source classification.



added, or deleted. KVB added a feature which also permitted the data to be
modified by SCC number. For example, the emissions in the EIS data base
from certain utility boilers (identified by a spé;ificﬂscc number) appeared
to be too high based on recent test data. The emissions from thos: units
were modified by one correction factor applied to all the emissions of that

specific SCC nuwuber.

- For each SCC number an emissions profile key was assigned, if available.

Each emigssion profile provide§ a breakdown of the total suspendéd particulate
(TSP) emissions into frur size ranges (% by weight) and for each size range

a chemical compositionallbreakdcwn'is provided (%lby weight). Storage and
Retrieéal of Aerometric Data (SAROAb) codes were assigned to each chemical
species identified. Each profile also contains information concerning the
method of determining the profile and rating number indicating the relative
velocity of the profile. The 49‘profiles developed during the program are
presented in the Appendix, Volume II. SCC's for which no profiles are available .

were ass’gned a "not classified” key number.

Area source emission rates were added to the EIS data file using the
emission factors and throughput data presented in Section.2.3.4. These sources,

‘ jacluding natural emissions, fugitive dust, and tire étfrition, constituted

a large portion of.the total emissions in the Basin. Since a standard format

was not yet available for describing emissions not meeting the EIS point

source criteria, KVB chose to develop an area source data base for this

purpose baséd'on general guidelines proposed by the ARB (Ref. 2-4). The

format was designed to allow description of emissions by theié one kilometer

grid location and preccess (or activity).

. Each source in the inventory was categcrizéd by a Source Classification
"Code (SCC) number which was occasionally qualified by the SIC number.  (SCC
numbers for area sources were created together with ARB personnel.)

A file was created with all information zrelative to these SCC numbers, the
emission correction factors to be applied to all sources with the given SCC/
SIC number, the profile key to identify the profile for this sourcewtype, the
relevant ARB application category, and summer or winter difﬁerentials to be
used to alter‘emissions seasonally if warranted by the source type. This SCC
file was used as the major system link between sources and their profiles.

From chese data files a final inventory was produced in the form of various
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computer reporté and magnetic tapes which were delivered to the ARB under
separate cover. A description of the final inventory reports and a discussion
'of the results are presente& in Section 2.4. TFirst, however, is a discussion
of the various technical considerations (i.e., emission factors, emission

profiles, etc.) that were used in preparing the inventory.

253 ENGINEERING ANALYSIS

2:3:1 Point Source Emission Factors

There has been considerable interest in the development of emission
factors that can be employed to estimate emissions from specific sources based
upon a xnowledge of the pertinent operating characteristics of the source.
Such procedures are in ccmmén use throughout the country by local control
agencies to estimate air pollution emission rates for point and area sources.
'One of the primary objectives of the ARB fine paﬁticulate emission étudy was
to é}itically evaluate the emission factors for f£ine particulate emissions
used by the SCAQMD and local APCD's and to develop new emission factors for
sources not contained in the EIS data system that were applicable to the
South Coast Air Basin. The following discussion outlines the nethodology
employed during the analysis for point sources. Emission factors for asea
sources are discussed in Section 2.3.3 since they required a significantly

different approach.

Point. source emission factors for industrial point sourcas in the
Basin were divided into nine application categories: (1) the combustion of
fuels, (2) evaporative emissions, (3) mineral products, (4) metallurgical,
KS)‘petzo;eum. (6) wood operatioms, (7) foed and agriculture, (8) metal ‘
faérication, ard (9) chemical uses. In general, emission rates from these
sources had been calculated by the local control agencies using emiésion
factorg and the appropriate ihformﬁtion on fuel usage, product throughput,
etc. The combustion of fuel categories represented a large part of the
total particula;e emissions in the 3asia and therefore was given primary

emphasis in the analysis of point source emission factors.
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A. Approach--

A comprehensive listing of point'source emission factors may be found
in the EPA publica;ion, "Compil;tion of Air Polluticn Emission Factors"
(Ref. 2-3), hereafter referred to as "AP-42." Tne SCAQMD has its own emis-
sion factors which have been employed in the process estimating emission
rates for industriél point'sources contained in the EIS data file. To a
ceftain extent, these emission factors were the same, because frequently
SCaAQMD §ata were used as the basis for the development of AP-42 emission
factors. In other instances the emission factors differed because the SCAQMD
sometimes based its emission factors on its own test data in preference to

using AP-42 values.

A specifié cbjective of this study was to examiné the point source
emission factors used by the SCAQMD and AP-42. This was done for three
reasons. First, much of the data used to generate emission factors for
specific source types stem from studies conducted és far back as thé 1950fs.
Second, certain emission factors listed in AP-42 intended‘for use nationally
may not necessarily represent conditions in the Basin. Finally, it was
necessary to generate entirely new emission factoré,where none had existed
previbusly.

Field tests were conducted to provi&e data to assist in emission
factor eQaluation and development. In addition, data from several related

. projects, specificélly oriented to improving AP-42 emission factors,
have heen incdrporated into this analysis. In most cases, these studies
had been directed at conditions within the Basin making them directly

applicable .o the curvent study.

Comparisbns have been made between the emission factors used by the
SCAQMD, those 'contained in AP-4§} and those generated in this and related
studies. Where KVB felt that availabie data disagreed with the SCAQMD emis-
sion faétors, correction factors were applied to the emission rates listed in
the EIS data system to update these emission éstimates. The intent was to

have the EIS data file, delivered to the ARB, reflect the best and most recent

informaticn available. This was a vital part of the improvements incorporated

into the final KVB data base.
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B. Results-—

In this section the various adjustments made to the SCAQMD emission
factors in their EIS file prior o running the final TSP inventory will be
discussed. The results are tabulated in Table 2-1 and explained in the fol-
iowing discussion. In the table for each source.type and applicable SCC
number, the AP-42 (Ref. 2-3) emission factor is listed alon§ with emissi-a
factors obtained from the SCAQMD EIS file and derived from XVB test data.

Each emission factor column nrovides both cantrol("con") and .uncontrolled
{("unc") emissions data where available.. For the SCAQMD the data are presented
as "specific" or "overall" from the standpoint of whether the data applied

to one particular source or whether it represented a composite of data from
mulziple sources. The SCAQMD value shown in the table is the emission factor
that was in the AQMD's IIS data base used for the final ARS inventory run.

At the right side of the table are two columns'indicating whether or not a
cnange was made to the AQMD value. If no change was made, the "EIS Correction
Factor"” column has a 1.0 and the next column “Final Inventory -Emissicon Fac-

tor" contains-a value identical to the AQMD column.

1. Combustion of fuel -~ Residual o0il combustion from power plants repre--

sents the largest point source type for TSP emissions in the Basin accounting
for over 45%. This source type was given a great deal of investigation and
analysis ccnsidéring not only the AP;42 emission factor, the fisld test data
(18 tests) from this program, but other cil-fired utility boiler test data

from the KVB confidential file of client data. Figure 2-3 summarizes these data.

Note that thé data points in Fiéure 2-3 are filled or oﬁen, with
the filled points indicating the total particulate catch including impinger
and the open points iandicating the EPA Method 5 data which do not include
the impinéer catch. For ﬁhe,tésts conducted on this program, points were

plotted both with and without the impinger catch.

It was the decision of the ARB that for this inventory the TSP should
include the impinger catch. But most of the ccmparison data were £nr the
EPA Method S. Therefore, the data were analyzed on the'no-iﬁpinger basis

first and then on the total catch basis.
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TABLE 2-1. TSP EMISSION FACTOR SUMMARY AND ANALYSIS

ElS
: Ap-42 1 SCAOMD Proposed
Applicable Aug. '77 Specific Overall kv Other Corsection | Emissioa. -
Descriptlon SCC Cude Units Unc Con |unc | Con  fune Jcon § unc Jcon | unc | con Factoy Factog Communt 8
s &. OUFBUSTION OF FUELLS )
1 2
Residual 0il 1-01-004-1x ib T8RP/ $.5 £ 7.1¢ 3 {a) - 0.42 3.0
Combustion-~ s a 10? gal (front 1/2) {total) {total}
Powor Plaate .33
oletfitate 041 | 1-02-005-xx | b vse/ | 1.0 . 2.3 | 14a2™ | e .14 ’
" Coubuscion-~ 10? gai {tront 1/2) trotald | (exont 1/2)
Industrial L
Pufinery Gas 3-06-001~-04 ib 5P/ 20 22.1 - 27 9 i 1.0 i)
Process Heaters 106¢¢? {total) ftotal} {total)
(a) (w) (<)
€O Boller 3-06-002-01 ib _T5p/ 43 4.3 14 n 25 1.0 14 Correctac apecific
'il ¥CC Unite 10? bbi {range 7- ftotal) 3 emissions
" 150}
(Ve through i (xotal) n(cl
put
Hog FPual 1-03-009-02 b Tse/ | 38 3.8 ¢ 1.6 Ja.st 1.0 1.8 Mone ia the Basim
Boller - ton {total} § i
burned 2
{a) See Figure 2-] . Cont:vi Device Code
{L) Cato, G. A., st al., "Application of Combustion Modlficaticvans to Cuntrol 001 ~ Scrubber ~
Pullutant Emisslons fiom Industriel Boilers.” EPA 600/2-76-086a. 007 - Much. collector {cyclone)
(c) EPM Source Test Data, September 1977. S o ks e REEAR.
{(4) Value in £1S for source tested by KVB. 0i6 -

{e) ESP working poorly during test oY= Bagliolies

() BWR Assoc. TSP test June 27, 1977 ~ throughput not specified; assumed to
be 2500 1b/dcy wood/hs

(Front 1/2) refers to the EPA Method $ \-Mch requires the luplnger catch ia ihc TSP detersinstion
(Total) refers to the AR methud which includes the ilmpinger catch in the TSP determination.
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TABLE 2-1.* Continued

=

. Spucific w EIS
Applicable . AP42 . EIS Listing ] Overall o kvd | Othes Contrul Proposed | rinal Inv.
Devcrlprion SCC Code Lnlts unu |con ung T cun | unc I can| unc ! con unc_] con Iu."'l\ Eff. }cen. Fac. | Emis, Pac.
e L. HINEMAL PRODULE -
- o == o - ‘ .
Gypsum-Calclinar 1-05-015-0) tba T&P/ton prod 30 | 0.1 0.1 0.2 l- alée 99 1.0 0.}
Clay grinding 3-03-003-02 | lbs TSP/ton prod 96 u.48 0.7 u.lm - oLe 99.5 1.0 0.48
& pulverising .
Cemsnt Kiln 3-05-006-01 | 1bs TS#/bbl 0.05] 0. 005 491008 | 016 | 99.9 1.0 0.1
3-90~004~-01 4& . _ calc,
0.09{9)
{ilaus Purnace-=- i
gen’l-- 3-05-014-01 | 1bs T5P/tcn prod 2 TR 1.4) 2.5t 1.0 . b5
soda liws 1-90-006-08 | lba T5¢/mmct 1l 250 15.Y none 1.0 250
Piberglass forming | 3-08-012-04 |lba TSP/ton 50 4.9 : 29 4.3710 | et scrubber 1.0 4.8
5.01 0ol 49
Asphalt koofing 31-03-001-04 lba:tsk/ton fult 2.0]0.1 0.6 4.1 sas foot- 015 98 0.6
Felt saturators calc - . nu'n“'-l :
Asphaltic Concrete | 3-05-002-00 { lba TSP/ton prod | 45 [0.1 0.0) 1oas Jeeoz | b uke | 99.9 0.0)
Batch Flant {range)
1-46,
C.  FOOD AND AGRICULTURE
Carob Roaster 3-02-002-61 | 1bs TSB/tonpats | 1.6 C 6.1 1.0 21
Diruct tired 3-90-006-99 1bs TSP/mact - 23 1333 : :
Ricu-Uryas 3-02-999-954 b TSP/ton thru. 0.3 i 3 S 5 screens

a

Aeros Code Designation

b} Emissions includa screening & qgrinding oparations

<,

fium baghouse

EPA/XVB Test--downatceam from cyclone and upstruam

g} Derived from EIS file Riv. plant 0034, Hads 14 and 15 Okl & Gas flred
h) Darived from EIS file Riv. plant 0020, Hads I and 37
1) AP40 Hay ‘73, range of thirteen las Anysles Source Teut

% One tenth of a parcant change In sfflciency accounts » §) APA0 May 731, Scatirtical Analysis of 25 Los Angeles Soutcu Tusts,

for 0.05 lbs/bb)l vmissicns; 99.)% eff.

0.3 lbe/bbl; 99.9% aff. accounts for 0.05 ibs/bbl_

¢} Derived from XVB source test
correlation factor

0 Duclvad from £15 file LA plant 5095, purmit BHO6BB2

%300c¢t Hatural Gas/ton glaes produced 3

accounts for

p. 775, Particulato rmlusion Calculated Value i

AP40 May'73, Emissiond from Two Installations Venting Asphait
Saturators, Table 110-12, p. 42-3, . -

0. 416 gi/scf, 0.%90 gr/scf, 0.5)5 gr/sctk

KB repotted 0.0005 gi/sct and 0.001Y gr/sck downsteeam fibey flltes
plus mist ellminator control devices reported 8% vverall eff.

0.0u?! 0.0017 |
. omiE X B 00 = 98.0%
_tl T ) A bou o= Y824y (L FTTI 1 -
v.aaltr
4 gy box oo = Y8, 60
YLy
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'Figure 2-3. Emission factors as a function of fuel sulfur content
for utility boilers., o
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The AP-42 emission factor cﬁrves plotted in Figure 2-3 are substan-
tially higher thaa any of the KVB test data. The front half data (i.e.,
without impinger) for the 18 tests conducted for this proéram {9 SASS and 9
Joy}, while there is a significant spread, do agree with the other front nalf
data. The lower curve is the best fit through these data. Since the front
data, taken on this program appear to be valid becsause they are cdnsistent'
with other data by different crews at different locations, it seems reascnable
to assume that the total catch data taken on this program should also be
valid. The mean emission factor value for total catch méasuremegts'is 3 1b/

1000 gal burned which is the value selected for use in the final inventory.

Distillate oil combustion by’ industrial sources alsc represents an
important industrial source of particulates. Once again it was difficul:z
to make a comparisan between AP-42's value'fcr.a f£ront half catch and tke
SCAQMD's wvalue for total particulates. However, thers was good agreement
between KVB and the SCAQMb. Therefore, no correction factor to the EIS

system was felt necessary.

For CO boilers the AQMD did not use a single emission factor but used

the test data for each souxce. A review of the EIS data indicated that the

,average‘co boiler TSP emission was 14.4 1b/1000 bbl throughput. This is cn

the low end of the AP~42 rénge but all units in the Basin utilize electrostatic
precipitators (ESP). THe unit tested by KVB had been-listed in the EIS file at
the equivalent 65 4.3 1b/1oob bbl which was obviously, log compared to XVB test
data of 32 1b/1000 bbl. It was later learmed thatuthe EPA had recently tested
the same CO noiler. The EPA used a Metnod 5 train and a SCAQ?D train and
méasu:ed cotal emissions (including the impinger) in -both cases. The resultis
were 32 and 25 15/1000 bbl respectivgly. KVB corrected EIS file for the

emigsions of the specific CO beoiler involved in the tests.
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2. Mineral products--Table 2-1b prescnts a comparison of the emission

factors used to estimate the particulate emissions emitted from mineral product '

operaticns. Since the SCAQMD. used test‘iesults from these sources rather
than emission factors, the comparison between SCAQMD values and those obtained

in this program has been made for a particular unit tested.

The results of the gypsum calciner test conducted by KVB are a factor
of 2 greater than that found by the AQMD and that listed in AP-42. The reason

for this is believed to be an abnormal baghouse operation on the day of the

test as commented on by the operators. No correction was made.

The emission factor for the claygrinding and puivgrizing operation for
brick manufacturers-generited from KVB test data are‘iower than the
values listed in AP-42 (the value in the EIS sysﬁem). If the fugitive dust
from this process could have been included (not tested.in this study) the,
emissicn factor would be much higher and thus be closer to the AP-42 value.
Also the clay was slightly more moist due to rainy weathe .. This would
greatly aid in reducing the emission. Therefore the emissioﬁ factor used in

the current EIS system was left unchanged.

The results of the coal fired cement kiln test indicated that ther.
was godd‘agreemen; between KVB and AP-42. The SCAQMD's value listed in the EIS
however was six times greaﬁer than that listed in AP-42 or measured by KVB. |
A close lock at the effects of control device efficiencj reve&led'that a
0.1% change in efficiency results in a 0.05 lb/bblicement emission increase.
Therefore a 99.9% efficiency resqlts in a 0.05 lb/bbl emission factor while
a 99.3% efficiency results in 0.3 lb/bbl emission rfactor. The latter ef-
ficiency seemed reasonable for an industrial process. This coﬁpled with
the limited number of tests taken was the basis for not initiating an emis-
sions factor change to the EIS file.
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The emission factors generated from the results of KVB field testing
for the glass furmaces are in good agreement with the values listed in AP-42
and the current EIS system. The emission factors in the EIS svstem were left
unchanged except in the case where there was no iisting for a glass furnace.
When theré was not a listing the‘controlleé emission factor was assigned'ta
the plant. Often cther plant data needed to be obtained _o make an encry in

the EIS system.

In comparing KVB's measured emissions from fiberglass forming opera-
tions against thcse listed in AP-42 and the EIS system it was found that
KVB's valye was approximately midway between them. A source test conducted
by the SCAQMD at a similar plant supports their lower value. Based on the
limited number of‘sam;les taﬁen'ani sariables in the operation, a point source

emission factor change was not felt to be agprepriate.

‘ KVB's measured emission factor for an asphalt rocofing felt saturator
was approximately one~nalf the value found in the EIS system. It was
difficult to use AP-42's value for comparison purroses because 1t is only given
for uncontrolled sources. KVB and the SCAQMD's values are for controlled

devices. No correction factor was apolied.

"In reviewing the EIS computer printout for the asphalti;‘cgncrete
batch plant tested, a decimal error located in thé emission factor was noted
and corrgcted. XVB's measured value supported the now correct SCAQMD value
and therefore, no further change was necessary. AP-42's value apgeared to pe

high in this case. :

3. Food and agriculture--The carob roaster in Table 2-lc¢ shows agreement

- between the KV3 test results and the AP-42 results but disagrzaement with
the AQMD results. The AQMD emissions were on a million cubic feet basis
instead of a ton of producf basis as in AP-42. No changes in emissions
were macde but the AQMD was recommended to change the basis for computing
emissions. The KVB results fﬁr the rice dryer were in agreement.with AP-42.

There are no rice dryers in the Basin.

2=16 KVB 58C6-783


https://f;ir.12.ce

4. Evaporative sources--Table 2-1d presents a comparison of the emis-

sion factors used in esfimating the emissions from water-based and solvent-
based spray paint booths. There is no existing emission factor listing for
this category in AP-42. Also. since the SCAQMD used test results from these

sources rather than overall emission factors, the comparison between the

.SCAQMD's values and those obtained in this program has been made for a

particular unit tested.

S. Metallurgical cperations--Table 2-l1g presents a comparison of the

emission factors used to estimate the particulate emissions from metallurgical
operations. Here again, the SCAQMD us« ~d test results from these sources
rather than overall emission factors for computing a source's annual emis-

sions.

an absence of emission factors in AP-42 for steel heat treating and
steel sand blasting was noted. KVB's measured emissions upstream and down=-
stream of a control device for these operations were difficult to compare’

against the SCAQMD's uncontrolled values. No corrections were applied.

For the aiuminum reverbatory furnaces tested the EIS ligting was found
+o0 be outdated and in the process of being revised. There was also wide
disagreement between the three emission factor sources. The SCAQMD overall
emiséi?n factor for this operation was found to lie midway between AP42 and
KVB. It was therefore felt that the SCAQMD emission factor was

best suited.

KVB's measured emission factors for an Openvhearth steel furnace
(oxygen lance) are slightly higher than the SCAQMD's source test emission
’factor and those listed in AP-42. The reasan is that the électrostatic
precipitator being used'is not as efficient as it had been in the past. This

reduced efficiency results in a slightly higher controlled emission factor.

The factor listed in the EIS system was deemed correct and therefore
‘not altered. The SCAQMD's overall emission factor for this category appears
to be low. There was not sufficient test information available, however,

to critigue it with a reasonable degree of accuracy.
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2+3.2 Emission Profileg

A. Description——

A unique aspect of the current program was the development of emis-
sion profiles —— the identification of the elements in four particle size
ranges represented by the TSP emission rates currently given in emission

measurements.

A primary cbjective of this program was to. identify the elemental
emissions ard size distribution for each stationary source t?pe in the Basin.
Thus an emission profile was formulatad for each Source qlassification Code
(sCC) emittihq particuiate material in the Basin. Both point and area
sources were included. all plant devices identified by the same SCC and
SIC number were given the same emissiocn profile. Conversely, it was import-
ant =that profiles Lbe truly representative of the device in general. Addi-
tional advantages of developing aggregate profiles by SCC number were: (1}
estimations based on larger data samples were more statistically :eliablev
than single data samples, (2) profiles were compatible‘with the EIS concapt
by describing devices by the SCC number éystem, and (3) volume of profile

data was reduced to a more ‘manageable level. -

The initial intent was o provide a profile for each SCC lisﬁed in
the data base. In many insﬁances, hcweﬁeg, an individual profile was found
to cover several SCC and SCC/SIC combinations. The profile data base was
therefcre formulated and indexed by a profile number. Separate profile
numbers (with identical specie distributions) were given to 3CC/SIC
combinations to facilitate data management, specifically'the segregation of
emissions from devices with similar SCC codes in two different industry

classes into the appropriate ARS Application Categories.
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In each profile the chemical elements of the particulates were identi-
fied by their appropriate SAROAD code foi each size rangel(4 ranges.; A typi-
cal profile is shown on the following page. As;ociated with each emission
profile was an estimate of its relative credibility. This estimate of credi-
bility was strictly subjective and has been included to give a relative level
of confidence to the specific profile.. No statistical significance has been or

should be given to these erroxr estimates.

The emissior profiles developed in the current study are presénted in
the Appendix. A profile lists the SARCAD code, elemental name, and percent
contribution of each species. The elements are also summed by size distri-
bution. A sample profile is presented on the next page. WO reports are
used to relaté the profiles to the devices in the inventory. Thg scc repért
(sorted by SCC number and profi;e nunber) lists all devices in the inventory and
giées the profile number of the profile that describes the emission breakdown
for the particulax device. The profile file (Appendix) lists the profiles
by profile number. ‘

R. Methodolcgy--

Two® general approaches were used.to formulate the emission profiles:
one where oqu one data point was available to characterize many sourées and
the cther where multigle'aata points wefé available. In cases where a pro-
file was available from only one source and that source was believed to be
fepresentative of all such source types in the Basin, then that particular
source emission profile was used. An appropriate credibility estimate was
given to reflect the relative confidence level‘of-these data. It was anti-
cipated early in the program that a significant number of souxce types would
fall into this category due to the limited amount of field tests available.
Therafore, test locations were caééfully selected on the basis of the represen-
tative nature of their emissions to all other devices of that particular type.
In this way, data from this socurce could be assumed to apply to other non-

tested sources.
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' EXAMPLE OF EMISSION PROFILE. OTHER PROFILES LISTED IN APPENDIX.

mitle: Utility Boilers {(Residual

Fuel)

Source of Data:
_}i_ KVB Test
X Literature Data——Ref.*
X Estimate--Basist
Confidence Level II

Profile Key:

00086

Applicable SCC's

1-01-004-01,

1-02-004~01

1-02-004-03,

1-02-005~-01

1-02-005~-02,

1-02-005-03

Test % 11,12,12,21,22,23,24,32,33.

Size Range >10um 3-10um 1-3um <lum Composite

Wts TSP in Size Range 3 4 , . 8 85 - 100
SAROAD Wts of g€pgeies in Indicated Size

Species ‘Code 0.1% < & < 1.0%" 4% Oalt
Arsenic 12103 a. ‘\\Q,/' a T a a
Barium 12107 £ - t t
Bromine 12109 & ' d ‘ d
Cadmium 12110 - § 2 a a
Calcium - 12111 t N t 10 10
Chromium 12112 >N t t *
Cobalt 9113 g q a a
Copper . 12114 a a d
Iron ; 12126 .4 4 4 2 2
Lead 12128 a a . d a a
Manganese 12132 - d d 4d d 4
Molybdenum 12134 a - d a a
Nickel | 12136 2 2 2 5 5
Potassium 12180 + ' t £, & t
Selenium 12154 qoda d a a a
Strontium i2le8 d d a a a
Titanium T 12161 d a 4 a . a
Vanadium | 12164 t t t 8 &
Zing 12167 t t t + £
Sulfates 12403 120 20 20 30 28
Nitrate ‘ :

(820 sol) 12306 d 4 a d d
Total Carbon| 121138 30 30 20 22
[Volatile
<Carbon) 15101 (20) (20 (20) (14) (15) "
Subtotal 5% 58 56 67 67
Cther 44 44 44 33 33
Total 100 100 100 100 100
*Ref 2-9 10/78

. tEstimated to be same as 2-10um size fraction

{ ) included in total carbon
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1. Single data point profiles--The weight percent of each size rénge was
obtained from the partiéle size distribution plot (which included the impinger
catch) given in Section 4 for each industrial type tested. The details of how
these curves were generated are discussed in Section 3.2.3 B. wWhenever data
was taken on a control device, the downstream (outlet) data was used to generate
the profile for both chemical composition and size distribution. The chemic;l
'composition for each size range was cbtained from the analyses for the
particulate catches as discussed in Section 3.2.2. The fixst, second, and third
cyclone analysis results were used in conjunction with the >10um, 10-3um,
and 3-lum size range respectively. The filter and impinger catch analysis
lresults wefe used in conjunction with the <lum size range.. For each‘impingerl
catch there was an organic “raction which was obtained from methyl chloroform
extraction of the impinger condensate as explained in Section 3.3.3-C and an
inorganic fraction which was the remaining impinger residue as also explained
in Section 3.2.2~C. Because the organic fraction residue could not be removed
from the evaporation dish as discussed in Section 3.2.2-D (pcge 3-52), for
chemical analysis purposés only the inorganic fraction of the impingér catch
was uéed with the filter analysis to fully characterize the <lﬁm size range.

The percent of carbon in theé organic fraction was incorporateq with the carbon

concentration of the <lum size tange for each profile.

Whenever there were no data fgr a size range of a particular profilév
and there were data for the other size ranges, then an estimate was made.
This estimate generally assumed.that the concentrations of the chemical
constituents were the same for each size range. It is believed that this
is a good assumption because most of the profiles where complete data were
available indicated that the concentrations of the chemical constituents
were similar for the size range, except for sulfate and condensible carbon.
Sulfates tend to be about two to three times more concentrated in the smaller

sizes (impinger) than in the larger sizes. .Condensible carbon usually ends

up in the impinger catch (small size) and showed up in the impinger organic

fraction.
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2. Multiple data point profiles—-The seceond approach used was to

develop emission profiles based on data from several sources within a particu-
'late source type. This involved: (1) acguiring the data, (2) determining the
relative magnitudes of each source compared to the total emission from the source
type, and (3) forming a compositg profile by factoring the data from each

scurce by an appropriate weighting factor. In this manner, emission profiles
were developed for individual s rce types that in actuality représented the

average emissionsg from sources of that category (SCC number) .

. The approach used to assign profile numbers (keys) to each source
type (SCC number) was as follows:

1. A curxent list of all scurce types (SCT number) that were
emitting particulates into the SCAS was generated from the

most recent (April 1978) EIS summary. -

2. Each item on this list of source types was assigned a
four-digit number. These are listed in Table 2-2. The
number 0000 indicates that there was no data available
to gen;:ate the emission profile. The numher 0039 indi-
cates that the source type js not classified. All other

numbers were assigned to a specific souzce type.

3.. EBach of the profile numbers listed in Table 2-2 wore
matched with the appropriate sé: number from the lisi
generated from the éu:rent EIS £ile (1 above}. In maﬂy
instances, an individual prefile was found to cover several
SCC and SCC/SIC combinations. The profile data base was
therefore formulated‘and ;ndexed by a prqfile nucktar.

' This is listed in Table 2-3.
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TABLE 2-2. DPROFILE KEY INDEX

.

Profile Key . Source Classification Reference
0000 ) Data not ;vailable for profile
Qool Industrial boilers (crude and residue) Sec. 4.2.1
0002 Industrial boilers (diesel fuel) | -Sec. 4.2.2
0003 v Internal combustion engines (diesel fuel) Sec. 4:2.5.
0004 Internal combustion engines (gas fuel) Sec. 4.2.5
0005 ‘_ A ' Wood waste boiler , : Ref. 2-8,
' ' © Sec. 4.2.4
2006 Utility boilers (residual fuel) Ref. 2-9,
Sec. 4.2.4
2Ca7 Rice dryer : - Sec. 4.2.13
0008 Coffee/Carob roasting Sec. 4.2.14
0009 Steel heat treating * Sec. 4.2.15
0010 , Steel abrasive blasting Sec. 4.2.1%
0011 Aluminum foundry ‘ Sec. 4.2.17
0012 Steel--sintexr plant | | ,Sec. 4.2.13
0013 Steel-opeﬁ hearth furnace ' Ref. 2-10,
_ Sec. 3.2.13
0014 o Caldination of gypsum Sec. 4.2.7
0015 ' Brick grinding and screening Sec. 4.2.38
0016 Cement production _ Sec. 4.2.6
0017 - Glass melting furnace ‘ . Sec. 4.2.9
0018 ‘ Fiberglass forming line : Sec. 4.2.13
0019 . Asphalt roofing : Sec. 4.2.11
3020 Asphaltic concrete batch plant . | Sec. 4.2.12
0021 . Paint spra& booth (water solvent) ' Sec. 4.2.22
0022 . Paint spray booth (oil solvents) Sec. 4.2.22
0023 ; Boric acid manufacture - ; Sec. 4.2.20
0024 ‘ Chemical fertilizer (urea) Sec. 4.2.21
0025 . . Wood operation (resawing) . ‘ Sec. 4.2.23
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0026
0027

o028

0030
0031
0032
0033

[9]

)
(9]
F

J035
2038

9037

0033

C0al

2040

co4l
0042
0043
3044
2045
0046
8047
2048
0049
0099

TABLE 2-2. {Continued)

Wood coperation (sanding)

Petroleum heaters (natural
gas fuel)

Petroleum--¥CC Units/CO Boliers

Teed and grain operations
Limestone kilns
Basic oxygen furnace (steel)

Electric arc furmace (steel)

Tire attriticn
Ciga:ette smoke
Sea =zit spray
3rake lining wear

Livestock dust

‘unpaved roads

Construction dust
Agriculzural burning
rorest fires
Land£ill dust

Agricultural tilling

Section 4.2.23

A *

Secticn 4.2.24

. Ref., 2=11

Section 4.2.25
Ref. 2-12
Ref. 2-13
Ref. 2-10
Ref. 2-14
Ref. 2-15

Qe i, 2-13

Industrial Boiler (natural gas fuel)

Not classified
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"ABLE 2-3.

PRLITLE KEY ASSIGNMENT TO SCC NUMBERS

SCCH

1-01-004~C1
1-01-005-01
1-71-006-01
1-01-006-02

"1-02-004-01

1-02-004-03
1-02-005-01

1-02-005-02

1-02-0C5-03

1-02-006-01

. 1-05-002-06 -

1-02-006-02
1-02-006-03
1-02-007-01
1-02-007-02
1-02-007-07
1-63-005-02
1-03-006-02
1-03-007-03

2-01-001-01
2-01-002-01
2-02-002-02
2-06-013-01
3-01-009-99

'3-01-C17-01

3-01-999-99
3-02-001-99
3-02-005-01
3-02-006-01
3-02-006-02

2=25

Profile
Key

0006
0002
0049

© 0049

0006
0006
0006
0006
ooce
0049
0049
0049
0049
0049
0049
0002
0049
0049
0049
002
0049
0049
0099
0099
0000
0099
0099
0029
0029
0029

e
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TABLE 2-3.

3-62-007-30
3-02-008-99 °
3-02-999-98
3-02-003-02
3-03-003-04
3-03-003-06
3-03-003-99
3-03-008-02
3-03-008-03
3-03-008-99
3-03-909-01
3-03-009-03
2-03-00%-05
3-04-001-01
3-04-001-99
3-04-003-01
3-04-003-50
3-04-004-03
3-04-007-01
3-04-007-09
3-04-999-99
3-05-001-94
3-05-001-99
3-05~002-01
3-05-002-99
' 3+05-003-02
3-05-006-02
3-05-006-99
3-05-007-99
'3-05-008-01
3-05-008-02
3-05-008-99
3-05-011-01
3-05-012-04

{Continued)

0029
0023
0099
(o;¢]0]e;
0000
a000
0099
00Q0
0cl2
Q099
2913
2031

0032 -

o1l
0C99
0c00
0000
0000
0032
0099
0C99
0019
0019
0020
0020
0015
oole
0099
0016
0015
0015
0099
Q016

00l3
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TABLE 2-3.

3-95-011-99
3-05~014-01
3-05-014-11
3-05-015-02
3-05-015-99
3-05-016-99
3-05-017-01
3-05-017-99
3-05-020-01
3-05-020-02
3-05-020~05
3-05-020-06
3-05-020-30
3-05-020-99
3-05-025-01
3-05-025-99

. 3-05-999-88

3-05-999-39
3-06-001-02

' 3-06-001-03

3-06-001-04
3-06=-001-09
3-06-002-01

. 3-06-009-99

3-06-011-99
3-06-012-03
3-06-999-97
3-06-399-98

. 3=-07-004-99
'3=-07-020-99

{(Continued)

0099
0017
0017
0014
0014
0030
0000

0099

0033
0033
0033
0034
0099
0099
0033
0099
0099
0099

0027
0000

0027
0099
0028

0099

0099
0000
0099
0099
C099
0099

I

KVB 5806-783

L) OB A e I 1 TN 58



TABLE 2-3.

3-09-001-88
3-09-001-99
3-09-030-04

3-09-030-99

3-09-999-99
3-63-009-01
3-90-005-05
3-30-006-05
3-30-006-08
3-90-006-31
3-90-006-99
3-90-006-99
3-99-999-99
4-02-001-01
4-02-003-01
4-02-004-01
4-02-004-05
4-02-005-99
4-02-007-01
4-02-008-01
4-02-008-03
3-04-001-99
4-90-999~99
5-03-002-01
9-12-071-00
9-13-081-00

9-14-001-07

9-14-034-00
9-24-089-95
9-27-619-50
9-41-009~52

(Continued)

0099
0099
0Qo0
0099
Q099
0099
0000

001l

0000
Q000
0029
0099
0099
0021
0022
0022
0022
0099
000C
0000
'OOOO
Q09s
0G99
0045
0043
0046
0G36
Q037

0035

0039
0041
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TABLE 2-3 (Continued)

9-47-239~00
9-47-307-42
9-47-549-01
9-49-000-00
9-49-999-01
3-49-999-98
9-49-999-99
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C. Critical Profileg—-—

Due to the magnitude of the sources which they represent, several
emissioq profiles were recognizZed to have a significant impact on the results
of the final inventory. These include: (1) combustion of fuels for utility
and industrial boilers, (2) cement production. (3) fuqi;ivé'dust from unpavedl
roads ang copst:uction, and (4) tire dust from wear. Detgiied discussion of

the development of these profiles are included in the following section.

1. Combustion of fuels--The combustion of fuels constitutes about 530% of

the particulate emissions from poinc sources in the SCaB. This large source of
emission was broken down into two groups: (1) emissions from utility beilers

and (2) emissions from industrial boilers.

Nine field tests*, with two sampling trains for a total of 18 tests,
wexe done on utility boilers burning low sulfur residual fuel. .Thése were used
to develop the emission profile for utility boilers burning residual fuel. The'
fesults from these tests indicated that 85% by weight of the particles were
less than iim. Thirty-six percent of the total particulates were sulfates, 22%
were carbon, l0% were calcium, 5% were nickel and 2% were iron. All other
elements that were detected by the analysis were in concentrations less than

1%. This profile (profile key 000l) is listed in the Appendix (Vol. II).

The results of two field tests® on industrial boilers burning diesel
fuel were used to develop the emission profile for industrial boilers. fhe
~results indicated that 96% by weight of the particulates were less than lum
of which 65% were sulfates, 15% were carbon, and all other elements detected
were in concentrations less than 1%. This profile (profile key 0002) is

listed ia the Appendix.

2. Cement production--The results of two field tests* and data from_

Reference 2-16 were used to develop the emission profile for the productiop of

Portland Cement. These results indicated that 34% by ﬁeight of the particles

* These field tests are discussed in detail in Section 4.0
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were less than lum, 34% between 3-1lum, 24% between 10-3um, and 8% greater than
10um. Twenty five percent of the composite of the sizes were sulfates,
10% silicon, 20% calcium, 8% carbor, and all other elements detected were

in concentrations'lesslthan 1%. This profile (profile key J016) is listed in

the Appendix.

3. Fugitive dust--The fuéitivg dust emission constitutes abou:t 80% of the
particulate emission from .he accountable afea sources. Fugitive dust emissions
are broken intd> five grrups: (1) road and building construction, 55%,

2) unpaved roads 18%, 2) agricultural tilliﬁg, 7%, 4) livestock feed lots, 1%,
and 5) refuse disposal sites, <1%.  Cnly rocad and building construction and
urpaved. roads will be discussed here. From the literature, (Ref. 2-17,18), it
was determined that 45% by weight of the particles were greater than 1OuLm,

15% between 10-3um, 12% between 3-1lum, and 28% less than lum, for coqstruction
dust. Twenty percent were silicon, 8% aluminum, 2% calcium, 3% iron, and 2%
potassium. All other elements listed were in concentrations less than 1%.

The profile for construction dust (profile key 0044) is given in Appendix A.
The profile for fugitive dust from unpaved roads is similar to that of
construction dust. From the literature (Ref. 2-17,15) it was determined thatl55§
by weight of the particles were greater than 10um, 15% between 10-3um, 12%
between ﬁ—lum, and 18% less than lum. Twent& percent were silicon, 8%
aluminum, 2% calcium, 3% iron, and 2% potassium. All other elements listed
were in concentrations less than 1%. The profile for fugitive dust from

unpéved roads’ (profile key 0043) is listed in the Appendix.

4. Tire Dust--Emissicns from tire attrition constitutes about 7% of the
particulate emissions from the accountable area sources. 'From the literature
(Ref. 2-17,18) it was éetermined that breakdown of the particle size distribution
is as follows: ‘ )

' >10um © 10-3um .~ ¢ 3<lum <lum
Tire Dust - _ 60% : S8 13% 208

The dust is composed of about 90% carbon, and 1% zinc. The remaining element
is hydrogen. Further information on tire dust is presented in the next

section (Section 2.3.3 C.1)
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2.3.3 Area Sources

An important aspect of the XVB fine particulates emission inventory
was the identification of sources of fine particulate emissions not under
permit and generally not included or adequately characterized in previous
"inventories. These sources were categorized into four main groups: 1) fugi-
tiva &ust sources, Z2) coambustion sourcés. 3) automobile scurces, and 4) sea salt
spray. Because these are diffuse and not concentrated sources like industrial
point sources, they are referre@ to as area sources. Emission factors for
these sources were theréfore based on land area, population, land use, or

other criteria characteristic of the area source.

Table 2-4 presents a summary of the area source suspencad particu-
late emission estimates for each of the scurces considered. Precise emis-
sion rates were difficult to estimate due to the complex nature ané non-avail-

ability of applicable data for each source type.

A second objective of the area source inventory was to identify the
particle size‘and chemical composition of the reported particulate emissioﬁs
from each source type. Acgain, precise particle sizing and chemical <omposition
were difficult to obtain for many area source types due to the wid. variation
in materials associated with each area source. Specific source chemical

composition analysis can be found under that section titled “Area Profiles."

A third ohjéctive of the study was to locate these area sources
geographically in the South Coast Air Basin. To this end, information was
secured from various governmental agencies 6n population distributicn, land
use, agricultural plantings, zonstruction and road building, etc. Maps
corresponding to the approximate location of each source were developed.
Area sources based oa population were distributed on a per capité basis

hased on information from the ARB.
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TABLE 2-4. ESTIMATED 1976 AREA SOURCE FINE PARTICLE EMISSIONS SUMMARY )
(1) Percent
South Coast Air Basin Countics - (c) of Estimated
Los River- San Santa Emissions Grgnd Percent
Orange Angeles side Bernardino Ventugg Barbara Tons/yr _ Total Accuracy
Road & Building Con-
struction 21,000 24,000 7,100 11,000 6,400 1,000 71,000 20.9 +50,-20
Agricultural Tilling 1,300 1,200 3,100 800 3,100 40 9,500 2.8 125
Refuse Disposal Sites 60 200 20 20 20 6 300 <0.1 125,-20
Livestock Feedlots 150 3 150 950 5 5 1,300 0.4 150
Unpaved Road Travel 2,000 14,000 2,000 1,800 2,600 230 23,000 6.8 140
Paved Road Travel {(d) 33,000 140,000 7,600 12,000 8,800 3,100 200,000(d) 58.8 150
Fugitivé Dust--Subtotal 305,000 89.7
Forest Fires 120 700 600 430 530 50 2,400 0.7 +50,-20
Structural Fires (e} - 40 160 10 15 10 5 200 <0.1 +100, -20
Fireplzces 70 280 30 60 20 10 500 0.1 +100,-10
Residential Natural Gas .20 90 5 10 10 5 100 <0.1 125
Cigarettes 130 520 30 50 10 .10 800 0.2 +20,-50
Agricultural Burning 20 50 30 - 400 10 500 0.1 125
Combustion--Subtotal 4,500 1.3
Tire Attrition 1,400 5,700 320 496 370 130 8,400 2,5 120
Brake Lining Attrition 530 2,100 120 . 180 - 140 50 3,100 0.9 120
Automotive--Subtotal 11,000 / 3.2
Sea Salt-- 4,000 6,700 e --- 3,500 5,800 20,000 5.9 +50,-20
Grand Tptal 340,000 290%

a) Emission estimates are based on particles § 10 um
b) - Includes only that portion of County within SCAB

c) Rounded to three significant figures
d) A large (but unknown) percentage of the 200 000 tons/year is a551gnable to other area source. categqgories
For this reason (see Section 2.3.3-A-6) it was not

studied and not studied in this inventovy.
7 included in the final inventory count as indicated in Table 2-18,
e) Includes property, contents and vehicle loss.
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The following sections mresent a discussion of thelmethodclogies
and references used irn making these estimates. In general, the procedure
involved the establishmeﬁt of two criteria: 1) an emission factor coupled with
2) an appropriate inventory. Using this format, improvements of either criteria

can be rzadily employed to improve‘future estimates.

It must be pointed out that many of the emission factors applied to
the inventories presented were devéloped specifically for this study of the
South Coast Air Basin and are not necessarily appropriate oz applicable to other

study areas.

Those emission factors based on studies conducted outsicde the air
basin were carefully reviewed and reevaluated when it was deemed necessary

in order to make the raw emission factor more applicable to the study area.

A. Fugitive Dust--

Significant sources of atmospheric dust acise f£rom the mechanical dis-
turbance of granular material exposed to. the air. Dust generated from these
open sources is termed "fSugitive" because it is nct discharged to the atmos-

phere in a confined flow stream.

In the 1976 inventory (Table 2-4), fugitive dust accounted for approxi- -
mately 75% of the 140,000 tons of suspended particulate matter {(<10um particles)
estimated to bé eﬁanating from the arsa sources considered excluding paved
road travel. The 'six fugitive dust areas considered are: (1) road and building
construction, (2} agricultural tilling, (j)'refuse disposal sites, (4) livestock
feedlcts, (S5) unpaved road travel, and (6) paved road travel. As can be seen in
Table 2-4, rdad_and building construction coupled with unpaved road travel account

- for 66% of the total 1976 area source estimate (excluding paved road travel)p

The basis for exludiﬁg paved road travel is explained in Section 3.2.3-5.
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For the above categories of fugitive dust sources, the dusc generation
process is caused by two basic physical phenomena:
1. Pulverizatia: aad abrasion of surface materials b? application
of mechanical force through implements (wheels, blades, etc.)
2. Entrainment of dust particles by the action of turbulent air

currents gen2rated by winds, moving vehicles, etc. -

The air poilution impaét of a fugitive dust source depends on the

'quantity and drift of the dust particles emitted into the atmosphere. 1In

addition to large dust particles that settle out near the source (often
creating a localized nuisance problem) , cons;derable amounts of fine rars.u:les

are also emitted and discersed over much cvea er distances from the source
(Ref. 2~-19).

The quantities of dusf reported as emissions in this report are
defined as being comprised of partlcles smaller than l0um and having a
particle densxty of 2.0 - 2.5 g/cm . Further particle s;ze breakdown inta
10um, <3um, and <lum intervals is included in each sub-c;tegory discussion.
The correlation between Ambient Hi-Volume Samples and the Pasquile=Gif ford
Diffusion equation for ground level sources was employed by the re.erenced

studies (Refs. 2-17,13) as the basis for computing the original amission
factors. ’

.1. Road and building Fonstruc+zon-—kecent studies (Refs. 2-20,21) rnave

concluded that road and building constructior activities are significant sources
of fugitive dust. Such emissions are associated with land clearing, blasting,
grcund excavations, cut énd £ill operations, and the construction of the
particular facility‘itself.‘ As can be seen in Table 2-4, construction
activities accounted for the single largest source of particulate matter

(excluding paved road travel),
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e - ‘ Pedco-Envirormental Specialists (Ref. 2-17) and Midwést Research

Institute (Ref. 2-12) have conducted investigartions intc the emissions from
construction operations. An uncontrolled emission factor of 1.2 tons cer acre

0f censtruction per month of activity for particles <30um was determined. However,
Pedco also concluded that a 50% reduction in emissions is possible if adequate
dust control such as watering twice daily 1s practiced. Review oI 3CAQMD's

Rules 402 and 403 on Fugizive Dust, communication abcut Rules 4C2 and 403 with

the SCACMD (Ref. 2-22) and on—si:é asbEservarzions of constfuctioﬁ sites revealsd

that a 3C% reduction is indeed possible and was therelore used in this study.

' Also, approximately 20% by weight of the paTticles lie in the 30um to
12.m particle size interwal. Therefore an emission factor of 0.5 tons per acra-

. menth for building Sonstruction was chosen 3 b2 agplicable %9 the study area

hy

wita thus Sagtor inclifing wha 50% redugsion achieved By wassrisg. S FLghewEy

£ 2.23 tcns ger acre-month was 2stimated based

2
constriciion an enigsicen fadTor o
on communications with %he ARS {(Ref. 2-21).
An inventery of the acre-months of building and road: construction
<4 £rom the AR (Ref. 2-21). Table 2-3 lists the acre-cocnths

of construction activity aand emissions ger Zounty. An emission factor of

¥ - 2.3 tons per 1UCC pecpie per year was entered into the final :aventory. A
Populiation based emissicn factor was chosen o best reflacst the location of
5 ' their emissicns since residenti censtrction, at least, would be in

soportion o the neighboring populatign densirty: . 3

Cn the average, dust emissions from construction orerations nave the ;

Sollowing zart:cle size characteristics:

CHEC = ST I SO U, R

v
E
L
n
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TABIE 2-5.
PARTICULATE EMISSIONS SUMMARY

ROAD & BUILDING CONSTRUCTION

Acre-months Construction

Non-~ Emissions
. County Residential Residential Roads tons/vr
Orange 29,894 6,004 11,832 21,000
Los Angeles 25,627 13, 304 20,184 .24,000
Biverside 8,078 1,236 9,860 7,100
San Bernardino 12,501 1,738 14,384 11,000
Ventu.a 9,787 1,085 3,828 6,400
Santa Barbara 1,172 . 258 1,144 1,0C0
Total 71,3C
tons/yr -
o T T T T T T T T T T T T T T T
80 fo= & =~
60 L Particle Size Distridution . .
50 b Road & Building Construction —
30 .
20 fe -
1
g
= n 64,
]
§ - § - -
: e -
& S fus —1
‘L‘ —
‘ 40
3
& pn ey
’ %4
1 1t 11 -1 1 /A I T B T T 1 1 11
.81 GC.. ©.51 2 5 10 20 30 40506570 3G 30 35 33 39 99.3  39.3°

Tigure 2-4.

WEIZHT, DERCENT LESS THAN STATED SIIE

Road andé building c
particle size distribution.

2=37

onstruction dust
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2. Agricultural tillage—Approximately 9500 tons per vear of fugitive dust

(particles <10um) were estimated to be coming frem agricultural tilling

operations within the basin as shown in Table 2-4.

The two universal objectives of agricultural tilling are the creation
of the desired soil structure ©o be used as the crop seedbed and the eradica-
tion of weeds. Plc?ing, the most common method of tillage, consists of some
form of cutting loose, granulating, and inverting the soil and turning under
the organic litter. Implements that loosen the soil and cut off the-weeds but

leave the surface trash in place, have recently become more popular for tilling

in dryland farming areas.

During a tilling operation, dust particles from the loosening and
pulverization of the soil ars emitted into the atmosphere as the soil is
dropped to the surface. Dust emissions are greatest when the soil is dry and

during final seedbed Prepaxation (Ref. 2-23).
In developing an emissions estimate, a threefold approach was taken:

1. Establistment of a 1376 inventory of tihie harvested acreage cof fia2ld,
truck, orchards, sutdoor nursery, and improved pasturs.

2. Determination of the passes per crop made by a farming

' implement that disturbs the soil significantly.

3. DSevelcrment of the prorer eaission factor to apply o

farming operations within the Basin.

An inventory of harvested acreage was compiled with the aid of the
1376 Couaty Aagricultural Commission's Crop Reports (Refs. 2-24 through 29).
The passes per crop ‘ere determined throuch lengthy communication with
ounerous University cf Califormia Cooperative Extension Service Farm Adviscrs
(Refs. 2-3C =<hzough 33). ‘The estimated average number of passes per crop tyoe
are oresented in Table 2-3.
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'"TABLE 2-6. ESTIMATED AVERAGE FASRM IMPLEMENT PASS

Fieid Crops

Sarley

Lina beans
day., alfaifa
Hay, grain
Iavroved pasture
Sugar daets
Wheat |

Com :
Grass
Safflowar
MisC. Seed

Trugik CT2es
Ascarcacus

3eans
Beecs

derrias~-3trawperTies

dersias

Broséals

cancage

Cazrocs
Cauliflower

lam

Caéuaners

€39 Fliant

Eadive

arl:s

azIiuce.
lante.oure i
lrenstaws
Honeydew

Migc. Melons
dateraslons
Mi1sc. Yegetables
Skra '
Oniona
Peaas
Peppers
Pazatoes
PuDpK L
Radisnhes
R0ma1ne
Rutabaga
3quash
Tomatoes
Turmips
Parsiey
Parsnips

Jrzhard 'Tioos

Nursery

Curdoor Pleld “rown

Cut flowers

Est.inatec Aver

SAasses Ser oo
— =

w O W
wn

[ I ARV R IV Sy 2

L i e v O T T o W Y B ™ "I ¥ LIV VPR VI S S W)

a
2

S

&

Jource: References 2-30 through 2-33.
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Current farming practices in crchards disclosed that only 10-20% of the

acreage presently alotted to orxchards is actually tilled. An increased use

of herbicides is the reason for this practice.

A field study ccoducted by Midwast Research Institute (Ref. 2-18)

concluded that the quantity of dust emitted from agrizultural tilling is

propertional to the area of land being tilled. 1In addition, emissions degend

on the following variables: soil texture, soil moisture, ard tractor speed.

Available test data indicate no substantial deperndence of emissions cn the

type ot tillage implement being used when cperating at a typical speed of

6 mph

{(Ref. 2-18).

- The eguation for estimatiag the total aoount of <illa

is as follcws:

where:

.

1.4s (5/5.9)

=S (€ t15%
(PE/50)

e {=illing) =
e = emission factor (pounds peér acre

s = silt content {particles between 2um-50um as defined by
the U.S. Dept. of Agriculture) of the surface soil (0-d
inches depth) percent ‘

S = implement speed {(miles per hour)

PE = Thornthwaite's precipitation-evaporation index corrected
for irrigation

C = particle sizing factor (e.g. 65% wt. <ldum diameter
particles, see Figure 2-5)
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s The silt content of SCAB agricultural lﬁnds generally ranée from 10-I0s. @
A mid-range value of 20% was chosen. Also, reports cn the moisture content of
the top four inéhes of soil during tilling varied from a PE Index of 17 to 56
(Refs. 2-39,32,34,35). A-value of 41 was.chosen to be representative. Imple-

ment speed varied considi.rably so a value of 5.5 mph was chosen.

By inserting this informatizu into the f.rementioned tillage dust

equatich, an emission factor of 27 1b pet acre pass was derived. A partidg
size distribution plot is shown in Figure 2-5. On the average, dust emisslipns
calculated for agricultural tilling have the following particle size

characteristics (Ref. 2-18):

Particle Diameter ' Weight Percent
<lum | 25%
1-3um. 17%
3-10um 22%

>10um | . 36%

. a summarizatfbn of the inventory and emission estimates by crop grbup‘
and county are preseénted in Table 2-7. Figure 2-6 depicts the major
agricultural areas to which these emission estimates were.assigned.' The
aid of County Agricultural Commissicners' Farm Advisors (Refs. 2-31,36-38) and
an ARB memo (Ref. 2-39) were solicited in estimating the percentage of crops
contained within the Air Basin when a county such as Riverside extends outside

~the study area.

3. Refuse Disposal Sites--Over 15 million tons of liquid and solid waste

were disposed of annually in the 45 major landfill si“es located in the basin.
This accounted for approximately 300 tons of fugitive dust. Disposai invgives
the ;ollection, transportation, unlocading, and soil covering of daily refuse.
For our purposes, the dust associated with unloading and soil covering will

~ be considered to ccnsti;ute the major portion of the dust generated from th;

total disposal cycle.
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A threefold approach was taken in the establishment of the 300 tons

per year estimate:

1. Review of County Soiid Waste Management Plans to establish
site location and annual refuse disposal

2. Determination of the surface area worked baséd on the annual
quanti.ies of refuse disposéd

3. Establishment of an applicable emission factor

Coyote Canyon landfill. site was chosen as a model refuse site. The
surface area worked was estimated to be equal to 2/3 power of the volume of the’
disposed refuse (Ref. 2-4Q). One cubic yard of compacted refuse was estima;ed
to weigh n1200 pounds (density of 0.71 g/cm3) (Ref. 2—41); Review of numerous
articles on fugitiﬁe_dust emissions failed to reveal an emission factor

specifically designed for landfill sites.

Since the activities at A landfill site approximate those found at
a construction siﬁe, the 0.5 ton per acre-month of activity for construction
was chosen. Investigation of dust control practices at Orange County landfill
sites (Ref. 2-42) disclosed that continuous watering of the dirt roadway and
active dump area is coumon practice. Also, continuous wate:iné is practiced
‘at a majority, if not all, municipal sites in the basin. Therefore, it was

felt that the 0.5 ton per acre-month was indeed approprizte.

The specific site locations and annual refuse disposed can be found
in Figure 2-7 and Table 2~8. Emissions were entered into the K final

inventory on the basis of site location.

Particle sizing information on fugitive dust from construction sites

was also judged to be applicable to landfill sites.

4. Livestock dust4-An EPA sponsored study (Ref. 2-17) has been conducted

to quantify the fugitive dust emissions from livestock feedlots. A total of

48 sam>les were taken at 24 different feedlot locations. Emission factbrs of
8 tons/1000 hd/fear for unconﬁrolled lots with less than 25,Q00 head, and

5 tons/1000 hd/yéar for feedlots with mofe than 25,000 head ‘(partj.-cle-<30um)

were cdarived. Additional particle sizing information was not taken, however.
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(Reference: County Solid Waste Management Plans)
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TABLE 2~-8.

IN THE SOUTH COAST AIR BASIN

{(Reference - County Solid Waste Management Plans)

EXISTING MAJCOR CLASS I AWND II SANITARY LANDFILL STTES

_Quanzicy of

Reportad Tons/Year
A S e SRR LAED, Zlass Aczeace Liguid o138 2251 -
Fenturs Cownty, 1979 %
1. Osaha b 54 - ' 1,086 - 1,086
2. Sants Clara b4 4 47 = 434,400 - 434,400
Y. Toland Roed 1z 12e - 36,200 - 36,200
4. Sisi I 130 - 144,800 - 144,800
All Cther Class II Sictas 40 - 167,400 - 167,409
Total 437 797,885
Los Angeles County, 1374
$. N Vallay Befuse Canters 13 23 - 3%0,0C0 550,000
6. Bradley Avenue Dump po4 63 - 332,000 332,002
7. Penccse Pit 13 73 - 3%8,000 398,000
8. Mewitt Pit Iz 117 - 416,000 436,000
9. Calabaesas Land PFill b4 a6 36,000 320,005 356,000
18. mMission Canyon land Fill 12 1,491 - 1,324,000 1,394,000
11. Burberk City land rill aI 133 - 75,000 75,000
12. Toyon Canyon Land Fill 2 40 - 79%,000 795,000
13. Schwill Canyon Land FL21 II 484 - 430,000 450,000
14. Palos Verdss tland Fill b & 295 280,030 1,300,000 1,580,002
1. Ascon Iz [ 85,000 § . 422,000 $07,000
16. Cparecing Induscries Iz 1% 177,000 $89,000 766,000
17. Cicy of whittier lLand Fill Iz A7 - 107,000 107,c0C
18. Pusnte Wills lamd riil 24 1,214 17,000 1,165,000 1,182.000
19. Azusa Western b2 4 07 - 271,000 271,200
20. B.X.K. lLand Fill z 38 2%4,000 352,000 606,000
2. Spadra Land Fill Iz 199 13,000 192,000 205,000
32. Rarbor Oump 12 s - 160,000 160,000
23. Chiquata Canyom Land Pi1) 11 40 - 33,000 33,000
All Cther Winor Clase 1I Sices N.R. 86,050 56,050
Total §,082 862, 300 3,341, 000 12,303,3c0
San_Bernardino County, 1974 )
24. millikea ’ Iz 106 - 215,500 215.%00
23. cCajom 131-2 106 i - 117,%0 - 117.%00
26. Pfomcanas Iz a2 - 64,000 $4.000
27. Neeps Peax b4 4 [ 3] - 16,600 16,600
28. Coitom 34 % - 93,700 91,700
29. Yucaipe b4 N 560 - 34,600 34,600
30. Big dear b 4 70 - 11,600 11.602
_ Toeal L] : 553,500
Riverside County, June 1973 .
31. West Riversade 1X-2 63 - - 82,700 ~ 82,700
2. Corona 11-2 101 ) - 88,350 ~ 89,350
33. Nighwrowe 11-2 20 - 8,300 8,100
34. Mmad valley 11-2 240 - 8,100 8,100
35. EKisimere 1X=2 a4 -, 12,400 12,400
3. bdadiande 11-2 904 - 15,500 13,500
37, Double dutts 13~2 $80 - 61,380 #1,1380
33. lamb Canyom po 188 - 48,050 - 48,050
3. Isyliwild 13-2 30 - - 300 - 3,010
40. Anszs 'I3=2 10 - 1,550 1,5%0
" Toeal da240, 239,140
Orange County, Decembar 1973
41. Oliada Iz 233 - 758,000 . 738,000
42. Coyote Camyon b3 593 - + 2,130,000 2,130,000
43. Samcisgo Canyom 1z 160 - © 374,000 374,000
44. Prisa Oadchecha Iz 943 - 478,000 478,000
Tocal 1,933 3,740,000 3,740,000
Santa Barbars, 1975
45. Tajiguas p &4 im - 202 90¢C 202,909
@0 ToTAL Lhadto, D3282.38 0
2-47
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A particle siia distribution plo: shown in Figure 2-8 was generated

based c¢n the assumptions that the silt content of the soil contained within a

feedlot pen is higher than that of construction and unpaved zovads,and that
the moisture content of the soll may be somewhat higher due to livestock

excretions.

On the average therefore, it is estimated that dust particles from

feedlots would have tile following particle size characteristics:

drticle Diameter Percent by Weight
] <lpum ’ . 4 ‘
1-3um ' 16
-3-10um ' 13
>10um ‘ ’ 25

.

A recent inventory of particulate emissions from feedlots located

within the basin was conducted by the Arr Resources Board (Ref. 2-43). Emissions

cf 1400 tons (particles <30um) were estimated. Basis for this'estimateAwas the

above mentioned study and the Califsrnia Livestock Statistics Report for 1976.

A recent stuc,; (Ref. 2-44) on this same subject conducted by the SCAQMD was usad

as a tool in evaluating the ARB's estimate.

The specific emission factors applied in the ARB estimate are (Ref.
cattle ' 8 T/1000 hd/yr -
Sheep & Hogs . 1.25 ”
Goats 1.25 N
Turkeys 0.2 G

Emission3 totaling 1300 tons {particles <1l0um) were entered into the £inal
'inventory. Feedlot locaticns, Figure 2-9,  were extracted from :zfe

Califormia Livestock Statistics Report.

5. Unpaved road tfavel—-Studies {Refsg. 2-17,18,45-48) have shown thax

significant quantities of fugitive dust are emitted during vehicular travel

on unpaved roadways: Dust plumes trailing behind vehicles'tzaveling on un=-

2~33) :

paved roads are a familiar siont in rural areas. When a vehicle travels over

ar unpaved road, the force of tie wheels on the road surface causes pulverization

2-48 XVB 5806-7%3
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of the surface material. Parzicles are lifted and dragged from the rolling
wheels while the road surface is exposed to strong air currents in turbulent
shear with the surfsce. The turbulent wake behind the vehicle continues to act

. on the road surface after the wvehicle has passed. The amouwnt of surface fines
on an unpaved road is normally close to an equilibrium value. The fines whict
are injected.into the atmospnere by vehicular traffic are replaced in the
same(pracess>by new fines which are generated by abrasion of surface matarial.
This eguilibrium can be upset, however, by a windstorm or other severe

phenomenon, and for a time emissians are reduced (Ref. 2-18).

A literature search of existing emission factors for unpaved road

travel ravealsd that no one factor is applicable to 'all conditions, aut that

a mathematical exgression (Ref. 2-13) encompassing the variazlss affzcting duss

gencration would give a good apcroximation within z20%. The equation for
estimating the total amount of road dust emissions with drifs potantial grzater

<han 25 feet is as follows:

355 - W
365

where e s emission factor (pounds per vehicle mile)

e \unpaved roads) = 0.13s {3.30) (

*
} (3e) (C))
o)

. s = silt content of road surface material (percent;
' 5 = average vehicle speed {miles per aour)

(continued next page)

¥ A racent study of unpaved road emissions, ZPA-500/2-78-530, March 1378,
recommends an emission factor of: ’ '

. . 5 .5 w4 0.3 3 ' '
la/vehicla-~miie = . iy L & <o
o/ ve : a-mile {5 9)(331(357‘3" (365" Q; <3CLm

wners 3 = number of dry lays/vear, and W = venicle weignt (=cr 2
particle diameters <30um, C, above would be 3.51 (Figure 2-12) and the two
expressions would be identical, except for the vehicle welight
corrections.
+ ZPA no lenger recommends using the silt content of the native ¢ D soil
unless 8 S15%; if s >15%, use 153.

i 2-51 © KVB 5306-733
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% The tamporary reduction in emissions because of rzinfall
neglecting emissions on “wet"” days, i.e., days with more
of rainfall.

Se = vehicle speed correction fac:o:§ (Ref. 2-20)

30 mph - 25% égprox. ¢control eff.
20 mph : ' 65% " m e
15 mph ' 80% = o E

r o ) : = : #
W = mean wanual numcer of days with 0.C1 in. or mcre of rainfall

Cp = particle size range factor, see Figure 2-10 [e.g. to determine

the emission factor for partizles less than 10um, CS is 0.46
(or 46% from Pigure 2-10)]. ) =

On the average, dust emissicns from unpaved road travel have the

following particle size characteristics:

. Particle Size Weight Percent
Slum i3
1-3u= 12
3-101m ' 16
>10um 54

Alsummary of the individual road types, miles per hour speed restrictions,
and emission rates per county are presented in Table 2-9. IPer gounty
inventories of the vehicle miles traveled per yea{ KVMT) per road type

were cbtained from the Air Resources Board‘(Ref. 2-49) . Table 2~lD]p£esen:s

1

arsummary of the estimated VMT for each county within the study area.

gélying the emission factors presented in Table 2-3 to the
inventory in Table 2-10 resulted in a total emissions rate from these
sources of agproximately 23,300 tons per vear. This is segual to approximately

16% of all area sources accounted for in Table 2-4.

Based on the assumption that "uncontrolled” speed is typically 40
Between 30-3C zph emissions are linear

ceh.

1y proportioned to venicle speed.
Below 30 mpn, however, emissions agpear to be proporticned o the sguars of
the vehicle speed. '

(e}
s
b
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Figure 2~10. Unpaved road dust particle size
dist:ibuﬁicn. Source: Ref. 2-18.
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TABLE 2-9. SUMMARY OF UNPAVED ROAD EMISSIUHI FACTORS
PER ROAD LOCATION

3 R S, gL gy e 5 5 S B B SR R R N 0 A UNIE YO S-S Geiia pemsgsasy aarg = .
3 ROAD LOCATION TYPES
. _ . U.5. Forest  Timber : ' (1
County-SCAB City & County _& Parky Prod, . BLH Agriculture L )
Orange 3.65 lbg/VMT 1.14 1lbs/vMdr - - 2.23 lbs/vMT 40
30 MPH 20 MU 25 MPH
1.os Angeles - 3,65 lbs/uMT 1.14 1lbs/vM1 -- ~— 2.23 lbs/VMT 40
: 30 Mpl 20 MpH . 25 MPH
g Riverside " 3.93 lbs/vmr 1.22 lbs/vMr - e 2.40 1lbs/VMT 15
; 30 MPH 20 M 25 MPH
o ) i
iu San Bernardino 3.93 lbs/vMl 1.22 lbs/uMp -~ - 2.40 lbs/VMT 15
: 30 MPH 20 MPH 25 MPH
ventura 3.65 lbs/ymMr 1.14 1bs/VMT  0.57 1bs/VMI 6.49 lbs/VMT  2.23 1lbs/UMl 40
30 MPH . 20 MPH 20 Mel 40 MPH 25 MPH
i
Santa Barbara 3.65 lbs/VMD 1.14 lbs/umep -- . : s, 2.23 lbs/VMl 40
30 MpPH 20 MPH . 25 MPH

(1) Mzan annual number of days with 0.01 in. or more of rainfall.
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TABLE 2-10. SUMMARY OF VMT' PER UHPAVED ROARD LOCATION IN tmsm1
5 7 :
VMP x 10 . — - Totals
. ; U.S. Forest Timber ' Emissions
] County~SCAB City & County & Parks Production BLM Agriculture VMTx10 T/yr.
2 5 Ll
' Orange 807 651 . -~ A 159 1600 2,000
Los Angeles ’ 5647 . 6135 —-—— -=- 240 ] -— 14,000
Piverside 558 813 -—- -—- 309 I 2,000
San Bernardino 504 1236 -— -—- 66 ' - 1,800
w Ventura . 142 1983 467 174 497 - -- 2 2,600
) : : _ .
th ,
Y Santa Barbara2 60 160 T e i 20 240 230
3 ' 2 .
Total ] ' . 23,000
1
Source (Ref. 2-49)
¢ : Original VMT estimates for entire county

Assume 5% in SCAB area

3 Carried to two significant figures
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6. Particufate emissions from paved roadways-~—-The action of vehicular

traffic on a dust laden paved roadway causes some of'the material to be
eﬁitted into the atmosphere. The largér particles (>100pm) emitted will
normally settle out within 20 to 30 feet from the edge of the roadway and,
therefore, are not included in the area source emission profile. Particles
2f less than 100um diameter will oe dispersed depending upen théir diapeter

and extent of atmospneric .turbulence.

An equilibrium roadway dust loading will result when a balance is
achieved between the material deposition and removal rates. The former
rate includes: tire and brake lining wear; bavement wear; atmospheric dust
fallout; mud and dust carryout from unpaved areas; wvenhicle engine parcticulate
emissions; etc. Material is removed from the rczdway under the action of:
entrainment by tire motion and vehicle~generated turbulence; wiz' erosion

(for wind speeds exceeding 13 mi/hr); rainfall washing; street sweeping; etc.

Measurements of airborne particulates emanating from paved roadways wers

reported in References 2-113 and 2-114. Both studies addressed dust entrajinment

from dry streets in the Kansas City area. These data were the basis of tihe
-

AP-42 recommended emission factor of 0.012 1b/vehicle-mile. However, this

single value must be modified to account for dust removal by rain, tire and

brake lining emissicns, and high—speéd, hich-volume traffic patterns.

Dust removal by rain was accounted for by assuming that rainfall in
excess of 0.01 in./day would coﬁpletely inhibit particuiaté emissions of any
kind from the roadway. This ;s the same ﬁriterion utilized in the analysis
of unpaved roads. Thus, the basic emission factor was modified by a term:

365 ~ W
365

where W is the number of days/year with rainfalls exceeding 0.0l in./day.

( )

Reference 2-114 pefformgd microscopic analyses of collected par:iculate
samples and found traces of rubber tire particles. Other sections in this
report estimated particuylate emissions from tire and brake wear, therefore,‘
these tctalé were subtracted from.iﬁe paved road emissicons in order to prevent

double counting.
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The equilibrium dust content on high~speed, high-volume roadways was
expected to be less than on residential, commercial or industrial surfaces.
This is due to the high traffic volume producing a high removal rate, i.e:

1b = vehicle - 1b
vehicle/mile hour hour-mile

Mass rate of removal =

This removal' rate would be partially offset by engine-generated particuiates,
pavement wear and dirt carryout (directly proportional to traffic volume). '
However, other deposition sources (background dust fallcut, etc.) would be,

to a first approximation, independent of traffic volume.

No quantlrled data was found describing particulate emissions from
hlgh~speed, high-volume paved roadways and it was assumed that these conditions
would produce one-half the emission factor recommended in AP-42, i.e. 0.006

1b/vehicle-mile, based on the considerations previously discussed.

The particle size distribution from paved roads was taken as the mean
of th2 appropriate tests reported in Ref. 2-113 and is shown in Figqure 2-~11.
This distributicn has the following characteristics:

Particle Size ' Weight Percent
<lum i 13
1-3um . . ) 25
3-10um ‘ 34

>10um .28
Freeway and highway travel represents 50% of the total vehicle-miles
traveled (VMT) in the South Coast Air Basin, according to Ref. 2-115. Total
vehicular travel on paved roads in the SCAB, excluding towed trailers, amounts
to 2n estimated 7.2xlOlo YMT/yvear (cf. Table 2-15) ana, with the emission factors

developed, represents a gross particulate emission rate of 330,000 tons/year.

This amount was reduced by those corresponding to tire wear k8400 tons/
year) and brake wear (3100 tons/year) ih order not ta double count these
- sources. The resultants weré further reduced by the average number of rainy
dayé (>0.010 in./day) in the SCAB (32 days/year) to achieve an estimated total

particulate emission rate of 290,000 tons/year.

Reference 2-113 produced the particle size distribution shown above
which allowed the specification of the total emission rate associated with

particles <10um in diameter, i.e. 72% by weight. Thus, the total emissions in
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thiis size range was 210,000 ton/year {70,000 ton/year from freeways/highways

© and 140,000 tons/year from surface streets).

Table 2-11 presents the emissions from paved roadways in the SCAB

(for d<l0um), by roadway cateqory and particulate type. These figures must

b~ viewed with caution since, according to AP-42, 40% by weight of'samples

coliected were analyzed to be engine combustion generated particulates. These
particles would have been included in a mobile source inventory and it would

be incorrect to include them again in a new category--paved rocad travel.

Vehicular travel on.paved roads produces particulate amissions

categerized as (AP-42): engine exhaust.particles (40% by weight) ; mineral

Sesm

matter (59% by weight):; and biological and =zire dust (1% by weight). Howéver,

the engine exhaust particles have already been included as a mobile scurce
cortribution and, therefore, shouid not be counted again by this study. Mineral
matter emissions result from ra-entrainment of background dust depositing on

the roadway and from dirt and mud carried out from unpaved areas. Thus, a

large percentage of the roadway dust emissions acﬁually originated from an

area source not considered in the present work, e.g., wind erosion of open fields,
and it would not he correct to attribu;e them to paved road travel. Tire (and
brake) attrition has been separately considered and was not cdunted ag@in as

a paved road dust area source.

Strictly speaking, the only particulate emissiéns direétly attributable
to roadway traffic would be pavement degradation, tire and brake lining
attrition, and engine combustion particles. The first item was not quanti-
fied by this study, while the second has been separately estimated. The last
item has already been discussed. Thus, a large, but unkncwn, fraction of the

particulate emission rates shown in Tabla 2-11 have been considered elsewhere.
B. Combustion=--

Fugitive combustion related sources accounted for 3% of the total
estimated area source emissions computed in the final 1976 inventory. The
area sources and their respective emissions covered under combustion in the

final inventory are:

1) Forest Fires ' ‘ 2400 T/yr
2) Structural o 200 *
3) Fireplaces ‘ 500 "
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TABLE 2—1;. PAVED ROADWAY PARTICULATE EMISSIONS IN SCAB™*
d<1l0um, 32 rainy days/yearxr

Particulate Type, Tons/Year

Roadway Category Exhaust Mineral Total, Tons/Year

Freeway/Highway 28,000 42,000 70,C00

Surface Street : 56,000 84,000 140.000
84,000 126,000 210,000

Note: Particulate emissions from tire and brake wear were
- separately estimated. .

. * See text.
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4) Residential natural gas consumption 100 "

S) Cigarettes ' ’ aco ¢
6) Agricultural burning 00"
TOTAL < ‘ 4500 T/yr

1. Forest fires--Forest fi;es consumed over. 23,000 acres of forest and
privately owned lands within the SCAB in 1976. An estimated 570,000 tons

_-of cogbuétible material (fuel) was consumed in the process shown in Table 2-12.

. The most apparent atmospheric contaminant from forest burning is
particulate emissions. The size and intensity (or even the occurrence) of
a wildfire is directly dependent on such variables as the local metecrological
conditions, the species of trees and their moisture content, and the: weight of
consumable fuel per acre (fuel loading). Once a fire begins, the d:y combustible
material (usually small undergrowth anc forest floor litter) is consumed first,
and if the energy release is large and of sufficient duration, the drying of
gzreen, live materialvoccurs with subsequent burning of this material, as well
as the larger dry material. Undex prcper environmental and fuel conditions,
this process may ihitia;e a chain reaction that results in a widéspread

*

conflagration.

The complete combustion of a forest fuel requires a heat flux
(cemperature qradient), an adequate oxygen supply, and sufficient bu:niﬁq
time. The size and quantity of forest fuels, the meteorological conditions.

-and the tcpographxc features intsract to mod;fy and change the burning
benavior as the fire spreads, thus, a wildfire will attain different degrees

of combustion during its lifetime (Ref. 2-50).

Knowledge of the chemical nature of forest fuels, combined with what
‘is ¥nown about pyrolysis and combustion, suggests that particulates formed
by forest fires will consist primarily of a comple-. mixture of soot, tars,
and volatile organic substances. The majority of particles found in fire .
smoke are formed from the gaseous organic compounds p:oduced by pyrolysis
and combustion. The processes of nucleation. condensation, and coagulation
combine in a continuous chain of rapid events to form both'liquid and sclid'
particulates ranging upwards in size from about 0.002 microns. Particles are
also formed by the mechanical tearing action of turbulent forces present in the

fires zone (Ref. 2-51).

Research on forest fire em;ssions conducted by the USDA Fozest Service

Southeastern Porest Exzerimental Station (Ref. 2-31) concluded tha*:
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TABLE 2-12,

County-SCAB
Orange
Los.Angeles
Riverside

San hernardino
Ven.ura

Santa Barbera

TOTAL

FOREST ACREAGE, FUFL ESTIMATES, AND EMISSIONS

Acres

2800
3400
5100
1600

5800

430

23,330

Tons Consiumed

16,000

85,000
78,000
52,000

68,000

6,900

368,000

Emissions, Tons/yr

120
700
600

430
530

- 50

2,400
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1) The median diameter of particles in forest fire smoke

is approximately 0.2 micron, i.e. 50% of the particulate
weight occurs at this size.

. 2) Approxlmately 80% of the mass of all rartlculates is below
1 micron (see Figure 2-12)

3) Regardless of fuel type) average particlé size remains
essentially constant.®*

A high level of confidence in these indications was reached by the Southeastera

Forest Service when coupled with the results of other investigations. However,

' these conclusions apply mainly to forest acreage located in the Scutheastern

portion of the United States.: Although differences in fuel type do exist
between Southern California‘foresﬁs and forests of the southeastern part of the
United States, the effects of these differences on particulate size and mass
loading are not known at this time. Impactor studies performeé by the Pacific
Northwese Forest end Range Experiment Station (Ref. 2-52) on the burning of
Douglas firf under laboratory conditions‘reVealed that 82% of the particulate
mass was <lum aercdynamic diameter and that 69% was <0.3um. AsS can be seen

in Figure 2-12 these values do not differ significantly from those measured ,
by the Southeastern Forest Service. ‘Therefore, until further studies concerning
SCAB forest fire characteristics are conducted, it is assumed that the
characteristics of SCAB forest fires do not differ significantly from those

characteristics observed by the southeastern Forsst Service.

The emission rate of particulates depends heavily upon the fire type
and fuel mozsture content, and, to a lesser extent, upon fuel type and arz-

rangement.' Heading fires generally produce about three times more particulates

-than backing fires, everything eise_being equal. Also, for a given fire,

emission rates during the smoldeiing phase can be eight times hiéher than in
the flaring phase {Ref. 2-51).

Studies (Refs. 2-50,54) have estimated that frcm 16-17 pounds of

,particulate‘matter are released per ton of fuel bwmed. The acreage of

'forest and privately owned lands burned in 1976 and their associated fuel

loading values were obtained from National Forest Services (Resf. 2-55,56) and
the Air Resources Board (Ref. 2-57). The acres burned, material consumed, and
estimated emissions are presented in Table 2-12. Figure 2-13 presents the lo-

cation of the'major forest acreage in the South Coast Air Basin.

*Location of four fuel types tested are: Deridder, LA; New Born, NC; Ft.
Laudexdale, FL; Round Qak, Ga,

+Dcuglas fir comprises approx. l0% of the total SCAB forest acreage and V26%

of the forest acreage occupied by txees (Ref. 2-53).
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Figure 2-12. _Forést fire particle size distribution.
Source: Ref. 2-51

Average of four fuel types '
" from locations at: a) Derrider, LA~
: b) New Born, NC
¢} Ft. Lauderdale, FL
d) Round Oak, GA

Note: Particle sizing data on fuel types native to
“Southern California not available; assume
differences at this time to be negligible.

2-64 KVB 5806-783



B e |

o e \\\\\\§

o

& -

“u ////, FoResT ACREAGE

LOCATION OF HAJOR FOREST ACREAGE N THE SouvH Coast AIR Basiw.

"ShA ~ Santa Ana , :
$8 - San Bernardino . Figure 2-13.
LA - Los Angeles 2 ’
LB - Long Beach
P - Pomona
R = Riverside ¥VB 5806-783
C .

- Corona



e e PR s A ety e 9 A SR B e

2. Structural fire--A recent study (Refs. 2-53, 59) conducted by the ARB

and SCAQMD was employed in estimating the quantity of particulate matter emitted
to the atmospheres during a structural or wvehicular fire. Emissions of 500
tdns/yr or 0.24 tons’/yr per 10,000 pecople were reported for the entire state of
Galifornia. The SCAB estimate of 500 tons per vear was derived by multiplying

the 0.24 tons per 10,000 people per year by the 1976 SCAB population (Ref. 2-80).

The approach taken in the above mentioned study was:

1} Using CFIR Reports (Ref. 2-6l1), establish a monetary value
of propecty, contents, and vehicle loss due to fire in 1976.

2) Establish the monetarv value equivalent to the combustion
of one house, car, and contents. '

3) Establish fuel loading factors per catagory.
4) Compute emission factors using AP-42 as a guide.
5) Convert the derived emission rate into a population based emission
factor to better distribute the calculated emissions.
Table 2-13 presents the above discussed approach, values assigned’and
emission estimates. Due to the diversity of material consumed within a
structural fire, a particle size distributioh plot wac not available. It was

assumed to be similar to the particle size distribution for forest fires.

B 'Fireglaces--Aé shown in Table 2-4, approximately 500 tons of particulate
matter (particle <1lQum) were estimated to be emanating from the ;ombustion of

firewocd in regidential fireplaces.

,'A study (Ref. 2-62) conducted on fireplace emissions for the EPA
esiimated the total average particulate mass emission rate to be 21 pounds
per ton wood burned.* Differences in emissions existing between the wood
burned in the SCAB (mainly pine, orange and 2ucalyptus) and of that burned
in. the above mentioned study {alder, fir, locust, and pine) are assumed to
be negligible for this study. A literature search failed to disclose any
other applicable data.

* Average soft wood moisture content 12.5% by wt.
Average scft wood density 0.43 g/cc ‘
One cord or wood contains 90 cf wood (Ref. 2-632)
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TABLE 2-13.

STRUCTURAL FIRES'

(a)

. (b) i — Stafzc
Dollar Value Unit Equivalency Fuel Loading Emission Emissions
Category lost - 1976 . Factor Factor i Factor Tons
Property _133,018,066 $50,000 per house 20 tons wood{c) 340 lbs/house(d) 433
Contents 80,644,958 '$10 per 1b. 16 lbs/ton(d? 32
Vehicles 15,906,917 $5000 per vehicle 8.4 lbs/vehicle(e) 13
Sub-Total 500

Population based emission factor - 994,000 1bs particulates x

SCAB Emissirns: 0.047 lbs/person x 10,334,529 people x

(a) Source (Refs. 2-37,38)

{b) Ref. 2-61
(c) Ref. 2-64
{d) Ref. 2-65
(e) Ref. 2-66

1
21,224,000 people
{*76 state pop) .

Ton

2000 s 490 tone

KVB 5806-783
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Particlelsizing data f{rom the above mentioned study is presented in
Figure 2-14. Since soft wocds are mainly burned in the SCAB, only soft wocd
particle sizing data was considered. On the average, carticulate emissions

from residential fireplaces have the following particle size characteristics.

' Particle Size Weight Percent
‘ <lum 3€
1-3um 12
3-10um ) 14
>10um ' 38

The mecdian particle size was found to be about 3 microns; 65.3% of the

particulate was condensibles caught in the back half of the sampling train.

In establisbing an inventory of active wood burning residential fire-
places in the SCAB, local government agencies were contacted as to the aurbher
_of existing fireplaces. It was socon discovered that such information per se
was not available. A second approach of obtaining information on the number
of single family and/oxr dwelling units in a county was taken. County assessor's

offices (Refs. 2-67 to 2-70) were contacted.

-

To this inventory, two assumptions were made due to the lack of avail-

able data to characterize the fireplace units lccated within the inventory:

1. Ten percent of all reported existing dwelling units possess
. and use their wood burning fireplaces annually
2. Each dwelling unit included in the 10% estimate burns 1/4

cord of wood per burning season.

A census of KVB persomnel and their fireplace burning lLabits was solicited

in arriviag at the 10% estimate.

An emission factor cf 0.45 tons pér 10,000 people was entered into
the final inventory. A population based emission factor was chosen to best

reflect the locaticn of the emissions.

4. Residential natural gas combustion--The Southern California Gas

Company (SCGC) (Ref. 2-71) reported that 286 billion cubic feet ¢f natural gas

was sold to its residential custocmers in 1976. The population sexrvad was
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Figure 2-14. Residential fireplace emissions partzcle
size distribution; sof: woods.

Source: Ref. 2-62.
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approxiﬁatelyrll,BO0.000 people excluding the city of long Beach. The SCAB
poéulation in 1976 was approximately 1C,300,000 people (Ref. 2-60). Realizing
that the bulk of its customers do reside in the Basin, the antirs 286 billion -
cubic feet was applied to the SCAB. BAlso, according to a SCGC fact sheet
(Ref. 2~-71), space heating accounted for 65% and :2ter heating 21% of the
average household appliance operating costs per year on a comparative cost
basis. ‘ '

Studies (Refs. 2-73-74) conducted on natural gas-fired warm air heating
systems concluded emission factors of §.00084 lb/lo6 Btu and 0.00071 lb/106
Btu for front half catches only. Back half results were not availabie.
Particle size wﬁs considered to be 100% less than 1 micron (Ref. 2-74j.
The 0.00084 lb/lO6 Btu value was selected to represent emissions from werm
air heating units cypical of the study area since this study was based on
tests run in the Los Angeles area and the other study was not. Gas-fired hot
watér or steam systems were also found to be similar to warm air heating systems
"and uce the same type of burner. Based on this findiag, emissions from water
heaters and residential steam heating systems are 'assumed to be similar to those

from warm air heating systems.

Pased on the above inventory and emission factor;, 100 tons per year
of particulate matter was estimated to be emanating from residential natﬁrél
gas cogbustion in the Basin. An emission factor of 0.13 tons per 10,000 people/
year was entered into the finmal inventory. A pcpulation based emission factor
was judged to reflec*: the location of the dwelliag units using natural gas.
The Southern California Gas Company estimates that greater than 95% of
cthe single family dwelling units it serves use natural gas for space heating;

. Although some correction factor greater than one should have been

applied to this emission factor te account for the impinger catch, it was ig-
nored because the basic emission of 100 T/yr is so small that it would not be

cost-effective to develop a correction factor.

5. Cigarette smoke-—It was estimated that approximately 800 tons per year

of particulate matter was. generated by the combustion of approximately 30
biliion cigarettes in the Basin. Nationwide, 610 billion cigarettes (Ref. 2-75)
were consumed by an estimated 150 million adult (over 18) Americans (Ref. 2-75)

in 1976. Based on these 1976 statistics, it was estimated that 4100 ciga- .
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rettes were consumed per adult. Applying this factor to the reported 7.4
million adults (Ref. 2-76) residing in the SCAB in 1976, it was estimated that

30 billion éigarettes were consumed in 1976.

A pa t study (Refs. 2-77, 78) experimentally determined that lOOd
cigarettes without filters produced 1.0 pound of smoke--gaseous and particulate
matter. Measurements were not made on the quantity of smoke that was contri-

buted by sidestream smoke, however. Sidestream smoke i3 defined as that smoke

‘which emanates from the bu:nxng tip of a cigarette and goes directly into

the atmosphere. Researchers (Ref. 2-79) have calculated that even when a
smoker inhales, two-thirds of the smcke £-om a burnlng cigarette still

goes into the environment.

Various studies (Refs. 2v80; 8l) done on sﬁoking have classified side-
stream smoke as consisti . of 90% gaseous and 10% particulare matter. Side-
stream smoke has 3.3 times the particulate matter conrtained in exhaled smoke.
A smoker's lungs act as a very effective filtering zgent and rgﬁove nearly
all of the particulate matter in mainstrgam smoke (Ref. 2-32{. Mainstream

particulates being exhaled were therefore considered negligible.

The conclusion from the’above info;maticn and from persdnal observa-
tion is that approximately 50% of the one pound of.smoke/looo cigaréttes”is
sidestream smoke. Ten percent of this sidestream smoke was assumed to be
Particulate matter. Particle sizing data were not available, but it is

assumed that all particles being emitted are <10 microns in diameter.

A particulate emission factor of 0.05 lb per 1000 cigarettes smoked
wasg calculated. This accounts for approximately 2.5% of the total weight of
1000 cigazettes without filters. A number of filterless cigarettes were

weighed in KVB s lab to arrive at an average cigarette, w1thout filter welght

. of 0.9 grams.

Based on the above information, an emission factor for the final inven-

tory was developed as follows:

1.0 1k smoke " 0.5 1b sidastream smoke " 0.1 1b particulates
1000 cigarettes = 1.0 lb cmoke - 1b of sidestream smoke
4100 c1garettes 3 adults ” ton - 0.00008 ton " 0.08 ton
adult 4 persons 2000 1b perscn 10,000 perscns

x 10,000 persons in the SCAB = 800 tons/yr
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6. Agricultural burning--The particulate emissions from the burming of

agricultural wastes in Califcrnla have. been recognized for several years

(Ref. 2-83). The ARB and the EPA have sponsored several studies (Qe;s. 2-34,8S5,

86) with the intent of developing emission factors for sufh operations.

The ARB and iocal districts have also implegented regulations that
severely restrict the open burning of waste materials. Existing regulations
(Ref. 2-87) require burn permits to be issued by local government contrcl agen-
cies prior to the burning of fézm ﬂartes, burns conducte§ for range improve-
ment, forest management, and pest control or the improvement of wild life
or game habitats. Such burns could only be conducted iuring "permissive burn"-
days as determined by local meteorological conditions. Burn permits
recorded the 1ocatio£ and quantity'of material to be burmned. Extensive
studies (Ref. 2-84) on emissions from kurning agricultural wastes
in California were conducted by Dr. Ellis Darley. Some of the pertinent
conclusions reached were:- | . |

1) As a class, field crops and weeds produce considerably moie

pollutants (Part., CO, HC) than did orchard and vine cfops.

Zt Back firing field@ crops resulted in lower emissions of particulates
but not CO and EC when‘compared with head firiﬁg. The use of"
back fires significant;yireduceS'particle‘size, the averages
being 0.11 and 0.22 microns, respectively.

3) For allvfuels (crops) except avocado, it appeafs that drying Jdown

to at least 35% moisture would minimize particulate emissions,

4) The vast majority of particles from burning agricultural waste
are submicron in size. The mass median diameter (MMD) of
most particles is below 0.3 microns. Orchard fuels tend to YIgld
smaller particles than do field crop fuels. The partlcle 51ze
distribution can be altered by manipulating the firing p:actice.
Examples of Dar;ey's size distributien plots for various cfops
are shown in Figures 2-15 to 2-19. ‘

5) The averége emissions of-ﬁll plant material tested at the
indicated average fuel moisture (dry weight basis) is shown

on page 2-78 as follows:

2-72 ' XVB 5806-783


https://Califo:rn.ia
https://locar.io

PARTICLE SIZE, ym

, 100

) IRIR BRI R RER IR 1R IR [}
W— A
SOr- —
40%e= p—
- 93 96
20p= =s
10 83/ [s0
8p= B-15" -

7.6 dwb i

S 0.10 WD B-15 -
S hun 8.9 dwb -
4p= ol
= -
b S U I N T I N I I R 1!/ 1 1 | I 11
0.01 0.1 0.51 2 5 10 20 30 40 506070 80 90 .85 98 39 99.8 99.99

WEIGHT, PERCENT LESS THAN STATED STZE
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.2 ¥ and B: head and back fires, respectively; 15 or 25
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dwb: dry weight basis
MMD. Mass Median Diameters, microns.

Source: Ref. 2-84
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Apricot waste buxnihg particle
size distribution.

= Fuel was ignited at the bottom of the pile with
a large propane torch without the aid cof hot
coals or pre-existing fire. '

b

Fuel was ignited by rolling the pile onto the

glowing embers of a pre-existing fire.

Source:

Ref.

2-84
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Figure 2-18. Peach waste burning particle size distribution.

Source: Ref. 2~84
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Avg. ‘Fuel Moisture Avg. Part. Emissions

(dry wt basis) ibs/ton Fuel Burned
Field Crops (incl. weeds) 12.3 i8.3
Orchard Crops (incl. wines) ’ 40.3 (Test Cond. 1) 8.7
23.7 (Test Cond. 2) 5.4

A detailed summary of emission factor ranges per crop type is presented in
Table 2-14. The factor range selected is based on the assumption that burning
would be conducted under those conditions where lower emissions could be

expected.

Annual repérts by the ARB were issued with estimates of the
air pollution impact of these burns utilizing éhis inventory and the emissions
factors refe -red to above. It was estimated.by the ARB that 500 tons of
particulate matter were emitted in the SCAB due to'agricultﬁral burning in 1976
(Ref. 2-88). These emissions were distributed inteo the agricultural regions as
shown in Figure 2-6. '
C.. Automotive——

Only two areas of'automotive type particulate emissions were considered
in the final 1976 inventory. The areas considered and their respective
emissions are: tire tread attrition--8400 tons, and brake liring attrition--

3100 tons. Combined, they accounted for approximately 8% of the total 140,000

tons of particulate matter attributed to area sources.

1. Tire tread attrition--Every year, U.S. motorists wear off nearly

1.1 million tons of tire tread through the driving of a reported 63 trillion
miles (Refs. 2-89,30). Tires provide the sole contact between the vehicle and
the roadway surface and must transmit the interactive forces required for.
prcéulsion and control. 1In doing this, tire tresad material is worn away

by a variety of processes. Many of the factors'affectiqg tread wear are:

' presented in Figure 2-20.

Tﬁo schools of thought among scientists exist on the fundamental
mechanisms of wear. The first mechanism, called "thermal activated molecular
stick slip,” results from the extreme heat developed due to the relative
motion of the tire at the road surface which breaks down the chemical com—
position of the rubber causing a loss at the surface of a certain number of

molecules. The second mechanism is based on abrasion between the tire and the
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TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSION FACTORS

Particulates, lb/ton of Fuel Burned

<5 5+10 10-15 10-20 . - >20

field and Weeds

tule barley - bean hay . alfalfa
cotton _ corn safflower ' asparagus
rice ' peas ocats
mixed sorghum '
weeds wheat
ditch "
bank -
weeds '

Orchard and vines

apple - almond olive ' avocado :
'apricot cherry ‘
boysen- date
berry fig
grape peach
nectarine  pear
prune walnut

Source: Ref. 2584
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road surface causing mechanical removal of small rubbar pieces. A combination

of these factors is likely to occur under normal driving conditions.

Numerous studies (Refs. 2-89,92-96) have been conducted to charac-
terize ti;é tread emissions as to mass loss, particle cize, and gaseous emis-
sioné. The two most siénificant studies involving dynamometer and actual road
driving tests sited axe ones conducted by General Motors (Refs. 2-95,96) and
by J. P. Subramani, Ph.D. thesis, University of Cincinnati (Ref. 2-94).

General Motors estimates a tire wear rate of 0.048 g/tire-mile for
travel on the San Gabriel Freeway. Eighty percent or 0.038‘g/tire~mile was
estimated to settle out within a few metérs of the road's edge. Tests
conducted for rubber content on roadside soil and dust samples proved this
to be true. The remaining 20% is believed to consist of‘gaseous and airborne
(<7 micron) particles. This line of reasoning falls into line with General
Motors (Ref. 2-96) overall tire tread wear conclusion that the emission rate of
gases and airborne particulate matter is nearl& independent of wear rate .

and accounts for only 1-20% of the total emissions.

Particle sizing data taken on GM dynamometer tests concluded that
24% of *the a{rborne mass under dynamic sampling conditions was composed of
particles <0.43 microns and that tires emit particles into basically twe

'size fractions, large particles >7 microns and small particles <0.4 microns.

In the J.P. Subramani thesis project, actual road wear rates as.
well as dynamometer wear rates were measured. To establish an actual road
wear rate, 43 cars were driven under winter and summer conditions in the City
of Cincihnati._ Wear rates of 0.146 g/tire mile and 0.0873 g/tirg'mile

respectively were measured.

Dynamcmeter tests involving two automobiles reported wear rates of
0.05 g/tire-mile and 0.0431 g/tire-mile. Further testing to cor;elate

dynamometer and road tests was advised.

Particle sizing'data was obtained during the dynamometer tests.
Particle measurements were made in three sizes of fractions: >10 micron,

S2.microns, and those caught in a millipore filter. Conclusions drawn were
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that 50% by weight of the particles were in the >10 micron size fraction, with
the remainder consisting of particles fz micron in size. This conclusion is

similar in size classification to that of General Motors.

Based on the foregoing discussion, an automobile tire wear rate df
0.070 g/tire mile was derived. Of this, 30%, or 0.021 g/tire mile was
estimated <0 consist of particies <10 mwicrons in size, 5-10% wt. to be gasequé,
and the remaining 60% to consist of primarily sedimentary tyﬁe particles--

particles which settle out within a few meters of the road's'edge.

T‘ﬁs basis for the 0.070 g/tire-mile was the fact that Southern
Californians do a lot of freeway as well ag city type driving. An average
value composed of General Motor’'s freeway estimate of 0.048 g/tire-mile and
J. P. Subramani's city summer estimate of 0.087 g/tire.mile was therefore
concluded to be applicable to Scuthern California. The particle size
distribﬁtion was &ezived through the averaging of the dynamometexr tast

results conducted by J. P. Subramani and General Mctors.

Taking into account the semi~quantitative particle size distribution
expressed by General Motors and Subramani, the following particle size distzri-
Lution for the non-gaseous factor of worn tire tread was prepared for use on

this 'inventory.

" Particle size: >10um 10-3 um 3-1um K <lum
Percent: 60 5 15 20

Tire attrition rates of 0.203 g/tire-mile and 0.161 g/tire-mile for
medium (5,000-10,000 1b curb wt.) and heavy duty (>10,000 lb zurb wt.) vehicles,
respecﬁivel ,were also calculated. Differences existing in wear rates and
total tread loss (Ref. 2-97! are the criteria for the above wear rates. The
particle size distribution is assumed to be similar to that of automcbile

© tiras.

Once vehicular tire wear rates were established a ‘vehicle inventory
"for 1976 needed to be developed.' Information from a recent 1976 vehicle
inventory fcr the SCAR, developed by the SCAQMD (Ref. 2-97), and an ARB
document entitled "Data Base & Decumentation for Esfinating Emissions from
Motor Vehicles in Califormia" (Ref. 2-98) was solicited for ;his purpose.
Vehicles were grouped into basically three weight groﬁps:
| 1) Automobile and commercial two axlie;<5000 1lb curb wt.
'2) Medium duty:5,C00-10,000 1b curb wt.
3) Heavy duty;>10,000 1b curb wt.
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In addition, annual mileage estimates were assigned to each class baséd on
the above mentioned sources. Table 2-15 presents the results of the fore-
going discussion. 'Emissions.totalinq 28,000 tons were estimatea. of this,
8100 tons are estimated to consié: of particles <10 microns in size with a
majority in the respirable size range. Also, infrared and pyrolysis énalysis
of airborne particulates indicated that the airborne particulate_is not
simply composed of small pieces of rubber, but that some of the particulate
is degraded polymer and/or extender oil (Ref. 2-95). h

That portion of the toval particulate loss labeled as'sedimentary is
believed to settle out within a few meters of the roadway's edge. Tests
(Ref. 2-95) conducted along a stretch of the San Gabriel Freewéy proved this

to be partially true.

Roadway tread rubber removal mechanisms such as chemical degfadation,
and to a lesser extent in Southern California, rain runoff, were also cited.
Information on particle re—entraihment which is probably significant was
rnot available, hcwevef.

2. Brake lining attrition--Brake lining attrition from vehicles operacing

within the SCAB in 1976 accounted for an estimated 3100 tons of asbestos
material. A literature search for information on emissions from brake
lining attrition failed to disclose any'information on the subject. The
Environmentﬁl ?rotection‘Agency is planning to'conduct research into

this area in the future, however.

The approach taken in establishing an emissions-estima;e was one of
coupling a vehicle brake lining attrition factor to a vehicle annual mileage
estimate. Information from a recent SCAQMN inventory (Ref. 2-97) oﬁ brake
lining emissions was solicited for th- purpose of developing an attrition
factor. Discussiéns with brake lining manufacturers and'actual physical
meaéurements by SCAQMD were made to determine the quantity of lining matérial
available per brake shoe, per weight class and‘avenage lining life. Basic

assumptions made were:
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1) Density of beake lining material is 150 Ibs/ft>

2) Brake lining on the average centains 80%wt asbestos material

3) 25% of the lining material remains on the shoe or pad
Due to the proprietary nature of brake lining material, accurate information
on lining composition was not available. Table 2-16 presents the emic<ion

factors calculated per weight class.

In the development of a vehicle inventory, information from an ARB
Document on motor vehicle emissions (Ref. 2-98) and a SCAQMD vehicle inventory

(Ref. 2-97) were solicited. Results are preéented in Table 2-17.

Particle sizing data was not available,.but it is assumed that all
particles would be less than 10um

D. Sea Salt Spray--

Presently there is no precise estimate as to the mass of sea salt
spray particles emitted into the atmosphere at the surf zone due to wave
action. Concentrations of s=2a salt in ambient air, however, have been
measured at several locations in the basin (Refs. 2-99,100). Results from the
california Aerosol Characterization Experiment (ACHEX) were used to estimate
the sea salt emissions ob;uxzing along the SCAB coastline. Two approaches

were taken using this information.

The first approach was to use the results from a, study (Ref;2410¥)
concerned with'stréteqies for approaching and achieving the National Ambient
Air Quality Standards for particulaﬁes in the Los Angeles Region. Conclusions
contained in this reéort were based on the data contained within the ACHEX study.
Sea salt concentrations of 6-10 ué/m3 were measured in the coastal areas, e.g.,
Lennox, Dominguez Hills. In addition, to arrive at an emissions estimate,

the air flow through‘this region or window needed to ba estimated.
The basic assumptions made were:

1) Average height af the inversion layer is 2000 £t (0.81 Km)--window
height. ‘ b
2) Window length is 190 miles (300 Xm), the projected length of coast-

line in the Bas..n.
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TABLE 2-18. BRAKE LINING ATTRITION EMISSION FACTOR CALCULATIONS

Assumptions: Density of all brake lining material is 150 1bs/c.f.’
Brake lining contains 80% wt. asbestos material -
Attrition consumes 75% of lining material during lining 1

LightVDuty Vehicles

Automobile & commercial 2 axle;<5,000 1bs. curb wt.

ifetime

x 0.8 asbestos content

40'090 B« 10~ mi.

3.4 lba/10% ymr

x 0.8 x0.75

Without Disc: 1} Average New Lining- 6,25 in3/shoe
2) kverage Llning Life 30,000 miles
3) Drake Shoe per axle 4
. 3 "4 shoes 1 G.Fy 150 lbs
Lining expended per aile: 6.25 ;n /shoe x o X 1728 in3 % o
0.75 attriti shoe life 106 mi. - 4
x 0. attrition x 30,000 mi. sl
10 mi.
With Disc: . 1) Average New Lining - - 2.81 1n3/pad
2) Average Lining Life 40,000 miles
3) Brake pads .per axle 4 .
L , ) ; .3 4 pads 1 e.f. 150 1bs
Lining efpended:per axle: 2.8l in /p?d e = 1758 in3 oL,
" 6 :
pad life . 10" mi., _ 14.6 1bs/106 VMT

Source: Ref. 2-97
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TABLE 2-16. Continued

Medium Duty Vehicles

Commercial Vehicles, 5,000-10,000 lbs. curb wt.

1) Average New Lining 30"in3/shoe
2) Average Lining Life 50,000 miles
3) Brake shoes per axle . 4

Lining expended'per axle: 125 lbs/lo6 VMT

Heavy Duty Vehicles

v Commercial Vehicles >10,000 lbs. curb wt.
< - ' .
1) Average New Lining 1 & 2 axles - 2 pads - B4 u3/shoe_
23 axles front 3¢ m3/shoe
rear -84 m3/shoé
2) Average Lining Life 50,000 miles
3) Brake shoes per axle 4 '

Lining expended per axle: 23 axle front—-83-1bs/106 VMT
Rear or trailer--233 1bs/106 VMT

1 & 2 axle~-=-233 lbs/lO6 VMT
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a All past-1970 GM passenger cars squipped with
2=97) ’ '

b  Source: (Ref.

TABLE 2--17. BRAKE LINING ATTRITION EMISSIONS SUMMARY !
Emiusion Pactors, - Emins " one
6 :
¥ UNT 1bs/107 VNe
Estimatsd Nusbor of Using bith Pr. Disc H:):l:;uc Total
Faninal Vuhicles Front Disc Without g
- Hiie 4 in SCAB Hrakus With Disc Disc T/y8 T/yr k7424
Light Duty Vehicles
Automobiles 12,000 4,950,066 M\“b 14.6+41.4 43,4x2 1378 516 1694
Comm') 2 axle <30008 curb wt, 42,000 813,041 » = 226 ') it
Trabler 1 Axle * " 1,000 195,179 43.4 4
2 Aule " » 1,000 16,294 43, 4x2 2
3 Axle * “ 1,000 22} - 43.4x3 R
a 2112
Hedium Duty Vehicles
Cosm'} 2 axle >5000-1u,0008
- curb wt. 88,000 6, lo2 12502 95
Coma'i 3 - % v 49,100 449 ’ 125%1 4
Traller } axla ~ "~ . 3,500 19,399 125x} 6
tt 2 " * = 44,000 24,248 125x2 155
L a = - o 44,000 34 125x3 3
& q e “ - 3,500 6 125x4 <1
264
Heavy Duty Vehicles
Cosa’l 2 axlu >10,0008 L'I-Jl’h wt. §,800 22,650 %213 L3 46
¥ 3 N 4 = 49,100 24,1330 549 328 Jau
“ 4 - . . 4,800 343 o 782 1 1
Trarlar ) exle 7,900 1,800 1x233 2 2
. 7 44,000 ‘19,619 2x231 201 01
u 3" , 1900 1x233 <y <}
» P 7,900 4n233 L S
$R0 3100 Total
front disc brakes KVB 5806-783



. 3 N
3) Sea salt concentration of £ pg/m i3 uniform throughout the
‘window

4) Annual average on-shore wind velocity is 6 mph (or 10 kmh)
(Ref. 2-102;

5) On-shore sea breeze blows V3€% of the time (Ref. 2-103)

6) 75% by wt of the sea salt particles are <10 microns in size
(Ref. 2-100) ' '

Using this approach, 39,000 tons (particles <10um) of sea salt was

estimated to originate from the SCAB surf zone each year.

The second approach involved using measured concentrations of sea
salt at 50 £t above tﬁe surf and 50CC ft above the surf and establishing a

linear concentration gradient as shown in Figure 2-21. As discussed

below the measured concentrations were taken at periods of wind velncity higher

chan the average wiqd Of 6 mph. Therefore, an adjustment was made o the
average concentration of 17 ug/m3 to account for conditions under average winds.
A value of 12 ug/m3 was selected. To calculate the emissions, it was assumed
that all ﬁhe salt spray was generated over the height of the gradient which
extrapolates to zero coﬁcentration at a height of 600 ft. Using this approach

‘and the other assumptions shown in Figure 2-21, a vélue of 20,00C tons/year

" of sea salt emissicns less than 10 um in size were calculated.

The followihg is an explanation of th2 data used to develop this
estimate. ’
The ambient sea salt aerosol concentrations were measured at two on=~

shore sites--Pt. Reyes anq Pt. Arguello. Source of this information was the
ACHEX study. ) '

The éamplinq station at Pt. Reyes Lighthouse was on a cliff 500'
(0.18 Xm) above sea level and well exposed to the winds. The data collected
here is presumed to be representative of background marine coastal conditions
along the Central Pacific Coast of the United States, hqwever, this data

may not be agolicable along the Southern Califormia coastline.
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Data were collected over a ten day per’od. During the first week cof
testing, concentrations of 9.5 ug/m3 with 4-11 mph (6-18 kmh) dnshore winds
were measuredf During'thg second week of testing, concentrations of 4.4 ug/m3
w%th.a 22-34 mph (35-55 kumh) on-shore winds were @easured. Winds were higher

:iuring this period, but surface trajectories wexe generally off-shore.

At Pt. Arguello the air was dominated by the ocean breeze. The
sampling site was located within 100 yds of the sea and about 50' above the
surf zone. The atmosphere was disturped during the pariod of ;ampling by a
weak storm front passing through Central Southern California. This period
was also chazacterized‘by a wide ranga of conditions from weak wind§ u4’mph
(6 kmh) to rather high winds of 12 mph (19 kmh). Winds in this area generally
blow from the ncrth at 6-10 mph (10-16 kah) .

Sea salt concentrations during this period ranged from 1-100 ug/m3.
Based on the available information extracted from the ACHEX study, a value of
30u§/m; was chosen to represent the average sea salt concentratioa at Pt.

Arguello. Particle sizing data were also taken. Figure 2-22 presents the

' results of the particle siziag test.

Based on thesé data, the 20b0b0 ton/yz of sea salt emissions were
estimated to have the following particle size distribution:

Particle Size : Weight Pefcent
<dpm | _ ' 2
1-2um 20
3-10um ‘ 54
>10um 24

For the final invéntory, the se;ond approach was selected because.it
appeared to follow the more reasonable approach considering the available data.
It was also evident that regardless of the aéproach taken, the quahtity of
salt particles being emitted from the surf zone into the atmosphere is

appreciable, that is, 39,000 ton/yr or 20,000 ton/yr.
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2.4 INVENTCRY RESULTS

The final TSP emission inventory was produced in August 1978 using
EIS data tapes received from the ARB. The tape from SCAQMD was produced in
February 1978 and the tape from Ventura APCD was produced in December 1977.
Placing a baseline date on the inventory is difficult. Th: EIS efforts at
SCAQMD and VAPCD were initiated in 1975 but data processing, correcting and
updating continued from that time until the tapeé used on this inven;ory were
finally produced. Consideri.ng the span 'of time involved in ihcorporating new
source data into the EIS system, the most agprobriate time base to assign
to the inventory is 1975-76.

The emission factors, area source data and emission profiles used in
the inventory are discussed in the previous sections. In this section, <he

results of the inventory will be discussed.

2.4.1 Physical Description and Use Instructions

The inventory was delivered to the ARB in the form of one bound volume
of computer printouts, one printed voiume of emission proﬁiles, plus three reels
of computer ﬁape; The following is a description of these reports to help
facilitate their use. '

A. Computer Printouts—-

The computer report includes a plant index, an inventory by 10 kilometer

grid squares, an inventory by ARB application categories and a SCC report.

The plant index is arfanged by county and plant ID number. Because
of a continuing problem with the EIS software, it was not possible to sort
the plant file to arrangs it in alphabetical order. Fortunately, this is not
a large inconvenience since for a large part of the listing the plant ID
numbers were assigned alphabetically. The index contains (in addition to
county and ID) the plant name and address and its Universal Transverse.
Mercator (UTM) coordinates. Once a plant has been found in the index,

the complete emission record can be found in the 10 kilometer grid file

by locking up the UTM coordinates and the plant ID number.
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The 10 kilometer grid report ccntains the following information:

a. The UTM coordinates of the grid
b. The major city tuat the grid includes
¢. The population of that grid

d. A listing of each plant in the gird contained in the
EIS files and emitting particulates. For each plant,
it contains:

(1) The couty in ';:hich the plant is located
(2) The plant iID Number
(3) The plant SCC and SIC codes

{4) Summer and wihter, week-day and week-end emissions
plus the total annual emissions

(5) A profile key which relates those TSP emissions to a
compositional (size and chemical) breakdown contained
in the Emission Profils Report

e. A summary of area source emissions by applications category

The application category report contains the identical information;
however, the sources are arranged in application categories and the emissions
for each category are summaxized by point area and total emissions. The
terminolegy "Minor Sources”™ seen in th; summary is cbsolete and was not used
in this inventory. All entries are zero. 'All point source emissions are listed

under "Major Sources" and area sources are correctly reported as indicated.

The SCC report lists the profiie keys, application categories and
emission factor corrections for all SCC numbers encountered in the source file.
This report is sorted in two crdérs——by SCC number and by profile kay. The

latter provides all SCC's covered by a éingle profile.

B. Emissicn Profile Report--

The emission profilés are bound~i5 a separate volume. It contains 49
different pfofiles.' Each profile indicates the distribution of TSP emissiogs
into size raﬁges: >10um, 3 to 10um, 1 to 3 um, and <lum.. For each of these
size ranges, a chemical composition of the emissions is provided. Instructions

for using the data are included in the volume.
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C- Magnetic Tape Fileg--

The files submitted on magnetic tape include the EIS point source

file, the area source file and the SCC file.

The EIS tape file contains, for each point source emitting TSP, all
of the information in the EIS files of the SCAQMD, SBAPCD, and VCAPCD. The data are .
in the EIS format. The file layouts are identical to those for the hydro-

. carbon file delivered last May. (Refer to Vol. II of the H/C final report - .
‘Reference 2-53).

The area source tape file contains the area source data. File layouts

were also contained in the H/C final report (Ref. 2-53).

The SCC file contains for each SCC number the appllcable profile key,

appllcatlon category and emission factor correction.

2.4.2 Total Suspended Particulate (TSP) Emissions

The TSP emissions in the Basin plus Ventura County are 174,000 tons/
year which account;lfor 3900 point scurces and the area scurces presented in
Section 2.3.3. A breakdown of these emissions according to application cate-
gories is presented in Table 2-18. Also presented in these tables are the ‘

data from 1975 inventories obtained from the local control districts (Refs.

’ 2—105 - 110 ), the ARB (Ref. 2-11l) and the Air Quality Management Plan pro=

duced jointly by the South California Association of Governments (SCAG), SCAQMD
and ARB (Ref. 2-112). The total point source emissions are in close agreement.
The EIS/KVB inventory has lower point source combustion emissions because

of a reduction in utility boiler emission factor from 7.1 lb TSP/1000 gal to

3.0 1b TSP/1000 gal made by KVB as a result of field tests as discussed earlier
in Section 2.3.1. The AQMP has a similar number for utility boilers. The EIS/
KVB,inventory has larger "Mineral" emissions primarily from two large sources
in Ventura County, a sand and gravel plant and a brick plant which account

for over 80% of the reported emissions. Again, the AQMP is in agreement showing

an even higher emission.
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TABLE 2-18, 'COMPARISON OF BEIS/KVS AND OTHER PARTICULATE EMISSION INVENTORIES

TSP Emissions, Tons/Year

i 1975 Ana 576 AQHe
LUT5-75 ELS/KVE File Comgaonlty AUHD liventory {(Kef.2-)11}) inventory fRuf, 2-112)
Hu. Polnt AlCD Julh Iy, hraa Aroa
Application Catuyory EY-RATH '] Polnt Sources Arca Suurces rotel Kufs. 2-105-110 voint Sourcus | Sources | Puint Sourcus Sources
Putroluum 750 ) 156 | RIVTH 1300 3100
Production M S50 0 50 1550
Rufininyg 25 [q4] [¢] 600 1300 1700
Harksting ] 1o 0 100 25
Ugganic Sulvent Use kley 1160 1800 1150 0
Surfuce costing 546 1150 T s 1150 1000
Duyreaniing H 10 1] 10
Othur 4 H] o 5 350
Chemical 157 540 0 540 lsud 550 200
Hevadlurgical X . 547 4200 0 4200 5500 4700 510
Hinural 4430 12600 o L2600 6200 3200 15700
Waste Burning 48 75 500 600 S00 400 20
Combustion of Fual 131300 13900 Visua 14000 . 15000
utslity bollere 167 4100 1] 9100 15000 8500
Industrial devices 1084 4700 o 2700 5500 1800
Cuomaxciclal/inscitut'l 199 600 o &6u0 31500 600
Petroluum e 1500 a 1500 4100
Wood Pmueialﬂg a5 130 ° 130 10 _
Yood and Ayiiculture 163 460 ‘ 11000 11900 200 1100 200
Hiscull. Industrial 13 440 10 450 1500
Unclassified [Hikc. Arua) U "] 1] 140,500 14u, 000 16000 93000
Fugitive dust ’ 105,000 L0S, 000
Furukt & structural flres 4; 500 4,400
Tasus and brakes 1,000 11,u00
" Sda walr 20,000 20,000
1300
Sources
fatal, Tons/Year, 34000 152,000 145,410 T e 17000 16000 17000 Y1000
{Tutal), Tons/bay 9)) (416) ERAIGH {uu) 100 tiom (100} (255}




The KVB area sources were discussed in Section 2.2.3. The area sources
accounted for in the ARB and AQMP inventories compared to the KVB inventory

are as follows:

Area Source . ' ARB, Ton/Y AQMP, Ton/Y KVB, Ton/Y

Wild fire 22,000 Not indicated 2,400

Structural fire 5,000 "Not indicated 200

Farming 3,000 © 6,800 . 10,000

Construction & 4,000 84,000 71,000
demolition . ;

Unpaved roads 2,000 . Not indicated 23,000

Equipment (movers, etc.) 200 - 260 . Neglected

Since the detailed basis for the various estimates (other than for the
KVB estimates discussed previously) is not available, there is little to be
said regarding the differences in values. ' Before preparing the final inventory,

KVB coordinated their area source estimate with the ARB s=aff.

2.4.3 Spatial Distribution é

A map showing the spatial distribution .of the TSP emission in the
Basin and Ventura County is shown in Figure 2-23. ‘Table 2-19 idedtifies
the grids with TSP emissions greater than 5 ton/day.

TABLE 2-~19. MAJOR 10~-KM GRID EMITTERS

UT™M Coor. . : . Principal
E/W N/S Nearest City Emissions (Ton/Day) - - Source Tvoe
280 3790 W. Ventura 10.8 Ceramic manufacturing
300 3770 Pt. Mugu 7.4 Elect. gen. & area.
320 3800 Fillmore 19.1 Sand and gravel
. 360 3750 LA Airport 5.3 area .

3700 3740 Torrance 9.4 . Elect. gen. & area

380 3740 Paramount 6.4 280 Pt. sources & area
380 3730 LA Harbor 5.9 250 Pt. sources & area
390 3730 Long Beach 1.5 Elect. gen. & area
450 3770 Fentana 13.1 Steel manufacturing
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f‘ig’ure 2-23. Spatial distribution of stationary
TS emissions (numbers on grid indicace
emissions in tons/day).




2.4.4 Fine Particle Summary

The objcciive of the program was to assess not only the total suspanded
particulate emissions but alco the fine particle emission, i.e., the fraction

with particle size less than 10 microns.

Since it was outside of the scope of this contract to program the
emission profiles, it was not possible to jerform a rigorous computation of
the mass of fine particle emissions. Instead, a close approximation was
made by estimé:ing the particle size distribution for each application cate—l
gory. This estimate was made by inspection of the emission profile’ in the
Appendix and'establishinq a percenéage of the emissions with particle sizes

less than loﬁm.

Table 2-20 presents these results. Note that an estimate of the per-
cent of TSP <10um was made for the point sources in each application category.
The area sowce emissions reported in this inventory (i.e., Table 2-1R) were

already adjusted so that they only incluv 2d the ilOum portion.

In summary of the 174,000 toa/vear TSP inventoried in this study,
161,000 ton/year or over 90% are less than lOpm. Of the 34,000 ton/year TSP
from coint sources shown in Table 2-18, 31,000 ton/year or 90% are fine par-

ticles.
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TABLE 2-20. FINE PARCICLE INVENTORY SUMMARY

% of TSP : TSP Ton/yr Fine Pa:ticlé Emissions
Application Category <10um (Table 2-17) Ton/yr Ton/day
Petroleum ‘ 60 | 750 450 . 1.2
Organic Solvent Use 70° 1160 8q0 2.1
Chemical ‘ © 90 540 sji 1.4
Metalurgical 90 4200 3800 10.4
Mineral 20 12600 . 2500 6.8
Waste Burning 70 600 200 1.1
Combﬁstion of Fuel ) ' .
Utility Boiler 97  e100 8800 24
Other ‘ ' 90 4800 . 4300 118
Wood Frocessing ' &0 130 70 0.2
vfood é Agriculture 8 - 11000 8800 i 24
Misc. Industrial so . 4sa - - 200 0.5
Area Sources '
Agricultural Tilling - 100* - 9900 9900 . 27
Road & Building Con- o |
struction 100* 71000 . 71c00 185 ‘
‘Livestock Faedlots " 1loo* 1300 1300 B 3.6
Unpaved Roads 100* , 23000 23000 63
Forest Fires - 1c0* 2400 2400 6.6
Structural Fires  1oo¥ 200 200 0.5
Other Combustion 100% 1900 1900 B2
Tire & Brake Attrition 100~* 11000 11000 30
Sea salt ' 100* 20000 20000 55

TOTAL 171006 467

The emissions calculated for area sources only included that portion of
TSP <10um. ’
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SECTION 3.0

FPIELD TESTING

‘The field tests conducted on this program provided a realistic assess-
ment of the partiéulate emissions from stationéry sources in the ﬁasin. From
the outset the experimgntal plahs and procedures were ccordinated with
numerous government, industry, and research congultants to penefit from the
advice of other experts in the field, avoid‘duplicatioh, identify representa-

tive sources and insure high data gquality.

The following sections present the experimental methods emploved.

3.1 APPROACH

The number of stationary sources of particulate emissisns in the Basin
is hege. The objective of the test program was to provide as much information
as possible to characterize the particulate emissions from these sources.

An initial goal of 45-50 sources was established.

The EPA has categorized pollution sources using a‘system of Source
Classification Codes (SCC). The sources in the Basin account for approxi-
mately 150 SCC numbers. For each of these an emission factor and an emission
‘ profile was desired. In many caseé emission factor data were available.
Very little data were available on which to base emission profiles. There-

fore, the hajor emphasis wag given to obtaining emission profile data.

From the preliminary inventory it WAS éetermined that fuel combustion
accounted for 54% of the emissions in the Basin and metallurgical and
minérals accounted for 24%. Major plants were identified in each source
type such as power plant, cement plant, glass fu;naces, and,agphalt batch |
plants. Special sources like a steel mill, chemical plant, etc. were

also listed.
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Industry was found to be cautious and concerned about this testing.
They often requesteé a full techanical briefing. ' The glass industry used the
Glass Packaging Ix{stitute GPI and the petroleum industry used the Western 0il
and Gas Association (WOGA) as agents to monitor ané control their participation.
As a result of this concern a great deal of engineering time was reguired to
éain entry to plants for testing. Even after tests were completed, there were
return visits to review data. In the case of GPI and SCE, formal presentations

of plans and results were made for each sita tested.

To minimize the amount of coordination work, KVB took the approach of

trying to conduct as many of the planned tests at one plant site as possible.

The test crew consisted of two 2ngineers and two technicians. On all
~tests, all four workad together. EZach test regquired one working day at thea

plant site plus two days for equipment turnaround and sample processing.

3.2 METHODQLOGY

Sampling and analysis methodology described in this section was
évaiﬁated during the Phase I period of the program. This 1s discussed in
Section 4.2.1. The objéctives were to (1) determine the particulate emission
rate from ducted sources, {2) collect and preserve representative samples of
these emiss;ons and (3) analyze the samples for their chemical composition.
The general approach to eﬁission rate determination was to either measure the.

emission rate or to determine it by calculations from process data.

Presented in the ‘following sections are a detailed descrintion of the
field test and laboratory egquipment, some explanation for cheir selection, and
a detailed description of test procedures and data reduction technigues

. followed during the‘progfam.‘
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3.2.1 Sampling

Twe sarpling trains were used in the program, an EPA Source Assessment
Saméling System (SASS) and a modified Method 5 train. Both trains consisted of
heated probe; three calibrated cyclones with nominal cut sizes of 10, 3 and 1 um
contained in an oven capable of being heated to 40C°- a millipore filter also
in the oven; two;impingers bontaining distilled water; one dry impinger; on=2
impinger containing desiccant; vacuum puﬁp(s); and a drygas meter. The primary
difference in the two trains is size. The SASS is larger with a sampling rate
of 4.0 SCFM or 6.5 ACFM at 400°F where the Method 5 train has a sampling rate of’
1.0 sCFM (1.65 ACFM at 400°F). The 3)3S requires two vacuum pumps. Both systems
are essentially standard, commercially-available equipment except that the stan-
dard SaASS has an organic sampling module Setween the filter and the impingers
which was not used on these tasts and a special cyclone set was designed and

fabricated especially for use with the Method 5 train.
The purpcses for using two trains were to:

a. Simultaneously sample upstream and downstream of control devices
to measure efficiency.

b. . Simultanecusly sample at the same location to determine measure-
. ment accuracy. '

c. Provide flexibility in equipment size using the physically smaller
Method 5 train in locations whera the SASS was too large.
The smaller train was used upstream of all controlled devices and the faster
sampling SASS was used downstream where the grain loading was substantially

lighter.

Both the small and large cyclone sets were calibrated at the program
outset. Pitot tubes, gauges, meter, thermo-couples and pyrometers were cali-

brated periodically throughout the program.

'A. Equipment Description--

1. Source assessment sampling system (SASS) Ref. 2-1-<The flow diagram
for the SASS is shown in Figure 3-1, The SASS is available as a standard pro-
duct of the Acurex Corporation, Mountain View, California. a description of

the components £ollows.
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EEATED PRCBE

The SASS probe extIacts gas/pérticulate samples from the soﬁrce

being tested, monitors the temperature and gas‘velocity of the scurce, ;nd
maintains sample temperatures above the condensation point of water/so3 mix-

tures. Figure 3-2 shows the intermal arrangement of the assembled probe. The
. important fextures of the probe are the Type 316 stainless steel sampling tube;
the fiberglass-insulated strip heater (incorporating a thermocouple for feed-
back temperature control) wripped around the sampling tube; a round probe bedy
to allow sealing of the sampling port and rotation of the probe as necessary;
strain relief for all'electrical, thermccouple, and pitot line connections; a
calibrated Sftype pitot; and easily interchangeable probe tips with diameters
from 1/4 to 3/4 inch in 1/16-inch increments as standard equipment. The: probe

is designed to withstand duct temperatures of up to 600°F.
PARTICULATE COLLECTION SYSTEM

The purpose of the particulate collection system is to maintain the
sample gas stream at 400°F while collecting the particulate in three cyclones
"and a backup abksolute filter. Figure 3-3 shows the systen installed in the
oven. Figure 3-4 schematically illustrates the three SASS cyclones and shows
key dimensions of each. The cyclones were developed by the Southarn Research
Inétitute and Acurex's Aerotherm Division. The cyclone assembly is fabricated
of 316 stainless steel. In order to be lightweight and ccmpact for easy £field
use, an? to.be easily assembled, disassembled, and cleaned in the field, the
cyclones were fabricated by spinnihg with inlet sections attached by welding;
Support for the individual pieces in the oven is orovided by tubing connections
As a result the cyclones are fragile and easily damaged. The middle cyclone
failed midway in the program and was replaced by a machined unit which was less

'expensive and more rugged, but slightly heavier.

' The seal between the top ‘and body secticns of the cyclones were origin-
ally made of Teflon. These Teflon seals'proved to be tro blesome because of
their lack of fléxibility and tendency tb cold-flow, leading to difficulty
in getting satisfactory leak teﬁts.l.After a few tests} the Teflon was
replaced with Viton wh:ch has been adopted by the EPA as an acceptable

material for the system.
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" The filter holder (Figure 3-3) houses and supports an absolute backup
filter for the series cyclones. Because of pseudo particulate problems ex-

perienced with other filters (Ref. 3-19), only Reeve Angel 934AH filters were

' empldyed in the filter holders of becth tréins. These filters are made of

borosilicate glass fibers and have an sstimated porosity of 0.3 - 0.5 um.
The filters were obtained in 150 mm diameters and were'individually cut to

141 mm diameters to fit the holder.

The oven provides a constant temperature environment for the cyclones
and filter, as well as mechanical protection. It also supports the probe by
means of a collar attached to the side of thé oven, which securely clamps the
probe. The probe and oven collar are so designed thét the probe can be rotated

to any angular position.
IMPINGER ASSEMBLY

The impinger assembly collects any remaining cendensibles in the gas
stream and dries the sample gas stream to avoid daﬁaging the gas pumps and flow
monitoring instrumentation. Theliﬁpinger assembly, pictured in Figure 3-6

consists of four heavy wall glass bottles- 316 stainless steel and Teflon tubing

directs gas flow. The first two impinger bottles contained 400 ml of distiiled

waterl In each of'these bottles, a straight section of tubing ducts the sample
gas below the liquid level. The sample gas section Bf-tubing ducts the sample
gas below the liquid level. The sample gas bukblzz throucu tbe liguw.d, allowing
the wvarious pollutant species to be scrubbed out. The third bottle was empty.
The fourth impinger bottle'contained graﬁular silica gel to dry the gas. In
this bottle alsc, the gas is ducted to the bottom of the bottle by a stainless

steel tube and flows upward through the silica gel granules.

The remaining components of the impinger assembly'(shown in Figure 3-6)
include a thermocouple, to monitor temperature of the gas exiting tie silica
gel, a smallnpump to agitate the ice/water slurry surrounding the bottles and
carrying tray so the gﬂtire impinger asembly can be lifted out of its ice bath

when required.
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VACUUM PUMPS

TwWO vaéuum puﬁps connected in series are used with the SASS. Thesc
carbon vane -typ: pumps (Gast, Model 1022) are modified by Acurex with a special
shaft seal to redﬁce the leak rate to bettér than Method S5 standards. Euach
pump has a 3/4-hp motor, a flowrate of 10 ACFM ai zero pressure d:ép, and weighs

1bs including all fittings. Each pump requires i0 amps/i15 VAC.
CONTROL UNIT

The control unit contains all of the instruments for measuring stack
‘velocity, sampling flowrate and cumulative {low, and temperatures at various
points in the sampling system (Figure 3-8). All of the controls fcr the sam-

pling system are located in the control unit except the valves for controlling

L

sample flowrate. The wvalves are mountad on the vacuum pump, which is place
adjacent to the control unit when using the sampling system. Thus all of the

controls and measurement displays are centered about the control unit.

The various switches, gausus, and connections seen on face of the cons

trol unit are described below:

Switches

‘

There are five electrical swi:clies with the following functions: -

. Main power (with pilot light a:. 3~ampere, .15-VAC circuit

- breaker)

. Probe heater (with pilot light and l5-ampere, L15-VAC circuit
breaker) ‘

. Oven heater (with pilot light and '5-ampere, ..5-VAC circuit
breaker)

. Fan power

. Elapsed time indizator start=-stop switch

The oven circulation fan is connected so that during heating, the
fan is in operation regardless of the position of the fan control switch.
When the oven heater is "off," the fan may be turned "on" with the oven door

open to hasten cooling of the oven, cyclones, and filter.

Elapsed Time Indicator

An elapsed time indicator is used to determire when to move from one

traverse point to the next, when performing Method 5 campling. It is also

3-13 KVEB 5806-783
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useful for SASS sampling to monitor impinger solution change intervals, data
logging intervals, and total sampling time. The indicator has a resclution
of 1/10 of a minute. The indicator can be reset to zero, and started or stopped

with a pushbutton located near the indicator.

Cven and Probe Heater Temperature Controls

Power to the oven and probe heating =lements is modulated with adjust-
le temperature controllers. These controllers use chromel—alumel‘thermo-
couples for temperature sensing. Each controller has the following features:

. Actual temperature continuously diséLayed
. Maximum Set-point is limited to 300°F by a mechanical stop'

. Power cycling is indicated by red and green lights

The controllers provided with the unit used on this program were of
low quality and required continual adjustment to keep them in calibration.
After several replacements, the test crew learned to use manual procedures to
bring the :émperatu:es to the de;ired level (i.e., 400°F for the probe and oven)
,af;er which the controller woul& generally hold the temperature, although the
indicator might be as much as 160°F off the.proper setting. Aalso, if the con-
toller was turned to the upper limit of temperature (not beyond the scale}, the

control would lock, requiring disassembly.

1

Temperature Display

A digital temperature indicator is used together with an eigthPQint
selector switch. The selector switch permits monitoring the temperature at

each of the following ldcations:

. Stack
. Probe
. 0Qven

. Impinger train outlet
. Gas meter inlet
. Gas meter outlet
. Two "spare" locaticmns

The temperature range is 0°F to 1500°F with an accuracy of *4°F.
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Gas Flow

The cumulative sample gas flow is measured by a Rockwell Model 415 gas
pmeter, a high accuracy meter us. 4 for testing. The measurement is displayed

by a digital counter and pointer with a resoluticn of 0.005 cu. ft.

Pressure Gauges

. Three Magnehelic pressure gauges can be .seen cn tne 'ice of the control
unit. One is used for monitoring the pressure drop across the orifice meter:
(see following discussion on orifice meter). The other two gages are connec-
ted in parallel and indicate the pressure differential of the pitot tube used
for measuring staék velccity. One of the gages has a range from 0 to 0.5
inches of water; the other, usually d to 4 inches of water. Thus the pitot
tube pressure differential can be determined with high precision over the

full range.

Umbilical Line Connections

The umbilical line between the control unit, oven, and probe makes

the connections with the control unit as follows:

© . Multipoint comnecitor wita AC power leads to oven, fan, ané probe

. Dual-pin thermocouple connectors for the stack, probe, and

impinger thermocouples.

The separate 25-Zoot sample hose comnects to the vacuum pumps. - The
exhaust hose of the pump is connected to the ™inlet"™ £itting located on the '
control unit. The sample gas then passes through the gas and orifice meters

in the manner of the typical Method 5 sampling train.

A quick-disconmnect f£itting is provided at the sample "exhaust” outlet

on the contrxol unit.

2. Method 5 sampling, system (Jog_Train)¥-The Methoa 5 sampling system is

a stancdarZ Joy Manufacturing Company unit shown schematically id Figure 3-9.
A special particulate sampling system was designed and fabricated to £it inside

the standard oven. A description of the system components is gresented below.
CICLONE SET

designing the cyclone set for the Joy train, XVB visited Southern
Research Institute (50RI), where under EIPA sponsorsiip they were develcplng a
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Figure 3-11. Cyclone 1.
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Figure 3-12. Cyclone 2.
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Figure 3-13. Cyclone 3.
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Figure 3-15. Jov train cvclone assembly.
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Pigure 3-16 A drawing of t“he front view of the cyclones and filter
holder assembled in the Joy oven.

Figure 3-17 A drawing of thevtcp view.

Figure 3-18 Drawing of Cyclone 1.,

Figure 3-13 . Drawing of reverse exit tube for Cyclecne 1,

Figure 3-20 brawing cf Cyclone 2.

Figure 3-21 ' Drawing of Cycleone 3.

Figure 3-22 Drawing Sf stainless steel ball and socket 3joints used

to connect the cyclones to each other and
Note that grcoves for "0" rings have been
joints to assure a positive seal when "O"

to the probe.
cut in kall
ing is 1in place.

The units were fabricated from 316 stainless steel with high quality

and precision. Subsequently, the ScRI tests wers completed, indizating thac

the cut points would be as follows:

Point

400°F D_C Cus (Red 3-10
Cyclone T 9.1 um
Cyclone I 4.1 um
Cyclone III 1.3 5m

Throughout the test'program the small cyclcaes performed perfectly.
The ball joints provided no sealing problems and are recommended highly for

future designs.

frer the initial trial runs with the small‘train it was found that

the original filters on the Joy tra;n were becoming clogged wiﬁﬁin a short dur-
ation. To alleviate this condition, a larger filter holder was fabri:aﬁed and
successfully installed in the unit. Where the original filters were only 47mm
in diameter, the new filters were l4lmm, the same size as the cnes in the SASS

train. This improved the sampling'routihe substantially, reducing the number

of filter changes. Figures 3-15 and 3-16 show the larger filter in placel
SAMPLING UNIT

The sampling unit, Figure 3-24, consists of a stainless steel

cabinet
divided into two sections. The first section is a heated compartment contain-
ing provisions for a filter assembly and cyclones; the second section is a

compartment containing the impinger train. Cgenings in the cabinet and clamping

devices are provided for attachment of the probe in horizontal positions. Sam-
Pling train components in the oven are made of stainless steel, joined by ball
and socket joints and provided with clamping devices.
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Figure 3-17.
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Figure 3-19. Design sketch, reverse exit
tuba for Cyclone 1.
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Fiqure 3-23. Joy Manufacturing
Co. control unit.

Figure 3-24. KVB modified Joy
Manufacturing Co.
sampling case.

s — = b |
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Figure 3-25. Joy Manufacturing Co.
probe. ' '
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PROBE

The standard probe, Figure 3-25,'has an effective length of five feet
and consists of a sampling tube, a tarperature probe, and a pitot tube. The
éampling tube is a lerigth of stainless steel tubing running through the center’
of an exterior stainless steel tube and terminating in a stainless steel joint
a short distance beyond the end of the stainless tube. The staialess steel
tubing is heated by a resistance element. Provision is made for usé af a

variety of sampling nozzles. The pitot tube consists of a pair cf stainless

steel tubes attached tc the assembly.
IMPINGERS

Four impingers are connected in series with glass ball joint fittings.
The first, third, and fourth impingers ars of the Greenburg-5mith esign,
modified by replacing the tip with a 1/2"VID glass tube extending to 1,2
from the bottom of the flask. The second impinger is of the Greenburg-Smith

design with the standard tip.
METERING SYSTEM

A vacuum gauge, leak-free pump} thermometers capable of measuring
temperature to within 5°F, dry gas meter with 2% accuracy, and related eqguip-
ment are provided to maintain the appropriate sampling rate and to determine

sample volume.
B Sampling Procedures--.

This section will present the procedures that were employed at the tast
site, inclﬁding preparation, sampling, disassembly and sample recovefy. Ana-
lytical procedures that were employed to determine the guantitv and composit.on
of the particulate samples are discussed in Section 3.2.2. These procedures
apply to both the SASS and Joy sampling trains. The sampling and laboratory
procedu:es'cutlined below illustrate the detailed preparations and pre-

cautions that were taken to insure gquality contrel.

1. Preliminary evaluation of the test site--An important aspect of the

sampling procedures was the preliminary assessment of the sampling test site.
For a given industrial operation, a sampling location was selectad based on
accessibility and exhaust flow characteristics. A minimum of a 3-inch sampling

port was required to accommodate the pitot and sampling nozzle and probe.
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Ideally, the exhaust flow at this location should be fully mixed from
the process or combustion zone and will be steady and uniform, not disturbed
by elbows or dampers. This generally was 595 the case. A’piﬁot tube traverse
and temperature measurement was made in accordance with the procedures outlined
in the Federal Register (Ref. 3-3). Daggﬁ;;s redordé& on the sheet illustrated
in Forﬁ 5804~4 (Sect. 3Jnf Based on the results of this traverse, sampliﬁg
locations within the flow stream were seiected to '‘provide a spacially integrated

sample.

2. Sample flow and isckinetic conditions~-To preserve the cyclone "cut-

off" points, the sampling flow rate was adjusted to maintain 4.0 SCFM at the
required 400°F cyclone oven temperature conditions. Isokinetic sampling was
also desirea and was achieved to the degree possible by'selecting the proper
orobe nozzle diameﬁe:.A Isokinetic sampl;ng ié a condition where the velocity,
V-, of the sample through the nozzle is the same as the velocity, VS, of the

stack gas. The nozzle velocity Vn is related to the nozzle diameter, d, and

to the meter flow rate Qm by the follpwihg equations:

. Y
n T T a7 %%

: 13
g, = —mgm— o
" l-=F) =~ m s

for the isokinetic sampling the stack velocity equals the nozzle velocity:

)

Vs = Vn
i} = —Qn —— ‘ ) —l
subgtltute the Vs ' T (_2)2 o
value from the ° 4 12
above equations ; : T 1 b
3,0, (=) = 2
L
v, = (L -155"7 T R
T (_2)2
_ ' 4 '12
and solve for the nozzle diameter, d.
O - Ts a1 Equation definitions
4 = 24 3H20 T <) % appear on following
(1 - =) m =
100 page.

* All puepared data sheets used in these tests are presented in Section 3.4
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= stack temperature, °R

= dry gas moter temperature, °R =
» : Nozzle

stack velocity, ft/sec.

=]
E!O-’JC U'lqﬂ w'—i
]

velocity at nozzle, ft/sec A
=
= gas flow rate at meter, £t~ /min 1
3 2 Stack
Qn = gas flow rate at nozzle, £t /uin Velocity
d = diameter of nozzle, in. .4 'F.d "
P = meter pressure, psia
PS = stack pressurce, Dsia
% H20 = stack gas watcr content - : Velocity through

nczzle, V
n

The sampling flow rate Q was maintained at 4.0 SCFM for the SasS and 1.0 SCFM
for the Joy to preserve the cyclone cut-off points. The nozzle was chosen to
have the closest diameter to the calculated diametex. For the Method 5 proce-

dure, Qm could be adjusted to account for the nozzle difference.

After the stack velocities and temperature levels have been estaolished
by the preliminary s*ack traverse, the nomogram illustrated in Figure 3-36 was
used to select the proger nozzle diameter and for the requiréd sampling rate.
If stack conditions were ehcoﬁnte:ed that were not covered by Ehe nomogrém, the

above equations were used.

‘3. Preparation of the sampling trains--

"a. Cleaning--Prior to sampling, all sampling traip components aﬁd
sample cbntainers were cleaned first with distilled water, and then with ace-
tone. The distilled water was dispensed in plastic wash bottles; the acetone
was dispensed using Teflon or glaés wash bottles. After each part was washed

with acetore, it was dried in a filtered stream of dry air or nitrcgen.

Any solid residues adhering to the intermal surfaces were removed
with tap water and a plastic scouring pad befcre proceeding with the solvent’

cleaning procedure.
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After cleaning, the cyclone assemblies wers assembled and capped off.
The other sections of the train, including the probe, -filter housing, impinger

trains, and interconnecting hoses, were capped off.

b. Pilter preparation--Using stainless steel tweezers, each filter was

placed in a clean, numbered 150 glass petri dish. They were baked at 220°F for
at least three hours in a drying oven, éhen immediately transfered to a desicca-

tor to cnel.

The filters were weighed once and then a se2cond time several hours later,
to confirm the initial weighing. This was the weight used to determine the
mass particulate catch on the filter. Several filters were prepared to be used

in the event that particulate grain loading was high.

¢. Imcinger solutions--The folicwing sclutions and procelures wera used

for impinger sample bottles:

SASS Joy
Iapinger . Reagent Quantity . Quantity
. 21 H,0 400 al 100
22 - 320 480 ol 100
$3 empty o WS . T
#4 (Caso ) * 750 g + 200 g

*3-mesh, colior-indicating Drierit

I+ was scmetimes necessary to replace the Drierite several times
during a test run. A marked decrease in Impinger #4 outlet temrerature (MOis-
ture apsorption by DOrierite produces nheat) was found to indicate Drierite

depletion when the Orierite cclor change was difficult to detect.

The spent Orierite was not kept f£or analysis.  However, the welgjht jain

due to added water was recorcded and used %o determine moisture of the stack gas.

4. Sampling =rains assemblv and creneatiag--Zach component of the trains

was transferfed as a separata unit to the tast site with all sealing caps in

place. Care was taken when removing caps for correction of component so as to
make certain that no foreign matter entered the components. A leak check was
conducted with the probe capped before installing the probe nozzle. The leak

rate was less than 0.05 CFM at 20"Hg pump sucticn. The proper nozzle selacted
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on the basis of the isokinetic requirements above was assembled and the sampling

train was then readv for use.

clon ven orope were preheated & CO°F befor ampling was
The cyclone o and ¢ e heated %o 400°F before s 1

started. This was required to prz=vent the condensation of acisture in the cv-

clone that may interfure with sample collection.

-

5. Sampling oroczdurs--Actual sampling was conducted in an identical

fashion as emploved for EZPA Method 3. The nczzle/probe assembly was laserted
into the stack in the proper crientation to the initial sampling locatizn in

the £low stream.

The sampling run was initiated bv turning on the vacuum gsump and ad-

justing the intake valve to achiave the proper £low rate. DPerisdic checks and

It was often necessary %o change filzers when sampling «filcents with
high fine particulate lsadizngs In orider Lo chtaizn sufficisnt saisgle volume.
This was gen«~i1llv evidenced by a gralual increase in sample pump vacuum recuirad

“o maintail': samzliae £low. In thils event, the train was saut down and a2 new

filter assembly ccntaining a clean filter was inscalled.

[

L2 voluime cf between 500 and 153C0 cubiz feet was collacte

=
snen sufficiesnt volume nad been collected, the pump was turned off, the prokce

(&1

zzl2 probe and filter holder were disconnected and czapged off. These

itams, along with =he 'impingers with liguids, were traamsported to the laboratsry

for sample recovery.

6. 3Sazple recoverv--The procedure for transferring samp

e
W
n
rn
L3
Q
a
'
£
©

warious portions of the -ASS train in%to storage containers is-ocuclined in

> o

the flow Siagram given im

-

igura 3=27.

Table 3-1 lists the samples %o be recoverad f£rom the SASS train and
the racommended containers used for sample storage and shippinc. Iz scme

cases, more than one container was reguirsd. All containers wers ¢

a2z

Prior to use according tz the procesdure used for cleaning rthe train as

descrikbed above.
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Stup 11 Briefly tap cyclons
agtembly to clear wolide froa
Jpm - Lum cyclomm cunnecting
flteing.

lum Cyclona

Zy-t

Step 2+ Dlsconnget 3 jmcyclong
from 1jua and cap off Jum cyclone
outlet and 1 pam cyclumw inlat.

Vigorously tap J)pmcyclong to
drive mollds into lowur cup.

Step 31 Raconnect cyclone cup
assewbly, rewove cyclune top

portion and rinse top portion
of cyolone into lowur suctions
of cyclone. . 5

Step 4 Nlnsa-cyclonu center

Hemove cup asscmbily, and
-tranfer contents of cup

into a tared ylass vial,

sactlon Into cup assenbily.

Step b1 Vigorously tap cyclana

Hemove cup asscmbly, awd |
transfur contents of };up !

into amber glauy containen |

to drive sollds Into lowar cup,

ljim Cyclone

Fllter

Step 21 Dleconnect upper portlons
of cyclone and ringe them and the
cup into amber glaws container,

Houglng

e e

—

Stup L1 Open up fllter housing,
remove fllter using a stailnless
gtev) twueezers and place filter
{particulate wide down) in a
covered tared 150 mn glass petri
dish. Any appreclable solidy
adhured unto the flliter hausing
#ay ba tapped into the petrl dish
(i.e. litt edge Oof the f[f{)ter, ’
tap vollde Into bottum of petrl dlgh
alcl then cover ovar with filrer).

Disconnuct cup and transter
contunts Into a tared

nalgene contalner,

Step 2t Rinse both halves of
particulate housing (including
Intetconnect tubing attached)

buto ambur glasys contalner.

S e e R A B S M SRRl

SASS AND JOY TRAIN SAMPLE RECOVERY ~~

Figurce 3-27 (cont.)

PROBIS, CYCLONES, FILTER

Use distilled water for
all rinses.

‘Handle all taied concalners with

gloves. =

Transfur of sollds may be ssslated
by the use of staialess steel
spatulas and powder funnule. HNylon
bristle brushes may also be used

Lf necessary,

KVH Stu6-78H3

]
2
:
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TABLE 3-l. SAMPLE STORAGE/SHIPPING CONTAINERS

‘Train Component

Sample Tvpe

Container Recuired*

Probe and nozzle

10Kk cyclone

3u cyclone

iy cvelone

Filter nclder and
filter

Impinger #1
Impinger #2°

Impinger #3

e

solid tappings

solvent wash

cup solids

solvent wash

cup solids

solvent wash

cup solids

solid tappings and
filter

solvent wash
contents & rinses
contents & rinses

contents & rinses

Tared 4 dram vial

250 ml amber glass

. Tared 4 dram vial

250 ml amber ‘glass

Tared 4 dram vial

250 ml amber glass

Tared 4 dram vial

250 ml amkber glass

Tared 150 mm jlass
petri dish

Ada to impinger
1 liter LPE
L.iite: LPE

i liter}LPE

*all ¢lass containers must have Teflon cap' liners.
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KvB 5806-783




@

7. Sample processing and analvsis--

a. Cvclones--Zach cyclone solid catch was transferred to a trans-
porting container, desiccated for one hour, and weighed. These samples were
sent to Armament Systéms'Corporation for predominant elemen:al composition
analysis by X-ray fluorescence, then to gbckwell Air Monitoring Center for

su;fate,_nit:ate, and carbon analysis. [The procedures for these analyses are

discussed in Section 3.2.2.

Zach cyclone was rinsed with distilled water and the rinsed material
collected separately. The water was evaporated and the remaining sample baked
for one hour at 250°F, desiccated, and weighed on an Ainsworth torsional kalance.

This weight was included %n each of the cyclone's sclid'weight catches.

b. Filter--The filter was‘tfansferred to a getxi dish, desiccatsd,
for one hour, and weighed; The filter and particulate were sent to Armament
Systems for predominant elemental compositioh analysis, then toc Rockwell
for sulfate, nitrate, and carbon analysis. The filter housing was rinsed

with distilled water and collected with the impinger rinses.

c. Impingers--The volume of water in each impinger was measured.

The wate% from the first three impingers was combined along with the water
rinse from these impingers. 'The combined soluticn was extracted five times
with 25 ml portiops of reagent grade methyl chloroform for each 500 ml of
soluﬁion to determine the organic content of the impinger catch. The méthyl
chloroform was transferred to a tared vial and evapcrated at room temperature
in a dry air stream. This sample was desiccated f£o2r one hour and weighed.
This weight was the organics content of the impinger catch and was inciuded,

in the weight of the impinger catch.

The water remaining from the above extraction was transferred to a
tared beaker, evaporated %o dryness, desiccated for one hour, and weighed.

This sample was sent to Armament Systems .for predominant elemental compcsi=-

tion analysis by x-ray fluorescence, then to Rockwell AMC for sulfate, carbon

and nitrate analysis.
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	SECTtoN l.O OVERVIEW 
	l.l INTroDUCTION 
	Ir. order to characterize air quality in the California South Coast Air Basin ,SCAB) and to provide information on which to base control strategy decisions, the ARB has sponsored a series of programs to inventorJ emissions from stationary sources and investigate the systems in place for their c~ntrol. The NOx, SOX and VOC" programs have already been co!llpleted and .the pre!:ent program documents t.11.e .work perfonx:ed to providt.•. the same information for fine particulates. 
	Air-s1.1spended matter having particle diameters of less than 101-!m is defined as fine particulates. Emitted from stationary sources, fine particu­lates contribute to the ambient aerosol, causing ~aze or reduced visibility, and com:titute a h'IJlllan health hazard. Because of their visibility some of the earliest efforts to control air pollution were directe:i at particulate emissipns. As a re_sult, the mass flow of particle •emissions has been reduced by 95\ or. im,re from what preY.iiled under previously
	I 

	Fennelly (Ref. 1-1) indicates that for veey fine (<lµm) particles that enter the pulmonary system, more than 30, will remain there. In considering a tine pa..-ticulate standard recently, the o.s. EPA decided that particles 
	·,15\Jm are in the respirable range. In ccmbustion sources, KVB (Ref. 1~2) and others (Ref. l-3) have found that th~ smaller particles often have higher concentrations of toxic metals than do larger particles. This effect is .iue 
	* ' 
	Volatile Organic Compounds 
	l-1 KVB 5806-783 
	I i 
	I 
	to selective condensatior. in the cooling gas. Friedlander (Ref. 1-4) identifi1::d fuel-oil f!.y ash as a significant consr.ituent in the ambier.t of the Basin. 
	aero::.ol 

	Particles having diameters of O. 3 to 1.OJlm are considered to be nost effective in light scattering and. therefore, haze production. This is because this size ra.~ge corresponds to t.'le wavelength range of visible light. Thus, while emissions of (coar~erl particulates in the Basin have been ·greatly reduced as a result of applied controls, fine particle that are still emitted ~y stationary sources contribute significantly to reduced visibility and increased health hazards~ In view of these considerations,
	":he objectivr,?S of this program we.c-e to: 
	lCVB 5806-7!;33 
	l.
	l.
	2 S JMl-JARY AND CONCI.GSIONS 

	In-order to accomplish the above objectives, the first steps ur.der­taken were: to prepare a preli'llinary inventor.1 of· total suspended particulates (TSP) without consideration of particle size or composition; to identify the major emission sources; and to d.etermine the distribution of emissions among tne various ~ource types. 
	On the basis of this prelimi.~ary inventory, a field test program was next conducted to characterize e:ci.ssions from the sou=es select:..d, emphas:.z.ing those so\llce types; producing the greater amounts of emissions. Seventy-eight particulate sampling runs were t.11en made, 40 using t!le EPA Source Assessment Sampling System (SASS) and 37 employing a modified EPA Method 5 train. L.1. each 
	n:n particles were collected L~ ~11ree cyclones with particle size cut:.s of 10 , 3 and l µ.m followed by a backup filter and wate.c impinger. Whenever catches in excess of '100 milligrams were acquired, they were analyzed for c.'-l.emical 
	composition. 
	A su=a.ry of the sources tested is as follows: 

	Source Ty?e· 'No. oi RQ,S 
	Source Ty?e· 'No. oi RQ,S 

	Utility Boiler 
	Utility Boiler 
	18 

	Industrial. 
	Industrial. 
	Boiler 
	10 

	IC Engine 
	IC Engine 
	3 

	Hog Fuel (Woodchip) Boiler l 
	Gypsum. 
	Gypsum. 
	Plant 
	1 

	Brick Plant 
	Brick Plant 
	2 

	Cement Plant 
	Cement Plant 
	2 

	Glass Furnace 
	Glass Furnace 
	6 

	Fi!>@~qlass Plant 
	Fi!>@~qlass Plant 
	2 

	....
	Asphalt Roofing Plant 
	-
	Asphalt Pa-,.inc; Plant 
	Asphalt Pa-,.inc; Plant 
	2 

	Rice Dryer 
	Rice Dryer 
	2 

	Caz-ob .
	Caz-ob .
	Plant 
	2 

	Heat Treating Prc ~ess 
	Heat Treating Prc ~ess 
	2 

	Saru:i Blasting Process 
	Saru:i Blasting Process 
	2 
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	Figure
	Figure
	a. 
	a. 
	a. 
	Characterize the emissions of fine particulates from stati9nary sources in the South Coast Air Basin and Ventura ~ounty in terms 
	of: 

	TR
	identification and location of point and area 
	sources 

	TR
	individual source 
	annual emission rates 

	TR
	seasonal and temporal operational variations 

	TR
	particle size distributions predominant chemical compnsitions 

	b. 
	b. 
	Report t.'le U>Ove data (excluding chemical compositions) in the EPA' s Eiussion Sub-system format on IBM••compatible magnetic tape. 

	c. 
	c. 
	Gene=ate the following computer print-out:S 
	er typed reports: 

	TR
	Application Category Report Geographic Location Listing (lO 
	kn grid) 

	TR
	Emission profile listing by sec Code 

	d. 
	d. 
	Provide particle size distribution and chemical composition data in the form of eraission profiles 

	e. 
	e. 
	Assess the cost effectiveness of potential methods of reducing the emissions identified. 
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	Figure
	·Open Hearth Plant 
	·Open Hearth Plant 
	·Open Hearth Plant 
	2 

	Spray Booth 
	Spray Booth 
	4 

	Boric Acid Plant 
	Boric Acid Plant 
	2 

	Fertilizer Plant 
	Fertilizer Plant 
	2· 

	Wood Processing 
	Wood Processing 
	5 

	Process Heater 
	Process Heater 
	l 

	Fl 1idizecl Bed Catai.ytic C:?:acking {FCC tJnit) 
	Fl 1idizecl Bed Catai.ytic C:?:acking {FCC tJnit) 
	l 


	In preparing for the field test program a commercial SAS$ unit withou~ the standard organic module was acquired along with a commercial Method 5 unit. With thP. assistance of ':he Southern Research Institute a set of three cyclones having the same cut sizes as t:he SAS5 train were designed and fabricated for the Method 5 train. Subsequently, both the SASS and the Method 5 cyclone sets were calibrated at 400 °Fusing sperical aluminum'powder. .At flow races of 4 and l Sent, respectively., the results were as 
	Nominal cu~ SASS Method 5 
	Size, }ll!l 

	.9-s~ .9-s~a.. 
	10 9.2 8.3 (9.l) t 3 J .a· l.9 (4.1) -~ l l.3 0.6 (l.2)§ 
	•ois the aerodynamic diameter at wh.ict.. SO\ of the particles woul~ be retained. in the cyclone and SO\ would pass through. · 
	59 

	·:--the numbsrs in parenthesis are t.'J.e D5:)' s obtained by Southern Research on identical cyclones ~sing a vibrating orifice aerosol generator calibration technique (See Section 3.2.l). 
	9The v~lue of (l.2) shown was not measured directly by Southern Research but was derived frcm measurements at a lower temperature. 
	Particle size dist:ributior.s were caiculated for each particulate sampling run. Chemical analy~.i.s of the particulate catches consisted of x-ra:( fluorescence analysis for elemental composition, wet chemistry for nitrate and sulfate content, and carbon analysis for volatile, carbonate, and total carbon values. 
	Fron: these data--pl:is data found in the litera.ture-emission profiles were prepared for 81 of the 135 Source Classification Codes which are found in the 'Basin. The profiles di\ ide the TSP emissions by weight percent into 
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	/ 
	four categories: >lOum, 3-lOµn, 1-3').lill and <lµm. The x._-qp analysis, sulfates, nit.rate and carbon C..:)mposition are listed in weight peri::ent for each s iz:a category. 
	The next step in the program was to generate a final inventory. The ARB provided Emssion Infer.nation Subsystem (EIS) data files for the .Sout"l. Coast Air Quality Management District (SCAQMD) , whic.'1. includes Los Ange.Les, Orange, Riverside, and San Bernardino Counties, and the Ventura Air Pollution Control Di!'itri.:t (VAPCD), along with a breakdown of human population data fc:: the Basin on a l Km grid map. The EIS data were tli.e basis for the KVB final inventory. The emission factors in the EIS file
	The final inventocy was delivered to -th~ A.RB U.'lde.r separate cover as computer print-outs and magnetic tape files. The primary elements delive'red are as follo~s: 
	a ~o~al suspended particulates report with 10 -km-grid mapping a total s.J.Spended particulates report by A.RB application c-2.te:gor1 a plant index an ecission profile listin'g (Appendix A of final report) an sec report a point source emission file in EIS format (tape) an area source file (tape) an SCC report file (tape'! 
	~e inventory, which has the tine frame of 1975-:..976, shows total suspended particulate E:missions of 510 tons)day. Of this, 385 tons/day derived from miscellaneous area sources, such as fugitive dust (290 tons/day) sea salt (55 tons/day), autonotive tires ·and brakes (30 tons/day), and various forms of open buzn.ing (12 tons/day) . Of the 125 tons/day emitted by point 
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	. --·· 
	( 
	\ 
	sources, 28 percent r.ame from minera.!. sources, n~tably one sand and gravel and one brick lll!'nufacturing plant (both in Ventura County). Utility boilers accounted for 27\ o! the point source Pmission, while the entire category of "Combustion .of Fuel" accounted for 30\ of the point source emissions. 
	Q,mr 90\ of the total emissions {point and area source) have a particle size of less than ten µm. This assessment was based on an analysis of avaiiable emission profiles for the various appl~cation categories• . It shculd be pointed out, however, that the major ca'Cegor/ , "Miscellaneous Area Sources, .. here includes only particulate contributions of l0µm and smaller. A summary of the overall ~SP and fine particulate emissions-for the period covered is as follows: 
	1
	TSP :C ine Particle (,101,Jm) Category Tons/Day Tons/Day
	Acclication 

	.. 
	.. 

	Petrole1.:tn 2.1 l.2 Solvent use 3.2 2.1 Chemical l.5 1.4 Metallurgical 11.5 l0.4 Mineral 35 6.8 Combustion o1 fuel , 38 35 Food and agriculture 30 24 
	.. Wood processing 0.4 0.2 Waste bu.rni:i.g l.6 l.l Mi~c. inJust.rial l.2 0.5 Misc. area sources 385 385 
	Total 510 468 
	From these totals, ic can be seen that 66\ o.f the particulates emitted from 
	point sources in the Basin were in the fine (<l0µr.) particle size range. 
	Table 1-l summarizes the TSP particulate emissions of !::oth point and area sources by application .category. As given, area. sources account for 80\ of the TSP. In -this connection, it should be pointed out that the Table l-l a-ata and that tabulated just above do not reflect fugitive dust emissions attributable to "paved road travel." This :najor ciassification com­prises materials released from roadbeds~ including deposited· dusts but not automotive exhaust particulates or matter released from tires or b
	KVB 5806-783 
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	TABLE 1-l. EIS/KVB TSP PARTICULATE EMISSIC•l INVENTORIES Tons/Year 
	Table
	TR
	1975-76 E:IS/ IWB 
	File 

	No. 
	No. 
	Point 

	Applicaeioo C&tagory 
	Applicaeioo C&tagory 
	so=•• 
	Point 
	Sou:cces 
	Areil Sources . 
	Tot.al 

	P•trol ■ ua 
	P•trol ■ ua 
	750 
	750 

	Prodlx:tiai 
	Prodlx:tiai 
	34 
	50 
	0 
	so 

	Raf.ininq 
	Raf.ininq 
	25 
	600 
	0 
	600 

	Marlt■ CiJ>q 
	Marlt■ CiJ>q 
	8 
	l00 
	0 
	TD
	Figure

	100 

	Organic.; Solvent UM 
	Organic.; Solvent UM 
	U60 
	1160 

	Sudace coati.nq 
	Sudace coati.nq 
	546 
	USO 
	5 
	llSC 

	Daqi:easioq 
	Daqi:easioq 
	s 
	10 
	0 
	l'J 

	Oai..r 
	Oai..r 
	4 
	5 
	0 
	j 

	Checu.cal. 
	Checu.cal. 
	157 · 
	540 
	0 
	540 

	!t■ t.allui:9:ical 
	!t■ t.allui:9:ical 
	547 
	4200 
	0 
	4200 

	ltinexa.l 
	ltinexa.l 
	480 
	12600 
	0 
	12600 

	was~ Burn~ 
	was~ Burn~ 
	. 
	48 
	75 
	500 
	600 

	Combustion ot FU•l 
	Combustion ot FU•l 
	13900 
	. 
	13900 

	tn::ility boil•~ 
	tn::ility boil•~ 
	187 
	9100 
	0 
	9l.OO 

	Ind>latrial devices 
	Ind>latrial devices 
	1084 
	2700 
	0 
	2700 

	TR
	. 

	a-=ial/institut'l 
	a-=ial/institut'l 
	199 
	600 
	0 
	600 

	huc:il
	huc:il
	-

	316 
	1500 
	0 
	l.500 

	Wood 
	Wood 
	P:coc:essi!!9: 
	25 
	130' 
	0 
	130 

	Pood uld !gricultu.ca 
	Pood uld !gricultu.ca 
	163 
	460 
	11000 
	. llOOO 

	Miscall. 
	Miscall. 
	Indust.rial 
	72 
	440 
	10 
	450 

	OnclassHied 
	OnclassHied 
	(Kise. 
	Ai:ea) 
	0 
	·o 
	140,500 
	H0,500 

	I"ug;l;tiva dwit For.at~ sti:Uetural tix•• Tira a.ad bralcas 
	I"ug;l;tiva dwit For.at~ sti:Uetural tix•• Tira a.ad bralcas 
	1os.oqo, 4,500 11.000 
	4,500""·'"I 11,000 

	Sea salt 
	Sea salt 
	20.000 
	20,000 

	TR
	3900So=
	-


	'l'ota.l, 
	'l'ota.l, 
	Tona/Yea.r, 
	34000 
	152.000 
	il85,830 

	(Total), Tons/Day 
	(Total), Tons/Day 
	(93) 
	(416) 
	(510) 
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	Table l-2 is a detailed breakdown, with estimated accuracies, of the miscellaneous area sources by county in the SCAB. These esti.mates involve an .overall uncertainty of +65,000 tons/year (180 tons/day) and -36,000 tons/ year (-99 tons/day). Unlike the previous two tables, paved road travel emissions are included in Table l-2. 
	Figure 1-l f'.:Illishes a spatial distri~ution of point and area TSP sources based on a 10-klll ;•rid map of the SCAB. Each grid element shows t.'le da~ly emission rate, whi.le Table 1-3 itemizes those grid elements with TSP emission rates greater than S tons/day. 
	Finally, ari investigation of control techniques was made, Control 
	techniques reviewed in the rei;,ort include: 
	:-techanical collectors (cyclones, settling chambers, etc.) 
	Wet scrubbers 
	Electrostatic precipitators 
	Fabric filters (baghouses) 
	Cost data for control systems were o~tained from Research-Cottrell and are presented. These data pres~nt installed cost as a function of: mean particle size: volumetric flow rate: and loading. 
	particula.te 

	This report consists of five sections, the present discussion 
	comprising Section l.O. Section 2.0 deals with the emission inventory; it 
	describes the data sources ·and presents the detailed dat·a used i{~ the invenwry 
	compilations. Various s~ry tables and plots are also presented. Section 
	3.0 presents the sampling and.analysis methodology as well as an assessment cf the data quality. Section 4.0 is a detailed discussion of results obtained from each of the tests conducted. Finally, Section s.n is a treatment of control techniqt1es and their assc:iated costs of application. 
	· l. 3 RECOMMENDATIONS FOR FURl'HER RESEARCH 
	On this program, a maximum effort has been !!lade to perform as many tests as pos~ible within budgetary constraints. There are tiany additional sources that could not be tested due to lack of time or the availability of 
	KVB 5806-783
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	TABLE i-2, ES'l'IMATED 1976 hREA SOURCE FltlE PARTICLE EMISSIONS SUMMARY(a) 
	f 

	....-..rr:-a:e:::c m·:n wz•~-:rman:::e::e:--e;g;g;·s :et·:::s-srr::r·ra:-,:...... ·r:::er:n:-rz:r· • 1·· 1:e:=·--,~ •-.............._ ...a~ 
	Percent
	(b)
	South Coast Air Basin Counties (c) of Estimated Los Riven:-San Santa Emisaioos Grand Percent ----------------'O~r~A~o~g~e=-__..Angelea side bernardino . Ventura Barbara Tons/yr 'Total Accuracy
	• I 
	Road, Building Con
	-

	struction ll,000 24,000 7,100 11,000 6,·400 1,000 11,000 20.9 +50,-20 Agricultural Tilling 1,300 1,200 l, 100 800 1,100 40 9,500 2. 8 +25 Refuse Dispo~al Site£ 60 200 20 20 20 6 300 <o, 1 ±_25,-20 Livestock Feedlots 150 l 150 950 5 5 l, lO0 0. 4 +50 Unpaved Road Travel l,000 14,000 2,000 1,800 . 2,600 230 23,000 6.8 +40 Paved Road Travel (d) 33,COO 140,000 7,600 12,000 8,800 ),100 200,ooo(a) see +50 
	Fugitive Dust--Subtatal 305,000 89.7 
	Forest Fires 120 700 600 430 530 50 2,400 0.1 +50,-20 Structural Fires (e} ·· 40 160 10 15 10 5 200 <O.l +100,-20 Fireplaces 70 280 30 60 20 10 500 0.1 +100,-10 
	·--....... 
	~t Rt'sidential tlatural Gas 20 90 _5 10 10 5 100 <0.1 +25 
	ID Cigarettes 130 520 30 50 30 10 800 0.2 +20,-50 Agricultural Burning 20 50 30 400 10 . 500 O.l +25 
	Combustion--Subtotal 4,500 l.3 
	Tire Attriti_on ·li400 5,700 320 490 370 130 El, 400 2. 5 +20 · ...~ Brake Lining Attrition -. 530 2,100 120 180 140 50 3,100 0.9 +20 
	Automotive--Subtotal 11,000 3.2 
	Sea Salt--4,000 6,700 3,500 5,800 20,000 5.9 +50,-20 
	Grand Total 340,000 100\ 
	jp 71 v-= rar::n:e·a • ·•-~ •~~~ 
	a) Emission estimates ate based on particles S 10 µm 
	KVB 5806-703 
	b) 
	b) 
	b) 
	Includes only that portion of Cowity within SCAB 

	c) 
	c) 
	Rounded to thrt!e significant figures 

	d) 
	d) 
	A large (but urikoown) percentage of the 200,000 tons/year is assignable to other area source categories only some of which were studied on ;:his program. For this reason (see Section 2.3.3 A-6) it was not included in the final inventory count as in,Ucated in '!'able 2··18. 

	e) 
	e) 
	IncluJes property, contents and vehicle loss. 
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	Figure 1-l. Spatial distribution of point and area source ;,; TSP emissions (numbers on grid indicate emi~sions 
	... 0.2 0.2 o. 2 0 . 2 11. l O,J II.) 0 . 2 11.i o. t , 0.1 0.1 O. J 0 .9 O. l 0 . 4 O.o 0.1 0.1 II . I 1. ~ ,i:...,t o., 0.1 o. > o.~ L~w t:la1nu1• 1...1 Li.1 0.2 o ._ 1 n • I I ·-O.J U.2 0.1 O. l 0 .1 II. J u.;, -O. J 0. 1 0 . 1 o.uJ . II.I 0.2 Io. J O. I II. I 
	~ in tons/day). · 
	'-' ' 
	a:, 
	.:, IJ\ I -I 
	J. 
	\ 
	/ 
	TABLE 1-3. G:Rlu-ZONES HAVING ESTIMATED EMISSION RATES IN EXCESS OP 5 TONSiDAY · 
	UTM Coor. E/W N/S Nearest City Emissions (Ton/Day) 
	28.0 3790 w. Ventura 10.8 300 3770 Pt. Mugu 7.4 320 3800 Fil.I.more B~l 360 3750 IA Airport 5.3 370 3740 Torrance 9.4 380 3740 Paramount 6.4 380 3730 LA Harbor 5.9 390 3730 Long Beach ll~5 450 3770 Fontana U.l 
	Principal Source Type 
	Ceramic m..mu!actuxing Elect. gen. & area. Sand and gravel . 
	Area Elect. gen. & area 280 Pt. sources & area sources 
	.. 

	250 Pt. sources & area sources Elect. gen. & ·area St~l manu£acturing 
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	...... 
	the test. unit. As. mantioned earlier, only 70% of tr.e SCC's found in the Basin had emission profiles developed for them.· In most cases a source type has had to be characterized by the emission from only a single plant tested. 
	To give a greater universality to the emission profi.lds developed in this program and tQ develop additional new profiles, it is recommended that further testing be considered. Particulate testing with the full charac­terizations achieved .on thi.s program is expensive, particularly if COIIIJ?ared to' any other type .of pollution testing. The trains used in this program performed adequately, but it is que~tionable if this would have been true had more ·economical approaches been applied. Th~refore, to insur
	ICVB 5806-781
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	SECTION 2.0 
	INVEN'l'ORY 
	2. l DATA SOuru::ES 
	The data used in this pa..~icul.ate emission inventory were obtained from the following sources: 
	l. Various government agency files 
	2. 
	2. 
	2. 
	Field testing 

	3. 
	3. 
	Literature 

	4. 
	4. 
	Engineering analyses 


	S. Personal, contacts with governmerlt and industry pe,rsonnel. 
	The final inventory was compiled .using the South Coast AQMD and Ventura County APCI) EIS* (Ref. 2-1). ~ta bases for the major point sources, and a KVB­developed area source file. 'l'he EIS files were c:hecke~ for completeness .and emission data credibility. Adjustments in emissiol) factors were made as · required based on infoxmation acquired from the field test program and other studies ·performed during the . The following key data were contained in the EIS data base: 
	progr.am

	l. Plant name, address, ID Ho., etc. 
	2. 
	2. 
	2. 
	Standard Industrial Code (SIC) 

	3. 
	3. 
	Source Classification Codes (SCC) 


	4. .C'l'M Coordina.t:es 
	5. 
	5. 
	5. 
	Stack height 

	6. 
	6. 
	Pollutant identification 


	7. Emission factor s~ Throughput rates 
	9. 
	9. 
	9. 
	Estimated emissions 

	10. 
	10. 
	Seasonal variations 


	ll. Operating period {hr/day, day/week, weeit/yr) 
	*Emission Inventory Subsystem/Permit and Reqistration 2-1 KVB 5806-783 
	/ 
	/ 
	I 

	/ 
	Field test data were used to fo.rmulate emission profiles and to develop emission factors for new sources or. check those factors on sources already characterized by the Districts or the EPA in AP-42 (Ref. 2-3). 
	Other sources of information included personal contacts with various industxy associations and government agencies (especially the ARB, EPA Office of Air Quality Planning and Standards in Durham~ EPA Region 9, local air pcri­lution districts, and the Southern California Association of Governments (SCAG). The data received from these sources were used to derive additional emission profiles in a fo:cn compatible with the inventory fonat. 
	Frt?m ~u:ramaries of the EIS files, a breakdown of total particulate emis­sions into industrial source categories (referred to hereafter as ARB Application Categori~s) for ea~h country was cabulated as shown in =igure 2-1. A s=ary of emissions by application categories far the entire SCAB is given in Figure 2-2a. The fraction of the total particulate emissions from each county is given in Figure 2-2b. =ram these breakdowns of emissions into application categories, the Phase II field test program was deve::i
	2.2 DATA MANAGEMENT 
	~. 
	The data to be p;-ocessed as part of the final particulate e:nissicn inventory included: 
	l. EIS data for major and minor point sources of SCAQMD 
	2. 
	2. 
	2. 
	EIS data for !ll.J.jor and nu.nor sources of Ventura 
	Cou.-i.ty 


	3. 
	3. 
	Additional area data for sources such as forest fires, fugitive dust, tire attrition, and agricultural burning 

	4. 
	4. 
	Emission profile number vs sec number 

	5. 
	5. 
	Population dist=ibution by one kilometer, grid 

	6. 
	6. 
	Emission !actor adjustments to EIS data 


	The·available EIS data processing software was incorporated for pro­cessing the EIS data. In t.11.is' system, individual. sources could be modified, 
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	Figure 2-1, Breakdown of particulate. point sources into ARB application category for-each county in the SCAB. KV8 5806-783 
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	composite of point source emissions into source classification for SCAB.
	) 

	Figure 2-2. a. 
	Fraction of point source emissions from each county.
	b. 
	c. Fraction of field tests done for each source classification. 
	( 
	' 
	/ 
	added, or deleted. KVB added a feature which also pei:mitted the data to be modified by sec number. For exampie, the emissions in the EIS da-ca base from certain utility boilers (identified by a specific_ sec number) appeared to be too high based on recent test data. Tho emissions from thos., units were modified b~-one correction factor applied to all the emissions of that specific sec nl...Jber. 
	· Fo= each sec number an emissions profile key was assigned, if available. 
	Each emission profile provides a breakdown of the total suspended particulate (TSP) emissions into fnur size ranges (\ by weight) and for each size range a chemical compositional breakdown· is provided (\ by weight). Storage and Retrieval of Aerometric Data (SAROAO) codes were assi.gned to each chemical species identified. Each profile also contains information concerning the method of determining the profile and rating number indicating the relative velocity of ·the profile·. The 49 profiles developed duri
	Area source emission rates -were added to the EIS data file using the emission factors and throughput data presented in Sectiofl. 2.3.4. These sources, including natural emissions, fugitive dust, 
	,, 

	and tire attrition, constituted a large portion of the total emis'sions in the Ba!.in. Since a standard format was not yet available ·for describing emissions not meeting the EIS .point source criteria:, KVB chose to develop an area source data base for this purpose based on 9enerai guidelines ~reposed by the A.RB (Re.:. 2;..4). The format was d~signed to allow description of emissions by their one kilometer gr±d location and process (or activity). 
	Each source in the inven_tory was categorized by a Source Classification 
	· COde (SCC) nuz:lber which was occasionally qualified by the SIC number. (SCC numbers for area sources were created together with A.RB per~onnel. l A file was created with all infornation relative to these sec numbers, the emission correction factors to be applied to all sources with the given sec/ SIC n-jJ!lber~ the profile key to identify t::he profile for this source type, the relevant A.RB application category, a..'ld · summer or wint.er differentials to be used to alter emissions seasonall~ if warrant
	·, 
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	computer reports and magnetic tapes which were delivered to the ARB under separate cover. A description. of the final inventory report3 and a discussion df the results .are presented in Section 2.4. First, however, is a discussion of the various technical considerations {i.e., emission factors, emission profiles, etc.) that were used in preparing the inventory. 
	2.3 ENGINEERING ANALYSIS 
	2.3.l Point source Emission Factors 
	There has been considerable interest in the devel~pment of emission factors that can be el'ilployed to estimate emissions fr= specific sources based upon a knowled~e of .t.~e pertinent operating characteristics of the source. Such procedures are in cOI.lll\on use throughout t...~e country by local cont:::ol agencies to estimate air pollution emission rates for point and area sources. One of the primacy objectives of the ARB fine particulate emission study was to critically evaluate t.~e emission factors for
	Point source emission factors for industrial point sources in the Basin were divided into nine application categories: {ll the combustion of fuels, (2) evaporative emissions, (3) mineral products, (4) metallurgical, 
	(5) petroleum, (6) wood operations, (7) food and agriculture, (8) metal fabrication, ar.d (9) chemical uses. In general, emission rates from t.~ese sources had been calculated by the local control agencies using emission factors and the appropriate infoi:m.~tion on fuel usage, product throughput, etc. The combustion of fuel categories represented a large part of t.~e total particulate emissions in the aasi.1 and therefore was given primary emphasis in the analysis of point source emission factors. 
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	A. Approach-
	-

	A comprehensive listing of point source emission factors ;!lay be found in the EPA publication, "Compilation of Air Pollution Emission Facto:.:s" (Ref. 2-3), hereafter referred to as "AP-42." Tne SCAQMD has its own emis­sion factors which have been employed in the process es~ilnating emission rates for industrial point .sour~es containe~ in the EIS data file. To a certain extent, ..these emission factors were the same, because frequently SCAQMD data were used as t.~e basis for the development of AP-42 emiss
	A specific objective of this study was to examine the point so:i.rce emission factors used by the SCAQMD and AP-42. This was dona for thrP.e reasons. First, much of the data used to gener~te emission factors for specific source types stem f:rom studies conducted as far back as t.~e 1950's. Second, certain emission factors listed in AP-42 intended for use nationally may not necessarily represent conditions in the Basin. Finally, it was 
	. ' 
	necessary to generate entirely new e:-~ssion factors _where none had existed previously. 
	Field tests were conducted to provide data to assist in emissior. factor evaluation arid development. In addition, data from several ~elated projects, specifically oriented to improving AP-42 emission factors, have been incorporated into this analysis. In 11¥Jst cases, these studies had been directed at conditions within the Basin ma.~ing them directly applic:al:>le -~ the cur~ent study. 
	Figure
	Comparisons have been made between the emission factors used by the SCAQMD, those ·contained in AP-42, and_those generated. in this and re!ated studies. Where KVB ;elt that availa!>le data disagreed with the SCAQHD emis­sion factors, correction factors were applied to the emission rates listed in the EIS data system to update these emission estimates. The intent was to have the EIS data file, delivered to the ARB, reflect the best and most recent infor.naticn available. This was a vital part of the improvem
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	Figure
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	ti 
	\ 
	B. Resu1ts-
	-

	In this section t.11e various adjustmen-::s ID..:!de to the SCAQMD emission ~actors in their EIS file prior co running the final TSP inventory will be discussed. The results are tabulated in Table 2-1 and explained in t.'"le fol­lowing discussion. In the table for each source type and applicable sec ::i factors obtain-:d from t.'le SCAQMD EIS file and derived from KVB test data. Each emission factor column nrovides both control ~o:m") and .uncontrolled 
	number, the A:>-42 (Ref. 2-3) emission factor is listed along with emissL 

	{"unc") emissions data where available. For ,the SCAQMD t.'le data are preser.ted as "specific" or "overall" from the standpoint of whether the· data applied to one partic~lar source or whether it represented a composite of data from mull:iple sources. T!'le SC.:;QMD value shown in the table is t...'"le =..ission factor 
	that was i.:1 the AQMD' s EIS data base used for the final ARE ir.ventO"c.f :::-..:..'1.. At the right side of the table are tw"O colu:nns ·indic3.ti.;g whet..'-ler or not a cnange was made to t.'"le .l\QMO value. If no change was made, t.'"?e "EIS Cor::::ect.ion Factor" column has a 1. 0 and the next colu.nn "Final Inventory E.::l.ission Fac­
	tor" contains a v~ue identical to the AQMD column. 
	l. Combustion of fuel --Residual oil combustion ·from power plants repre-· sents the lar~est poi.'1.t. source type for TSP emissions, in the Basin 3.ccou.'1.tir.g for over 45%. This source type was given a great deal of investigation and analysis considering not only the AP-42 emission factor, t."le field test data 
	0

	(18 test:3) from t.'lis program, but other cil-fiLej utility :>Oiler test data from t.'"le KVS confide!ltial file· of client data. Figure 2-3 s~i;:es these data. 
	Note that the data points in Figure 2-3 are filled or open, with the filled points indicating the total particulate catch incluc.i.~g i~pi~ger and the open points i.:rlicating the EPA Method 5 data which do no~ include the i.I:!pinger catch. For the. tests conducted on this prog:::-am. points were plotted bot.'i with and 'wit."lout the i:npinger catch. 
	It was the decision of the ARB that for t."lis inventory -:he TSP should include the impinger catch. But most of the comparison data were ::.-,r t.-ie EPA Method S. Therefore, the data were analyzed on t."le no-impinger ::,asis first and then on the total catch basis. 
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	'Figure 2-3. Emission fac:tors as a function of fuel .sulfur content for utility boilers. 
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	The AP-42 emission factor curves plotted in Figure 2-3 are substan­tially higher tha.:i. any of the KVB test data. The front half data (i.e. , without impinger) for the 18 .tests conducted for this program (9 SASS a::.d 9 Joy}, while there is a significant spread, do agree with the·other front half data. The lower curve is the best .fit through these data. Since the front data, taken on this program appear to be valid bt:.::ause they are consis1:ent with other data by different crews at different locations,
	ilwento.cy

	a;:,. important industrial source of particulates.· Once again it was diffic:.:.l t to·:naice a comparison between AP-42's value for a front half catch and the SCAQMD'~ value for total particulates. However, there was good agreement between KVB a."l.d the SCAQMD. Therefore, no co=ection factor to the EIS system was felt necessary. 
	Distillate oil co~.bustion by· industrial sources also represents 

	For CO boilers the AQMD did not use a single emission factor but used the test data for each source. A review of the EIS data indicated that the average co boiler TSP emission was 14.4 lb/1000 bbl throughput. Thi~ is on the low end of the AP-42 range but all units in the Basin utilize elec<:rostatic precipitators (ESP). The unit tested by KVB had been listed in the EIS file at the equivalent of 4.3 lb/1000 bbl which was obviously low compared to :<VB test data of 32 lb/1000 bbl. It was later learned that th
	2-14 KVB 5806-783 
	2. Mineral products--Table 2-lb presc.nts a comparison of the emission f4ct:ors used to estimate the particulate emissions emitted from mineral product operations. Since the SCAQMD. used test_results from these sources rather than emission factors, the comparison between SCAQMD va..:.ues and those -obtained in t.',.is program has been made for a particular unit tested_. 
	..un calciner test conducted by KVB are a factor of 2 greater than that found by the AQMD and that listed in AP-42. The reason for this is believed to be an abno:c:ma.l baghouse operation on the day of the 
	The results of tb.e gyps
	1

	test as commented. on by the operators. No correction was made. 
	The emi.$sion factor for the claygrinding and pulverizing operation for brick manufacturers -generated from KVB test data are ·lower than the values listed in AP-42 ( the value in the EI5 system) . If t;ie fugitive :!ust from this process could ~ave been included (not tested .i.-. this study} the . ei::,issicn faci:or wo_uld be much higher and thus be closer to the AP--42 value. Also the clay was slightly more lft:>ist due to rainy weath1.. _._ This would greatly aid in reducing the emi~sion. Therefore the 
	The results of the coal fired cement kiln test indicated :that ther... 
	i 
	'· 
	was good agreement between ICVB and AP-42. The SCAQMD!s value listed in the EIS however was six _ti:nes greater than that listed in AP-42 or measured by KVB. A close look at the effects of control device efficiency revealed •that a 0.l\ change in efficiency results in a 0.05 lb/bbl cement emission increase. Therefore a 99.9\ efficiency results in a 0. 05 lb/bbl emission factor while a 99.3\ efficiency results in 0.3 lb/bbl emission ractor. ·The latter ef­ficiency seemed reasonable for an i:.dustrial process
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	Figure
	/ 
	The emission factors generated from the results _of KVB field tes~ing for the glass r.i..---naces d.re in good agreement wit.'1 the values listed in AP-42 and t.'le current EIS system. T~e emission factors in t.'le EIS system were left 1.mchanged except in the case where there was no listing for a glass . When there was r:iot a listing t.'le c::mtrolled err..ission factor ·.ras assigr1ed t::> t.'le-plant. Often ct:..er plant d.at.a ueed-=d to be obtained :.:o_make an em:ry in the EIS syste:n. 
	f;ir.12.ce

	In comparing 1CVB' s ::iieasu.red ~ssions from fiberglass forming opera­tions against those listed in AP-42 and the EIS system it ·.ra's found that ICVB' s value was approxi:nately midway between t.'iem. A source test conducted by t.'le SCAQMD at a similar plant supports their lower value. Based. 0n the limited nwnber of s~les taken and "Ja.riables in t.'ie ope:-a•-ion, a point sour-.;e 
	e.:ni.ssion factor c!1ange ·Nas :1ot felt: to be apprcpria~e .. 
	KVB's measured emission factor for an asphalt roofing felt saturater was approximately one-half the val·..ie found in .the EIS system. It was difficult to use AP-42' s value for comparison pur,::oses because it is only giver. for uncont=lled sources. KVB an::i the SCAQMD' s values are for controlled devices. No correction factor was applied. 
	In reviewing the .EIS computer printout for the aspnaltic concrete batch plant·tested, a decimal error located in t.~e ~mission factor was noted and corrected. K"ll'B's measured value supported the now correct SC.~QMD value and tl1erefore, no further change was necessary. AP-42' 3 value .1ppearea to '::)e high in this case. 
	3. Food and aqriculture--The carob roaster in Tab.le 2-lc shows agreeI:lent · between the KVB test resul~s and the _\P-42 results but disag~~ement with 
	the .AQMD :res_ul'=S. The AQMD emissions were on a million cubic feet :::>asis 
	instead of a ton of product basis as in AP-42. No changes in. extissions 
	were made but the AQMD was recoil!Illended to change the basis for computing 
	emissions·. The K.VB results for the rice d.ryer ·.rere in agreement ...,it::. ·A?-4 2. 
	There are no rice dryers in t~e Basin. 
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	Figure
	4. Evaporative sources--Table 2-ld presents a comparison of the emis­sion factors used in estimating the emissions from water-based and solvent-· based spray paint booths. There is no existing emission factor listing for this category in AP-42. Also. since the SCAQMD used test results from these sources rather than overall .emission factors, t.'i.e comparison between the 
	.SCAQHD' s values and t.'!ose ·obtained i;i this program has been made for a particular unit tested. 
	S. Metal.lurgical cperations--Table 2 -lg presents a comparison of the emission factors used to estimate the particulate emissions from me·tallurgical operations. l'iere again.. the SCAQMD w. -d test results from these sources rather t.'i.an overall emission factors for computing a source's annual emis~ sions. 
	M absence of emission factors in AP-42 for steel heat treating and s~eel sa.~d blasting was noted. KVB's measured emissions upstr~am and down­stream of a control device for these operations were difficult to compare against the SCAQMD's uncontrolled values~ No co::rections were applied. 
	For the aluzz:,inum rev~rbatory furnaces tested the EIS listing was found ~o be outdated and in tl,e process of being revised. There was . also wide disagreement between the three emission factor sources. The SCAQ.MD overall emission factor for this operation was found to lie midw3.y between, AP42 ana. KVB. It was therefore felt that th~ SCAQMD emission factor was best suited. 
	KVB's measured emission factors for an open hearth steel furn~ce (oxygen lance) are slightly higher than the SCAQMD's source test emission factor and those listed in AP-42. The reason is that the electrostatic precipitator being used is not as efficient as it had been in the past. This reduced effi'.:iency results in a slightly higher cont~olled emission far.tor. 
	The factor listed in the EIS system was deemed correct and there!ore not altered. The SCAQMD' s overall emission factor for t.'i.is categor-1 appears to be low. There was not sufficient test informLo.tion available, however, to critique it with a reasonable degree of accuracy. 
	/ 
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	2.3.2 E:11.ission Profiles 
	A. Description-
	A unique aspect of the current program was the development of emis­sion profiles -the identification vf the ~lements in fou= particle size ranges represented by t."'le TSP emission rates currently given in emission measurements. 
	A primary objective of this program was to. identify the ele:nental emissions aD.d size distribution for each stationary source type in the Basin. '11tus an emission profile was formul~ted for each Source Classification Code 
	(SCC) emitting par-iculate material in the Basin. Both point and area sources were includt?d. All plant devices identified by the same sec and SIC number were given the same emission pro::ile. Conversely, i ·.:: was import­ant ~hat profiles be tr~ly representa~ive of t.~e device in g~neral. Addi­tional advantages of developing aggregate profiles ~y sec number were: (l; estimations based on larger data samples wer~ :nore ::eliable t.'1.an single data samples, (2} profiles were compatible wit.h the EIS con.ca
	statistic.1l.ly 

	'nle initial in~!!Ilt w~ to provice a profile for eac."'1 sec listed in the data base. In ma:iy instances, however, an individual profile was found to cover several. sec and SCC/SIC co~inations. The profile data base was therefore for:nulated an~ indexed by a profile nUlll.ber. Separate profile numbers (with identical specie distributions) were given to SCC/SIC combL,ationz to facilitate data mar,agemer.t, specifically the segregation of emissions from devices with similar sec codes in two different industr
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	In each profile the chemical o: the particulates were identi­fied by their appropriate SAROAD code :for each size range_ (4 ranges-.! A typi­cal pr9file is shown on the following page. Associated with each emission profile was an estimate of its relative credibility. This estimate of credi­bility was strictly subjective and has been included to give a relative level of confidence to the specific profile• . No statistical significance has ~P..n or should b~ given to these erro~ estimates. 
	ele.me."'l.ts 

	The emissior. profiles developed in the current study are presented in the Appendix. A profile lists the SAR<"AD· code, elemental name, and percent contribution of each .species. The eler.1ents are also summed by size distri­blltion. A s~le profile is presented. on the next page. T'..ro reports are used to relate the profiles to t.he devices in_the inventory. The sec report (sorted by sec number a~d profile number) lists all devices in the inventory a."'l.d gives the profile number of ·the profile t.~at des
	a. Methodology-Two" general approaches were used to formulate the em:i.ssion pr<.)files: one where only one data point was available to characterize many sources and the c~P..r where m1.,ltiple data points were available. In cases where a pr~­file was ·available from only one source and that source was believed to be representative of 311 such source types in. the Basin, then that particula~ sour.ce emission profile was used. An appropriate credibility estimate was giv.an to reflect the relative confidence 
	-

	In this way, data from ' this source could be asswred to apply to other non­tested sour.;es. 
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	EXAMPLE OF EMISSION PROFILE, OTHER PROFILES LISTED IN APPENDIX, 
	Title: Utility Boilers (Residual Profile Key: 0006 
	Fuel) 
	Source of.Data: 
	Source of.Data: 
	Source of.Data: 
	Applicable SCC's 

	X 
	X 
	KVB 
	Test 
	l-Ol-004-0l, 
	1-02-004-01 

	X 
	X 
	Literature D~ta--Ref.* 
	1-02-004-03, 
	1-02-oos-01 

	X 
	X 
	Estimate--Basist 
	l-02-005-02, 
	1-02-005-03 

	Confidence Level __!_I__ 
	Confidence Level __!_I__ 


	Test# ll,12,li,21,22,23.2~,32,33 
	-

	Size Range 
	>lOµm 
	Co1:1posite
	0.1\ < d t t 4 d t 

	3-loµm 
	Wt\ TS? in Siz.e Range 
	3 4 8 
	100
	85 
	Indicated Size
	SAROAD 
	d < 0.H
	Species 
	·code 
	Arsenic 
	12103 
	d 
	d 
	Barium 
	12107 
	t 
	t 
	Bromine 
	12109 
	d 
	d 
	cadmium 
	12110 
	d 
	calcium 
	12111. 
	10 
	10 
	Chrot:rium 
	12112 
	t 
	t 
	cobalt 
	12113 
	d 
	d Copper 
	12114 
	d 
	d I:ron 
	12126 
	2 
	2 Lead 
	12128 
	d 
	d :-ianganese 
	12132 
	d 
	d 
	d 
	d 
	d 

	d Molybdenum 
	12134 
	d 
	d 
	d 
	d Nickel 
	12136 
	2 
	2 
	2 
	s 
	s 
	Potas:;ium 
	Potas:;ium 
	12180 

	t_
	t_
	t 

	t 
	t 
	t Selenium 
	12154 
	d 
	d 
	d 
	d 
	d 

	d Strontium 
	12168 
	d 
	d 
	d 
	d 
	d 

	d Titanium 
	12.161 
	d 
	d 
	d 
	d 
	d 

	d Vanadium 
	12164 
	t ''
	t 
	t 
	t 
	t Zinc 
	12167 
	t 
	t 

	t 
	t 
	t 
	t 

	t Su.lfates 
	12403 
	20 
	20 
	20 
	30 
	28 Nitrate (E:;O sol) 
	12306 
	d 
	d 
	d 
	d 
	d Total carbon 
	12110 
	30 
	30 
	20 
	22 
	olatile _:Carbon) 
	15101 
	(20) 
	(20} 
	(20) 
	14) 
	(15) · Subtotal 
	56 
	56 
	56 
	56 
	67 

	67 
	Other 
	44 
	44 
	44 
	44 
	33 

	33 Total 
	00 
	100 
	00 
	00 
	100 
	*Ref 2-9 
	10/78 tEstimated to be same as 3-101-Jm size fraction KVB 5806-783 () included in total carbon 
	2-20 
	l. Sinqlt~ data point profiles-The weight percent of each size range was obtained from the particle size distribution plot (which included the impinger catch) given in Section 4_for each industrial type tested. The details of how these curves were generated are "liscussed in S~_ction 3.2. 3 B. Whenever data was taken on a control device, the downstre3m (outlet) data was used to generate the profile fo~ both checical compusition and size distribution'. The chemical composition for each size range was obtaine
	results were used in conjunction with the <lµm size range . . For each· impinger 
	catch there was an organic ~raction which was obtai~ed from methyl chloro:or.n 
	extraction of the impinger condensate as explained in Section 3.3.3< and an 
	~norganic fraction which was the remaining impinger residue as also explained 
	in Section 3.2.2-C. Because the organic fraction residue could not be removed from the evaporation dish as discussed in Section 3.2.2-D (pc.:.ge 3-5.2), for chemical analysis purposes only the inorganic fraction of the impinger catch 
	( was used with the filter anlys;_s to fully characterize the <lµm size range. The percent of carbon in the organic fraction was incorporated with the carbon concentration of the <lµm size range for each profile. 
	9 

	Whenever there were no data for a size range of a particular profile and there were ~ata for the other size ranges_, then an esti1:1ate was made. This estimate generally assumed .t.'lat the concentrations of the chemical constituents were .the same for each size range. It is believed that thi~ is a good assumption because imst of the profiles where complete data were available indicated that the con~ntrations of the chemical constituents were similar for the size range, except for sulfate and condensible ca
	/ 
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	Figure
	~ .,•., .....'!••"'··••·:•1........_ ·,,;1,~ ....~•,,:..-~.:..,;,:,.1+111:, 
	--··,.,. 
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	2. Multiple data point profiles--The second approach used was to develop emi~sion profiles based on data from several sou..."'"Ces within a part;_cu. late source type. This involved: (l) ac~ring t.."le data, (2) determining the 
	-

	relative magnitudes of each source compared to the total emission from ~he sour::e type, and (3) forming a composite profile by factoring the data from each source by an appropriate weighJfg factor. In t."lis manner, emission profiles were developed for individual s°FFce types t.-iat in actuality represented t."le average emissions from sources of that category (SCC number) • 
	The approach used to assign p;t"ofile nUI!lbers (keys) to each source type (SCC number) was as follows: 
	emitting particulates intc the SCAB was generated from t.~e 
	most recent (April 1978) EIS . 
	suxro::ld.ry

	2. Each item on this list of source types was assigned .a four-digit nu::iber. 'these are listed in .-able 2-2. The number 0000 indicates t.'lat tb.ere was no dE.ta available to gene::ate the emission profile. '!'he num;1er 0099 indi­cates that the source type :is r>.ot classified. All ot.-ier nUI!lbers were assigned to a specific source type. 
	3•. Each of the profile numbers listed in Table 2-2 w~~e. matched with t.>ie appropriate sec :1u:ru:ier fr= t.":.e list generated from the current EIS file (l above). In many instances, an i."'ldividual profile was found to cover. several and SCC/SIC combinations. The profile data base ·o1as therefore for.:nil.ated and indexed by a profile nl.lll±er. · This is listed in Table 2-3 . 
	sec 
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	Figure
	TABLE 2-2. PROFILE KEY Im)EX 
	Profile Key Source Classification Reference 
	0000 Data not available for profile ClOOl Industrial boilers (crude a'ld residue) Sec. 4. 2.1 0002 Industrial boilers (diesel fuel) Sec. 4.2.2 0003 Internal combustion engines (diesel fuel) Sec. 4.2.5 0004 Internctl ~ombustion engines (gas fuel) Sec. 4.2.5· 
	Wood waste boiler Ref. 2-8, Sec. 4.2.4 0006 Utility boilers (residual ~uel) Ref. 2-9, Sec. 4. 2. 4 0007 Rice d.:yer 3ec. -. . 2. 13 0008 Coffee/Carob roasting Sec. 4.2.14 ·0009 Steei heat treating Sec. 4.2.15 Steel abrasive blasting Sec. 4.2.16 0011 Aluminum foundry . Sec. 4.2.17 00l2 Steel··sinter pla.,t Sec. 4.2.13 0013 Steel-open hearth furnace Ref. 2-lC, Sec. 1.2.13 0014 Calcination of gypsum Sec. 4.2. 7 Brick grinding and screening Sec. 4.2.8 0016 Cement production Sec. 4.2.6 0017 Glass :nelting fw:nac
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	1W■ -·1 '11:n•r•tlliit?liiiliUlillilWillilliii&"'-lt-■ ' ' ·l,illttllllii)a.illillliiliiiill' · ""'"*~----~·-,.. ~
	tilrtltiiltill•1t1t1:w1~1 ·1w11:n111:r:atillifiiitimllllltll:r•1111tillMMlllilll6tllllMllfllll '' W_Z_lll'tlillrtllf, '' · ----·· ""
	..; 
	Slillftifll 

	0026 0027 
	0028 
	0029 0030 0031 0032 0033 
	0035 J036 0037 0038 co..,J 'J040 0041 0042 0043 
	0044 
	0045 0046 0047 004a 0049 0099 
	TABLE 2-2. {Continued) 
	Wood operation (sanding) Petroleum heate=s (natural gas fuel) Pet=leum--FCC U~--hts/CO Boizers 
	Feed and gz:ai."l operati:::ins Limestone kilns Basic oxygen fur.iace (steel) Electric a=c fu=ac~ (steel) 
	Figure
	F:...:-epiaces 
	Ciga=ette so:,ke 
	Figure
	Brake li."ling wear l'....;.vestock dust =paved roads 
	r'orest fires 
	Lan~i::..l dust AgriC".l..ltaral tilling Industrial Soil.er (nat=:al gas Not classified 
	Section 4.2.23 
	Ref. 2-11 Section 4.2.25 
	Ref. 2-13 Ref. 2-10 Ref. 2-:!A Re!. 2-15 
	=uell 
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	tin u·uw iti rr ,_ ...,: ttr ·1w er j 
	h 

	·:..au: 2-3. ?S..:.:.. a~~:.z KEY ASSIGNMENT TO sec NUMBERS 
	Profile -sect
	!Cey 
	--

	l-Ol-004-Cl 0006 l-Ol-005-0l 0002 l~".' l-006-0l 0049 l-Ol-006-02 0049 ·1-02-004-0l 0006 l-02-004-03 0006 l-02-005-0l 0006 l-02-005-02 0006 l-02-005-03 00C6 .l-02-006-0l 0049 l-02-006-02 0049 l-02-006-03 0049 l-02-007-0l 0049 l-02-007-0]. 0049 l-02 '-'JO 7-07 0049 l-03-005-02 0002 
	l-03-006-02 0049 ·, 
	\ 
	l-03-007-03 0049 l-05-002-06 · 0049 2-0l-001-01 0002 2-0l-002-0l 0049 2-02-002-02 0049 2-06-013-0l OC99 3-0l-009-99 0099 3-0l-Cl7-01 0000 3-0l-999-99 0099 3-02-001-:99 0099 3-02-005-0l 0029 3-02-006-0l 0029 3-02-006-02 0029 
	'' 
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	Nn rrn ·er:trt# 
	-· 
	TABLE 2-3. (Continued) 
	3---02-:)07-30 0029 3-02-008-99 . 0029 3-02-999-98 0099 3-02-003-02 0.000 3-03-003-04 0000 3-0)-:)0]-:)6 0000 3-03-003-99 0099 3-03-008-02 0000 3-0 3-008-03 OC12 3-0 3-008-99 0099 
	' . 
	3-J3-·JC9-01 0013 3-03-009-03 0031 3-03-009-05 0032 3-04-001-01 0011 3-04-001-99 OC99 3-04-003-01 0000 3-04-003-50' 0000 3-04-004-03 0000 3-04-007-01 0032 3-04-007-09 0099 3-04-999-99 0099 3-05-001-1)4 0019 3-05-001-99 0019 3-05~02-0l-0020 3-05-002-99 0020 · 3..;.o5-003-02 0015 3-05-006-02 0016 3-05-006-99 0099 3-05-007-99 0016 
	r 
	'3-05-008-01 0015 3-:JS--008-02' 0015 3-05-008-99 0099 3-05-0ll-Ol 0016 3-05-012-04 0013 
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	KVB 5306-783 
	~ 
	':ABLE 2-3. (Con~inued) 
	3~5-0ll-99 0099 3-05-014-0l 0017 3-05-014-ll 0017
	f 
	3-05-0lS-02 0014 3-05-015-99 0014 3-05-016-99 0030 3-0S-Oi7-0l 0000 3-05-0l 7-99 0099 3-05-020-0l 0033 3-05-020-02 0033 3-05-020-05 0033 3-05-020-06 0034 3-05-020-80 0099 3-05-020-99 0099 3-05-025-0l 0033 3-05-025-99 0099
	I-

	( 
	3-05-999~88 0099 3-05-999-99 0099 3-06,-001-02 0027 . 3-06-001-03 0000 3-06-001-04 0027 3-o6-001-09 0099 3-06-002-01 0028 . 3-06-009-99 0099 3-06-0ll-99 0099 3-06-012-03 0000 3-06-999-97 0099 3-06-999-98 0099 . 3-07-004-99 0099 .3-07-020-99 0099 
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	KVB 5806-783 
	( 
	.. I 
	TABU: 2-3. 
	3--09-001-88 3--09-001-99 3-09-030-04 3-09-030-99 3-09-999-99 3-63-009-0l 3-90-00 5--0 5 3-90-006-05 3-90-006--08 3-90-006-31 3-90-006-99 3-90-006-99 3-99-999-99 4-02-001-01 4-02-003-01 4-02-004-01 4-02-004-0 5 4-02-00 5-99 4-02-007-01 4-02-008-01 4-e02-008-03 4--04--001-99 4-90-999-99 5-03-002-01 9-12-071-00 9-13-081-00 9-l~-001-07 9-.14-034-00 9-24-089-95 9-27-€,19-50
	' 
	9-41-009-52 
	(Continued) 
	0099 0099 0000 0099 0099 0099 0000 0011 0000 0000 0099 0099 0099 0021 0022 0022 0022 0099 0000 0000 0000 0099 0099 0045 0043 0046 OG36 0037 0035 0039 
	0041 
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	\ 
	TABLE 
	9-47-239-00 9-47-307-42 9-47-549-0l 9-49-000-00 9-49-999-0l 9-49-999-98 9-49-999-99 
	2-3 (Continued) 
	0048 0044 0040 0047 0038 0042 0047 
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	c. Critical Profiles-
	-

	Due to the magnitude of t.'le sources which they represent, severaJ. emission profiles were recognized to have a signi~icant ~-ipact on the results of the final inventory. These include: {ll combustion of fuels for uti'lity and indust:.rial. boilers, (2) ce!.lent production.-(3) fugi:tive-dust from unpaved roads and construction, and (4) tire dust from wear. Detailed discussion of the development of t.'lese profiles ·are i;i.cluced in the followi:1g section. 
	1. Canbustion of fuels--The combustion of fuels constitutes about 50\-of the particulate emissions fro::l -poin'C sources in t.'le scr..s. This large aource of emission was broken down into t:~o ;roups: (1) emissions from utility boilers and (21 emis.sions f.:::-01:1 ir:.dustrial '!::loile.:::-s. 
	~ine field tests*, wit.'l two sampli~g trains for a total of 18 tests, were done on utility boilers burning low sulfu.r residual fuel. These were used to develop the emission profile for utility boilers burning residual fuel. The results fro:n these tests indicated that 85% by weight of the particles were less than li,un. Thirty-six percent of the total particulates were sulfates, 22\ were carbon, l0\ were calcium, S\ were nickel and 2\ were ir<'.ln. All ot."ler elements that were detected by the analysis w
	The results of two field tests* on industrial boilers bu=ing diesel fuel were used to develop the emission profile for industrial boilers. The results indicated that 96'\ by weight of the ,particulates were less ~an lum of ·.ihich 65% wer~ sulfates, 15% were carbon, and all other elements detected were in concentrations less than 1\. This profile (profile key 0002) is listed in the Appen.iix. 
	2. Cem@llt production-The results of two· field tests• and data f.:::-om Reference 2-16 were used to develop the emission profile for t.'le production of Portland Cement. These results indicated that 34\ by weight of the particles 
	• These f.ield tests are discussed in detail in Section 4 .O 
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	Figure
	were less than llJ,m, 34\ between 3-lum, 24\ between l0-31J,m, and 8% greater t."lan 10\Jlll. Twenty five percent of the composite of the si:z:es were sulfa~s, 10\ silicon, 20\ calcium, 8\ carboh, and alL ot.~er elements detected were in concentrations 'less than l\. This profile (profile key J016) is listed in 
	the Appendix. 
	3. Fugitive dust--The ~~gitive dust emission constitutes a.bou~ 80\ of the particulate emission from ·.ne accountable area sources. dust e.nissions ~ broken int~ five grrups: (l) road and building construction, 55\, 
	Fugiti·.re 

	2) unpaved roads 18\, ~, agricultural tilling, 7\, 4) livestock feed lots, 1,, and 5 l refuse disposal si.tes; <l\. ·,Cnly road and building construction a.-id ur.paved. roads will be discussed here. From the literature, (Ref. 2-1·1 ,18), it: was deter.nined t.'lat 45\ by weight of the particles were greater than lOwn, 1.3\ between l0-31J,m, 12, between 3-l~m, and ~8\ less t."lan lwn, for constr~ction dust.. Twenty percent \ooe..--e silicon,, 8\ , 2\ calcium, 3\ iron, and '2\ potassi!.llll. All other elemen
	alumir.wn

	. 
	construction dust. From the literature (Ref. 2-17,18) it was determined that 55\ by weight of the particles were ·greater thah ·1oum, 15\ between 10-3\.Ull, 12\ between 3-11.ml, and 18\ ·less than lum~ Twenty percent were sil,icon, 8\ ali.mi.num, 2\ calcium, 3\ iron, and 2\ potassium. All other e:ements listed ~ere in concentrations less than l\. The· profile for fugitive dust from uhpaved roads (profile key 0043) is listed in the Appendix. 
	' 

	4. Tire Oust--Emissicns from tire attrition ·constitutes about 7\ of the particulate emissions from the c!l.ccountable area sources. · From the literature 
	' ' 
	(Ref. 2-17 ,18) it was determined that bre~own of the particle size di.stril:iution is as, follows: <lum Tire Dust 20% 
	Figure

	The dust is composed of about 90\ ca:!:>on, and 1, zinc. The remaining element is hydrogen. Fur+~~er infer.nation on tire dust is presented in the next section (Section 2.3.3 c.~) 
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	2.3.3 Area Sources 
	An illlpo.rtant aspect of the ICVB f.:.ne particulates emissior_ i'"lventory 
	was the identification of sources of fine particulate emissions !'l.O~ under 
	per.nit and generally not included or adequately c~aracterized in previous ·inventories. These were categ.:,rized into four l!l.ai.'"l groups: l) fugi­
	sou:.c-.es 

	ti~~ dust sources, 2) cx.mbustion sources, 3) autollXlbilc sources, and 1) sea salt 
	spray. Because these are diffuse and not. concentrated sources like industrial 
	point sources, they are referred to as area sources. Emission factors for 
	these sources• were therefore based on land az·ea, populatio:i, land use, or 
	other criteria characteristic of the area source. 
	Table 2-4 presents a summary ~f the area source suspended particu­late emission esti:nates for each of. t.~e sour~es consider~d. Precise en.is­sion rates were c.:.fficult to es~imate due to the co:::;,lex nature and non-avail­ability of applicable data for each ~ource type. 
	A second objectiv~ of the area source inventory was to identify the particle size and chemical composition of the r~ported partic-~late emissions from each source type. Again, precise particle sizing and chemical ~omposition ....ere difficult to obtain for many area source types due to the wid-. variation in materials associated with each area source. Specific source chemical ~sition analysis can be found under that section titled "Area Profiles." 
	A third ohjective of the study was to locate these area sources geographically in the South Coast Air Basin. To t.~is end, information was secured from ?arious governmental agencies on population distribution, land use, agricultural plantings, ~onstruction and road buildi.,g, etc. Maps corresponding to the approximate location of each source were devel~ped. Area sources based 0,1 population were distributed on a per capita basis based on information from the ARB. 
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	TABLE 2-4. ESTIMATED 1976 AREA SOURCE FINE PARTICLE EMISSIONS SUMMARY (a)
	-~--~-=-=----=------~T""T-t ~,C-&.;o...J..&,.
	=---------~--~-~--........ -· 

	;::.-,-:;t.
	--~...;..-..~.,;1;:~,,1;.;,. 
	Percent
	(b)
	South Coast Air Basin Cow1t.ics (c) of Estimated Los River-San Santa Emissions Grand Percent 
	OJ"~nqe Angeles side Bernardino Ventura Barbara TonsLir Total Accurac~ 
	Road, Building Con
	-

	struction 21,000 24,000 ?,100 11,000 6,400 1,000 71,000 20. 9 +so,-20 Agricultural Tilling 1,300 1,200 3,100 800 3,100 40 9,500 2.8 ±25 Refuse Disposal Sil:es 60 200 20 20 20 6 JOO <O. l ±25,-20 Livestock Feedlots 150 3 150 950 5 s 1,300 0.4 ±SO Unpaved Road Travel 2,000 14,000 2,000 1,800 2,600 230 23,000 6.8 ;t:40 Paved Road Travel (d) 33,000 140,000 7,600 12,000 8,800 3,100 200,000(d) 58,8 ±SO 
	Fugitive Oust--Subtotal 305,000 89.7 
	Forest Fires 120 700 600 430 530 50 2,400 0.7 +so,-20 Structural Fires (e) 40 160 10 15 10 s 200 <0.1 +100,-20 Firepl~ces 70 280 30 60 20 10 500 0.1 +100,-10 Residential Natural Gas 20 90 s 10 10 s 100 <0.1 ±25 
	tv .
	l., Cigarettes 130 520 30 50 30 .10 800 0.2 +.W,-50 ~ Agricultural Burning 20 so 30 400 10 500 0.1 ±25 
	Combustion--Subtotal 4,500 1.3 
	Tire Attrition 1,400 5,700 320 490 370 130 8,400 2,5 ±20 
	Brake Lining Attrition 530 2,100 120 _ 180 140 so 3,100 0.9 t20 
	Automotive--Subtotal 11,000 I 3.2 
	Sea Salt--4,000 6,700 3,500 5,800 20,000 5.9 +50,-20 
	~ ')Q\ 
	Grand Total 340,000 

	r ~~•-•......-=
	============================~ 
	-

	a) 
	a) 
	a) 
	Emisslon estimates are based c,n particles i 10 µm -KVB 5806.-783 

	b) 
	b) 
	Includes only that portion of County within SCAB 

	c) 
	c) 
	Rounded to thre& significant figures 

	d) 
	d) 
	A large (but -unknown) percentage of the 200 000 toi'1s/year is assignable to other area source. categories st!udied and not studied in this inventmy. For this reason (see .Section 2.3.3-A-6) it was ·not induded in the final inventory count as indicated in 'l'able 2-18. 
	1


	e) 
	e) 
	Includes property, contents and vehicle loss. 


	The following sections 9resent a .discussior-of the· methodologies and references used in maki."l.g t.-iese est.ii:iates. In general, the procedure invol,;ed the establishment of t-.ro crit~ria: 1) an factor ' coupled -,.,j_ t'1 
	ei:ti.ssl.on 

	2) an appropriate inven~ory. Using this fo=,at, improvements of either criteria can be r~aci1y employed to improve future estimates. 
	It must be pointed out that many of the emission factors .applied to the inventories pres~ted were d:?veloped spec:i.fically for this study of t.'i.e South Coast Air Basin and are not necessarily appropr.iate or applicable to other study are~. 
	Those emission factors based on studies conducted outsice t.'le air basi.-,. were ca:::-cfti lly reviewed and reevaluated when it was dee::ied r.ecessary in order to make the raw emission factor :nare applicable to t.'le study area. 
	A. Fugitive Dust-
	-

	Significant sow:ces of atmospheric dust a.;:ise from t.'i.e mechanical dis­turbance of granular material exposed to, the air. Dust generated from these open ::.ources is ter.ned "~ugitive" because it is not discharged to the at:!nos­phere in a confined flow stream. 
	In the 1976 i."l.,ventory (Table 2-41, fugiti-.e dust accounted for approxi­mately 75~ of t.'J.e 140,000 tons of suspended parti,culate matter (<lOi.im particles) estiL?:ated to be emanating from the area sources considere~ exc:uding pa~ed =ad travel. The ·six fugitive dust areas considered are: (ll road and buil ding cons~ruction, (2) agricultural tilling, (3) · refuse di~posal sites, (4) livestock feedlcts, (5) unpaved road travel, and (6) paved road travel. As can be seen in Table 2-4, road and building 
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	For the above categories of fugitive dust sources, the dusc generation process is caused by two basic physical. phenomena: 
	1. 
	1. 
	1. 
	Pulverizatio. and abrasion of surface materials by application of ·mechanical for.ce through implements (wheels, blades, etc.) 

	2. 
	2. 
	Entraµunent ·of dust particles bv t.'ie action of turbulent air currents gen~rated by winds, moving vehicles, etc. 


	The air pollution impact of a fugitive dust s.ource depends on the quantity and drift of the dust particles eir.itted into the atmosphere. In addition to. large· dust particles that settle out near the source (often creating a localized nuisance problem), considerable amounts of fine particles are also emi.tten a."ld dis9ersed over much greater distances f~om t.'ie source 
	(Ref. 2-19). ' 
	The quantities of dust reported as emissions in t:.'iis repor--= are 
	defi."led a,; being comprised of particles smaller t.'ian lOum and having a 
	' 3 particle density of 2.0 -2. S g/c:m. • Furt.'\er particle size b.:-eakdown into 
	~10\.UZI, <3um, and <lum intervals is included in each sub-category discussion. 
	The correlation between Ambient ·!ti-Volume Samples and. the Pasq,~ile-Gifford 
	' ' 
	Diffusion equation for ground level sources was employed by the referenced 
	studies (Refs. 2-17,18) as the basis for computing the or.igi."la!. emission 
	factors. 
	1. Road and building :::onstruction--Recent studies (Refs. 2-20,21) :1.a•;e 
	I 
	concludE,d that road and buil.ding constructior, activities are significa.;.,,t sour:::es of fugitive dust. Such emissions are a~sociated wit.'i land clea:ing, blasting, grcund excavations, cut and fill operations, · and the construction of t.'ie particular facility itself. As can be seen in Table 2-4,. construction activities accounted for the ~ingle largest source of ?ar.:;=ulate ~atter 
	(exclue!ng paved road travel). 
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	tfiif l tTI . ··r ... 
	Pedco-Enviror.:?Jeotal. Specialists (?..ef. 2-17) and !-'.idwe;;t ?.esear::::-: !(:tef. 2-13) have condutted investigations into t..~e enissions from const-'"<Xtion 09erations. ;.., u.,=ntrolled e!Jission fact:c.r of 1. 2 tons ;:er acre of =nstruction per :rent.~ of activicy ~or parti:::les <JO:.lm was ;:!.. :-:oweve::-, ?edco also cor.cl:1ded t..':at a 50'\ red:iction i:: e::t.i.ssions · is po,:;si.;:ile if adeq:.:ate ::!ust =ntrol such as wateri..-.g 1:-.ice daily .i.s practiced. ::lules ~2 and 403 on Fug
	nstitt:.te 
	eter.:-.i..r.ed

	Therefore an e::t.i.ssion factor of 0.5 tons per acre-
	Figure
	of :::ac't.:.vi-:::y a.-id ·ecuss.::.or-.s ;:er ::ou.,ty. An e:n.issio~ factor of 
	ons::r-.JC-:::i.on 

	\ 
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	Figure
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	tor nz rc-crnn r::zrttcetterrrntr twe, , ·w:ctts rn:t:e-®ttttrffkn : rz ., .... 
	TABU: 2-5. ~AD & BUII.DI:SG CONSTRUCTION PAR'l'l:CULATE EMISSIONS SGMMARY 
	Acre-lOClnt.~s Constr~ction 
	Non-Emissions County Resident.ial Residential tons/vr
	~ 
	Orange Los Mgeles Riverside San Bernardino 
	Santa :aarbara Total 
	100 
	90 
	60 
	50 
	40 
	30 
	20 
	! ,;
	.. 
	"' 
	10 

	' 
	29.,894 25,627 8,078 1.2,501 9,787 1,172 
	a 6 5 Pa:n:icle Sia• Distribution IIO~, IIUilllio; Conatnction 
	6,004 13,304 1,236 l, 738 1,085 258 
	6,004 13,304 1,236 l, 738 1,085 258 
	11,832 20,184 9,860 14,384 3,828 l, 144 
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	2. Agricultural tillaqe--Approxunately 9500 tons per year of f-..igitive dust. 
	(particles <10\lm) were estimated to be coming from a.gr1cultural tilling operations within the basin as shown in Table 2-4. 
	The two universal opjectives o.f agricultltral tilli:ig are the creation of the desired soil st:ruct~e t:0 .be used as the crop seedbed and the eradica­tion of weeds. Plc-..;ing, the most common of. tillage, consists of some for.n of cutting loose, granulating, and inverting the soil and turning under the organic litter. I.nplements that loosen the soil and cut off t.11.e weeds but leave the surface trash in place, have recently become more popular for tilling in dryland far:n:ing areas. 
	met.b.od 

	Du:i.ng a tilling operatic~, dust pa..rticles from t.~e looseni.'lg ar.d pulverization of t."le soil are emit.~ed L'lto the at:::osphere GS tje soil is d:opped to the surface. Dust emissions are greatest when the soil is d=:,· and 
	Figure
	In developing an emissions· estimate, a threefold approa.c::. was takan: 
	l. 
	l. 
	l. 
	Es~blisi"'.ment of 
	a 
	1376 
	L'lventor-.r of tl1.e 
	harJested acreage of 
	field, 

	TR
	tl:Uck, 
	orchards,. 
	outdoor nursery, and 
	i.mprove<i ;;ast=e. 

	2. 
	2. 
	:Jeter.:ur.ation of t."le 
	passes per crop made 
	by 
	a 
	fa::::ung 

	TR
	i:nple::ient 
	that dist".l:bs 
	t.~e 
	soil significantly. 


	3. :Jevelo;:me.'lt of ::."le proper e.:iission factor to apply -;o faz::ii::g operations ..,.i~u:1 t."le Basin. 
	An i.:i•.rent.o:::-J of harvested ac:::-eage -.,.as compiled wit..'1 t."le aid of '.:.-:.e 1376 :ol.:lty Agr~c~lt.:;;:-al .Co=.ission's Cro~ Reports (?~fs. 2-24 'through :9). -:'he ?asses per ==op ·"II!! re deter::1:i."led ~'1:::-:::ugh lengthy communication ~ t.~ ~umerous Cniversicy ~f California Cooperative Ex~ension Service Fa.r:n .Adv~~crs (Refs. 2-JC -:..'lrough JJ). ~e est.i;Dated average nl.l!llber of passes ?er crop -:.ype are ?~5ented in Table 2~. 
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	Cu.rrent faJ::11.ing practices in orchards clisclosec t..'la.t only 10-20\ of the acreage presently al.otted to orchards is actually tilled. An inc::-eased use of herbicides is t.."le reason for t.."lis practice. 
	Figure
	concluded t..'iat t..-ie qua.."ltity of dust emitted ::::-om agri:::ultural tilling is propor-ional to the area of land bei."lg tilled. In addition, emissions depe::d on the following va.ria;:iles: soil texture, soil moisture,· ar.d uactor speed. Ava1lable test data indicate no substantial deper.d.ence of emissions on t."le type ot tillage implement being used when operating at a typical speed of· 6 ciph (~f. 2-18). 
	Figure
	is as follows: 
	1.4s (S/5.S) 
	e (':illing) = --------(C) :::15\ (PE/59) 2 
	2
	where: e emission factor (pounds per acre) 
	2 silt content {particles between 2~-SOu:n as defi~ed by t..-:ie U.S. Dept. of Agriculture) ·of th~ surface soil (Q-4 inches depth) per.:ent 
	s 

	2
	S implement speed (~iles per hour) 
	PE s Tho=thwaite's precipitation-evaperation index corrected for irrigation 
	C • particle sizing factor (e.g. 65\ wt. <lOµm diameter particles, see Figure 2-5) 
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	j 
	/
	/ 
	~
	The silt content of SCAB agricu.ltural lands generally range from 10-:~\. A mid-range value of 20, was chosen. Also, reports on t.'J.e :noist\.!re content of the top fo.ur inches of soil during tilling varied from a ?E !ndex of 17 to 56 
	(Refs. 2-39,32,34,35). A val;re of 41 was.chosen to be representative. !~ple­ment speed varied considtcrably so · a value of 5. S mph was chosen. 
	By inserting this infor=iati'.;,, into the f-rementioned tillage dust~: equation, an _emission factor of 27 l!:l per acre pass ~as deri ved. A pa~i l e size distribution plot is shown in Figure 2-5. On t.'J.e average, dust emissions cal~lated for agricult~al tilling have the followi.~g particle size characteristics (Ref: 2-18): 
	Particle Diameter Weight ?ercer.t 
	<lum 
	1-31,Jl!l 17' 
	3-lOum 22\ 
	>101,Jl!l 36\ 
	•
	A s\l:111114rization of the inventory and emission esti:nates by crop group a.~d cou::ty are presented in Table 2-7. Figure 2-6 -depicts t.'J.e maj or agriC'~ltural areas ta which t.'J.ese emission estimates were. assig;ned. The aid of County Agricultural Commissioners.' ~arm ~dvisors (Refs. 2-31, 36-38) and an ,\RB mel!'.o (Ref. 2-39) were solicited ,in estimating the percentage of crops contained within t."le Air Basin when a county such a·s Riverside extends outside the study area. 
	3. Refuse Disposal Sites--Over 15 million tons of liquid and solid waste were disposed of annually in the 45 major landfill si<;es located in the basin. This acc:o,mted for approximately 300 tons of fugitive· dust. Di~,posal inv9lves the collection, transportation, unloading, and soil covering of daily refuse. For our purposes, t."le dust associated with unloading and soil covering will 
	I 
	be considered t.:l constitute the major portion of the dust .generated from t.'"le 
	total disposal cycle. · 
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	A threefold approach was t-'lken in the establishment of the 300 tons per year esti.nate: 
	l. Review of County Solid Waste Management Plans to establish site location and annual r'?fuse disposal 
	2. 
	2. 
	2. 
	· Determination of the :;urface area worked based on the annual quanti..ies of refuse disposed 

	3. 
	3. 
	Establishment of an applicable e'lti.ssion factor 


	Coyote canyon landfill, site was chosen as a model refuse site. The surface area worked was estimated to be equal to 2/3 power of the volume of the · disposed refuse (Ref. 2-40). one cubic yard of ·compacted refuse was estimated 
	' 3 
	to weigh "'1200 pounds (density of O. 71 g/cm ) (Ref. 2-41). Review of numerous on fugitive .dust emissions fail.ed t.o reveal an emission factor specific-..ally designed for landfill sites. 
	art:ic!.es 

	Since the ~ctivities at a landfill site approximate those found at a construction site, the 0.5 ton r,er acre-mont':l of activity for construction was chosen. Investigation of dust control practices at orange County landfill si'tes (Ref~ 2-42) disclosed that continuous watering of the dirt roadway and active dump area is coimon practice. Also, continuous watering is practiced 
	•at a majoritY,,, if not all, municipal sites in the basin. Therefore, it was felt that the 0.5 ton per acre-month was indeed appropriate. 
	The specific site locations and ann~ refuse disposed can be found in Figure 2-7 and Table 2-8. 'Emissions were entered into the . final inventoey on the basis of site location. 
	Particle sizing inforination on fugitive dust from construction sites was also .~udged to be applicable to landfill sites. 
	4. Livestock dust~-An EPA sponsored study (Ref. 2-17) has ~een conducted to quar.tify the fugitive dust emissions from livestock feedlots. A total of 
	48. sa11t.,les '.,;,ere taken at ·24 different feedlot loca.tior.s. Emission factors of 8 tons/1000 hd/year for uncontrolled lots with less than 25,000 head, and 5 tons/1000 hd/year for feedlots with more than 25,000 head (particle ·<30µm) we1:e c'~rived. Additional particle sizing information was. not taken, however., 
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	TABLE 2-8. EXISTIN,G MAJOR CLASS I AND II SANITARY I.A.'IDFI!.L S!TES IN THE SOUTH COAST AIR BASIN 
	(Reference -County Solid Waste Management Plans) 
	Mease Bes ■ 1vr4 4Silld i?Sf . -
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	Figure
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	Figure
	Figure
	A particle sii distribution plo~ ~hewn in Figure 2-8 was generated based en the assumptions that -=he silt content of the soil contained within a feedlot pen is higher than that of construction and unpaved roads, ar-d t..-i.at t."'le m:,isture content of t.1-ie so::.l may be somewhat higher due to l.i..vestock excretions. 
	On the average therefore, it is estimated t.'lat dust particles from feedl..;ts would have ~e following particle s~ze characteristics: 
	Jarticle Diameter 
	Jarticle Diameter 
	Jarticle Diameter 
	Percent by Weight 

	<lµm 
	<lµm 
	4€. 

	l-3µm 
	l-3µm 
	16 

	-3-lOµm 
	-3-lOµm 
	13 

	>10µ.'n 
	>10µ.'n 
	25 


	A recent inventory of particulate emissions from feedlots located within the basin was conducted by the A.l..r ::.:lesources Board (Ref. 2-43) · E~issior.s of 1400 tons (particles <30-µm) were estimated. Basis for this· estimate was t.'1e above mentioned study and the Calif~rnia Li•,estock Statistics Report for 1976. A recent st'.li:.r (Ref. 2-44) on th.is same subject conducted by the SCAQMD was used 
	as a . tCJOl in evaluating tl.e ARB' s es.timate. The specific emission factors applied in the ARB est.i=te are {Ref. 2-39): 
	Cattle. 8 T/1000 hd/yr Sheep & Hogs .l.. 25 Goats 1.25 Turkeys 0.2 
	Emissiona totaling 13\)0 t;ons {particles <lOµm) were entered into the final inventory. locations, Figure 2-9, · were extracted from ::..''u'! California Livestock Statistics Report. 
	FeP.dl.ot 

	5. Unpaved road ~ravel--Studies {Refs. 2-17,18,45-48) have shown that significant quantities of fugitive dust are emitted during vehicular travel on unpaved roadways.· Oust ·p~.1.Jllles trailing behind vehicles traveling o!l W1paved roads are a familiar si~.r.t in rural areas. When a vehicle tra\·els over an unpaved road., the force of t.:1e wheels on the road surface cal.l5es pul~rizatiou 
	-
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	Figure

	.:iqure 2...;. L.i.·:es·txk feec.:ot ;;,ar":.:.=le size distribution. 
	source: 1CV'3 ::::,gineering Analr.-is of ccmparab!.e f-..igiti·.-e :i~t sour-::es. 
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	·,irleels while t."l.e roaC:: surface is. exposed to strong air cur::::ents in ::~•·::n~lent shear with .the . T!"le · t'.l...--bulent wa.ke !:lehind the ~hi=le conti.,ues u, act on the =ac! su.::-face af.ter t.'i.e vehicle has passed. ~e a::10\.::lt: o:: s~face fir:es on an Wlpav~d road is nor::ally close to a.'"l e<:;_'...:.ilibri um value. ~e fines w:ii=h are injected into the at:llCsphere cy vehic'.lla.::-traffic are re9laced in t:.~e same process by new fines ,which are generated by abrasion of surface
	su.rf.:>.ce

	A literature search of existing em~ssion fact:o:-s for unpaved road travel revealed t.'iat no one factor i .s appli=able to ·all conci::ions, ::iut that 
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	" .\ r,;,ce>1t study of •.inpaved road emissior.s., E:?A-600/ 2-78-•JSO, :-!arc!-:. 1373, recomoe~cs an e:nission factor of: 
	• 
	l!l/•.rehi.cle-?:U.le 
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	C ::s particle size range factor, see. Figure 2-10 [e .. g. to det.ertine 
	p 
	the emission factor for parti::les less t."lan 10;;.L.~, C is 0.46 
	p
	(or 46% from Pig,.ire 2-10)]. 
	On the average. dust e.oissi-:ins from unpaved road travel have the following pa._-ticle size : 
	characteristi.cs

	Particle Size Wei,;ht Percent 
	<l!..;.::n 
	1-3].!::1 12 3-lOJ.;m 16 >lOµm 54 
	A summary of t~e individual =ad types, miles per hour speed ~estrictions, and emission rates per county are presented in Table 2-9. Per ::oi.:nty L·wentories of t..'le vehicle ::tiles traveled p·er yea·~. (VMT) per road type were obtained f=:n the Air Resources Board (Ref. 2-49). Table 2-10 ·presents a· SU!!mar-J of t.~e estimated ~ for each county ;,iit.i,,..in the study area. 
	AFplyi.~g t."le emission factors presented in Table 2-9 to the inventory i:1 Table 2-10 resulted in a total emissions rate from t."1.ese sources o: a:.;p::-oxi:nate.:.y 23,J00 tons per year. T!'lis is eq~l to ap9rox:.=.atelJ 16 ~ of al:. · area sources. ac::our.ted for in :-ab le 2-4. 
	§ 3ased on the assumption ~"1.at "u.,=ntrollec." speed is t7?ically ~ :::;:;h. :aec-..-een 30:-5C :::ph e:niss:.ons are l.L~~a:rly ;:iro90r-:.ioned to vehi::le s?eed. Bc?lOlif 30 :npil, !lowe~r, emissions appea.: t.o :Je ?~opor~icr:ed 'to t..:,.e SCi::.a:-e a: t..'le vehicle spe~d. 
	• T:i.e '::aI:lpOrary reduc~i::m :.n e!!!issions beca~:Se of :::-:,.in:all is ac::01.l."":ted :o:: neglecti.~g emissions on "·.,et" days, i.e., days wit.:i. more t..'..an :J.Gl :.:i.ches of rainfall. 
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	W)/\U I.OCA'l'ION 'l''t'PES 
	Cow\ty-SCAB Oran!Je 
	Cow\ty-SCAB Oran!Je 
	Cow\ty-SCAB Oran!Je 

	Los 
	Los 
	Ange le!i 

	N I UI .t> 
	N I UI .t> 
	Riven; i.de San Bernardino 

	TR
	Ventura 

	TR
	Santa 
	Barlia ra 

	TR
	. ~ ·-----· 
	·-·· 
	---• 

	TR
	(1) 
	Mean 
	annual 


	U.S. t·onrnt 'l'iruc r City & COlUl t_y_ & P,uk~ l'ro d. ULM 
	-
	-
	--

	3.65 llrn/VM'l' l. 14 11.JH/Wi'r ---30 Ml'II 20 Ml'II 
	-

	.3. 65 lbs/VM'l' l. 14 llis/VM'l' ---JO M.1'11 20 Ml:'ll 
	-

	3. 9 3 llis/VM'l' 1.22 llis;VM'l' ---30 MPII 20 MPII 
	-

	3. 93 lbs/VM'l' 1. 22 . llis/\Hl' ---JO M.Pil 20 Ml'II 
	-

	3. 6 5 lbs/VM'l' l. 14 llii;/VM'l' 0.57 llis/VM'l' L.4'J lbs/I/MT 30 Ml'll 20 MPII 20 Ml'll •10 MPII 
	3.65 ll.i~/ VM'l' 1. i4 lbs/VM'l' ---30 M1'11 20 Ml'II 
	-

	-l----.£.--• -· -__, __: . -· J.. • ~ 
	---------------------_._....,.·-' '·-q --·-

	numlle r of dctys wi.th 0.01 in. or more ot: ra i nf.d I. 
	2.23 25 
	2. 2 3 25 
	2. 40 25 
	2. 40 25 
	2. 2 3 25 
	2. 23 
	25 
	W ~l)
	~riculture 
	lbs/VHT 40 MPII 
	lbs/VM'r 40 M.1'11 
	lbs/VM'r 15 MPII 
	lbs/VM'l' 15 
	MPII 
	lbs/VM'l' 40 
	MPH 
	J 
	lbs/VMl' 40 M!'II 
	-• -·
	~--
	-
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	SUMMARY 
	OF VMT 
	PER 
	UUPAVJ::O 
	ROM) 
	WCA'l'll>N 
	IN 
	l BASIN 

	l f 
	l f 
	County-SCAB Orange Los Angeles P.iverside San Bernardino 
	City ii CoWlty 807 5647 555 504 
	U.S. Forest & P<1rks 651 6135 .813 1236 
	3YH'l' x 10 Timber Production 
	DLM 
	A•1riculture 159 240 309 66 
	TotAls Emissions3VMTxl0 T[j_r . 1600 2,000 14,000 2,000 1,800 


	I\J I U1 U1 
	I\J I U1 U1 
	I\J I U1 U1 
	Ventura 2Santa Barl.>ara 
	142 60 
	1983 160 
	467 
	174 
	497 20 
	-
	240 
	2,600 230 

	TR
	3Total 
	23,000 

	TR
	---------
	-

	r= 
	= 
	T -· · 
	· ~--=== -
	xz·rs· 
	-

	· --• :r:: 
	c:r n··:a~~ 


	l 
	Source (Ref. 2-49) 
	2 
	Original VMT estimates for entire county Assume 5\ in SCAB area 
	3 
	Carried to two significant figures 
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	6. Particulate emission$ from paved roadways--The action of vehicular traffic on a dust laden paved roadway causes some of the material to be emitted into the acoosphere. The larger particles (>100µ.m.) emitted will normally settle out within 20 to 30 feet from the edge of the roadway ar:d, t:herefore, are not included in t..~e area source emission profile. Particles -:,f less t."la."l 100µ.m. dia.m:!ter will ..Je dispersed depending i.:pon thei.r diameter and extent of a,txrospheric .turbulence. 
	An equilibrium roadway dust loading will result when a balance is achieved between the material deposition and reIICval rates. The fo=er ra~e includes: tire and brake lining wear; pavement wear; atmospheric dust fallout; mud and dust carryout from unpaved areas; vehicle engine p<'t!'.'ticulate e::-J.ssior.s; et:::. Material is removed f1=om t.Se read.way under the a'ct:ion o::: entrainment by tire motion and vehicle-generated turbule.'1ce; wi.::. · erosion 
	(::or wind speeds excee_ding 13 mi/hr); rainfall washing; street sweeping; etc. Measurements of airborne particulates emanating from paveq roadways were reported in References 2-113 and 2-114. Bot.~ studies addressed dust entra.i=ent from dry streets in ti].e Kansas City area. These data were the oasis of the AP-42 reco=ended emission factor of 0.012 lb/vehicle-mile. However, this single value must be modified to account for dust reIICval by rain, tire and brake lining emissions, and high-speed, high-volume
	Dust removal by rain was accou.."lted for by assuming that rainfall in excess of 0.01 in./day ·...ould completely inhibit particulate emissions of any kind from the roadway. This is t..~e same criterion utilized in the analysis of '.lrlpaved roads. Thus, the basic emissi-:,n .:actc-r was rwdified by a te=: 
	Figure
	where Wis the number of days/year with rainfalls exceeding 0.01 in./day. 
	Reference 2-114 perfo:nned microscopic analyses of collected par~iculate samples and found traces of rubber tire particles. Other'sections in th1s report estimated particulate emissions from tire and brake wear, therefore, t..'lese totals were subtracted from. the paved road emissio::is in order to prevent double .counting. 
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	Figure
	j 
	The equilibrium dust content on high-speed, high-volwr.e roadways was expected to be less than on residential, comnercial or industri.1~ surfaces. This is due to the high traffic volwre pro,ducing a high rem:>val ;:-ate, i.e: 
	lb li vehicle lb
	Mass rat:e of removal 
	s ------­
	"' 
	vehicle/mile hour e This removal' rate would be partially offset by engine-generated partic,ulates, pavement wear and dirt CaJ:'.rJOUt (directly proportional to traffic vol.Jire). However,· other deposition sources (ba.:kground c.ust fallcut, etc.) would be, to a first approximation-, independent of traffic volume. 
	hour-mil

	No quantified data was found des=ribing particulate emissions from high-speed, high-volwne paved roadways and it was assumed that these conditions would produce one-half the emission factor recommended in AP-42, i.e. 0.006 lb/vehicle-~~le, basec. on the considerations previously discussed. 
	The particle size distribution from paved roads was taken as t'1e mean of th? appropriate tests reported in Ref. 2-113 and is shown in Figure 2-11. This distribution has. t!1e following characteristics: 
	Particle Size Weight Percent <lµm 13 l-3µm 25 34 >lOµm 28 
	3-10\.UD. 

	Freeway and highway travel represents soi of the total vehicle-miles traveled (VMT) in the Sout, Coast Air Basin, according to Ref. 2-115. Total vehicular travel on paved roads in the SCAB, excluding towed trailers, amounts 
	10
	to ~n estimated 7.2xlo ~T/year (cf. ;able 2-15) and, with the emission factors developed, represents a gross particulate emission rate of 330,000 tons/year. 
	This amount was reduced by r.hose corresponding r..o tire wear (3400 tons/ year) and brake wear ( 3100 tons/year) in order not to double co1.mt these sources. The resultants were further· reduced by the average number of r.;,iny days (>0.010 in~/day) in the SCAB (32 days/year) to achieve an estimated total particulate emission rate of 290,000 tons/yea1:. 
	Reference 2-113 produced the particle size distribution shown 3bove which allow~j the specification of the total emission rate associated wit., particl~s <lOµm in diameter, i.e. 72\ by weight. Thus, the total emissions in 
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	Figure
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	Figure 2-11. Paved road particle size dist=ibution (Sr,urce: Ref. 2-113). 
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	ti1is size range WdS 210,000 ton/year (70,000 ton/yea= from freeways/highways and 140,000 tons/year fr~m surface streets). 
	Table 2-ll presents the emissions from paved roadways in the SCAB (for d<l0~l, by roadway category and particulate type. These figures must b~ viewed with caution since, ac~ording to AP-42, 40% by weight of samples collected were analyzed to be engine combustion generated particulates. These particles woul.d have been included in a 11Cbile source inventory and it ~ould be incorrect to include them again in a new category--paved road t..:ave~--
	-

	Vehicular tr.ave.:. on .paved roads produces particu:Late ~missions categcri:z:ed as (AP-42) : engine exhaust particles (40% by wei;:::tl : minera.i.. 
	_matter (59% by weight): and biological and ~ire dust (1% by weight). :iowev:er, the engine exhaust particles have already been included as a mobile source cortribution and, therefore, should not be counted again by this study. Mineral matter eoissions result from r~-e·ntrainment of background dust depositing on the roadway and from dirt and mud carried out from unpaved areas. Thus, a large percentage of tt.e roadway dust emissions actually originated from a.~ area source not considered in the present work,
	Strictly speaking, t.~e only particulate emissions directly attributable to roadway traffic would be paveil!ent degradation, tire and brake linin-; attrition, and engine combustion particles. The first item was not quanti­fied by t.'lis study, w.:.le the second has been separately estimated. The last item has already been discussed. Thus, a large, but unknown, fraction of the particulate emission rate~ shown in Tabla 2-ll have been considered'elsewhere. 
	a. Combustion-Fugitive co'mbustion related sources accounted for '\J3\ ::>f t!'le '~otal estimated area source emissions computed in the final 1976 inventory. The· area sources and their respective emissions covered under co;nbustion in the 
	-

	final inventory are: ll Forest Fires 2400 T/yr 
	2) Structural 200 " 
	3) Fireplaces 500 " 2-59 lCVB 5806-783 
	( 
	\ 
	TABLE 2-11. PAVED BOADWAY PARTICULATE EMISSIONS IN SCAB* d<lO\,J.m, 32 rainy days/yeaI 
	Roadi.lay Category Freeway/Highway 
	Roadi.lay Category Freeway/Highway 
	Roadi.lay Category Freeway/Highway 
	Particulate Tvoe, Tons/Year Exhaust M.in,,ral 28,000 42,000 
	Total, Tons/Year 70 ,coo 

	Surface Street 
	Surface Street 
	56,000 
	84,000 
	140,000 

	TR
	84,000 
	126,000 
	210,000 


	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
	we~r 
	were 
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	4) Residential natural gas consumption 100 " 
	..
	S) 'Cigarettes aro 
	6) Ag1:icul.tural burning 500 " TOTAL 4500 T/yr 
	l. Forest fires--Forest fires consumed over. 23-,000 acres of forest and p~ivately owned lands within the SCAB in 1976. An estimated ~70,000 eons ·of combustihle material (fuel) was consumed in the process shown in Table 2-12. 
	The m:,s~ apparent atm:Jspheric contaminant from forest burning is particulate ell'.i.ssions. 'the size and intensity (or even the occurrlince) of a wildfire is directly dependent on such variables as the local metecrological conditions, the species of t~ees and their moistur~ content, ~d th•, weight of consi.m:able fuel per acre (fu~l loading) • Once a fire begins, the d.:y combustible material (usually small undergrowm and forest floor litter) is conswned first, and if 'Che energy release is large and of 
	The complete ~ombustion of a forest fuel requires.a heat f~ux (eemperature gradient), an adequate oxygen supply, and sufficient burning time. The size and quantity of forest fuels, the meteotological conditions, · and the topographic features interact to modify and ,change the burning benavior as the fire spreads; thus, a wildfire will attain different degrees of combustion during its lifeti:ne (Ref. 2-50). 
	Knowledge of the chemical nature of forese fuels, combined wi~ what is 1'.nown about pyrolysis and combustion, suggests that particulates formed by forest fi;-es will ·consist primarily ·of a comple·. mixture of soot, tars, ar.d volatile organic substances. The majority of particles found in fire . smoke are formed from the gaseous organic compounds produced ~y pyrolysis and combustion. The proc:esses of nucleation, condensation, and coagulation combine i:1 a continuous chain of rapid events to form both li
	Research on forest fire emissions conducted by the USDA Fo=est Service southeastern Forest E~erimental Station (Ref. 2-51) concl~ded tha~: ( KVB 5806-783 
	Lil a 
	Figure
	'· 
	'rABLE 2-12. 
	County-SCAB Oran<Je Los Angeles Riverside Ban :,emardino Ven•_ura 
	Iv 
	I Santa Barb.:,ra 
	(J\ 

	N 
	TO'l'AL 
	g 
	U1 
	cc 
	0 (J\ 
	I -..J 
	0) 
	w 
	FOREST ACREAGE, FUF.L ESTIHATES, AND EMISSIONS 
	Acres Tons Coni;1uned Emissions, Tons/yr 2800 16,000 120 3400 05,000 700 5100 78,000 600 1600 52,000 430 9800 68,000 530 
	4 30 6,900 . 50 
	23,330 368,ooo · 2,400 
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	.,1~. 
	't4t 
	l) 
	l) 
	l) 
	"nle median diameter of particles in forest fire smoke is approximately 0.2 micron, i.e. =O\ of the particulate weight occurs at th.is size. · 

	2) 
	2) 
	Approximately 80\ of the mass of all ~articulates is below 1 mi.c;::on (see Figure 2-12) 

	3) 
	3) 
	Regardless of ·fuel' type, average particle size remains essentially constant.* 


	A high level of confidence in these indications was reached by the Southeaster~ Forest Service when coupled with the result! of othe~ investigations. However, these conclusio11s apply mainly to forest acreage located in the Southeastern portion of the United States.· Although differences in· fuel type do exist between Southern California -forests and forests of the southeastern part of the united States, the effects of these differences on particulate size and mass loading are not known at thi's time. Imp~c
	The emission rate of particulates depends heavily upon the fire type and fuel moisture content, and, to a lesser extent, upon fuel type and ar­rangement. Heading fires generally produce a.bout three times more particulates 
	•than backing fires, everything else being equal. Also, for a given fire, emission rates during the smoldering J?ha.se can be eight times higher than in the flaring phase (Ref. 2-51). 
	Studies (Refs. 2-50,54) have estimated that from 16-17 pounds· of 
	,particulate matter·are released per ton of fuel bw:ned. The acreage of· f.orest and privately owned lands b•.;.:med in 1976 and their associated fuel lo~ding values were obtained from National Forest Ser.•ices (Resf. 2-55,56) and the Air Resources Board (Ref. 2-57). The acres burned, material consumed, and estimated emissions are presented in Table 2-12. Figure 2-13 presents the lo­cation of the major forest acreage in the South Coast Air Basin. 
	0£ four fuel types test:?d are: Deridder, LA; New Born, NC; Ft. Laude.rdale, FL; Ro1,U1d Oak, GA. 
	*Location 

	tDouglas fir comprises approx. 10\ of t,he total SCAB forest acreage and ~26\ of the forest acreage occupied by trees (Ref. 2-53). 
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	Figure 2~12. Forest fire particle size distribution. 
	Source: Ref. 2-51 
	Average of four fuel types from locations at: a) Derrider, 
	LA . 

	b) New Bom, NC 
	c} Ft. Laud~rdale, FL 
	d} Round Oak, GA 
	Note: P~rticle sizing data on fuel types native to Southern california r.ot available; assume difference·s at this time to be negligible. 
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	LOCATION OF HAJOA FOREST ACREAGE IN THE ~UTH (OAS{ AIR BASIN, 
	· 5h -Santa Ana 
	SB -San Bernardino Figure 2-13-. 
	LA -Los Angeles 
	LB -Long Beach 

	P -Pomona 
	P -Pomona 
	R -Riverside 
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	C -Corona 
	\ 
	2. Structural fire--A recent study (Refs~ 2-53, 59) conducted by the ARB 
	.and SCAQMD was employecl in estimating the quantity of particulate matter emitted to the atmosphere during a structural or vehicular fire. Emissions o: 500 tons/y1: or O. 24 tons'yr per 10,000 people were reported for the entire state of California. The SCAB estimate of 500 tc!"'.s per year was derived by multiplying the O. 24 tons per 10,000 people per year by the 1976 SCAB population (Ref. :?-60}. 
	The approach taken in the above mentioned. study was, 
	l} 
	l} 
	l} 
	Using CFD. Reports (Ref. 2-61), E'!Stablish a of prcipe..-ty, contents, and vehicle loss due 
	aJnetary value to fire in 1976. 

	2) 
	2) 
	Establish the mont!ta~ v~1ue equivalent of one house, car, and ·contents. 
	to 
	the combustion 

	3) 
	3) 
	Establish fuel loa.dir.g ·factors per category. 

	4} 
	4} 
	Compute 
	emission 
	factors 
	using AP-42 
	as 
	a 
	guide. 

	5) 
	5) 
	Convert the derived emission rate into a population based emission factor to better distribute the calculated emissions. 


	Table 2-13 presents the above discussed approach, values assigned and emission es-timates. Due to the diversity of material consumed within a structural fire, a particle size distribution plot w~ not available. It was assumed to be similar to the particle size distribution for forest fires. 
	1. Fireplaces--As shown in Table 2-4, approximately 500 tons of particulate matter (particle <lQµm) were estimated to be emanating from the combustion of firewood in residential fireplaces. 
	A study (Ref; 2-62) conducted on fireplace emissions for the EPA estimated t.11.e total average particulate mass emission rate to be 21 pounds per ton wood burned.* Differences in emissions existing between the wood bunted in the SCAB (mainly _£jine, orange and aucalyptus) and of that burned in.the above mentioned st~dy {alder, fir, locust, and pine) are assumed to be negligible · fo.r this study. A literature search failed to disclose, any other: applicable data. 
	* Average soft wood rooisture content 12. Sl!l by wt. Average soft wood density. 0.43 g/cc One cord or wood contains 90 cf wood (Ref. 2-6]) 
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	1 
	l 
	j l 
	t 
	i 
	TABLE 2-:-13. STRUCTURAi. FIRES (a) 
	{ 
	J 
	Static 
	. (b) "· 
	j 

	Dollar Value Unit F.quhalency Fuel Loading Emission £missions I J C.ste~. lost -1976 . Factor Factor _ _ Factor Tons I 
	J l 
	;

	(C) (d) 4j2 
	j 

	Property 133,018,066 $50,000 per house 20 tona wood 340 lbs/house 
	Contents 80,644,958 ·$10 per lb. 16 lbs/ton (d) 32 
	(e)
	Vehicles 15,906,917 $5000 per vehicle 8.4 lbs/vehicle 
	13 

	Sub-Total 500 
	======~======"-"=========-============--=========--=-=-=====-=======-==-==-
	-

	Iv 
	J
	-

	-..J Population based e111ission factor -994,000 lbs particulates x , ,~people= 0.047 lbs/person 
	21 
	224 
	00 

	('76 state pop) 
	Ton
	SCAB Emissinns: 0.04·1 lbs/person x 10,334,~2~ people x "'~40 tons
	2000 lbs 
	(a) Source (Refs. 2-37, 38) · (b) Ref. 2-61 (c) Ref. 2-64 (d) Ref. 2-65 (e) Ref. 2-66 
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	-
	Particle sizing data from the above m':!ntioned s·t~dy is prese:1ted i:1 Figure 2-14. Since soft woods are mainly bt:...'":'led in the SC.ll.B, only so::t wood particl-e sizing data was considered. On the average, p,'lrticulat'e ei:r..issions from residential fireplaces have the following particle size characteristics. 
	Particle Size 
	Particle Size 
	Particle Size 
	Weight Perc~:1t 

	TR
	36 

	1-3]..lm 
	1-3]..lm 
	12 

	3-lOµm 
	3-lOµm 
	14 

	>1oum 
	>1oum 
	38 


	"n-.e mec.iiln particle size was found to be about 3 microns; 66. 3% of the particulate was condensibles caught in the back half of the sar::pling train. 
	In establis~iLg an inventory of active wood burning residential fire­places in the SCAB, local government agencies were contacted as to the ~u.,~er of existing fireplaces. It was soon discovered that such information per se wa~ not available. A second approach of obtaining infoT!Ilation on ~'"le number of single family and/or dwelling uni~s in a county was taken. County assessor's offices (Refs. 2-67 to 2-70) were co~tacted. 
	To this inventory, two assumptions were made due. to the lack of avai..!.­a.ble data to characterize the fireplace units located within the inventory: 
	l. Ten percent of all. reported existing dwellir.g -.mits possess and '.lSe their wood burning fireplaces annually 
	2. Each dwelling unit inciuded in the_10% estimate burns 1/4 cord of wood pE:r burning season. 
	A census o! KVB personnel and ~eir fireplace burning l.abits was solicited in arriving at the 10~ estimate. 
	An. emission factor of 0.45 tons per 10,000 people ~as entered into the· final inventory. A population based emission factor was chosen to best reflect··the location of the emissior.s. 
	4. Res,idential natural gas coml::.ustion--Tl,e Southern California Gas Company (SCGC) (Ref. 2-71) reported that 286 billion cubic fe,et of nci.tural gas was sold to its residenrial customers in 1976. The population servad was 
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	Figure 2-14• .Residential fireplace ~missions particle size distribution; sof': woods .• 
	Source: Ref. 2-62. 
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	approximately 11,300,000 people exi:ludinq the city of Long Beach. '.:'he SG"\B popul.ation in 1976 was approximately lC,300,COO people (Ref. 2-60). Realizi~g that t.'1e bulk of its =st=ers do reside in t."le Pasin, the ~ntir~ 286 billion cubic f~et was applied to the SCAB. Also, according to a SCGC fact sheet 
	(Ref. 2-71), space he~ti~g accounted for 65% and t. ~ter heating 21% of the average househo:d appliance operating costs per year on a comparative cost basis. 
	Studies (Refs. 2.:.73_74) conducted on natural gas··fired warm air heating 6
	systems 'concluded emission factors of 0.00084 lb/10Btu and 0.00071 lb/10 Btu for front half catc~es only. Back hal.f were not available. Particle size Wa.S considered to be 100% less th.,..~ 1 micron (Ret. 2-741. The 0.00084 lb/10Btu value was selected to represent e:r.issions from war.n air heating units ~ypical of the st~dy area since this study was bas~d on tests run in the Los Angeles area and the other study was not. Gas-fired hot water or steam 3ys~ems were also found to be similar to warm air heatin
	6 
	resul.ts 
	6 

	Based on the above inventory and emission ~actor~, 100 tons per year of part~culate matter ·...ras estimated to he emanati."lg from residential natural gas cc:nbustion in t."ie Basin-An emission factor of 0.13 tons per 10 ,'ooo people/ year was entered into the final inventory. A pcpulation based emission factor was judged to reflec": tile loc·atior. of t."1.e dwelling units using natural gas. n-"e Southern Cali:fornia Gas Colllpany esti=tes that greater than 95% of 
	dle single family dwelling units it serves use natural gaz for space heating. 
	Although some correction factor grea-:er t.'i.a., one shoulQ ha,,e been applied 'to this emi~sion factor· to account for the impinger catch, it was i~­nored because the basic emission of 100 T/yr is so small that it would not be cost;..effective to develop a correction fac-:or. 
	5. Cigarette smoke-It was estimated that approximately 800 tons per year of particulate matter was generated by the combustion of approximately 30 biliion cigarettes in the Basin. Nationwide, 610 billion cigarettes (Ref. 2-75) were consUlllC!d by an estimated 150 million adult (ove.r 18) Americans (Ref. 2-75) in 1976. Based on these 1976 statistics, it was estimated ~at 4100 ciga
	-
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	Figure
	rettes were consumed per adult. Applying this factor to the reported 7. 4 million adults (Ref. 2-76) residing !n the SCAB in 1976, it was estimated that 30 billion cigarettes were consumed in 1976. 
	A pa. t study (Refs. 2-77, 78} experimentally deter.tined that 1000 cigarettes without filters produced l.O pound of smoke--gaseous and particulate matter. Measurements were not made on the quantity of smoke that was contri­buted by sidestream smoke, howev~r. Sidestream smoke i~ defined as ~hat smoke 
	· which emnates. frot:1. the burning tip of a cigarette .:ind goes direct..ly into the atmosphere. Researchers (Ref. 2-79) have calculated that even when a smoker inhales, two-t."lirds of the snrke f"":om a burning cigarette stilt goes into the environment.. 
	Various studi~s (Refs. 2• ·80, 81) done on smoking have classified side-steam smoke as consisti of 90\ gaseous and ·1oi matter. Side-s~ream Sl!l:)ke has 3.3 times the particulate matter coni:a.i~ed in exhaled siroke. ~ smoker's lungs act as a veri effective filtering igent and remov~ nearly all of the particulate matter in mainstre~ smoke (Ref. 2-a2). l-1.ainstream 
	par~icula.re 

	particulates being exh~led were therefore C011.$idered negligible. 
	( 
	\ 

	The conclusion from ·the' above informa.ticn and from personal observa­tion i:;; that approximately SO\ of the one pound of smoke/1000 cigarettes"' is sidestream Sl!l:)ke. Ten percent of this sidestream smoke was assumed to be ~articulate matter. Particle sizing data i;:ere not avaiLl.ble, but it is assumed _that all particles being emitted are <lo microns in diameter. 
	A particulate emission factor of 0.05 lb per 1000 cigarettes siroked was calculated. This accounts for approximately 2.5\ of the total weight of 1000 cigarettes without filters. A number o.f filterless cigarettes were weiqhed in KVB's lab to arrive at an average cigarette, without filter weight of 0.9 gr~. 
	Based on the above information, an emission factor for the final inven­tory was. developed as follows: 
	l.O lb smoke 0.5 ib sic~stream smoke 0.1 lb particulates 1000 cigarettes x I:o-u;--;;,ke lb of sidestream smoke 
	x·

	410C cigarettes x 3 acults _to_n__ .0.00008 ton 0.08 ton 
	= or -------
	-

	x adult 4 persons x 2000 lb person 10,000 persons 
	:..: J.O, 000 persons in the SCAB "' 800 tons/yr 
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	6. Agricultural bu.rning--The particulate emissions from th·e burning of agricultural wastes in Cal.ifornia have b~en recognized for several years (Ref. 2-83). The ARB and .the EPA have sponsored several studies (Refs. 2-84,85, 
	86) witt\ t.'le intent of developing ~ission factors for surh operations.. 
	The ARB and local districts have also ir.1pleme.'lted regulations that 
	severely restrict the open burning of waste materials. Existing 're,;ulati.ons (Ref. 2-87) require' burn permits to be issued by local government control agen­cies prior to the burning of farm ~,a:-tes, burns conducted for range improve.:. ment, forest m.~agement, and pest control or the improvement of wild life or. game habit.~ts. Such burns could only be conducted luring "permissive bi:.rn" · days as determined by local meteorological conditions. Burn per.nits recorded the .·. and quantity of material to 
	locar.io
	Califo:rn.ia 

	conclusions 
	conclusions 
	conclusions 
	~eached 
	were: 

	ll 
	ll 
	As 
	a 
	::lass, 
	field crops and weeds produce considerably 
	more 

	TR
	pollutants (Part., CO, 
	HC) 
	than did or::hard and vine crops. 

	2). 
	2). 
	Back firing field crops 
	resulted in lower einissions of particulates 

	TR
	but not CO 
	and HC when' 
	compared with head firing. 
	The use 
	of · 

	TR
	back fir~s signi!icantly reduces· particle ·size, 
	tiie averages 
	. 

	TR
	being 0.11 and· 0.22 microns, 
	respectively. 

	3) 
	3) 
	For all 
	_fuels 
	(crops) 
	except avocado, 
	it appears 
	that dzying down 

	TR
	to 
	at least 35% 
	moisture would mini mize particulate emissions. 

	4), 
	4), 
	'Th.e 
	vast majority of particles from burning agricultural waste 

	TR
	are .submicron in size. 
	The 
	mass 
	median diameter 
	(MMD) 
	of 

	TR
	UX)St particles is below 0.3 microns. . Orchard fuels te.~d 
	to yiald 

	TR
	small.er particles than do 
	field crop fuels. 
	The particle size 

	TR
	distribution_can be altered by manipulating the firing p~actice. 

	TR
	Examples 
	of 
	Darley' s 
	,size distribution plots for various crops 

	TR
	are 
	shown in Figures 
	2:-15 
	~o 
	2-19. 

	5) 
	5) 
	The average emi.ssions of all plant mate.rial tested at the 

	TR
	indicated average 
	fuel m:iisture 
	(dry weight basis) 
	is sh".:".-m 

	TR
	on 
	page 2-78 
	as 
	follows: 
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	Figure 2-15. Wheat waste burning size distribution. 
	a Hand B: head and back fires, respectively; 15 or 25 refers to percent of slope used. dwb: dry. weight basis MMD: Mass Median DiaICaters, microns. Source: Ref. 2-84 
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	Figure 2-16. Alfalfa waste burning particle size clistri­:l:::ution. 
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	Figure 2-17. Apricot waste burning particle size distribution. 
	Fuel was ignited at the bottom of the pile with a large propane torch without t.."le aid of hot coals or pre-existing fire. 
	a 

	b Fuel was ignited ·by rolling the pile onto the glowing embers of a -pre-existing fire. 
	Source: Ref. 2-84 
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	Figure 2-18. Peach waste bU+Iling particle size distribution. Source: Ref. 2-84 
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	Avg. _·Fuel Moisture 
	Avg. _·Fuel Moisture 
	Avg. _·Fuel Moisture 
	Avg. 
	Part. 
	Emissions 

	(dry wt basis) 
	(dry wt basis) 
	lb:-;/ton Fuel Buried 

	Field Crops 
	Field Crops 
	(incl. weeds) 
	12. 3 
	18.3 


	Orchard Crops (incl. vines) 40.3 (Test Cond. 1) 
	a.1 
	23.7 (Tes~ Cond. 2) 5.4 
	A detailed summary of emission . factor ranges per crop type is presented in 
	Table 2-14. The factor range selected is b.:i.sed on-the assUil!Ption that burning 
	would be conducted under those conditions where lower emissions could be 
	expected. 
	Annual reports by the ARB were issued with estimates of t.;e air pollution impact of these burns utilizing this inventory and ~l1e emissions factors refe ~red to above. It was estimated by the ARB that 500 tons of particulate matter were emitted in the SCAB due to ·agricult.ural bur.1ing ir. 1976 
	(Ref, 2-88). These emissions were distributec:. into the agricultural regions as 
	sh~ in Figure 2-6. 
	C. . Autoi:ootive-
	-

	Only two areas of·autoiootive type particulate emissions were cons1dered in t.'1e final 1976 inventory. The areas; considered and their respective emissions are: tire tread attrit:ion--8400 tor:is, and brake lir.ing attrition-3100 tons. Combined, they accounted ·for'approximately 8% of the total. 140,000 tons of parti=late matter attributed to area sources. 
	-

	l. Tire tread attrition--EverJ year, cr.s. 1110torists wear off nearly 
	1.1 million tor.s of tire tread through the dri·..ring of a reported 63 trillion 
	miles (Refs. 2-89,90). Tires provide the sole contact between the vehicle and the roadway surface and must transmit the inte~active forces required for prcpulsion and control. In doing this, tire traad material is worn away by a variety of proc@sses. Many of t.'1e factors· affecting tread wear -are · presented in Figure 2-20. 
	Two schools of thought amorig sc::...entists exist on t.1-ie fundamental 
	mechanis'tllS of wear. The first :nechanism, cal.led "thermal activated molecular 
	stick slip," results from the extreme heat developed due to the relative 
	motion of t."le tire at t.'ie road surface which breaks down the chemical com­
	position of the rubber causing a loss at the surface of a cer.:ain number of 
	molecules. The second mechanism is based on abrasior:. between the tire and the 
	KV3 5806-733
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	lrf >e>w:, 
	Figure
	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 
	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 
	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 

	/! \ 
	/! \ 
	<5 5-10 Field and Weeds tule barley .cotton rice mixed weeds 
	Particulates, lb/ton of Fue!. 10-15 10-20 bean hay . corn safflower peas sorgh1Jm. wheat ditch · bank weeds 
	Burned >20 alfalfa asparagus oats 

	TR
	Orchard and vines apple almond apricot cherry boysendate berry ·fig grape peach nectarin~ pear prune walnut 
	-

	olive 
	avocado 

	TR
	Source: 
	Ref. 
	2-84 
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	road surface causing mechanical removal of small rubb~r pieces. A combination of these factors is likely to occur under normal driving conditions. 
	Nl,llllerous studies (Refs. 2-89,92-96) have been conducted to charac­terue ti~e tread emissions as to mass loss, particle ::-;_ze, and gaseous emis­sions. The two most significant studies involving dynamometer and actual road driving tests sited a:re ones conducted by General Motors (Refs. 2~95,96) and by J. P. Subramani, Ph.D. thesis, ·University of Cincinnati (Ref. 2-94). 
	General Motors estimates a tire wear r~ce of 0.048 g/tire·mile for travel on the San Gabriel Freeway. Eighty percent or 0.036 g,'':.ire•mile was estimated to settle out within a few ir.eters of the road' .s edge. Tests conducted for· ~ubber content on roadside soil and dust samples proved this to be true. The rema.L~ing 20, is believed to consist of gaseous and airborne (<7 micron) particles. . This line of reasoning falls into line with General Motors (Ref. 2-96) overall tire tread wear conclusion that the
	Particle sizing data taken on GM dynamometer tests conclude~ that 24\ of '=he airborne mass under dynamic sampling conditions was compos-1;~ of particles <O. 43 microns and th.at tires ·emit particles into basically two size fractions, large partic,les >7 microns and small particles <O .4 microns. 
	In the J.P. :Subramani thesis project, actual road wear rates as. well as dynamometer wear rates were measured. To establish an actual road wear rat.e, 43 cars were driven under winter and summer conditions in the Ci.ty of Cincinnati. Wear rates of 0.146 g/tire mile and 0.0873 g/tire•mile respectively were measured. 
	Oynamometer tests involving two· automobiles reported wear rates of 
	0.05 g/tire·mile and 0.0431 g/tire·mile. Further testing to correlate dynamometer. and road tests was advised•. 
	Particle sizing data was obtained during the dynamometer tests • . Particle measurem!!nts were made in three sizes. of fractions: >10 micron, ~2 microns, and those caught in a millipore filter. Conclusions drawn were 
	2-81 KVa 5806-78,3 
	{ 

	that SO\ by weight of the parti.c:es were in the >10 micron size fraction, with tile remai.mier consisting of particles ~2 micron in size. This conclusion is similar in size classification to that of Gene~al Motors. 
	E.ased on the foregoing discussion,. an automobilo tire wea;: rate of 
	0.070 g/tire mile was derived. Oi thi.s, 30%, or o.o:u g/tire mile was estimated <.:.o consist of particles <10 :nicrons in size, 5-10% wt. to be gaseous, and the rema.ining 60\ to consist of p::::i:x,arily sedimentary type pdrticles.-­particles which settle out within a few 1I1eters of the road's edge. 
	T"n"" basis. for the 0.070 g/tire·mile was the fact that Southern Californians do a lot of freeway as well as city type driving. An average value composed of General Motor's freeway es~imate of 0.048 g/tire·mile arid 
	J.P. Subramani's city summer estimate of 0.087 g/tire-mile was therefore concluded to be applicable to Southern Californi~. The particle size distribution was derived thro~gh the averaging of the dynamomete= test results conducted by J,-P. Subramani and General Mctors. 
	Taking into account the semi-quantitative particle size distribution expressed by General. Motors 'and Subramani, the following particle size distri­bution for the non-ga~eous factor of worn tire tread was prepared for use un this ·invento:ry_·. 
	Particle size: >lO]Jm 10-3 ]Jm 3-l]Jm <l].lln i?ercent: 60 5 15 20 
	Tire attrition rates of 0.203 g/tire•mile arid 0.161 g/tire-mile for medium (5,000-10,000 lb curb wt~) and heavy duty {>10,000 lb =urb wt.) vehicles, respectively,were also calculated. o·iff~rences ex.isting in wear rates ,and total tread loss {Ref. 2-97; are the criteria for the above wear rates. The particle size distril:>ution is ass.umed to be similar to that of automobile 
	ti:t.!S. 
	Once vehicular tire wear rates were established a ·vehicle inventory for 1976 needed to be developed. Infer.nation from a recent 1976 vehicle inventory fer the SCAR, developed by the SCAQMD {Ref. 2-97), and an ARB document entitled "Data Base & Documentation for Esti".lating Emissions from Motor Vehicles in Califo:rnia" (Ref. 2-98) was solicited for this purpose. Vehicles were grouped into basically three weight groups: 
	l) 
	l) 
	l) 
	Autoinobil.1? and commercial two axle; <5000 lb =rb wt. 

	2) 
	2) 
	Medium duty; 5 ,C00-10 ,000 lb curb wt. 

	3) 
	3) 
	Heavy duty;>l0,000 lb ~b wt. 2-82 
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	In addition, annual mileage estimates were assigned to each class based on the above mentioned sources. Table 2-15 presents the results of the for1;;going discussion. Emissions. totaling 28,000 tons were estiuated. uf this, 8100 tons are· estimated .to consist of particles <10 microns in size with a majority in the respirable size range. Also, infrared and pyrolysis analysis of airborne part:.culates indicated that the tirborne particulate_is r.ot s:Lillply composed of smal.l pieces of rubber, but that some
	-

	That portion of the toi:.al particulate loss labeled a:s s,?dimentary is believed to settle out within a few tteters of the roadway's edge. Tes ts 
	. . 
	(Ref. 2-95) conducted al.Ong a stretch of the San Gabriel Freeway proved this 
	to be partially true. 
	:Roadway tread rubber re1?0val mechanisms such as che:nical. degradation, and to a lesser extent in Southem California, rain runoff, were also cited. Information on partic~e re-entrainment which is probably significant was not available_, hc-.;ev~r. 
	2. Brake lini:,g attrition--Brake li.ning attrition from vehicles operaung within the SCAB in 1976 accounted for an estimated 3100 tons of asbestos material.. A literature search for information on emissions fro~ brake lining attrition failed to dj,sclose any information on the subject. The Environmental Protection Agency is planning to·conduct research into this area in the future, however. 
	The approach t.aken in establishing an emissions •estimate was one of coupling a vehicle bi:t.ke lining attrition factor to a ·vehicle annual mileage estimate. Information from a recent SCA9MT"I inventory (Ref. 2-97) on brake lining emissions was solicited for tb,._ purpose of deve,loping an attrition factor. Discussions with brake lining manufacturers and actual physical l!leasurements by SCAQMD were made to determine the quantity of lining material available per brake shoe, per weight class and ave:c:age 
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	TR
	l'atlMUd Anmul HUM•1Je 
	llo . of Tiru 
	ll•hlclu In SCAii 
	Tot•l AttUllUO 
	Airborne <10 ■ lcion 10\ wt. 
	i:ai1t ■ lon1 tonsftr Totd Urt,o,.,_ 


	Llojlt PutV Vel1icha 
	Llojlt PutV Vel1icha 
	Llojlt PutV Vel1icha 

	Aut-,1,llu 
	Aut-,1,llu 
	U,000 
	4,9~0,066 
	40.010
	0.024 
	18, Jl1 
	5,05 

	Co.a' l 
	Co.a' l 
	l 
	ula •$0001 curb wt. 
	13,000 
	llll,00 
	1,009 
	901 

	Tuller 1 Ad• l Ade 
	Tuller 1 Ad• l Ade 
	l • !)00 1,000 
	' 
	19$, 119 3'>,H6 
	lO 11 
	9 l 

	l Uh 
	l Uh 
	1,000 
	6 
	121 
	___s_ ll,400 
	__<_I_ ~.400 

	Modlua Dutv V•hlclu 
	Modlua Dutv V•hlclu 
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	a) 
	a) 
	a) 
	Source; 
	KVB 
	Attrition Study 
	c) 
	Proportional SCAQMD' s 
	heavy 
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	light 

	b) 
	b) 
	Proportional SCAQMD' s 
	medium to 
	light 
	emission factors 
	-2.3 correction 
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	l) 
	l) 
	l) 
	3Density of brake lining materia1 is lSO lbs/ft

	2) 
	2) 
	Brake lining on the averuge contains 80\wt asbestos materia1 

	3) 
	3) 
	25\ o.f the lining material remains 
	on 
	the sh.oe or pad 


	Due to the proprietary nature of brake lining material, accurate infor.:1.ation on lining composition was not available. Table 2-16 presents the emic~~~n factors calculated per weight .class. 
	In the develo¢ent of a vehicle inventory, information from an ARB Document on motor ~ehicle emissions (Ref. 2-98) and a SCAQMD vehicle inventory (Ref.2-97) were solicited. Results are presented ir-Table 2-1]. Particle sizing data was not available, but it is assumed that all particles would be less than lOµm 
	D. Sea Salt Sp%ay-
	-

	Presently there is no preci.-,e estimate as to the mass of sea salt spray particles emitted into the atmosphere at the surf zone due to wave action. Concentrations of saa salt in ambient air, however, have been measured at several locations in the basin (Refs. 2-9S, 100\ • Results f.-:om the California Aerosol C.'laracterization Ex;,eriment (ACHEX) were used to estimat.e the sea salt emissions occurring along the SCAB coastline. Two approaches 
	were tak~ using this information. The first approach was to use the results from a. study (Ref~2~l0l) concerned with'strategies for approaching and achieving the National Ambient Air Quality Standards for particulates in the Los Angeles Region. Conclusions contained in this report were based. on the data contained within the ACH.EX study. Sea salt concentrations of 6-io µg/mwere measured in the coastal areas, e.g., Lelll1ox, Dominguez Hills. In addition, to arrive at an emissions estimate, the .air flow thr
	3 

	1) Average height of the inversion layer is 2000 ft (0.61 Km)--wincow height. 
	2) Window length is 190 miles (300 Km), the projected length of coast­line in the Bas.'.n~ 
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	TABLE 
	TABLE 
	TABLE 
	2-16. 
	BRAKE 
	LINING 
	ATTRITION 
	EMISSIOII! 
	PAC'l'OR 
	CAJ,CULArIONS 

	::r:::::c,;;;z-Assumptions, 
	::r:::::c,;;;z-Assumptions, 
	=n::x-zi:a 2 -· -r· -= ==--c ::r:=:r:z==z · ::r · -::z:: -·-:x ==n:::r::z · cc:r :r:::;;s;; -,-· Density of all brake lining material is 150 lbs/c.t. · Brake lining contains 80\ wt. asbestos niateria: Attrition consun~s 75\ of lining material during lining lifetime 
	-

	:x:::zz::e---r;:;g , . 
	<-<~ 

	Light Duty Vehicles 
	Light Duty Vehicles 

	Automobile 
	Automobile 
	& 
	commercial 2 
	axle1<5,006 
	lbs. curb wt. 

	N I 00 (J\ 
	N I 00 (J\ 
	3Without Disc: 1) Average New Lining · 6. 25 in /shoe ·2, iverage Llning Life 30,000 miles 3) Drake Shoe per axle 4 3 4 shoes l c .f,Lining expended per ·".<le: 6.25 in /shoe x axle _x 1728 in3 X 6shoe life x !._0x a.75 attrition x 30,000 mi. 610 
	150 lbs x o.a asbestos c.f. mi._ 43.4 lbs/106 VMT .m.1.. 
	content 

	TR
	With Disc: 
	1) 2) 3) 
	Average New Lining · Average ~ining Life Brake pads per axle 
	32.81 in /pad 40,000 miles 4 

	TR
	Lining expended per axle: 
	2.81 
	in3/pad 
	x 
	4 padsaxle 
	X 
	l c. f. 1728 in3 
	X 
	150 lbs X c. f. 
	0.0 x 0.75 

	TR
	X 
	pad life 40,000 mi. 
	-

	x 
	610 610 
	mi. . ml• 
	_ 
	14.~ 
	6lhs/10 
	VHT 


	Source: Ref. 2-97 
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	TABLE 
	2-16. 
	Continued 

	\ \ 
	\ \ 
	Medium Dutt Vehicles Collllllercial Vehicles,5,000-10,000 lbs. curb wt. • .\) Average New Lining 30 '1n3/shoe 2) Average Lining Life 50,000 miles 3) Brake shoes per axle 4 6Lining expended per axle; 125 lbs/10VMT 

	TR
	· 1v I 0) --.I 
	Heavy Duty Vehicles Commercial Vehicles >10,000 lbs. curb wt. l) Average New Lining 1 & 2 axles ~3 axles 
	-2 pads front rear
	-

	-
	84 30 84 
	3 w /shoe 3 m /shoe 3 -m /shoe 

	TR
	2) Avera~e Lining Life 50,000 miles 3) Brake shoes per axle 4 6Lining expended per axle: ~3 axle front--83 lbs/10VMT 6Rear or trailer--233 lbs/10VMl' . 61 & 2 axle-~233 lbs/10 VMT 
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	====n: 
	-:x 
	·== 
	= 
	=-___.._,.... 
	·= 
	-
	= 
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	,j 
	a 
	co 
	w b So urce: (Ref. 2-97) 
	\ 
	3) 
	3) 
	3) 
	3Sea salt concentration of e µg/m 
	is u.~iform throughout the 

	TR
	·window 

	4) 
	4) 
	An.m1al average on-shore wind velocity is 6 
	mph 
	(or 10 kr,b.) 

	TR
	(Ref. 
	2-102) 

	5) 
	5) 
	On-shore 
	sea breeze b:ows "-3€\ of tr.e 
	time 
	\Ref. 
	2-103) 

	6) 
	6) 
	75.\ 
	by wt of t!1e 
	sea 
	salt parti.:les are 
	<10 microns in size 

	TR
	(Ref. 
	2-l00) 


	Using this approach, 3·9, 000 tons (particles <l0i,.m) of sea salt was estimated to originate from the SCAB surf zone each year. 
	The second approach involved using measured concentrations of sea salt at SO ft above the sl.lrf and SC.C ft above the surf and establi;:;hing a linear concentration gradient as shown in Fi;ure 2-21-Ac; discussed below t....,_e measured concentrations were taken at periods of wino vel"lcity higher 
	~~an t."1.e average wi~d Of 6 rrph. Therefore, an adjust:ne:1t. was made co the 3 
	average concentration of 17 µg/m to account for cor.ditions under average winds. 
	3
	A value of 12 µg/m was selected. To calculate the emissions, it was assumed that all the salt spray was generat1:;d over the height of the gradient which extrapolates to zero concentration at a height of 600 ft. Using this approach and the other assumptions shown in Figure 2-21, a value of 20,000 tons/year of sea salt emissicns less than l0 i..m in size were calculated. 
	The follow.ing is an explanation of th~ data used to develop thil;l estimate. 
	The ambient,, sea salt aerosol concentrations were measured at two ~nshore sites--Pt. Reyes and Pt. Arguello. Source of this information was the ACHEX study. 
	-

	The sampling station at Pt. Reye~ Lighthouse.was on a cliff 500' 
	(0.18 Km) above sea level and well exposed to t.'le winds. The data collected here is presumed to be representative of background marine coastal conditions along t.'le Central Pacifi.: Coast of th·e United Statesi, however, this data may not ·be applicable along the Southern California coastline. 
	f 
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	Other assunp·cions: 
	Other assunp·cions: 
	Other assunp·cions: 
	a. 
	Leng-ch of coastline including curvature 
	220 miles 

	TR
	b. 
	76% by weight of 
	sea 
	salt particles are 
	(350 K;.t) 

	TR
	less 
	t.~an 
	10].llll in size 
	(Ref. 
	2-100) 


	Figure ·2-21. Salt spray emission cal.culation model. Source: Ref. 2-100} 
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	\ 
	Ii 
	r 
	Dat:a were collected over a ten day per:· od. During the first •,1eek of 3
	testing, concentrations of 9.5 µg/m with 4-ll mph (6-18 lcmh) onshore winds were measured. During· the second week of testing, concentrations of 4.4 ug/mwith. a 22-34 mph (35-55 la.lh) on-shore wines were measured. Winds were higher during this period, but surface trajec~ories we~e generally off-shore. 
	3 

	At Pt. Arguello the air was by ~he ocean breeze. The sampling site .was located within· 100 yds of the sea and about 50' abo·.1e the surf zone. The atmosphere was d::..atur.,ed during the pariod of sampling by a weak s~o:z:m front passing through Central Southern California. This peri~d was also chuacterized by a wide range of conditions from weak winds ~4 mph 
	dominar.ed 

	Sea salt concentrations during this period ranged from 1-100 Ug/m. 
	(6 kmh) 
	(6 kmh) 
	(6 kmh) 
	to rather high winds of 12 mph 
	(19 kmh). 
	Winds in this area generally 

	blow 
	blow 
	from the ncrth at 6-10 mph 
	(10-16 kmh). 

	TR
	' 
	3 


	Based on the available in.formation extracted from t.~e ACHEX study, a value of JOµg/mwas chosen to represent -the average 'sea salt.concentration at Pt. Arguello. Particle sizing data were also takan. Figure 2-22 presents the 
	3 

	results of the partic•le sizi.-,,g test. Based on these data, the 20,000 trm/~ of sea salt emissions were estilnated to have the following particle size distribution: 
	Particle Size 
	Particle Size 
	Particle Size 
	Weight Percent 

	TR
	2 

	TR
	20 

	3-lOµn: 
	3-lOµn: 
	54 

	>10).llll 
	>10).llll 
	24 


	For the final inventory, the second approach was selected because it appeared to follow the more reasonable approach considering the available da~a. It was also evident that regardless of the approach taken, the quantity of salt particles being emitted from the surf zone into the atmosphere is appreciable, th~t is, 39,000 ton/yr or 20,000 ton/yr. 
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	Figure 2-22. Sea spray particle size distribution. Source: Ref. 2-100 
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	2.4 INVENTORY RESUL'l'S 
	The fi~ TSP emission inventory was produced in August 1978 using EIS data tapes received from the ARB. The tape from SCAQMD was produced in February 1978 and_ the tape frcm Ventura APCD WclS produced in December 1977. Placing a baseline date on the inventory is difficult. TL.: EIS efforts at SC11QMD and VAPCD were initiated in 1975 but data processing, correcting and updating continued from that time ur.til the tapes used on this inv.entory were finally produced. Conside$g the span of ti.me involved in i'nc
	The emission .factors, area source data and emission profiles used in the inventory are discussed in the previous sections. In this secti~n, +:he results of the inventory will be discussed. 
	2.4.l Physical Description and Use Instructions 
	The inventory was delivered to _the ARB in the form of one bound volume of computer printouts, one printed volume of em.i~sion profiles, plus th::'ee reels of computer tape~ The following is a description of these reports to help facilitate their use. 
	A. Computer Printouts-
	-

	The computer report includes a plarit index, an inventory by 10 kilometer grid squares, an ·inventory by ARB application categories and a sec report. 
	The plant index is arranged by county and plant ID number. Because of a continuing problem with the EIS software, it was not possible to sort the plant file to arrange it in alphabetical order. Fortunately, this is not a large inconvenience since for a large part of the listing the plant ID numbers were assigned alphabetically. The index contains (in ad.dition to county and ID) the 'plant name and address and its Universal Transverse. Mercator (UTM) coordinates. Once a plant has been found in the index. the
	/ 
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	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 
	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 
	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 

	a. 
	a. 
	The OTM coordinates of the grid 

	b~ 
	b~ 
	The .najox city ~.at the gr.id includes 

	c. 
	c. 
	The population of that grid 

	d. 
	d. 
	A 
	listing of each plant in the gird contained in the 

	TR
	EI$ files and emitting particulates. 
	For each plant, 

	TR
	it contains: 

	TR
	(l) 
	The cou.:ty in which the pla.,t is located 

	TR
	(2) 
	The plant ...:i Nm:mer 

	TR
	(3) 
	The plant sec a.-id 
	SIC 
	codes 

	TR
	(4) 
	SUIDiner and winter, week-day and week-end emissions 

	TR
	plus the total annual emissions 

	TR
	(5) 
	A .profile k:ey which relates 
	those TSP 
	emissions 
	to 
	a 

	TR
	compositional 
	(size and chemical) 
	breakdown contained 

	TR
	in the Emission Profile Report 

	e. 
	e. 
	A 
	summary of area 
	source 
	emissions by applications category 


	The application category report co~tains the identical info:rmativn; however, the so=-ces are arranged in application categories and the emis~ions for each category are by point area and total emissions. The terminology "Minor Sources" seen in the summary is obsolete a.'ld was not used in t.'lis inventoi-y. All entries are zero. All point source emissions are listed under "Major sou.rce:S" and area sources are correctly reported as i.,dicated. 
	summazi.:.ad 

	The sec report lists the profile keys, application categories and emission factor corrections for all sec numbers encou.,tered in the source file. This report is sorted in two orders--by sec number and by profile k~y. Tbe latter provides all SCC's covered by a single profile. 
	B. Emission Profile Report-
	-

	The emission profiles are bound. in a separate volume. It contains 49 different profiles.· Each profile i.,dicate3· t.-ie distribution of TSP emissions into size ranges: >lOµm, 3. to lOµm, 1 to 3 wm, and <lµm. For each of these size ranges, a chemical composition of the emissions is provided. · Instr-ictions for using the data are included in the volume. 
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	Figure
	c. Magnetic Tape Files-The files submitted on magnetic tape include t.~e EIS point source file, the area source file and the sec file. The EIS tape file contains, for eac:i. point source emitting TSP, all of the info.Illlat.ion in the EI.S files of the SCAQMD, SBAPCD, and VCAPCJ. The data are . in the EIS fcr:nat. The file layouts are identical to those for the hydro
	-
	-

	carbon file delivered last May. (Refer to Vol. II of the H/C final report ·Reference· •2-53). 
	-

	The area source tape file contains the area source data. File layouts were also contained in the H/C final report (Ref. 2-53). The sec file captains for each sec numb~r the applicable profile key, application category and emission fa1.ctor corr.ection. 
	2.4.2 Total Susnended Particulate (TSP) Emissions 
	The TSP emissions in the Basin plus Ventura ·county are 174,000 tons/ year which accounts· for 3900 point sources and the area s~urces presented in Section 2.3.3. A breakdown of these emissions acc~rding to application cate­gories is presente:d. in Table 2-18. Also presented in these tables are the data from 1975 inventories obtained from t.~e loca1.l control districts (Refs. 2-105 -110 ) , the ARB (Ref. 2-lllJ ar.d the Air Quality ~agement Plan pro;.;. duced jointly by the South California Association of G
	3.0 lb TSP/1000 gal '!Dade by ICVB as a result of field tests. as discussed earlier in Section 2. 3. l. Th~ ·.'\QMP has a similar number for utility boilers. The EIS/ KVB inventory has larger "Mineral" em:.ssions primarily from two large sources in Ventura County, a sand and gravel plant and a t~ick plant whic;h account for over 80% of the reported emissions. Again, the AQMP is in agreement showing an even higher emission. 
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	'l'ABLE 2-18. COMPARISON Of' EIS/KVD AND ormrn PAH'!'ICULA'l'E EMISSION INVENTORIES 
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	The ICVB area so\U'Ces were discussed in Section 2.2.3. The area sources accounted for in the A:RB and AQMP inventories compared to the KVB inventory a.re as follows: 
	Area Source ARB, Ton/Y AQMl?, Ton/Y KVB, Ton/Y 
	Wild fire 
	Wild fire 
	Wild fire 
	22,000 
	Not indicated 
	2,400 

	Structural fire 
	Structural fire 
	5,.000 
	Not indicated 
	200 

	Fa:cming 
	Fa:cming 
	3,000 
	6,800 
	10,000 

	construction & 
	construction & 
	4,000 
	84,000 
	71,000 

	demolition , 
	demolition , 

	Unpaved roads 
	Unpaved roads 
	2,000 
	Not indicated 
	23,000 

	Equipnent (1110vers, etc.) 200 
	Equipnent (1110vers, etc.) 200 
	260 
	Neglected 


	Since the detailed basis for the various estimates .(other than for the KVB estimates discussed previously) is not available, t.~ere is little to be said regarding the differences in values. Before preparing t..~e final inventory, KVB coordinated their area source estimate with the ARB s'2ff. 
	2.4.3 Spatial Distribution A map showing the spatial distribution .of the TSP emission in the 
	Basin. and Ventura County is shown in Figure 2-23. Table 2-19 identifies the grids witil'TSP emissions greater _than 5 ton/day. 
	TABI.E 2-19. MAJOR 10-KM GR.ID EMITTERS 
	( 
	OTM Coor. · Principal E/W N/S Nearest CitI Emissions (Ton/Da:,::) Source ~e 
	280 
	280 
	280 
	3790 
	w. 
	Ventura 
	10.8 
	Ceramic manufacturing 

	300 
	300 
	3770 
	Pt. 
	Mugu 
	7.4 
	Elect. 
	gen•. & 
	area. 

	320 
	320 
	3800 
	Fillmore 
	19.l 
	Sand and gravel 

	360 
	360 
	3750 
	LA Airport 
	5.3 
	area 

	370· 
	370· 
	3740 
	Torrance 
	9.4 
	Elect. 
	gen. 
	& 
	area 

	380 
	380 
	3740 
	Paramount 
	6.4 
	280 Pt. 
	sources 
	& 
	area 

	380 
	380 
	3730 
	LA Harbor 
	5.9 
	250 Pt. 
	sources 
	& 
	area 

	390 
	390 
	3730 
	~ng Beach 
	11.5 
	Elect. 
	gen. 
	& 
	area 

	450 
	450 
	3770 
	Fontana 
	11.1 
	Steel manufacturing 
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	2.4.4 Fine Particle Summary 
	The _objc~i.;.ive of the program was to assess not only t.~e total susp.:mded particulate emissions but aico ti.e fine particle emission, i".e., the fraction with 1,1article size less than 10 microns. 
	Sine'! it was outside of the scope of this contract to program the emission profiles, it was not possible to .?erform a rigorou=' c.om.:,1utation of the mass of fine particle emissions. Instead, a close approximation ~as made by estimating the ~article size distribution for each application cate­gory. This estimate was made by inspection of the (!mission profile.· in the Appendix and establishing a percentage of the ·emissions with particle sizes less than lO)Jm. 
	Table 2-20 presen~s these results. Note that an estimate of the per­cent _of TSP <lOJJm wa~ made for the point sources in each appl~cation category. The area source emissions reported in thi£ inventory (i.e., 't'able 2-lR\ were already adjusted so that they only inc:L•· ?d the <lOµm porti:>n. 
	In summary c,i: the 174,000 to.1/:•ear TSP inventoried in this study,
	( 
	\ 161,oqo ton/year or over 90\ are less than lOµm. Of the 34,000 ton/year TSP from ~oint sources shown in Table 2-18, 31,000 ton/year or 9oi are ·fine par­ticles. 
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	Figure
	' 
	\ of TSP TSP Ton/yr AJ2j2lication Cat~orv <.lOi!m (Table 2-17) Ton/:;i::r Ton/ da:;i:: 
	Fine Particl~ E::nissions 

	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	~ 


	Petrole\llll 
	Petrole\llll 
	60 
	750 
	450 
	1.2 

	Organic Solvent Use 
	Organic Solvent Use 
	70 
	1160 
	8dp 
	·. 
	2.1 

	Chemical 
	Chemical 
	90 
	540 
	l.4 

	TR
	~ 

	Metalurgical 
	Metalurgical 
	90 
	4200 
	5380 
	, 
	10.4 

	Mineral 
	Mineral 
	20 
	12600 
	2500 
	6 •. 8 

	Waste Burning 
	Waste Burning 
	70 
	600 
	400 
	1.1 

	Combustion of Fuel 
	Combustion of Fuel 

	Utility Eoiler 
	Utility Eoiler 
	97 
	9100 
	8800 
	24 

	Other 
	Other 
	90 
	4800 
	4300 
	11.a 

	Wood Processing 
	Wood Processing 
	60 
	130 
	70 
	0.2 

	Food & Agriculture 
	Food & Agriculture 
	80 
	11000 
	8800 
	24 

	Misc. 
	Misc. 
	Industrial 
	so 
	450 
	200 
	0.5 

	Area S6urces 
	Area S6urces 

	Aqricultural Tillinq 
	Aqricultural Tillinq 
	100* 
	9900 
	9900 
	27 

	Road &.Buildin~ Con-
	Road &.Buildin~ Con-

	st.ruction 
	st.ruction 
	100* 
	71000 
	71000 
	195 

	.Livestock F~edlots 
	.Livestock F~edlots 
	100* 
	1300 
	1300 
	3.6 

	Unpaved Roa,ls 
	Unpaved Roa,ls 
	100* 
	23000 
	23000 
	63 

	Forest Fires 
	Forest Fires 
	100* 
	2400 
	2400 
	6.6 

	Structural. Fires 
	Structural. Fires 
	:i.00* 
	200 
	200 
	o.s. 

	Ctr,~r Combustion 
	Ctr,~r Combustion 
	100* 
	1900 
	1900 
	5.2 

	Tire & Brake Attrition 
	Tire & Brake Attrition 
	100* 
	11000 
	11000 
	30 

	Sea Sal.t 
	Sea Sal.t 
	100* 
	20000 
	20000 
	55 

	TR
	TOTAL 
	171000 
	467 


	* The emissions calculated for area sources only included that ~rtion of TSP <l0J.IIll. 
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	SECTION 3.0 FIELD TESTING 
	·rhe field tests conducted on this program provi_ded a realistic assess­mer.'c of the ~ticuli:lte emissions from stationary sourc:e·s in the Basin.. From the outset the experimental plans and procedures w~e coordinated with ::.umerous government, industry, and research consultants to benefit from t.'ne advice of otiler experts in the field, avoid _duplication, identify cepresenta­tive sources and insure high data quality. 
	The following secti9ns present the experi.'llental methods emplo:_,e<!. 
	3.l APPROACH 
	The number of stationary sources of pa=ticulate emissi-:ns in the :aas_in is h·.:.;e. The objective of. the test program was to provide as much infor.:iation as P?ssible to characterize the particulate emissions from these sources. ·An initial goal of 45-50 !lOurces was r!Stablished. 
	( 

	The EPA has categorized _pollution sources using a system of source Classification Codes (SCC). The sources in the Basin acco·.i.-,,t for ~pproxi­mately l5o ·scc numbers. For each of these an emission factor and an .emission profile was desired. In l.1.'.lny cases emission factor data were available. Very little data were ~ on which to base emission profiles. There­fore, the major emphasis was given to obtaining emission profile data. 
	availa.bl

	From the preliminary i.n7entory it was determined that fuel combustion accounted for 54\ of the emissions in the Basin and r.i.2tallurgical and minerals accounted for 241. Major pl_ants were identified in each source type such as power plant, cement pla.~t, glass furnaces, and.~sphalt bat=h plants. Special sources like a steel mill, chemical plant, etc. were also listed. 
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	Industry was found to be cautious and concerned about t..'lis testing. They often requested a full technical briefing. The glass industry used the Glass Packagi.~g Institute GPI and the petroleum industry used the Western Oil and Gas Association (WOGA) as agents to moru.tor a~d control their participation. As a result of this concen:. a grent deal of engineering ti.me was required ~o gain er.~ to plants for testing. Even after tests were completed, there were return visits to review data. In the case of GPI
	To minimize the amount of coordi.~ation work, 1CVB took the approach of trying to conduct as many of t.~e planned tests at one plant site as possible. 
	n-.e test crew consisted of two ~ngineers and two technicians. On all tests, c1:l.!. four worked toget.>ier. :2ach test required t.me working day at t.11.1:: plant site plus two days for equipment ,tu.rnaround a.~d sample processing. 
	3. 2 METHODOLOGY 
	Sampling and analysis methodology described in this section was evaluated during the Phase I period of the program. This is discussed in 
	' ' 
	Section 4.2.l. The objectives were to (l) determine the particulate emission 
	rate from ducted ::;ources, {2) collect and preserve representative samples of 
	these emissions and (3) analyze the samples for their chemical composition. 
	The general approach to emission rate determination was to either measure the, 
	emission rate or to determine it by calculations from process data. 
	Presented in the •,following sections are a detailed d~scri:-,tion of the field test and laboratory equipment, some explanation for cheir selection, and a detailed description of test procedures and da~ reduction techniques followed during the program. 
	3-2 1CVB 5806-783 
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	3.2.l Sampling 
	Two sair:.pling trains were used in the prog.cam, an EPA. Source Assessment Sampling System (SA.SSi and a modified Methcd 5 train. Both tr~ins consisted of heated probe; three calibrated cyclones with nominal cut sizes of 10, 3 a.~d l :.;.m contained in an oven capable of being heated to 40C • a millipore filter also in the ove~; t....o iJ:ipingers containing distilled water; one dry impinger; on~ impinger containing desiccant; vacuum pump(s); and a drygas meter. T~e primary difference in the two trains i5 
	0

	1.0 SCFM (l.65 ACfM at 400°F). The 3,'\.i.S requires two vacuum pumps. Both systems are essentially standard. commercially-available equip,ner.t except that tb.e dard SASS has an organic sampling module between the filter and the i.mpingers which was not used on these tests and a special cyclone set was designed and fabricated especially for use with the Method 5 tra.i.n. 
	s-:::.an­

	The purposes for ~sing two trains were to: 
	a. 
	a. 
	a. 
	Simultaneously sample upstream and downstream of control devices to measure efficiency. 

	b. 
	b. 
	Simultaneously sample ment accuracy. 
	at the 
	same 
	location to determine 
	measure~ 

	c. 
	c. 
	Provide flexibility in equipment size using the physically smaller Method 5 train in locations ~her~ the SASS.was too large_ 


	The smaller trai.~ was used upstream of all controlled devices and the faster sampling ·sASS was.used downstream where the grain loading was substantially lighter. 
	Both the small arid large cyclone sets were calibrated at the program outset. Pitot tubes, gauges·, meter, thermo-couples and pyrometers were cali­brated periodically throughout the p.cogram. 
	A. Equipment Description--. 
	l. Source'assessment samolin~ system (SASS) Ref. 1-1--The flow diagram for the SASS is shown in Figure 3-T~ SASS is available as a standard product of the Acurex Corporation, Mountain View, california. A description of the components =~llows. 
	1 
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	HEATED PROBE 
	The SASS probe ex~..=dc·c~ gas/particulate samples from the so;.irce being tested,. monitors the temperature and gas velocity of t.."ie source, and maintains sample temperatu.::es al::>ove t.he condensation poi."l't of water/so mix­
	3 tures. Fig,.ire 3-2 shows d1e internal arrangement of the ~ssembled ~robe. The important fp~tures of the probe are the Type 316 stainless steel sampling tube; the fiberglass-insulate~ strip heater (incorporating~ ther.nocouple for feed­b4ck temperature control) wrapped around the sampling tube; a ·round probe body ~o allow sealing of t.."ie sampling port and rotation of the probe as necessary; strain relief for all electrical, thermocouple, and pitot line connections; a calib-:ated s-type pitot; and eas~)
	COLI.ECTION SYSTEM 
	l?ARTICUL.\.TE 

	The ~pose of the particulate collection system is to maintain the sample gas stream at 400°F while collecting the particulate in three cyclones and a backup absolute filter. Figure 3-3 shows the systeJt installed in th~ oven. Figure 3-4 schematically illustrates the three SASS cyclones and shows key dimensions of each. The cyclones were developed by the Southern Research Institute and Acurex's Aerotherm Division. The cyclone assembly is fabricated of 316 stainless steel. In order to be lightweight. and comp
	The geal-between the top 'and body secti~ns of the cyclones were origin­ally made of Teflon. These Teflon seals proved to be. tro ..blesome because of their lack of fle:xil,i lity and tendency to cold-flow, leading tp difficulty in getting satisfactory leak tests•.. After a few tests, the Teflon was replaced with Vi~on wh: ch has beell adopted by the EPA as an acceptabl'e material for the sys~em. 
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	The filter holder (Figure 3-3') houses and supports an absolute bc!ckup filter for the series cyclones. Because of pseudo particulate problems ~x­perienced with other filters (Ref. 3-:9), only Reeve Angel 934AH filters were employed in the filter holders of beth trains. These filters are made of borosilicate glass fibers and have an. ~stimated porosity of 0.3 -0.5 :.irn. The filters were obtained in 150 mm diameters and were •individually cut to 141 mm diameters to fit the hol~er. 
	The oven provides a constant temp~rature environment for the cyclones and filter, as well as mi=chanical protection. It also supports the probe by means of a collar attached to the side of the oven, which securely clamps the probe. The probe and oven collar are so designed that the probe can be rotated to any angular position. 
	IMPINGER ASSEMBLY 
	The impinger assembly collects any remaining ccn~ensibles in the gas stream and dries the sample gas stream to avoid damaging the gas pumps and flow monitoring instrumentation. The _impinger assembly, pictured in Figure 3-6 con~ists of four heavy wall glass bot~les· 316 stainless steel and Teflon tubi:1.g directs gas flow. The first· t'-";) impi:i.g,er bottles contained 400 ml of disti.iled water. :fo each of· these botiles, a straight section of tubing ducts the sample gas below the liquid level. The sampl
	.
	,

	gas below the liquid level. The sample gas :'.)'..lbb:;.23 'c:1rou.c:ru t::i: ...~-.._:tl ... {.;. allowing
	' 
	~ 

	I 
	the ·.·arious pollutant specie•~ to be scrubb~d out. The third bottle was empty. 
	The fourth. impinger bottle contained gra~ular silica gel to dry the gas. In 
	this bottle also, the gas is ducted to the bottom of the bottle by a stainless 
	steel tube and flows upward through the silica gel granules. 
	The remaining components· of the impinger assembly ' (shown in Figure 3-6) 
	include a thermocouple. to monitor temperature· of the gas exiti'ng t ::e silica 
	gel, a small pump to agitate the ice/water slurry surrounding the bottles and 
	carrying tray so the enti:i::e impinger asembly can be lifted out o= its ice ba~:-: 
	when required. 
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	Fi.;-,.ire 3-5. Filter :.ousing asser:ibly (Re.2'. 3-::.:. 
	3-10 
	Figure
	.,!r-~"Sif?l, ¥". .JM ,4?; fAtfM.. ►tHM:f,. -? HtjEA,~½p,r..-~ , . 
	··:-~-.. •:i -~-~':.~'.-_:•~:~:,;•.:.~~

	• 1,' 
	~-::~ ~ :> .:.;>;'._.);rj}f£0:i)::-·.~; 
	~-. .-:.\:_: _::.:-::::·,":.:;:·f :f.~. ·.• 
	Figure
	)'.:~\?·: ·-:,:_ 
	{:.·fri-,_;'j}1}J]:.•· 
	. , 1 ·, ,. 
	~· -~,2. ·,..:. ~i.:.\ ·: 'f,,i 
	.,,,...,.,. : 
	Figure 3-6. Impinger train out of case. (Ref. 3-1) 
	( 
	3-11 KVB 5806-783 
	j 
	,~-,-·T,-;..,. .•• , . .;:::;,,~~-"-~ ;[~~-~· -·~-a;.~-·,,_-. 
	:"~~-,. 
	~-c~'"'"'""'"'"~-'~..c'.~,..

	I 
	itilfftlliilll.Ji~J;til
	!

	$ '•"'.i,": •-", •• ;:,-.•,..•" .v .... ---;, •~• •-'}~-::,.-::,, •":'"·'~ --'1i·: ~.., -,, ·•·-• • 
	~~w.
	"":~~!~--~ ,•-~l_~-:I--:::~~~~:"·--:~-~.r~:--~-,:,~:~~~---zq;z~r _~,!: ~;-,~-~-~~ ,;::._
	··.:i\_-~:.;,,,,-~,--' , .. ,••• , .. ..,-'\.-,,. i",. ~.!' -.•
	1~?~;,;: =f.iffit,t~ . 1>~1~t:_l 
	l:il 

	•::.i:v"~ ·~, ~ ~-.-.t':<'"':'~--~~~ ·--~-~., -~•-1c11-t-~-.,_~----_.. -_ 
	.-----~~·-· ~~~i-~-----:;~~2-:.-
	-

	-~·-----~ ..-.,.... ,..:>;1_--~"'·---~-· 
	-

	"'11 ·:: err" -:: 
	_ =-~ ,·-,,. ,_. 

	. -~-!--·~ ... ---.-·""!',•..Y _,,... -~"'-""'----,:,,<";t;::1'~ -~ ~~..-,.,...--,,-,;i', -p,,<-1-_• -· ,~•.;i-" l ~01,.....~~::,,-~~~x•·~:~~;-;r"~~ 
	-

	~: ~ -,. -~~;;-:,--ii~~:t;·1'·:~.
	·::_3.,· ~,q_ --¥ ,_..,_,-.;,;:;:., :.:-,~i ~:c·,-,::,'",_ 
	>
	l:-:~;,:-."' ~-~~::ro-.1!\!'"~ -:--.... .._'. -......... ,,. -::;~;:i~ •wzrl"~~ ~-~~--~-;_;. 
	:~,;,_-..~,.::"'. : 4-_ . ~-:'"~-~ j~ r I '½_, ..';" ._: ,,~'., ,,_~
	-

	r
	-

	1
	,.., 
	•, .-fll 
	......~~~ 
	~~~~~j~
	jf-;::·.t 
	i-;~~~: 
	. :,,'.'~ t:.""'.!:; 
	-[ ..... , -· .., 
	~~jjJ, 
	3-12 
	Figure
	VACUUM PUMPS 
	-r,.,o vacuum pumps connected in series are used with the SAS.5. Thes(.. v..11~ -t.y:r;:'? pumps (Gast, Model io221 are modified by Acurex with a special shaft seal to reduce the leak rate to better than !'-~~hod 5 standards. E..:.::h pump has a 3/4-hp motor, a flowrate of 10 ACFM at zero pressure drop, and weighs 59 lbs including all fittings. Each pump requires ;.o VAC. 
	carbon 
	amps/\.15 

	CONTROL UNIT 
	The control unit contains all of the for measuring stack 
	instrumen.ts 

	velocity, sampling flowrate and cumulative Clow, and temperatures at virious 
	points in the sampling system (Figure 3~8). All cf the .controls fer the sar.i
	-

	pling sy~ten, are located in the control unit except the valves for controlling 
	sar.t~le f!.owr~te. T!i.e •.;alves are rnountec.i on the vacuum pump, which is 
	pla::.ed 

	adjacent to the control unit when using the sampling system. Thus all of the 
	controls and measurement displays are centered about the control unit. 
	The various switches, ga1.1 :5,.,s; and connections seen on face of the con.,:-. . tro'l unit are described below: 
	Switches 
	There are five electrical swi ::.:::es .with the following functions: 
	Main power (with ·pilot light~·,.: J-ampere, :. :.5-VAC circuit 
	~reaker) 
	Probe heater (with pilot light and 15-ampere, ;.15-VAC c~ccuit 
	breaker) 
	oven heater (with pilot ligh:t and 'S-ampere, -~-5-VAC circuit 
	breaker) 
	Fan power 
	Elapsed time indi.:ator start;..stop switch 
	The oven circulation fa.~ is connected so that during heating, the fan is in operation regardless of the position of the fan ~antral switch. When the oven heater is "off,'' the fan may be turned ''on" with the oven door open to hasten cooling of the oven, cyclones, and filter. 
	Elapsed Ti~e Indicator 
	An elapsed time indicator is •.1sed to deter.nir.e when to move from one 
	traverse point to the next, when pe~for:ning ~ethod 5 !::amp ling. It is als_o 3-13 i<VB 5806-783 
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	useful for SASS samplL~g to monitor i.:npinge= zolution cha:.ge intervals, data logging intervals, and total sampiL"lg time. The inc.i.cator has a resolution of 1/"!..0 of a minute. The indicator cat·. be reset to zero,. and started or stopped with a pushbutton located near the indicator. 
	Oven and ?robe Heater Temperat~e Controls 
	Power to the oven and probe heating ~lements is modulated with adjust­able temperature controllers. These controllers use chromel-alumel ther.no­couples for temperature sensing~ Each controller has the following features: 
	Actu.a.°l temperati..re continuously displ,ayed 
	Maximum set-point is limited to S00°F by a mechanical stop 
	Power cycling is indicated by red and green lights 
	The controllers provided with the unit used on this prograci ..ere c: low quality and required continual adjust:nent to keep them in calibration. After several replacements, the test crew leaned to use manual procedures to bring the temperatures to the desired level (i.e., 400°F for the probe ana oven) 
	after which the controller would generally hold the temperature, although the indicator might be as much as l00°F off the., 1;1roper settL"lg.. Al.so, if the con­toller was turned to the upper limit of temperature (not bey9nd the scale), the control w~uld . lock, requiring disassembly. 
	( 

	TE;S?erature Disolay 
	A digital temperature indicator is used together wit.~ an eight-point selector switch. The selector switch permits monitoring the temperature at each of the following locations: 
	Staclt Probe oven 
	Impinger train outlet Gas meter inlet . Gas meter outlet 
	Two "spare" locatic~s 
	The temperature range is 0°F to 1500°F with a.~ accuracy of !4°F. 
	( 
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	Gas Flow 
	The cumulative sample gas flow is ~easured by a Rcck-~ell ~odel 415 gas meter, a high accuracy u:ete:;:-us. 1 for testing. The :neasure.men t is displayed by a digital counter and pointer wit.'1. a resolution of 0.005 cu. ft. 
	Pressure Gauges 
	Three Magnehelic pressure gauges can be .seen on tne -·3.ce of t...':.e ~antral unit. One is used for monito'ring the pressure drop across the orifice me-:er (see following discussion on orifice meter). The other two gages are cor:.nec­ted ir:. parallel and indicate the pressure differential of the pitot tube used for measuring stack velocity. One of t.'1.e gages has a f.::-om O to O. 5 inches of wat:er; t.'1e ot.'1er, usually O to 4 inches of water. Thus t~e pitot t'.:t:e pressu.::-e differential can be de
	ra.'1.ge 

	Umbilical Line Connectior.s 
	The 1.;.ci,ilical line between the control unit, oven, and probe makes t::ie connect:ior.s wit.'1. t.':t:! control u.'1.it as follows: Multipoint cc:;nnecto~" wit.'. AC power leads to ove.'1., fan, and probe Dual-pin the:tnDcouple connectors for the stack, probe, and ililpinger t.'1.ermocouples. 
	The separate 25-::oot sa:r:ple hose con."l.ects to the vacuum pumps .. · The exhaust hose of t.'1.e pump is con.'1.ected to t.11e '"inlet"' fitting located on t."i.e · control unit. The sample gas then passes through the gas and orifice meters int.he manne.r of the typical Method 5 sampling train. 
	A q~c!c-disconnect fitting is prov.:.ded at. the sample "exhaust" outlet on the control unit. 
	2. Met:1od 5 saI11pLng , system (Joy '1.'rainl--The Methoci. 5 sampling system is a standard Joy ~Company unit shown schematically iri Figure 3-9. A special particulate samplL"lg system was designed and fabricated to :it inside the standard oven. A description of the system canponents is presented below. 
	ufacturi.ng 

	c..:CLONE SET 
	In designL"lg the cyclone set for the Jo~ traL~, KVB visited Southern Research Institute (SoRI), where under E?A sponsorship they were developin; a 3-16 KVB 5806-783 
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	Figure 3-9. Particulate sampling train (modified Joy train). 
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	Figure 3-11. Cyclone 1. 
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	Figure 3-12. cyclone 2. 
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	Figure 3-13. Cyclone 3. 
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	Figure 3-i4. Filter holder. 
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	Figure 3-16 A drawing of ':he front view of the cyclones and :il.te.:holder assecbled in t..."le Joy oven. Figure 3-17 A drawing of the tcp view. Figure 3-18 Drawing of Cyclone 1.· Figure 3-19 Drawing of reverse exit t-.ibe for Cyclone 1. Figure 3-20 Drawing cf Cyclone 2. Figure 3-21 · Drawing of Cyclone 3. 
	-

	Pigu=e 3-22 Drawing of stainless steel ball and socket :o~nts used to connect the cyclones to each ot.~er and to t.~e probe. Note that grccves for "O" rings have been cut in ball joints to assure a positive seal when "O" ring is in place. 
	The U."lits were fabricated from 316 stainless ste.el with high quality 
	Figure
	the cut points would be as follows: 400°F D_O 
	c,.-i?Oi.."lt {:l.ef 3-10) 

	cyclone I 9.1 u::n Cyclo.-:.e II 4.1 
	~ 
	Cyclone III l. 3 ',;;II 
	Throughout the test program t!'I!! small. cyclc.1es ?erfor.:ied ,,erfectl:.,. The ball joi."lts provided no sealing ?roblecs and are recommended ~ighly for futw:-e design.i. 
	After the i"litial trial runs with the small train it ~as fou."ld that the original filters on the Joy train were becoming clogged within a short d=­ation. To alleviate this condition, a larger filter holder was fabri::ated and successfully installed in the unit. Where the original filters were only 47:nm in diamater, the new filters were 14.1mm, the same size as t.~e ones in t~e SASS train. This improved the Sa::ti,;>li."lg ·routine substantially, reducing t.~e number of filter changes. Figures 3-15 and 3-
	SAMPU~G UNIT The sampling unit, Figure 3-24, consists of a stainless steel cabinet divided into t"10 sections. The first section is a heated com~aF~ent contain­ing provisions for a filter assembly and cyclones; the second section is -a compart::ient containing the impi."lger train. Openings in t~e a.~d clamping devices are provided for attachment of the probe in horizontal positions . San­pling trai."l components in the oven are made of stainless steel, joined ::y ball and socket joints and provided with cl
	cabi:.et 

	Figure
	Fro~-----r:r. ~ LJ\ Filt.er :::.yclone I 
	Cyclone r::: 
	Su;_:,port. 
	F:::ont Vie•.: Fig-.ire 3-16. Joy t:::ain cyclone assembly schematic. 
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	Figure
	Figure
	Figure
	Ass.ar..1::le--.i Top view 
	Figure 3-17. 
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	Figure 3-19. tesign sketch, reverse exit tuba for Cyclone l. 
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	S1'AINLESS s·rEEL SOCl<.E'l' JOIN'r 
	Figure
	Figure · 3-n. Stainless steel ball & socket connectors. 
	KVU ~, fl0G-1ll 3 
	,. ..,.·~-·-· .,,.,.; -· 
	..

	Figure
	Fiqure 3~23. Joy Manufacturing Co. control unit. 
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	Figure 3-24. KVB modified Joy Manufacturing Co. sampling case. 
	Figure
	Figur~ 3-25. Joy Manufacturing Co. probe. 
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	PROBE 
	The standard probe, Figure 3-25, has an effective length of five feet and a sampling tube, a t~~peraLure probe, and a pitot tube. The sampling tube is a length of stainless steel tubing rur.ning through t~e ce~t.er of an exterior stainless steel ~ube and ter.ninating in a stainles~ st~el Joi~t a short distance beyond the end of the stainless tube: The stai~less steel tubing is heated by a resistance element. Provision is made for use of a variety of sampling nozzles. The pitot tube consists of a pair cf sta
	consists.of 

	Il1PINGERS 
	Four impingers are connected in series with glass ball joint fittings. T!.'le first, thi:rd, and fourth i:np ingers are of t:~e Gree:1bur,g-3:".1.i.. t:1 ies i.:p, .nodified by replacing t:i.e tip witi""l a 1/ 2" I:l glass tu;Je extendinq to 1/ 2" from the bot~~m of the flask. The second impinger is of the Greenburg-S~ith design with the standard tip. 
	METERING SYSTEM 
	A vacuum gauge, leak-free pump, thermometers capable of measuring temperature to within 5°F, dry gas meter with 2% accuracy, and related equip­ment are provided to maintain the app_ropriate sampling rate and .to determine Sa!!!ple volume. 
	B. Sa~pling Procedures--. 
	This section will present the procedures that were employed at the test site, i.ncluding preparation, sampling, disassembly and sample recovery. Ana-­ly,tical procedures that were employed r.o. determine the quantity and of the particulate samples are discussed in Section 3.2.2. These procedures apply to both the SASS and Joy sampling trains. '!'he sampling and laboratory procedu~es ·cutlined below illustrate the detailed preparations and pre­cautions that were taken to insure quality control. 
	composiL.on 

	1. Preliminary· evaluation of the test site--An important aspect of the s.:i.:r:1pl:ing procedures was the preliminary assessmer,t of th1;; sa'llpling test site. For a given industri2l operation, a sampling location was select~d based ·on accessibility and exhaust flow characteristics. A minimum of a 3 -inch sampling port was required to accorr.modate the pitot and sampling nozzle and probe. 
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	Ideally, the exhaust flow at this location should be fully mixed from the process or combustion zone and will be steady and uniform, ·not disturbed 
	·by elllows or dampers. This generally was~ the case. A pitot tube traverse and temperature measurement was made in accordance with the procedures outlined in the Federal Register (Ref. 3-3). ~ata was recorded on the sheet illustrated
	. 
	' 
	in Form 5804-4 (Sect. 3.4). Based on the results of this traverse, sampling locations within the flow stream were selected to ·provide a spacially integrated sample. 
	2. Sample flow and isokinetic conditions--To preserve the cyclone "cut­off" points, the sampling flow rate was adjusted to maintain 4.0 SCFM at the required 400°F cyclone oven tem?erature conditions. Isokinetic sampling was also desired and was achieved ~o the degree possible by _selecting the proper probe nozzle dia~ter. Isokinetic is a condition wr:ere the velocity, V, of the sample through the nozzle is the same as tne velocity, V , of t~e 
	sar:t9li.ng 

	~ s 
	stack gas. The nozzle velocity Vn is related ·to the nozzle diameter, d, and to the ireter flow rate Q by tl-,e foll_owing equations:
	' :n 
	-...9n__ X l 
	V 

	.! c.:L.i 2 60 
	n 

	4 12 
	T p
	Q ~ Jm---­----::s
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	n T ~ 
	(1 -~o> m s
	100 
	( 

	for the isokinetic· sampling the stack vel~ity equals the nozzle velocity: 
	V .. V 
	Jn_ l
	s 
	n 

	substitute ~he V .. 
	s i;o
	!!. (~) 2 
	value ~rom the 4 12 above equations T 
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	10:, ·
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	2!. (~2 
	4 12 and solve for the nozzle diameter, d. T P 
	Equation definitions
	1
	(~) (~) 
	appear on following
	d ,. 24 T p 60
	Cl -~~) m .S 
	page.
	100 
	• A.ll p:.:epared data sheets used· in these tests are presented in Section 3. 4 
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	,a
	T stack temperature, OR 
	s T =· dry gas m~ter temperature, OR 
	m V =-stack velocity, ft/sec.
	s V velocity at nozzle, ft/sec
	=t 
	n 
	3 
	=t 
	gas flow rate at meter, ft /min
	~ 
	,:: 3/ .
	=-gas flow rate at nozzle, -1. t l~l.n
	Qn 
	d :::a diameter of nozzle, in. 
	p = meter pressure, psia
	m 
	p stack p=cs::uxc, r~itJ..
	"" 
	5 
	% B'.20 "'stack gas w~tcr content 
	Figure
	Stack Velocity V 
	s 
	Velo~ity th=ough nozzle, V 
	n 
	The sa::ipling 'flow rate o was maintained at 4. O SCFM for the SASS and 1. O SCFM 
	7n for the Joy to preserve the cyclone cut-off points. The nozzle was chosen to have the closest diameter to the calculated diameter. For the ~ethod 5 proce­dure,~ could be adjusted to acco~nt for the nozzle difference. 
	After t.~e stack velocities and temperature levels have been est=li~hed by the preliminary s+:ack t:::avers.e, the nomogram illustrated in Figure 3-36 was used to select the proper nozzle diameter and for the required sampling rate. If stack conditions were encountered that were not covered by the nomogram, the above equations ~ere used. 
	· 3_ Preparation of the samoling trains-
	-

	a. Cleaning--Prior to sampling, all sampling train components and sample containers were cleaned first with distilled water, and then with ace­tone. The distilled water was dispensed L~ plastic wash bottles; t~e acetone was dispensed using Teflon or glass wash bott'les. After each part was washed with acetor.e, it was dried in a filtered s~ream of dry air or nitrogen. 
	An;i solid residues adhering to the internal surfaces were removed with tap water and a plastic scouring pad before proceeding with the solvent cleaning procedure. 
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	Figure
	Figure
	Figure
	}.!ter. cleaning, the cyclone assemblies were assembled and capped off. The other sections of the train, the probe, .filter housing, i:npinger t.rains, and intercon..'lecting hoses, were capped off. 
	incluai.ng 

	b. Filter oreoaration--Using stainless steel tweezers, e'ach filter was ~laced in a clean, numbered 150 gl3.SS petri dish.· They were at 2:?0°F for at least three hours in a drying oven, then immediately transfered to a desicca­tor to cool. 
	ba.i(.ed 

	The filters were weighed once and t.~en a second time several hours later, to confirm the initial weighing. This was the weight .used. to dete.:1nine the mass particulate .catch on the filter. Several filte!'.'S were prepared to be :.sed in the event ~at partic-~lat.e grain loading -as high. 
	Figure
	for i.J:lpi."1ger sample bottles: 
	SASS Joy Reagent :;2uantity :;2uantity 
	( 
	·I::1::>ins.er 

	,H ao 400 :nl 100 
	2 ~2 400 ::'11 100
	:120 *3 empty 
	•4 (Ca.SO l • 750 g 200 g
	4 
	Figure
	It was scceti31es neces~ary to replace the Dr1erite several ti:ies d':l.:i."lg a tas-: r-..n. A :narked decrease l.."1 ;:::ipinger :i4 out·let te:ncerat~e ,::iois­t:.i::-e a.\)sorption by Drierite produces heat) was fo~d to indicate Drier~te depletion .men -:he Drierite color change was d~fficult to detect. 
	T~ spent Drierite was uot kept for analysis. . Howeve::, t:ie ·.iei.;:-:.t ;ain due to added -.,at.er was recorded and used to deter.nine moisture of the stack gas. 
	4. Sa::iol.i."lg -:::ains asse.'l\bly ~d ?reheati:ig--Each ::ompone:i.t. of the t::ai:i.s was transferred as• a separate unit to the test site with al.1 sealing caps in place. Car!! was taken ,.,hen removing caps for correc~ion of component so as tc.. make certain that no foreign matter entered the ::o:nponents. A leak chec.~ was conducted with the probe capped befor~ installing the probe nozzle. The leak
	( 
	rate was less than 0.05 CTM at 20"Hg pump c;ucticn. The proper nozzle selected 
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	Figure
	on t..~e basis of the isoki.,etic re(iUi=e.~ents above was asse:nbled a.,d t~e sa=:pl~~g e:ain was then ready for use. The cyclone oven and probe were preheated to 400°:' =iefore sa=:'e)ling ·..as sta..-ted. 
	clone tha~ ::nay .!n~e.!'::~~e ·111it.:l. sample collec't..:..or... 
	Figure
	fashl,;n as eoployed for EPA ~et~oc! 5. ':'he nozzle/probe asse.."r.:011 was i.nse:--:ec L'ltO t:i.e st:ack i.-i th.e p:-oper orientation to th€:: i.,itial sampli.~.g locat.:.,;:n i., 
	Figure
	Figure
	for sa.::ple recovery. 
	Figure
	described above. 
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	t,.J 
	l 1•• C'jc lone 
	r1lter llouil,;'J 
	Stuv l, llridly liip 1.:vclon11 ,uuuml>ly to cliUd.l' tiolidu f & o&&
	1,... 
	-

	l\J• cyulo1M:t <:uun,u.:ti,"-' tlttlny. 
	Step l1 Ill 1co11n11<:t l 1u 1.:yc I uuu 
	fro• l µ.a Aod Cdp ott 11•• .:yclu11u out let uid 11u11 eye 10110 lnlut • Vl<Jorouwly tap l 11111 eye 101~ to drive aollda into luwuc cu(>. 
	Step )1 Rt1con11ect eye lonu cup 
	AUlluroly. reaaove eye 1011& top 1>urtlon And rlnwe lop purl Ion ot cyolpne l11 to lowuc su~l10110 of _cyclon•, 
	Ste1> 4• lllnse eye lo,,._. cunt er tiatc.:tiun lnto cuv Alilit:11... lv, 
	Sl<II' l• Vly,,roualy tap cyclone to d rivu 1ulldo In tu lowu r cup, 
	Stu11 11 Ol•connect ui•1>er 110rtion1 ut .:yclol\• And rlnutt th,,,. and tho cup Into all'k,er 9l.ua container, Slup 11 01,en up tiller houslri<J,_ rumovu tlltur uwln<J .t st4l1•h•• utcul twuezor ■ "nd pldcll liltur (p4rtJcul1te wlJo down) In a cuvu,ttJ tutt.t l~O n•n •JI"•• petri ,ll•h. An'( approclaldu ti<>lld• 41lhured unlu th• filter houslH'J o.iy btt tap1•od Into lhtt ·j.>ctrl dish {I.e. lltt ed<Jo of thu flllur, lap ~ulJdij 1.nto bottum {Jf pet.11 di!.il1 u1 ul thun t:uv1.u ovtu: wllh fJ)tcc). 
	Sll:p 21 Hineu both hiJ!Vt:U. of piJI Lf.culdli: huu!.iny (i11t: lud)lltJ 
	l11tt!·c,:ou11e cl lu.bi,llJ ot t,tdu.!ll) 
	l11l11 1111-J,u1 lJldu:J C\.J11l.t1J11:, 
	Figure J-2'/ (cent.) S/\SS AND JOY ·r11.Arn SAHl!LE JU,;COVEH¥-­I 1-'ll.'l'l-:H 
	l'ROUi~. C'iCUlNES 

	lttu1ove <.:up •a1:1c.•1~,I';, dluJ -t~•nl1u· t:ontenta ol t:up
	~ 
	Into a t•rad yl••• vLaL . 
	llur,ove cuv ,u ac1nb Iy, c1.11d I tra,11tftir cunltrnt21 of cup I lnlu aml,~r glas~ .:ontal11c1 j 
	.,_........ l)&t;COIHIUCt cu,, ~•hf lra,1stcc cuutunto Into d la1ud nc1lgono c9utai11cr, 
	1, Use distilled water tor all iln• e~. 
	L ·t14ndlu dll tdL"d cnni:'1lner1 with tJluVcti, 
	l, Transtur of 1ollds ~•Yb~ •salsked t,y the uau of •talalu•• st~el a11d 110\,.llh.?r tunnolw. Hylan brlsllc lJrushu,; '"•Y also lJe uud if IIOL't!~Hary. 
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	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 
	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 
	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 

	TR
	·Tra.i:1 Compor:.ent 
	Sam::,le Tv-::ie e 
	Container RE:!quired* 

	TR
	?robe and :1ozzle 
	solid t.appings solvent wash 
	Tared 4 d.ra.'ll vial 250 ml az:ibe.r glass 

	TR
	lGµ cyclone 
	cup solids solvent wash 
	Tared 4 dram vial 250 ml amber ·glass 

	TR
	3u cyclone 
	cup solids ~olvent wash 
	Tared 4 dram vial 250 ml amber glass 

	TR
	lU cyclone 
	cup solids 
	Tared 4 dra..-n vial 250 :nl ar..ber glass 

	TR
	Filter holder and filter 
	solid tappings and filter solvent wash 
	Tared 150 :n:n glass petri dish Ad:i to i:apinger 

	I \. 
	I \. 
	I:npinger in Impinger 1'2 ' 
	contents~ rinses contents & rinses 
	l liter L?E l li.te: LPE 

	TR
	I:npi:lger ;U 
	contents & rinses 
	1 liter LPE 


	*All glass containers must have .Teflon cap· liners. 
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	Figure
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	I 
	7. Sample processing and analysis--: 
	a. Cvclones-Each cyclone solid catch was transferred to a trans­
	porting·container, desiccated for one hour, and weighed. The3e samples were sent to A...'":Ilament systems Corporation for predom.ina..'lt compos~tion analysis by X-ray fluorescence, then to rtackwell Air Monitoring Cen~er for 
	elemen::.al 

	/trl:h, e proce. dures for these ana. lyses. are discussed L~ Section 3.2.2. 
	sulfate,. nitrate, and ca.::::.bon analysis. 

	::acb. cyclone was rinsed w,ith dis~illed water and the rinsed material col:ected separately. The water was evaporat_ed and the remaining sample baked for one hour at 250°~, desiccated, and weig~ed on an Ainsworth torsional balance. T~is weight was included in each oft.he cyclone's solid wei~ht catches. 
	Figure
	for one hour, and weighed. The filter and parti~ulate were sent to Arma.~en~ Systems for predominar.t ele~ental composition analysis, then to Roc~well for sulfate,· nitrate, and car~on analysi~. The filter housing was rinsed with distilled water and collected wit.~ t.~e i~pinger rinses. 
	c. Impingers--The of wateI. in each impinger 1-1as measured. The water from the first three il:l_Pingers was co~bined along wit.~ the water rinse from these impingers. 'The combined solution was extracted five t.imes wit.~ 25 ml portio~s of reagent grade methyl chloroform for each 500 ml of solution to deter.nine t.~e organic content of the Dnpinger catch. The methyl chlorofor.n was transferred to a tared iial and evaForated at =om ter::perature in a d.::::y air stream. This sample was desiccated f~r one ho
	volur.ie 

	The water remaining from the above extraction was transferred to a tc1.red beaker, evaporated to dryness, desiccated for one hour, and weighed. This sample was sent. to Armament .Systems .for predominant elemental composi­tion analysis by x-ray -fluorescence, then to Rockwell A.~C for sulfate, carbon and nitrate ana.:!.ysis. 
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