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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

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

aercsal (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 comprenensive profile on these |
emissions (i.e., by size distfibution and chemical composition) and recormen-
dations of alternative methods of emission ycontrol‘. The particalate
inventory was delivered to the ARB in the form o‘f.conputerl print-outs and
magnetic tapes. The emission profiles developed on the program were ‘
presented as an appendix to this 'report. These profiles divide the TSP
emissions 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 carhbon cocntent (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 ceatrol.
' The NOx, SOx and VOC* preograms have already been completad and the present
program documents the work perfofmed to provide the same information for fine

particulates.

Air-suspended matter having particle diameters of less than 10um is
defined as fine particulates. Emitted from stationary sources, £ine particu-
lates contribute to the ambient aerosol, causing haze or reduced visibility,
and constitute 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 prevailed under previbusly uncentrélled conditions.

- Because of the classifying nature of the control processes apoplied, 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 considering
a fine particulate standard recently, the U.5. EPA decided that partiélgs
'<1l5um are in the respirable range. In ccmbustioﬁ sources, XKVB (Ref. 1-2) and
others (Rcf. 1-3) have found that the smaller particles of;en have higher

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

k4 .
Volatile Organic Compounds
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to selective condensation in the cooling gas. Friedlander (Ref. 1-4) identified
fuel-oil fly ash as a significant consfztuent in the amblert 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 prbduction. This is because
this size range corresponds to the wavelength range of visiblellight. 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 stationary 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: .

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 operﬁtional variations

- . particle size distributions

. predominant chemical compnsitions

b. Report the’ ‘zhove data (excludlng chemical compositions) in the EPA's
Emission Sub-system format on IBM-compatible macnetic tape.

c. Gene-ate the following computer print—outs 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 profxles

e. Assess the cost effectiveness of potential methods of reducing
the emissions identlf-ed. .
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1.2 S IMMARY AND CONCLUSIONS

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

tne various source types.

On the basis of this preliminary inventory, a f£ield 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 i Hm follbwed by a backup filter and watec impinger. Whenever catches

in excess of 'l00 milligrams were acquired, they were analyzed for chemical

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

Source Type- ' "No. of Ruas
Utility Boiler 18
Industrial Boiler 10
Ié Engine v 3
Hog Fuel (Woodchip) Boiler 1
Gypsum Plant ‘ 1
Brick Plant 2
Cement Plant 2
Glass Furnace )
Fiberslass Plant 12

1

Asphalt Roofing Plant
Asphalt Paving Plant
Rice Dryer
Carob Plant

Heat Treating Prccess

NONON NN

Sand Blasting Process
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‘Open Hearth Plant
' Spray Bocth
Boric Acid Plant
Fertilizer Plantl
viood Processing

Process Heater

[T I S S - )

Fliidized Bed Catalytic'Cracking (FCC Unit)

In preparing for the field test program a comhercial SASS unit withouc
the standard organic module was acguired along with a commercial Method 5 unit.
‘With the assistance of +the Southern Research Institute a set of three cyclones
‘having the same cut sizes as the SASS 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 follows:

Nominal Cut SASS ‘ Method 5

3 ) x *
Size, 1.1}1 _E_)_s (Hm 25 , MM
‘ 10 S 9.2 8.3 (9.1)*
3 . 3.8 1.9 (4.1)7
1 ' 1.3 0.6 (1.2)§

*Dry 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 Dgn's cbtained 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
£luorescence 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 literature-—emission profiles
were prepared for 81 of the 135 Source Classification Codes which are found
in the'Basin. The profiles diiide the TSP emissions by weight percent into
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four categories: >10um, 3-10um, 1-3um and <lpm. The XRF analysis, sulfates,
. nitrate and carben composition 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 Informaticn Subsystem (EIS) data files for the South
Coast Air Quality Management District (SCAQMD), which includes Los Angeles,
Orange, Riverside, and San Bernardino Cownties, 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 thé 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 a4 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 thg ARB under separate cover as
computer print-outs and magnetic tape files. The primary elements delivered

are as follows:

. a toral suspended particulates reéorf with 10 km-grid mapping

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

- an ermissicn 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 (SS‘tgné/daY), automotive tires-and brakes (30 toms/day), and various
forms of cpen burning (12 tons/day). OFf the 125 tons/day emitﬁed by point
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sources, 28 percent came from mineral sources, notably one sand and gravel and
one brick manufacturing plant (both in Ventura County); Utility boilers accounted
for 27% of the point source emission, whila2 the entire category of "Combustion

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

Over 90% of the total emissions (pointiand 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 1l0um and smaller. A summary of the overall

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

‘ . TSP ' Fine Particle (<10um)
Application Category ' Tons/Day ~__Tons/Day
. Petroleum 2.1 1.2
Solvent use ‘ 3.2 : 2.1
Chemical , . © 1.5 1.4
Metallurgical 11.5 10.4
Mineral ' 35 6.8
Combustion of fuel | 38 35
' Foed and agriculture 30 ‘ 24
_Woed processing o 0.4 0.2
Waste burning o 1.6 1.1
Misc. industrial - ‘ " 1.2 0.5
Misc. area sources 385 . ‘ 385
_ Total . 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) pa:;icle size range.

Table 1~1 summarizes the TSP particu'late emissions of koth point and
area sources by applicatioh‘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 reléased 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/XVB TSP

PARTICULATE EMISSI"I )
Tons/Year

INVENTORIES

|

1975-76 EIS/KVB File

XVB 5806-783

No. Point - T
Application Category Sources Point Sourcas Area Sources| Total
13
Patroleum 7%0 750
Production 34 S0 ' 50
, ' Refining 28 600 600
Marketing . 8 100 100
Organic Solvent Use 1160 1160
Surface coating 546 1150 5 31sC
Dagreasing . S 10 19
Other 4 5 s} 3
Chenical 157 540 0 540
Metallurgical 547 4200 0 4200
Mineral 480 12600 ] 12600
Waste Burning . 48 75 500 600
‘ : Combustion of Fuel 13900 - 13900
Crility boilers 187 9100 0 9100 |
Industrial devices 1084 2700 o 2700 |
Coammavrcial/inscitut’l 199 600 o] 600
Petroleum ! 316 1500 a 1500
?ood Processing 25 130 0 130 ,
Pood and Agriculturs 163 460 11000 . 11600
Miscsll. Industrial 72 440 10 450
Unclassified (Misc. Area) Q ‘e 140,500 130,500
Pugitive dust 105,000, 105,000
Forast & stxructural fires 4,500 4,500
Tirss and brakas 11.0c0 11,000
Sea salt 20,000 20,000
3500
Sourcas .
Total, Tens/Year, 34000 152.000 18%,830
(Total), Tons/Day {93) (416) (510 j
1-7




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 +85,000 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 1=2.

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

TSP emission rates greater than 5 tons/day.

Fihally, an iﬁvestigation of control techniques was made, Control

techniques reviewed in the report include:

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

. Electrostatic precipitators

. Fabric filters (baghouses)

Cost data for control Systems were obtained from Research-Cottrell and are
presented. These data presént installed cost as a functidn of: mean particle

size; volumetric flow rate; and particulate loading.

This report consists of five sections, the present discussion
combrising Seciicn 1.0. Section 2.0 deals with the‘emission inventory; it
describes the data sources and presents the detailed data used in the.inventcry
compilations. Variou# summary tables and ﬁlots 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 S.O is a treatment of

control techniques and their asscziated costs of application.

- 1.3 RECOMMENDATIONS FOR FURTHER RESEARCH

On this program, a maximum effort has been nade to perfom as many
tests as possibie within budgetary constraints. There ars many additional:

sources that could not be tested due to lack of time or the availability of
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TABLE 1-3. GRLU-ZONES HAVING ESTIMATED

; EMISSION RATES IN EXCESS OF 5 TONS/DAY.
UTM Coor. ' .. Principal
E/W . N/S Nearest City Emissions (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 11.5 Elect. gen. & area
450 3770 Fontana 11.1 Steel manufacturing
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the test unit. As mentioned earlier, only 70% of the SCC's found in the
Basin had emission pzrofiles developed for them. In most cases a source
type has had to be cha:aqterized by the emission'from only a single plant
tested. ‘ ' S

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 consi&ered. Particulate tésting with the full charac-
tarizations 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 theée
presently developed data ére to be meaningfully used with any future new
daxa that'are generated, it is recommended that the same general procedures

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

INVENTORY

2.1 DATA SOURCES

The data used in this pazticulate emasszon 1nventory were obtained
from the following sources:

1. Various govarnment‘aQency files
2. Pield testing

3. Literature

4. Engineering analyses

5. Personal contacts with government and industry personnel.

The final inventory was compiled using the South Coast AQMD and Ventura
County APCD EIS* (Ref. 2-1),§a£a Bases for the major point sources, and a KVB-
developed area source file. The EIS files were checked for completeness and
emission data cred;bilify. Adjustments in emissién factors were made as-
required based on information acquirsd from the field test program and other

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

1. Plant name, address, ID No., etec.
2. Standard Industrial Code (SIC)

3. Source Classification Codes (scC)
4. UTM Cocrdinates ' '
5. Staék height

6. Pollutant i&entific;tion

7. 'Eqission factor l
8. Throughput rates
9. Estimated emissirns
10. Seascnal variations

1l. Operating period (hr/day, day/week, week/yr)

*Em;ssion Inventory Subsystc-/Permlt and Registration
‘ 2-1 KVB 5806-783



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 applicaticon 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. TIrom 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 socurces 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,

-2 KVB 5806-783
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added, or deleted. KVB added a feature which also permitted ﬁhe data to be
modified by SCC number. For example, the emissions in the EIS dacta 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.

- Por each SCC number an emissions profile key was asszgned, if available.
Each emission profile provides a breakdown of the total suspended particulate
(TSP) emissions into frur size ranges (% by weight) and for each size range
a chemical compositional.breakdcwn'is provided (%lby weight). Storage and
Retrieval of Aerometric Data (SARQAb) 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 assigned 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,
‘ jiacluding natural em1351ons, fugitive dust, and tire attrztlon, constituted
a large portion of the total emissions in thae Basin. Since a standard iormat
was got vet 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 descripﬁion of emissions by theit one kilometer

grid location and preccess {(or activity).

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

A file was created with all information relative to these SCC numbers, the
emisgion coirection factors to be applied to all sources with the §iven scc/
SIC number, the profile key to identify the profile for this souxcewtype, the
relevant ARB application category, and summer or winter differentials to be
used to alter emissions Seasonally if warranted by the source type. This SCC
file was used as the major system link between scurces and their profiles.

From chese data files a final inventory was produced in the form of various

12=5 . , KVB 5806-783.



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 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

2.3.1 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 commén 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 paiticulate emissicn étudy was
to é}itically eviluate the emission factors for fine particulate emissions
used by the SCACMD 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 methodology
employed during the analysis for point sources. Emission factors for area
sources are discussed in Section 2.3.3 since they required a significantly

different approach.

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

emphasis in the analysis of point source emission factors.
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L.

A. Approach--

A comprehensive listing of point'source emission factors may be found |
in the EPA publica;ion, "Compil;tion of Air Pollution Emission Factoxrs"
(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 Lndustrlal po;nt 'sources contained in the EIS data file. To a

certaln extent, these emission factors were the same, because frequently

SCAQMD data wera 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 objective 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 as far back as the 1950 s.
Second, certain em;sszon factors listed in AP-42 intended for use nationally
may not. necessarily represent conditions in the Basin. Pinally, it was

necessa:y to generate entirely new e~ission factors where none had existed
prev1ously.

Field tests were conducted to provide data to assist in emissior

factor evaluation ard development. In addition, data from several related

~ projects, specificélly oriented to improving AP-42 emission factors,

have heen incorporated 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-4é} 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 da;a system to update these emission éstimates. The intent was to
have the EIS data file, delibéred 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 explaired in the fol-
.lowing discussion. In the table for each source.type and apolicable SCC
number, the AP-42 (Ref. 2-3) emission. factor is listed alon§ with emissi.a
factors obtained from the SCAGMD EIS file and derived from XVB test data.
Each emission factor column nrovides both cantrol "on") and .uncontrolled
{"unc") emissiocns data where available.. For the SCAQMD the data are presented
as "specific® or "overall"” from the standpocint of whether the data applied
to one particular source or whether it represented a composite of data from
mulriple sources. The SCAQMD value shown in the table is the emission factor
that was in the AQMD's IIS data base usad 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 Correctiocn
Factor” column has a 1.0 and the next column “Final Inventory ‘Emissicn Fac-

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

1. Combustion of fuel -- Residual oil 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 considéring not only the AP;42 emission factor, the field test data
(18 tests) from this program, but other cil-firei 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 botk 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 comparison 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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The AP-42 emission factoer 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 because 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 alsoc 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 comparisaon between AP-42's value'fcr.a front half catch and tkre
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 source. 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 woiler. The EPA used a Method 5 train and a SCAQED train and
méasu:ed cotal emissions (including the impinger) in -both cases. The results
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-lb 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 reascn
for this is belzeved 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 pulverlzlng operatlon for
brick manufacturers: generated from KVB test data are lower than the
values listed in AP-42 (the valve in the EIS system). If the fugitive Z3ust
from this process ceuld have been included (not tested.in this study) the
enissicn 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 look at the effects of caontrol device efficigncy‘reveAled‘that a

0.1% change in efficiency results in a 0.05 lb/bblicement 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 1b/bbl emission rfactor. 'The latter ef-
ficiency seemed reasonable for an industrial process. This coupled 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 fumaces are in good agreement with the values listed in AP-42
and the current EIS system. The emission factors in the EIS system were left
unchanged except in the case where there was no listing for a glass furnace.
ﬁhen the:é was not a listing the‘cantrollea emission factor was assigned.ts
the plant. 0Often cther plant data needed to be obtained ~0 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 waé found that
KVB's value 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 taken'and variables in the operation, a point source

emission factor change was not felt o he acprepriate.

KV3's measured emission factor for an asphalt rcofing felt saturator
was approximately one~half the value found in the &:IS system. It was
difficult to use AP~42's value for comparison purzoses 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 printcout for the asphalti;'cpncrete
batch plant tested, a decimal error located in thé emission factor was noted
and corrected. XVB's measured value supported the now correct SCAQMD value
and therefore, no further change was necessary. AP-42's value appeared to be

high in this case.

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

- between the KVB test results and the 3P-42 results but disagraement 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
emissiqns; The XVB results fﬁr the rice dryer were in agreement with AP-42.

There are no rice dryers in the Basin.
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4. Evaporative sources--Table 2-1d presents a comparison of the emis-

sion factors used in esﬁimating 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 cbtained in this program has been made for a

particular unit tested.

5. Metallurgical cperaticons--Table 2-lg presents a comparison of the

emigsion factors used to estimate the particulate emissions from metallurgical
operations. Here again, the SCAQMD u: -d test results from these scurces
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.

Fof the aiuminum reverbatory furnaces tested the EIS listing was found
~o0 be outdated and in the process of being revised. There was also wide
disagrgement between the tﬁree emission factor sources. The SCACQMD overall
emis§i9n 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 bpen'hearth steel furnace
{oxygen lance) are slightly higher than the SCAQMD's source test emission
vfactor and those listed in AP-42. The reasan is that the électrostatic
precipitator being usedlis not as efficient as it had been in the past. This

reduced effiziency results in a slightly higher controllied emission factor.

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

to critigque it with a reascnable degree of accuracy.
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2.3.2 Emission Profiles

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 objective of this program was to. identify the elemental
emissions ard size distribhution for each stationary source t?pe in the Basin.
Thus an emission profile was formulated for each Sourze Classification Code
(SCC) emitting 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 emission profile. Conversely, it was import-
ant that profiles be 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 :eliable‘
than single data samples, (2) profiles were compatible‘with the EIS concsapt
by describing devices by the SCC number éystem, and {3) volumg of profile

data was reduced to a more ‘manageable level. -

The initial intent was o provide a profile for each SCC 1is£ed in
the data base. In many insﬁances, hcweﬁe{, an individual profile was found
to cover severzi 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 maragement, specifically the segregation of
emissions from devices with simila: 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 range‘(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 ba given to these error 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 sapple profile is presented on the next page. Two reports are
used to relate 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
giQes the profile number of the profile that describes the emission breakdown
for the particular device. The profile f£ile (Appendix) lists the profiles
by profile number. ’

B. Methodology--

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 mulﬁiple'aata points wefé available. In cases where a pro-
file was‘avai;able from only one source and that soufce was believed to be
fepresentative of all such source types in the Basin, then that paxticula;
source emission profile was used. An appropriate credidility estimate was
givan 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.
Ther=fore, test locations_were caféfully selected on the basis of the represen-
tative nature of théir emissions to all other devices of that particular type.
In this way, data from this source could be assumed to apply to other non-

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

pitle: Utility Boilers (Residual

Fuel)

Source of Data:

- X KVB Test
X . Literature Data——Ref.*
X Estimate--Basist

Confidence Level II

0008

Profile Key:

Applicable SCC's
1-01-004-01, 1-02-004-01

1-02-004-03, 1-02-005~-01

1-02-005-03

1-02-005-02,

Test % 11,12,12,21,22,23,24,32,33.
S5ize Range >10um 3-10um 1-3um <lum Composite
Wts TSP in Size Range 3 4 , . 8 85 100
SAROAD wWts of fogcies in Indicated Size

Species 'Code 0.1% < £ < 1.0%" d<0.1%
Arsenic 12103 a, ‘\\g,/' a T d 4
Barium 12107 4 . t t
Bromine 12109 d ad
Cadmium 12110 / 4 4
calcium - 12111 t N5 t 10 10
Chromium 12112 V‘ N\ t t t
Cobalt 12113 Q a a a
Copper . 12114 ‘ a ‘a d
Iron 12126 4 4 4 2 2
Lead 12128 d a d a a
Manganese 12132 - d a d d d
Molybdenum 12134 a - a a a
Nickel ‘ 12136 2 2 2 5 5
Potassium 12180 + ' t t, t t
Selenium 12154 ‘ d _ d d ad =}
Strontium 12168 d 4 d < a
Titanium 1216l d <} - d a 4d
Vanadium 12164 t t t £ t
Zing 12167 + t t t t
Sulfates 12403 120 20 20 30 28
Nitrate ‘

(H20 sol) 12306 d 4 d 4 d
Total Carbon| 12115 30 30 20 22
[Volatile
<Carbon) 15101 (20) 20y (20) (14) (1s) -
Subtotal 5% 56 56 67 67
GCther 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. Sipgle 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. Whenever data
was taken on a control device, the downstream (outlet) data was used to genera;é
the profile for both chemical compositicn andvsize distributionL The chemicgl
'composition for each size range was obtained from the analyses for the
particulate catches as discussed in Section 3.2.2. The first, 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
kresults wefé used in conjunction with the <lpm size range.. For each‘impinger.
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 fracticn 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 thé organic fraction was incorporateq with the carbon

concentration of the <lum size tange for each profile.

Whenever there were no data for a size range of a particular proflle
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 bélieved that this
is a good assumption because most of the profiles whgre 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 usuaily 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 second approach used was to

develop emission profiles based on data from several sources within a particu-
'late source type. This involved: (1) acquiring 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 emissiong 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 (SCCZ number) that were
emitting particulates into the SCA3 was generated Irom 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 0099 indi-
cates that the source type js rot classified. All other

numbers were assigned o a specific source type.

3.. EBach of the profile numbers listed in Table 2-2 woze
matched with the appropriate sé: number from the lisi
generated from the éu:rent EIS £file (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 nuckar.

' This is listed in Table 2-3.
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Profile Key

0000
Qool
0002
0003
0004
0005

3006

5007
0008
0009
0010
0011
0012
0013

0014
0015
0016
0017
ools
0019
Q020
0021
0c22
0023
0024
Q0025

TABLE 2-2. DROFILE KEY INDEX

Source Classification

Data not available for profile
Industrial boilers {crude and residue)

Industrial boilers (diesel fuel) '

Internal combustion engines (diesel fuel)

Internal cGombustion engines (gas fuel)
Wood waste boiler

Utility boilers (residual fuel)

Rice dryesr
Coffee/Carob roasting
Steel heat treating
Steel abras;ve blasting
Aluminum foundry
Steel--sinter plant

Steel-open hearth furnace

Calcination of gypsum

Brick grinding and screening
Cement production

Glass melting furnace

Fiberglass forming line

. Asphalt roofing

Asphaltic concrete batch plant
Paint spray booth (water solvent)
Paint spray booth (oil solventé)'
Boric acid manufacture

Chemical fertilizer (urea)

Wood operation (rasawing)

2-23

Reference

Sec.
Sec.
Sec.
Sec.

Ref.
Sec.

Ref.

Sec.

s3ec.
Sec.
Sec.
Sec.
Sec.
Sec.

Ref.
Sec.

Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.

Sec.

4.2.1
4.2.2
4.2.5.
4.2.5

2-8,
4.2.4

2‘91

4.2.4

4.2.13
4.2.14
4.2.15
4.2.1%
4.2.17

4.2.13

2‘10 ’

3.2.13

4.2.7
4.2.8

4.2.6

4.2.9

4.2.12
3.2.11
4.2.12
4.2.22
4.2.22
4.2.20
4.2.21
4.2.23

KVB 5806-783
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TABLE 2-2. {Ceontinued)

0026 Wood operation (sanding) ' Section 4.2.23
c027 Petroleum heaters (natural
gas fuel) Secticn 4.2.24
ooz2s Petroleum--FCC Units/CO Boilkers . Ref. 2~1l
' Section 4.2.23
0c29 : Feed ana grain operations Ref. 2~-1i2
0030 Limestone kilns - Ref. 2-13
0031 ‘  Basic oxygen furnace (steel) Ref. 2-10
0032 Electric arc furnace (steel) Ref. 2-14
0C33 Rock cTuiliczs Ref. 2-15
i34 Sock screening ané gonvering 2. 2-05
J035 S=ructural fire
J036 Residential ratural gas burning
Q037 Fireplaces )
0038 Tire attriticn
olo ] Cigarette smoke
2040 Sea sz.i spray
G041 3rake lining.wear
0042 | Livestock dust
co43 'unpaQed roads
3044 Constructicn dust
2045 Agriculzural burning
2046 forest fires
2047 Landfill dust
0048 ' Agricultural tilling
0649 . Industyial Boiler (natural gas ZSuel)
- 0099 Not classified
2-24 KVB 5806-783
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“ABLE 2-3.

PRLITLE KEY ASSIGNMENT TO SCC NUMBERS

SCCH

1-01-004~C1
1-01-005-01
1-01-006-01
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
1-03-005-02
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

'3-01-017-01

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

2=25

Profile
KRey

0006
0002
0049

© 0049

0006
' 0006
0006
0006
coce
0049
0049
0049
0049
0049
0049
0002
0049
0049
0049
002
0049
0649
02929
0099
0000
0099
0099
0029
0029
0029
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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
3-33-909-01
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
0000
0000
Q2000
0099
00Q0
0cl2
Q099
2913
2031

0032

oc1l
099
0C00
0000
0000
0032
0C99
0C99
0019
0019
0020
0020
0015
00l6
0099
0016
0015
0015
0099
Q016

00l3
2-26
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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~-9399-99
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

2-27
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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
3-20-006-99
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
o]e]e]0]
0099
Q099
0099
0000

001l

0000
Q000
0029
0099
0099
0021
0022
Q022
0022
0099
000C
0000
'OOOO
Q09s
0G99
0045
0043
0046
0G36
Q037

0035

Q0039
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
5-49-999-01
9-49-999-98
9=49=-999~99

2-29
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0040
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0038

0042
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c. Critical Profileg--—

Due to the magnitude of the sources which they represent, several
emissioq profiles were recognized to have a significant %mpact 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 angd const:uction, and (4) tire dust from wear. Detaiied discussion of

the development of these profiLES'Are included in the following section.

1. Combustion of fuels--The combusticn of fuels constitutes about 350% of

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

and (2) emissions from industrial boilers.

NYine field tests*, with two sampling trains for a total of 18 tests,
were done on utility boilers burning low sulfur residual fuel. ‘Thése were used
to develop the emissicn profile for utility boilers burning residual fuel. The’
results from these tests indicated that 85% by weight of the particles were
less than lum. 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

1s. This profile (profile key 0001) is listed in the Appendix (Vol. II).

e 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 léss than 1s. This profile (profile key 0002} is
listed in the Appendix. |

2. Cement production--The results of two field tests” and data from

Refarence 2-16 were used to develop the emission profile for the production of

Portland Cement. These results indicated that 34% by weight 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 10-3pm, and 8% greater than
10um. Twenty five percent of the composite of the sizes were sulfates,
108 silicon, 20% calcium, 8% carbor, and all other elements detected were

in concentrations less than 1%. This profile (profile key J016) is listed in

the Appendix.

3. Fugitive dust--The fuéitivg dust emission constitutes abou: 80% of the
particulate emission from -he accountable area sources. Fugitive dust emissions
ar= broken intas five grrups: (1) road and building construction, 55%,

2) unpaved roads 18%, 3) agricultural tilling, 7%, 4) livestock feed lots, 1%,
and 5) refuse disposal sites; <l%. .Cnly road 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 1Oum,

153% between 10-3um, 12% between 3-lum, and 28% less than lum, for coqstruction
dust. Twentf percent were silicon, 8% alumirum, 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 unpaves roads is similar to that of
construction dustr From the literature (Ref. 2-17,15) it was determined that'55§
by weight of the particles were greater than 10um, 15% between 10~-3um, 12%
between 3-1um, 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 tiré attrition constitutes about 7% of the
particulate emissions from the accountable area sources. 'From the literature
(Ref, 2-17,18) it was determined that breakdown of the particle size distribution
is as follows: ‘ )

. >10um " 10-3um © - 3-lum <lum
Tire Dust , . 60% : 5% 13% | 20%

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

section (Section 2.3.3 C.1)
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2.3.3 Area Sources

An impqrtant aséedt of the KVB fine particulates emission inventory
was the identification of sources of fine particulate emissions no* under
permit and génerally not included or adequately characterized in previous
"inventories. These sources were categorized into four main groups: 1) fugi-
tive &ust sources, 2) combustion sourcés, 3) autumobile sources, and 4) 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
cthese 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 suspended particu-
late emission estimates for each of the sourcas considered. Precise emis-
sion rates were difficult to estimate due to the complex nature and non-avail-

ability of applicable data for each cource type.

A second objective of the area source inventory was to identify the
particle size‘and chemical composition of the raported particulate emissioﬁs
from each source type. Again, precise particle sizing and chemical composition
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 "Arsa Profiles."

A third objéctive 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 distribution, land
use, agricultural plantings, construction and road building, ete. Maps
corresponding to the approximate location of each source were developed.
Area sources based on population were distributed on a per capita basis

based on information from the ARB.
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The following sections oresent a,discussioh of thelmethodclogies
and references used in making these estimates. In general, the procedure
involved the establishmeﬁt of two criteria: 1) an emiss:ion 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 apprepriate or applicable to other

study areas.

Those emission factors based on studies conducted outside the air
basin were carafully 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 from the mechanical dis-
turkance of granular material exposed to. the air. Dust generated from these
open sources is termed "fugitive" because it 1s not discharged to the atmos-

phere in a confined flow stream.

3

In the 1976 inventory (Table 2-4), fugitive dust accounted for approxi- -
mately 75% of tie 140,000 tons of suspended particulate matter {<10um particles)
estimated to bé eﬁanating from the area sources considered excluding paved
road travel. The 'six fugitive dust areas considered are: (1) road and Suilding
construction, (2} agricultural tilling, (3) refuse disposal sites, (4) livestock
feedlcts, {S) unpaved road travel, and (6)‘paved road travel. As can be seen in
Table 2-4, rdad‘ahd building construction coupled with unpaved road travel account

- for €6% of the total 1976 area source estiméte (excluding paved road travel)p

The basis for exludiﬂg paved road travel is explained in Section 3.2.3-5.
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TN,

For the above categories of fugitive dust sources, the dusc generation
process is caused by two basic physical phenomena:
1. Pulverizatio: aad abrasion of surface materials b? applicaticn
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 pollution impaét of a fugitive dust source depends on the

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

addition to large dust particles that settle out near the source (of%
creating a localized nuisance problem), cons;derable amounts of fine rarslcles

are also emitted and discersed over much crea:er distances from the source
(Ref. 2-19). "'

The quantities of dus£ reported as emissions in this repor: are
defined as being comprised of partlcles smaller than 10um and having a
particle densxty of 2.0 - 2.5 g/cm . Further particle s;ze breakdown into
10um, <3um, and <lum intervals is included in each sub-c;tegory discussion.
The correlation between Ambient Hi-Volume Samples and the Pasquxle-szford
Diffusion equation for ground level sources was emplcyed by the re‘erenced

studies (R2efs. 2-17,18) as the basis for computing the original emission
factors. ' '

-1. Road and building ~onst*uc+10n-—kecent studies (Refs. 2-20,21) have

concluded that road and building constructior activities are significant sources
of fugitive dust. Such emissions are associatad with land clearing, blasting,
grcund excavations, cut #nd £il1 operations, and the construction of the
particular facility itself.‘ As can be seen in Table 2-4, construction
activities aceounted for the single largest source of particulate matter

(excluding paved rovad travel),
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Pedco-Envirommental Specialiscs (Ref. 2-17) and Midwest Reseazch

Institute (Ref. 2-18) have conducted investigazions into the emissions from
construction ogerations. An uncontrollied éemission factor of 1.2 tons cer acre

of construction 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 dailv is practiced. Review of 5CAQMD's

ules 402 and 403 on Fugizive Dust, communication abcut Rules. 4C2 and 423 with

the SCACMD (Ref. 2-22) and cn—sité sbservations of constfuctioﬁ sites rewvealad

that a 3C% reduction is indeed possible and was therefore used ia this study.

Also, approximately 20% by weight of the patticles lle in the 30um to
1o.m particle size interwal. Therefore an emission factor of 0.5 tons per acre-

mcrnth for building sonsTruction was chosen 5 be agplicacle ©o the study arzea

An inventery of the acre-menths of building and road comstruciion
1375 was cbtained from the ARS (Ref. 2-I1). Table 2-3 1ists the acre-monins

of sonszructiosn activity and emissions per county. An emussion factor of

5.3 cons per 1UGC people per year was entered into the final iaventozy. A
oopuliizion based emissicn factor was chosen O best reflacs, the locazicon of

sheir amissicns since residfential constrxction, at least, would be in

=

rozortion %o The neignboring pogpulation density. . ;

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

following particle size charactaristics:

Par«icie Diameter Weizht Percent

[
) [

oA
EEE
MNOoEr N
I O b
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TABIE 2-5. ROAD & BUILDING CONSTRUCTION
PARTICULATE EMISSIONS SUMMARY

Acre-months Construction

Non- Emissions
. County Residen+tial Residential Roads tons/vr
Orange 29,894 6,004 11,832 21,000
Los Angeles 25,627 13,304 20,184 24,000
Riverside 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,cCC
tons/yr -
W —r T T T T T T T T T T T T T T T 11 B
80 b= .
60 ‘_ Particle Size Distribution . -
50 b= Road & Building Construction —
m .
20 fe -—
1
w
e 64
“ 10
»
T Bl -
=
i e -
1 -
o -
‘ 40
3
3 . -
’ %4
1 SRR I T . A B 0 I S S W S 11
o.31 G.L ©.51 2 5 10 20 30 40506373 3¢ 30 35 33 39 99.3 39 30
WEIDT, PERCINT LESS THAN STATED SIIZ
FTigure -2-4. Road and buil

construction Jdust

ding
particle size distribution.
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2. Agricultural tillaqe*-ApDerimately 9500 tons per vear of fugitive dust

(pParticles <10um) were estimated to be coming from agrlcultural tilling

operations w1th1n the basin as shown in Table 2-4.

The two universal ocbjectives of agricultural tilling are the creation
of the desired soil structure to be used as the crop seedbed and the eradica-
tion of weeds. Plc'tng, 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 operatioun, dust particles from the loosening and
pulverization of the soil are 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 preparation (Ref. 2-23).

In developing an emissions estimate, a threefold approach was takan:

l. Establishment of a 1376 inventory of the harvested acreage of f£i214,
truck, orchards, cutdoor nursery, and improved pasturs.
‘2. Determination of the £asses per crop made by a farming

. implement that disturbs +the soil 51gn--1-ar_ly.

3. Develormen® of the proper eaission factor to apply o

farming coperations within the Basin.

An invenzory of harvested acreage was compiled with the aid of =he
1376 County Agricultural Commission's Crop Reports (Refs. 2-24 through 29).
The passes per crop -ere determined thrzueh lengthy communication with
Sunerous University ¢f California Cooperative ZIxtension Service Farm Adviscrs
(Refs. 2-3C =zhrough 33). ™e estipated average numSer of passes per crop type
are presented in Table 2-§.
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‘TABLE 2-8. ESTIMATED AVERAGE FARM IMPLEMENT PASSEZS

Sarley

Lina beans
day, alfalla
Hay, grain
Iaroved pasture
jugar Daets
Wheat

Sorm '
Grass
Safflowar
Mi3C. Seed

Ascacagus

2sans

Beecs
derrias--3TrawserTies
Bersins

Sro-zols

castcage

Casrocs
Caul:iflower

Iorm

:aéuaners

€359 Plilant

Eadive

arlis

latiuce.
lanteloure i
lrenshaws
Honeydew

Misc. Melons
datermions

w1sc . Jegetables
Jkra !
niona
Paas
Peppers
Prtatoes
PuUDYDK L2 '
Radishes

Romaine

Rtabaga

3quash

Tomarses

Turmips

Parsiey

Parsnips

Jrzhard T opos

trus
ciduous

¥

Nurserv

Curdoor FPileld “rown
Cut flowers

Estinated Average
Sasses Der Sroo
oot oFT TicE

w O W
W

LA "RVE R WY Sy 2

JW W W b WU Y e U s s i e e b A e A W W e WY s o O de ae b

Source: References 2-30 through 2-33.

2-39

PER CRCP

KVB 5806-783

g T e+ S i T e on

i e e rr e iE



Current farming practices in erchards disclosed that only 10-20% of the

acreage presently alotted %o orchards is actually tilled. An increased use

of herbicides is the reason for this practice.

A field study conducted by Midwast Research Instirute {Ref. 2-13)
Y Y

concluded that the quantity of dust emitted from agrizultural tilling is

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

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

Available test data indicate ne substantial deperdence of emissions cn the

type ot tillage implement being used when cperating at a typical speed of
6 mph (Ref. 2-183).

- The equation for estimating the tstal anount of tillage dust emissicns

1s as follicws:

where:

1.45 {5/5.%)

== (C) *15%
(PE/50)

e (ziiling) =
e = emission factor (pounds peér acre)

s = silt content (particles between 2.m-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. <1l0um diameter
particles, see Figure 2-5)
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The silt content of SCAB agricultural lﬁnds generally ranée from 10-I0%. @

A mid-range value of 20% was chosen. ' AlsQ, reports on the moisture content of
the top four inéhes of soil dufing 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 consid.rably so a value of 5.5 mph was chosen.

By inserting this informatisu into the f.rementioned tillage dust

equaticn, an emission factor of 27 lb per acre pass was derived. A partid

size distribution plot is shown in Figure 2-5. On the average, dust emisslions
calculated for agricultural tilling have the following particle size

characteristics (Ref. 2-18):

Particle Diameter . Weight Percent
<lum ‘ 253
i1-3um 17%
3-10um 22%

>10um | . 36%

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

~the study area.

3. Refuse Disposal Sites-—Qver 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 collection, transportation, unloading, and soil covering of daily refuse.
For our purposes, the dust associated with unloading and soil covering wlll
 be considered to ccnstztute the major portion of the dust Generated from the

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
gite location and annual refuse disposal

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

3. Establishment of an applicable emission factor

Coyots 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 estlma;ed
to weigh ~.1200 pounds (density of 0.7} g/cm ) (Ref. 2—41); Review of numerous
articles on fugzt;ve,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 sxte, the 0.5 ton per acre-month of activity for construction
was chosen. Investigation of dust control practlces 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-monch was lndeed appropriate.

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

inventory on the basis of site location.

Particle sizing information on fugitive dust from construction sites

‘was also sudged to be appllcable to landfill sites.

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

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

48 samsles were taken at 24 different feedlot locatiorns. Emission facfors 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 fpartlcle < 30um)

were darived. Additional particle sizing information was not taken, however.
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TABLE 2~-8. EXISTING MAJOR CLASS I AND II SANITARY LANDFILL STTES
IN THE SOUTH COAST AIR BASIN

(Reference - County Solid Waste Management Plans)

Quantity af Reporzed Tons/Year

e A % B SRR MKEL, Ziass Agzwace Eaguid $0348 i-1-1 A
Yenturs Cownty, 197% -
1. Osaha b o4 ' - ' 1,086 ~ 1,086
3. Santa Clara Ix 47 = 434,400 - 434,400
Y. Toland Moad Iz ol2e - 36,200 - 36,200
4. Simi I a3 - 144,800 ~ 144,800
All Other Class II Sitas 40 - 167,400 = 167,409
T™otal ' 437 79) 885
los Angeles Cowney, 1974
$. W Valley Refuse Cantar 1 230 - 330,0C0 580,000
6. Bradley Avenus Dump I &3 - 332,000 332,002
7. Pencoss Pt 13 73 - 28,000 398,000
0. Mewice Pit Iz 3% - 436,000 436,000
9. Calabasas Land Fill b a6 16,0900 ’ 320,005 156,000
10. mission Canyom Land Fill 13 1,491 - 1,325,000 1,394,000
11. Bucherk City Land Fill Iz 133 - 75,000 75,000
12. Toyon Canyon Land Fill b4 40 - 795,000 795,000
13. Schwll Canyon Land P41 I 484 - 430,000 450,000
14. Palos Verdss tand Pill b 4 295 280,020 1,300,000 1,580,002
15. Ascon 44 [1} 85,000 . . 422,000 $Q'/, 000
16. Cperacing Induscries b4 4 1% 177,000 589,000 766,202
17. City of whittier Land Pill Iz 117 - 107,000 107,00¢
18. Pusnte Wills Lami rtil 12 1,214 17,000 1,165,000 1,162.000
19. Atusa Western T 307 - 271,000 ' 271,200
20. B8.K.K. Land Fill } S 581 254,000 352,000 606,000
33. Spadra Land Fill Iz 199 13,000 192,000 205,000
32. Rarbor Dump - b34 s - ! 160,000 160,000
23, Chiquita Canyom Land P11l ) 44 40 - 33,000 33,000
All Other Minor Class 1l Sices w. R, . 86,050 56,050
Total 082 862, 300 3 3al, 000 12,303,200
San_Sernardino Councy 1974 . ) '
34. Milliken ' Iz 106 - § 218,300 215,.%00
23%. Cajom 11-2 108 i - 117,%00 - 117,%00
26, romcana b£4 a - 44,000 $4.000
27, Neape Peax It . [ %] - 16,600, . 16,600
208. Coitom 13 ) - 93,700 93,700
29. Yucaipa A ¢ 360 - 34,600 . 34,600
0. Mg Mar 12 . 70 - 11,600 11.602
) foeal FRTIY : 553,500
Riverside County, June 197%° . .
31. West Riversids IXI~2 [ 2] - - 82,700 ~ 32,700
2. Corona 1z=-2 101 , - 88,350 ~ 8,150
13. mighwrove 17-2 0 - 8,100 8,100
M. Mead valley 11-2 240 - 8,100 8,100
35. EKisisore 1I=2 44 - 12,400 ) 12,400
3. madlande . 1I-2 904 - 15,300 15,500
37, Domble Butts po CH : S80 -, 61,380 61,1380
3. laab Canyom . I1-2 188 - 48,080 ~ , 48,050
3. layliwild 132 30 - - 3,010 - 3,010
40. Ansa ‘Iz=3 10 - 1,550 1,550
" Tetal ‘ da340 299,140
Oranew County. December 1973
41. Olipda p &4 233 - 758,000 . 738,000
42. Coyots Camyon 3 (11} - + 2,130,000 2,130,000
43. Santiago Canyom 1z 180 - - 374,000 374,000
44. Prima Oadchecha Iz 943 - 478,000 478,000
Tocal . 1,933 ), 740,000 3,140,000
Santa Barbars, 1978
45. Majiguas 12z 120 - 202,30¢ 202,300
GRNID TOTAL 1 280 SR+ Te1 F 1.7 L 2
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A particle siig distribution plot shown in Figure 2-8 was generated
based cn the assumptipns that the silt content of the soil containeé within a
feedlot pen is hicgher than that of construction and unpaved rovads, and that
the moisture content of the soll may be éomewhat nigher due to livestock

excretions.

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

feedluts would have tfle following particle size characteristics:

article Diamerter Percent by Weight
| <lym : 4
1-3um ' 16
3-10um ' 13
>10um ‘ ’ 25

A recent inventory of particulate emissicds from feedlots located
within the basin was conducted by the Arr Resources Board (Ref. 2-43) . Emissions
of 1400 tons (particleg <30um) were estimated. Basis for this'estima;e_was the
above mentioned study and the califsrnia Livestock Statistics Report for 1976.
A recent stud; (Ref. 2-44) on this same subject conducted by the SCAQMD was used

as a tool in evaluating the ARB's estimate.

The specific emission factors applied in the ARB estimate are (Ref. 2-33)::

cattle ' 8 T/1000 hd/vyr -

Sheep & Hogs . 1.25 "
Goats 1.25 "
Turkeys 0.2 *

Emissions totaling 1300 tons (particles <lCum) were entered into the f£inal
'invéntory. Feedlot locations, Figure 2-9,  were extracted from :zhe

California Livestock Statistics Report.

5. Unpaved road travel--Studies (Refs. 2-17,18,45-48) hAve shown that
significant quan;ities of fugiti&e dust are emitted during vehicular travel
on unpaved roadways; Dust plumes trailing behind vehicles'traveling on un-
paved roads are a familiar sisnt in rural areas. When a vehicle travels.over

an unpaved road, the forve of tae wheels on. the road surface causes pulverization

2-48 KVB 5806-7%3




P

FARTICLE SIZE, um

WP TT T T T T T 171777 LR B O [
o . . —
e | e—

.
62
46 .

I 5 155 S I I | .¥ | S 11 I

Si 8.1 S.51 2 5 12 20 30 405050 %) 8¢ 30 35 38 39 99.3 33.99

| WEISHT, PERCENT LESS THAN STATED sIz=

Figure 2-3.

Livestsck fzedlot partizle gize
distribution.

Source: XV3 Engineering Analysis
of comparable fugitive dust sources.




£0L-90us fAA

‘syjorpaay Tofewm butsseduansua seaay Cq-7 0anigg

0ISHIAIY
$3IA0N0 SNYLY
3 - 9 sy ]
(=}
n
1
o~
7 Y/ . f\\l\/!o
2%
2 % 7
% /
ONIQYYNYIT NYS mw $3730nY $01
v d
irrers oy .\\
m‘\\ VI NPY RIS
FTXIFrrryrrrrrr’y
YYNINIA VHYRNYE YiINYS
(ot
‘%x\\ PESIL OIS ILELL LSS 7 ¢
\\.“v
easodd ]
\\‘r
s
/ ,



of, the surface mater:ial. Pav=icles are liftad and dragg

wheels while the road surface is exposed to strong air cu

- y

ed freom the rollin

rrents in turbulent

shear with the surfice. The turbulent wake behind the vehicle continues to ac:

. on the road surface after the vehicle has passed. The amouwnt of surface fines

on an unpaved road is normaliy close to an equilibrium va
are injected in:o the atmosphere by vehicular traffic are
Same pzacessiby new fines which are generated by abrasion
This equilibrium can be upset, however, by a windstorm or

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

A literature search of existing emission factors

lue. The fines whict

of surface matarial.

other severs

-18).

for unpaved road

travel ravealsd that nc one factor is applicable to'all conditions, aut that

a mathematical exprassion (Ref. 2=23) encompassing the variablss affzzcing duss

gencration would give a good aporoximation within =20%. The aguation for

estimating the total amount of road dust emiss.ions with d

t=han 25 feet is as follows:

355 - W
— (3e) (C
365 -
where e = emission £factor (pounds per vehicle mila)

e ‘iunpaved roads) = 0.13s (3,30} (

. S = silt content of road surface material (perzent,

' 5 = average wvehicla sceed {(miles per nour)

{(continued next page)

-
t 3
ecomends an emission .actor ob.
L SWJB 3 ’
lo/vehicla-miie = (5. 9)(-—?(‘“? 3 (36"' & <

where 3 = number of dry lays/year, and 4 = venicle weight (<cns).
A

tudy of unpaved road emissions, EPA- 600/2-/8-~ . March 1378,

3CLm

Farticle diameters <3Qum, Cy above would be J.51 (Figure 2-12) and the two

2xpressions would be zgen:;cal except for the vehicle
sorrections.

weight and sgeed

t £2A no longer recommends using the silt content of %he native Top soil
unless 8 $£13%; if 3 >15%, use 15%.
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Se = venicle speed correction fac:a:§ (Ref. 2-20)

30 mph - 25% égprox, control eff.
20 mPh ) ' 65% “ ‘ " "
lS .zxph ‘ 80 % " " "

y - < " . = : #
W = mean uanual rumber of days with 0.0l in. or more of rainfall

Lie

C_ = particle size range factor, see Figure 2-10 [e.g. to determine
P the emission factor for partisles less than 10um, CS is 0.46
{or 46% from Pigure 2-10)]}. . N

Cn the average. dust emissions from unpaved road travel have the

followlng particle size characteristics:

Particle Size Weicht Percent
<lum i3
l—3ug 12
3-10m ' 16

>10um 54

A sumary of the individual road types, miles per hour speed Testrictions,
and emigsion rates per county are presented in Table 2-9. Per county
inventories of the vehicle miles traveled per jear (VMT) per road tyse

were cbtained from the Air Resources Board (Ref. 2-49). Table 2—lep£asen:s

arsummary of the estimated VMT f£or each county within the study area.

Arplying the emission factors presented in Table 2-9 *a the
inventory in Tatle 2-10 resulted in a “otal emissions rate from these
sources of agproximately 23,300 tons per vear. This is equal 2 approximately

1oy of all area sources accounted for in Table 2-4.

§ 3ased on the assumpticon that "uncontrolled” speed is typically 0 mh.
Between 30-30 T™h emissions are linearly proportioned to wvehicle speed.
Below 30 mpn, however, emissions acopear to be propor+icned

to the sguars of
the vehicle speed.

% The tamporary reduction :in emissions because of r3infall is ac

counted for by
neglecting emissions on “wet" days, i.e., days with more than 0.01 inches
of rainfall. '
2-52 ' KV3 5806-783
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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 vrofile. 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; pavement wear; atmospheric dust
fallout; mud and dust carryout from unpaved areas; venhicle engine parcticulate
emissions; etc. Material is removed from the rczdway under the action of:
entrainment by tire motion and vehicle~generated turbulence; win  erosion

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

Measurements of airborne particulates emanating from paved roadways werse

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 the
-

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 emissions 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 distzibution f{rom 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 te Ref. 2-115. Total
vehicular travel on paved roads in the SCAB, excluding towed trailers, amounts
to 2n estimated 7.2xlOlo UYMT/year (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 allowel 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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this 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<10um), by roadway category and particulate type. These figures nmust

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

coliected were analyzed to beé 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 road travel.

Vehicular travel on.paved roads Produces particulate smissions

categcrized as (AP-42): engine exhaust-particles (40% by weight) : minerai
matter (59% by weight): and biological and =<ire dust (1% by weight). However,

the enqgine exhaust particles have already been included as a mobile source
cortribution and, therefore, should not be counted again by this study. Mineral
matter enissions result from rz-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 again as

a paved road dust area source.

Strictly speaking, the only particulate emissiéns direétly attributable
to roadway traffic would be pavement degiadation, 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 Table 2-11 have been considered elsewhere.
B. Combustion--~

Fugitive combustion related sources accounted for ~3% of the taotal
estimated area source emissions tomputed 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 ' ‘ 200 ¢
3) Fireplaces ‘ 500 ™

2-59 o XVB 5806~783




TABLE 2—1;. PAVED ROADWAY PARTICULATE EM.ISSIONS IN sCag*
d<10um, 32 rainy days/year

Particulate Type, Tons/Year

Roadway Category Exhaust Mineral Total, Tons/Year

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

Surface Street ‘ 56,000 84,000 140,000
84,000 126,000 210,000

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

'

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

S) Cigarettes ’ ' aco ¢
6) Agricultural burning 500 "
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 379,000 tons

of combuetible 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 occurrunce) of
a wildfire is directly dependent on such variables as the local metecrelogical
conditions, the species of trees and their moisture content, and the: weight of
consurable fuel per acre (fuel loading). Once a fire begins, the d:y combustible
material (usually small undergrowth and forest floor litter) is consumed first,
and if the energy release is large and of sufficient duration, the drying of
green, live materialvcccu:s with subsequent burning of this material, as well
as the larger dry material. Under prcper environmental and fuel conditions,
this process may inlcia;e a chain reaction that results in a wzdespread

v

conflagration.

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

-and the topoqraphic features intaract to hodify and change the burning
benavior as the fire spreade; thus, a wildfire will attain different degreee

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

Knowledge of the chemical nature of forest fuels, combined with what
‘is known about pyrolysis and combustion, suggests that particulates formed
by forest fires will consist primarily'of 2 comple-. mixture of soot, tars,
arnd volatile organic substances. The majoricy of particles found in fire .
smoke are formed from the gaseous organic compounds ptoduced by pyrolysis
and combustion. The processes of nucleation. condensation, and coagulatiosn
combine in a continuous chain of rapid events to form both'liquid and solid,
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;ssicns conducted by the USDA Forest Service

Southeastern Forest Exzerimental Station (Ref. 2-51) concluded tha“:
2-61 KV8B 5806-783
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-

1) The median diameter of particles in forest fire smoke

is approximately 0.2 micron, i.e. S50% 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 Southeastern

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

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

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 gize and mass
loading are not known at this time. Impactozr studies performeé by the Pacific
Northwesc 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. As 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 Forest 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 ar-

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 buwrmed. 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,

+Dcuqlas fir comprises approx. l0% of the total SCAB forest acreage and V263%

of the forest acreage occupied by txees (Ref. 2-53).
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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 atmosphere during a structural or vehicular fire. Emissions of 500
tdns/yr or 0.24 tons/yr per 10,000 pecple were reported for the entire state of
California. The SCAB éétimate 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. 2-60}.

The approach taken in the above mentioned stﬁdy was:

1} Using CFIR Reports (Ref. 2-61), establish a monetary value
of prope.cty, contents, and vehicle loss due to fire in 1976.

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

3) Establish fuelnloading'factors per category.

4) Compute emission factors using AP-42 as a guide.

5) Conver: the derived emission rate into a population basecd emission

factor to better distribute the calculated emissions.
Table 2-13 presents the above discussed approach, values assignedland
emission estimates. Due to the diversity of material consumed within a
structural fire, a particle size distributioﬁ plot wac not available. It was
assumed to be similar to the particle size distribution for forest fires.
1. 'Fireglaces—-Aé shown in Table 2-4, approximately 500 tons of particulate

matter (particle <l0um) 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
esﬁimated the totai 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 aucalyptus) and of that burned
in. the above menticned 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 soft wood density 0.43 g/cc ‘
One cord or wood contains 90 cf wood (Ref. 2-632)

2-66 ' _ KVB 5806-783



&

uoszad/sqT LY0°O0 =

£68.-9089 8AX

S
suoy Op7 = mmmN

© (dod @3e38 9L,)

1

x ordoad ¢zG'vEE’0T X uosrad/sql Lv0'O

99-z "3°2u (9
"g9-z °33u (p)
v9-z *39d (2}
19-7 ‘334 (Q)
(ge’LE~-7 *€39Y) |d2INOS (*)

:SUUTSSTWE EYOS

atdoad 000°b22'1Z mwunﬁsu«uumm sql 000’66 - 1030e3 UOTSSTWd paseq :oﬁUMAzmom

005 i Te3oL-ans
€1 *mvwaoa:m>\mn~ v'e aroTysa x3d 0005$% £16°906°ST S3TOTUSA
43 .ﬁ.:Ou\mna 91 ‘qr aad 01$5. 856'v¥9'08 §3U8U0)
ssnot/sql 0OvE poom suol 0 asnoy xad 000°0S% 990’810 EET Kaxadoag

(49 4 r) (2)
sUoL 103004 A030%ed I030ed - 9,61 - 3501 Kxobajed

sucoy ssTuH uo1sstud putpreol 1804 mo:mﬁmau:vm Itun Anvo=~u> xeytrod

o73Iv1sS .

(e)

L STIIA TYENIINYLS

‘grez  ATAVL

2-67



Particlelsizing data {rom the above mentioned ﬁtudy is presehted in
Figure 2-14. Since soft wocds are mainly burmed in the SCAB, only soft wocd
particls sizing data was considered. On the average, particulate emissions

from residential fireplaces have the following particle size characteristics.

" Particle Size Weight Percent
' <ium 36
1-3um 12
3-10um _ 14
>10um ' 38

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

particulate was condensibles caucht in the back half of the sampling txrain.

In establisbhing an inventory of active wood burning residential fire-
places in ths SCAB, local government agencies were contacted as to the aurberx
~ef existing fireplaces. It was scon discovered that such information per se
wag not available. A second approach of obtaining information on the number
of single family and/or 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 located 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.

IA census of KVB persomnel and their fireplace burning Labits was solicited

in arriviag at the 10% estimata.

An emission factor of 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 of natural gas

was sold to its residential custcmers in 1976. The population servad was
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approxiﬁately-ll,BO0,000 people excluding the city of Long Beach. The SCAB
population in 1976 was approximately 1GC,300,000 people (Ref. 2-60). Realizing
that the bulk of its customers do reside in the Basin, the entira 286 billion -
cubic feet was applied to the SCAB. Also, according to a SCGC fact sheet
(Ref. 2-72), space heating accounted for 65% and tzater heating 21% of the
average household appliance operating costs per year on a comparative cost
basis. ‘ ‘ '

studies (Refs. 2-73-74) conducted on natu:al gas-fired warm air heating
systems ‘cancluded emission factors of 0.00084 lb/lO Btu and 0.00071 lb/lO
Btu for front haxf catches only. Back half rgsults were not avallable.
Particle size was considered to be 100% less than 1 micron (Ref. 2-74;.
The 0.00084 lb/lO6 Bty value was selected to represent emissions f{rom werm
air heating units :ypical of the study area since this study was based on
tests run in the Los Angeles area anad the other study was‘nqt. 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

€rom warm air heating systems.

Pased on the above anentory and emission Jactors, 10C tons per year

of particulate matter was estimated to be emanating from residential natural
gas combustion in the Basin. An emission factor of Q.13 tons per 10,000 peocple/
year was entered into the final inventory. A pcpulation based emission factor
was judged to reflect the locatiorn of the dwelling 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 neating;

. Althcough some correction factor greater than one should have been
applied’ to this emission factor to 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

cogt-effaective to develop a correction factor.

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

of particulate mattexr was.generated by the combustion of approximatély 30
billion cigarsttes in the Basin. Nationwide, 610 billion cigarettes (Ref. 2-795)
were consumed by an estimated 150 million adult (over 18) Americans (Ref. 2-7%5)

in 1976. Based on these 1976 statistics, it was estimated that 4100 ciga- .
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réttes were consumed per adult. Applying this factor to the reported 7.4
million adults (Ref. 2-76) residing in the SCAB in 1376, it was estimated that

30 billion‘cigarettes were consumed in 1976.

A pa t study (Refs. 2-77, 78) experimentally determined that lOOO
cigareﬁtes Qithout 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 buxnxng 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 £vom a burning 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% pariiculare 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 rehove nearly
all of the particulate matter in mainstream smoke (Ref. 2-82{. Mainstream

particulates being exhaled were therefore considered negligible.

The conclusion from the’above Lnformatxcn and from personal observa~
tion is that approxlmatelg 50% of the one pound of smoke/1000 c1garettes '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
was calculated. This accounts for‘approximately 2.5% of the total weight of
1000 cxgarettes 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 1b smoke 0.5 ib sicastream smoke . 0.1 1b particulates
1000 cigarettes = 1.0 lb cmoke - 1b of sidestream smoke
4100 cigarettes 3 adults ton - 0.00008 ton 0.08 ton
adult 4 persons 2000 1b person 10,000 persens

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

agricultural wastes in Califcrnza have been recognized for several years

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

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

The ARB and local districts have also implegented regulations that
severely restrict the open burning of waste materials. Existing fegulations
(Ref. 2-87) require’ burn permits to be issued by local government contrel agen-
cies prior to the burning of farm = artes, burns conducted for range improve-=
ment, forsst management, and pest control or the improvement of wild life
or game habitats. Such burns could only be conducted iurlng "permissive burn”
days as determined by local meteorological conditions. Burm permits
recordad the locatio; and quantity.of material to be burned. Extensive
studies (Ref. 2-84) on emissions from hurning 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., CQO, HC) than did orchard and vine cfops.

: ' Zi Back firing field@ crops resulted in lower emissions of particulates
but not <O and EC when‘compared with head Flrlng. The use of
back fires significant;yireduCES'particle'size, the averages
being 0.11 and 0.22 microns, respectively.
3) For all.fuels {crops) except avocado, it appe&rs that drying Jown

to at least 35% moisture would minimize particulate emissions,

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

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

on page 2-78 as follows:
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dwb: dry weight basis
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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 18.3
Orchard Crops (incl. wvines) ' 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 pellution impact of these burns utilizing éhis inventory and the emissions
factors refe rred 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 distributeé into the agricultural regions as
shown in Figure 2-6. ' '
C.. Automotive--

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

3100 tons. Combined, they accoﬁnted for'agproximately 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. 2-89,90). Tires provide the sole contact between the vehicle and
the roadway surface and must transmit the intezactive forces required for'
prcéulsion and control. 1In doing this, tire tread material is worm 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 cerzain number of

molecules. The second mechanism is based on abrasiorn 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 cats
mixed sorghum '
weeds wheat
ditch
bank -
weeds '

Orchard and vinesg

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

Sourca: Ref. 2—54
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road surface causing mechanical removal of small rubbor 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-
'terlze tlre tread emissions as to mass loss, particle cize, and gaseous emis-
szons. The two most szgnlflcant studies involving dynamometer and actual road
driving tests sited ave ones conducted by General Motors (Refs. 2-95,96) and
by J. P. Subramani Ph.D. thesis, Un;versxty of Clnc1nnat1 (Ref. 2-94).

General Motors estimates a tire wear rate of 0 048 c/tlre mile for
rravel 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 concludes that
24% of *the afrborne mass under dynamic sampling conditions was composed of
particles <0.43 microns and that tires emit particlés into basically twe

'gize 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 ratres of 0.146 g/tire mile and 0.0873 g/tirg'mile

respectively were measured.

Dynamometer 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 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 -2 micron in size. This conclusion is

similar in size classification to that of General Motors.

Rased on the foregoing discussion, an automobile tire wear rate of
0.070 g/tire mile was derived. Of this, 20%, or 0.021 g/tire mile was
estimated <o consist of particias <10 mwcrons 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 rcad's'edge.

The 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 de:ivad through the averaging of the dynamometer test

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

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

this 'inventozy.

" Particle size: >10um 10-3 um 3-1um ’ <1lum

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 lb curb wt.) and heavy duty (>10,000 lb curb wt.} vehicles,
respecﬁivel ,were also calculated. Diffarences existing in wear rates and
total tread loss (Ref. 2-97) are the criteria for the ahbove wear rates. The
particle size distribution is assumed to bg gsimilar to that of automobile

© 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 SCABR, develcped by the SCAQMD (Ref. 2-97), and an ARB
document entitled "Data Base & Recumentation 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 axle;<5000 1lb curb wt.
'2) Medium duty:5,C00-10,000 1b curb wt.
3) Heavy duty;>10,000 1b curb wt.

2-82 ' KVB 5306~-783




In addition, annual mileage estimates were assicned to each class baséd on
the above mentioned sources. Table 2-15 presents the results of the fore-
going discussion. ‘Emissions.totaling 28,000 torns were‘estimatea. Of this,
8100 tons are estimated to consiét of particles <10 microns in size with a
majority in the respirable size range. Also, infrared and pyrolysis énalysis
of airborne particulates indicated that thé 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). -

That portion of the total 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
not 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
Environmen:ﬁl ?rotect;on‘Aqency 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 brzake lining attrition factor to a vehicle annual mileage
estimate. Information from a recent SCAQMD inventory (Ref. 2~97) oﬁ brake
lining emissions was solicited for th- purpose of developing an attrition
factor. Discussisns with brake lining manufacturers and‘actual physical
m2a§urements 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 bfake 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 emis<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 l0um

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 dus 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 infoxrmation.

The f£irst 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 be estimated.
The basic assumptions made were:

1) Average height of the inversion layer is 2000 £t (0.61 Km)--window
height. ‘ t
2) Window length is 190 miles (300 Xm), the projected length of coast-

line in the Bas.’.n.
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. 3 N
3) Sea salt concentration of 8 pg/m 18 uniform throughout the
‘window

4) Annual averags 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) 758 by wt of the sea salt particles are <10 microns in size
(Ref. 2-100) | ‘

Using this approach, 39,000 tons (particles <1Qum) of sea salt was

estimated to originate from the SCAB surf zone each year.

The second épproach involved using measured concentrations of sea
salt at 50 £t above the surf and 5(C 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
than the average wiqd Of 6 mph. Therefore, an adjustment was made co the
average concentration of 17 ug/m3 to account for cenditions 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 coﬂtentration at a height of 600 ft. Using this approach
‘and the other assumptions shown in Figure 2-21, a vélue of 20,000 tons/year

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

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

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

The §amplinq 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, hgwever, this data

may not be applicable along the Southern California coastline.
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cesma,

' reéults of the particle sizing test.

Data were collected over a ten day per’od. During the firs: week cf
testing, concentrations of 9.5 ug/m3 with 4-11 mph (6-18 kmh) dnshore winds
were measuredf Durinq'thg second week of testing, concentrations of 4.4 uq/:n3
w%thia 22-34 mph (35-55 kuh) oa-shore winds were ﬁeasured. Winds were higher

:;uring this period, but surface trajectories weve generally off-shore.

At Pt. Azquello‘the air was dominated by ;he ocean breeze. The
sampling site was located within' 100 yds of the sea and about 50' above the
surf zone. The atmosphere wasg disturmed during the pariod of ;ampling by a
weak storm front passing through Central Southern California. This period
was also characterized‘by a wide range of conditions from weak wind§ n4’mph
(6 kmh) to rather hiéh winds gf 12 mph (19 kmh). Winds in this area generallf
blow from the ncrth at 6-10 mph (10-16 kmh).

'

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
3Ou§/m3 was chosen to represent: the average sea salt. concentratioa at Pt.

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

Based on thesé data, the Z0,000 ton/yx 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 a§proach taken, the quahtity of
salt particles being emitted from the surf zone into the atmosphere is
appxeciable,‘th;t 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 fram Ventura APCD was produced in December 1977.
Placing a baseline date on the inventory is difficult. T.. EIS efforts at
SCAQMD and VAPCD were initiated in 1975 but data processing, correcting and
updating continued from that time until the tape§ used on this inventory were
finally produced. Considering the span of time involved in incorporating new
source data into the EIS system, the most agproériaté time base to assign
to the inventcry is 1975-76.

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

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 volume of emission profiles, plus three 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 plant index, an inventory by 10 kilometer

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

The plant index is arianged by county and plant ID number. Because
of a continuing problem with the EIS softwaxé, 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 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 Lndex

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

by looking 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
c. 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 couwity in ';:hich the plant is located
(2) The plant iD Number
(3) The plant SCC and SIC codes

{4) Summer and winter, week-dav and week-end emissions
plus the total annuai emissions

(5) A . profile key which relates those TSP emissions to a
compositional (size and chemical) breakdown contained
in the Emission Proiils 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 emis<sions
for each category are summarized by point area and total emissions. The
terminology "Minor Sources” seen in the summary is obsolete and was not used
in this inventory. All entries are zero. 'All point source emissions are listed

under "Major Scurces" 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 boundviﬁ a separate volume. It contains 49
different pfofiles.' Each profile indicates the distribution of TSP emissioqs
into size rahges: >10um, 3 to 1l0um, 1 to 3 um, and <lum;- For each cf these
size ranges, a chemical composition of the emissions is provided. Instructions

for using the data are included in the volume.

2-34 ' XKVB 5306-783




Cc. Magneﬁic 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 inforﬁationlin 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-
. carkon file deliveied 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. 2-33).

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

application category and emission factor correctien.

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 sources and the area suurces 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 thevAir Quality Management Plan pro=
duced jointiy by the Soﬁth California Association of Governments (SCAG), SCAQMD
and ARB (Ref. 2-112). The total point source emissions are in close agreement.
The EIS/XVB inventory has lower point souzce combustipp emissions because

of a reduction in utility boiler emission factor from 7.1 1lb TSP/1000 gal to

3.0 1b TSP/1000 gal made by gVB‘as a result of field tests as discussed earlier
in Section 2.3.1. The AOMP has a similar number for utility beoilers. The EIS/
KVB.inventcry has larger "Mineral" emissions primarily £rom two large sources
in Ventura Cownty, 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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The KVB area sources were discussed in Section 2.2.3. The area sources
accounted for in the ARE and AQMP inventories campared 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
XVB 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 axrea source estimate with the ARB s%=aff.

2.4.3 Spatial Distribution !

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

TABLE 2-19. MAJOR 10-KM GRID EMITTERS

UTM Coor. - . Principal
E/W N/S Nearest City Emissions (Ton/Day) - - Source Tvpe
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 o

370 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 11.5 Elect. gen. & area
450 3770 Fontana 11.1 Steel manufacturing
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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 estiméting the particle size distribution for each application cate-
gory. This estimate was made by inspection of the emission profile in the
Appendix and'establishing a percenﬁage 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 scurces in each application category.
The area sowrce emissions reported in this inventory (i.e., Table 2-1R) were

already adjusted so that they only inclu- 2d the élOum portion.

In summary of the 174,000 toa/vear TSP inventoried in this study,
161,000 ton/year or over 90% are less than 10pm. Of the 34,000 ton/year TSP

from soint 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‘Particlé Fmissions
Application Category <lOum (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 00 1.1
Combﬁstion of Fuel ) ' .
Utility Poiler o7 9100 8800 24
Other ' ‘ %0 4800 . 4300 11.3
Wood Processing . 60 130 70 0.2
 Food s Agriculture 80 - 11000 8800 24
Misc. Industrial 50 as0 - 200 0.5
Area Sources ' .
Agricultural Tilling . loow - 9900 9200 . 27
Road & Buildidg Con- o |
struction 100* 71000 71000 195
Livestock Feaedlots oo+ 1300 1300 B 3.6
Unpaved Roads 100# . 23000 23000 63
Forest Fires - 1lco* 2400 2400 6.8
Structural Fires  ioow 200 200 0.5
Othor Combustion 100+ 1960 1900 _ 5.2
Tire & Brake Attrition 100 11000 11000 30
Sea salt ' 100+ 20000 20000 55

TOTAL 171006 67

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

FIELD 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 conéultants to benefit from the
advice of other experts in the fiaeld, avoid‘duplicatioh, identify representa-

tive sources and insure high data quality.

The following sections present the experimental methods emploved.

3.1 APPROACH

The number of stationary sources of particulate emissions in the Basin
is huge. 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 EPh has categorized pollution sources using a‘system of Source
Clas;ificatioh Codes (SCC). The sources in the Bésin‘account for approxi-
mately 150 SCC numbers. For each of these an emission factor and an emission
'profile was desired, In many cases emission factor data were available.
Very little data were available on which to base emission profiles. There-

fore, the major emphasis was given to obtaining emission profile data.

From the preliminary inventory it was determined 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 batzh |
plants. Spécial 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 industzry 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 coordinaticn work, XKVB 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. Each test required one working day at thea

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

3.2 METHODOLQOGY

Sampling and analysis methodology described in this section was
évaiﬁated during the Phase I period of the program. This is 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 techniques

. followed during the‘progfam.‘
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3.2.1 Sampling

T™WO sampling trains were used in the program, an EPA Source Assessment
Saméling System (SASS) and a modified Method 5 train. Both trains consisted of
heated prabe; 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 ovea; 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)3iS requires two vacuum pumps. Both systems
are essentially standard, commercially-available equipment except that the stan-
dard SASS 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. . Simultaneocusly 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 wher2a 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. Pitor 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-l-<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 f£ollows.
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EEATED PRCBE

The SASS probe extracts gas/perticulate samples from the scerce

being tested, monitors the temperature and gasbvelocity of the source, end
maintains sample temperatures above the condensation point of water/so3 mix-

tures. Figure 3-2 shows the internal arrangement of the z2ssembled probe. The
. important fextures of the probe are the Type 316 stainless steel sampling tube;
the fiberglass-insulated strlp heater (lncorporatlng a ther:nocoupl° for feed-
back temperature control) wrapped around the sampling tube- a round probe body
to allow sealing of the sampling port and rotation of the probe as necessary;
strain relief for all'electrical. thermocouple, and pitot line connections; a
calibwated Sftype pitot; and easily interchangeable probe tips with diameters
from l/é to 3/4 inch in l/iG—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 aksolute 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 Southern Research
Inetitute and Acurex's Aerctherm Division. The cyclone assembly is fabricated
of 316 stainless steel. In order to be lightweight and ccmpact for easy field
use, anl 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 providedbdy tubing connections
As a result the cyclones are fragile and easily damagad. The middle cyclone
failed midway in the program and was replaced by a machined unlt which was less

'expenszve 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 fleXLbllltY and tendency to cold-flow, leading tp dlfflcultv
in getting satlsfactory leak tests. . 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 Ancel 934AH filters were

. employed in the filter holders of beth tréins. These filters are made of

borosilicate glass fibers and have an cstimated 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 conétant 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 rotzted

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. The'iﬁpinger 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

water; In each of'tﬁese bottles, a straight section of tubing ducts the sample
gas below the liquid level. The sample gas section Sf-tubing ducts the sample
gas below the iiquid level. The sample gas hukblzz throucun tbe liu'd, allowing
the various 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 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 exitihg tae silica
gel, a smallnpump to agitate the ice/water slurry surrounding the bottles and
carrying tray so the gﬁtire impinger asembly can be lifted out of its ice batx

when required.
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Figure 3-5. Filter housing assembly (Rel. 3-1].
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Figure 3-6.

Impinger train out of case.
(Ref. 3-1)
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VACUUM PUMPS

Two vacuum pumps 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 reduce the leak rate to bett er than Method 5 standards. Eaxch

pump has a 3/4-hp motor, a £lowrate of 10 ACFM at zero pressure drop, and weighs 59

1bs including all fittings. Each pump requires i0 amps/:15 VAC.
CONTROL UNIT

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

pling systen. are located in the control unit except the valves for controlling

-

sample flowrate. The valves are mountad on the vacuum pump, which is placed
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, gaugus; and connections seen on face of the cong
trol unit are described below:

Switches

There are five electrical swi:cles with the following functlons-

. Main power (with ‘pilot light asl 3~ampere, 15=-VAC circuit
- breaker)

. probe heater {with pilot light and l5-ampere, 1i5-VAC circuit
breaker) ‘

. Oven heater {(with pilot light and '5-ampere, .15-VAC circuit
breaker)

. Fan power

. Elapsed time indicator start-stop switch

The oven circulation fan is connected so that during heating, the
fan is in operatlon reqardless of the position of the fan control swltcn.
When the cven heater is "off," the fan may be turnec “on" with the oven Joor

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

Elapsed Time Indicater

An elapsed time lndlcator is used to determine when to move from one

traverse point to the next when performing Method 5 campling. It is also
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useful for SASS sampling to monitor impinger szolution change intervals, da:ta
logging intervals, and total sampling time. The indicator has a resolution
of 1/10 of a minute. The indicator ca be reset to zero, and started or stopped

with a pushbutton located near the indicator.

Qven and Proke 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 éet-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 reguired continual adjustment to keep them in calibration.
After several replacements, the test crew learned to use manual procedures to

bring the :émper;tures to the desired level (i.e., 400°F for the probe and oven)

,af;er which the controller would generally hold the temperature, although the

indicator might be as much as 100°F off the.proper setting. Also, 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 eight?point
selector switch. The selector switch permits monitoring the temperature at

each of the following ldcations:

. Stack
. Probe
. Oven

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

The temperature range is 0°F to 1500°F with an accuracy of z4°F.
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Gas Flow

The cumulative sample gas flow is measured by a Rockwell Model 415 gas
meter, a high accuracy meter us. 1 for testing. The measurement is displayed

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

Pressure Gauges

. Three Magnehelic pressure gauges can be .seen an tne ‘'ice of the centrol
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 differenti;l of the pitot tube used
for measuring staék velocity. One of the gages has a range from Olto 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 bhetween the éontrol unit, oven, and probe makes

 the connections with the control unit as follows:

* . Multipoint connector wita AC power leads to oven, fan, and probe

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

impinger thermocouples.

The separate 25-3Icot sample hose connects to the vacuum pumps. © The
exhaust hose of the pump is connected to the "inlet" fitting 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-discomnect fitting is provided at the sample “"exhaust" outlet

on the control unit.

2. Method 5 sampling, system (Joy Train)--The Method 5 sampling system is

a standard Joy Manufacturing Company unit shown schematically in 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 presented below.
CICLONE SET

In designing the cyclone set for the Joy train, XVB visited Southern
Research Institute (350RI), where under ZPA sponsorship they were develcoping a
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Figure 3-11. Cyclone 1.

3-20 . XVB 3806-783



Figure 3-12. Cyclone 2.
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Cyclone 3.

Figure 3-13.
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Pigure 3-16 A drawing of “he front wview of the cyclones and filter
holder assembled in the Joy oven.

Figure 3-17 A drawing of the'tcp view,

Figure 3-18 Drawing of Cyclone'l.

Figure 3-19 . Drawing of reverse exit tube for Cyclcne l;
Figure 3-20 brawing cf Cycleone 2.

Figqure 3-21 - Drawing of Cyclene 3.

Figure 3-22 Drawing of stainless steel ball and socket joints used
' to connect the cyclones to each other and to the probe.
Note that grcoves for "0O" rings have been cut in ball
joints to assure a positive seal when "0O" ring is in place.
The units were fabricated from 316 stainless steel with high guality
and precision. Subsequently, the SoRI tests wera saompleted, indizating that

the cut peoints would be as follows:

400°F D._ Cut Point (Ref 3I-10)
-

o,
Cyclone T 9.1 um
Cyclone Iz ‘ . 4.1 um
Cyclone III ' ' 1.3 ,m

Throughout the test'program the small cyclcues periormed perfecsly.
The ball joiats provided no sealing problems and are recommended highly for

future designs.

frer the initial trial runs with the small‘t:ain it was £ound that
the original filters on the Joy tra;n were becoming clogged wizhia 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 routine substantially, reducing the number

of filtef 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 intc two sections. The first section is a heated compa:tment contain-
ing provisions for a filter assembly and‘cyclones; the second section is‘a‘
compartment containing the impinger train. <Crenings in the cabinet and claﬁping
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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TN

-

0.398° Diameter Bore Through

N\~ 5/8" Diameter

1-1/4" Diamster

.l e 3-490 Diameter

3.600"

' 9/16™ Across
Wrench Flats

1/2° = 20 ONF

of Thread 60' deg. chamfer from Inner Bore

Finish exterior surfaces and
bore to 3 u-inch RMS
Threads and mating surfaces
to 32 u-inch RMS

Figure 3-139. Design sketch, reverse exit
: tuba for Cyclone l.
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Fiqure 3-23. Soy Manufacturing
Co. contrecl unit.

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

Pigure 3-25. Joy Manufacturing Co.
probe. o
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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 temperature probe, and a pitot tube. The
éamplinq tube 1s a lerigth of stainless steel tubing running through the center
of an exterior stainless steel tube and terminating in a stainless st2el joint
a short distance beyond the end of the stainless tube. The stainless steel
tubing is heated by a resistance element. Provision is made for usé of a

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

steel tubes attached to the assembly.
IMPINGERS

Four impingers are connected in series with glass ball joint fittings.
The first, tnird, and fourth impingers ars of the Greenpburg-3mith fasign,
modified by replacing the tip with a 1/2"VID glass tube extending =o 1,/2"
from the bottom of the flask. The second impinger is of the Greenburg—sﬁith

design with the standard tip.
METERING SYSTEM

A vacuum gauge, leak-free pump} thermometers capable of measuring
temperature to within 3°F, dry gas meter with 2% accuracy, and related eguip-
ment are provided to maintain the aporopriate sampling rate and toc determine

sample volume.
B. Sampling Procedures--.

This section will present the procedures that were employed at the test
site, inclﬁding prgparation, sampling, disassembly and sample recovefy. Ana-
lytical procedures that were employed to determine the quantity 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'cutlihed below illustrate the detailed preparations and pre-

cautions that were taken to insure gquality control.

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 selected 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 not the case. A pitot tube traverse

and temperature measurement was made in acé:o:dance.with the procedures outlined

in the Federal Register (Ref. 3-3). Data was recorded on the sheet illustrated

in E‘orni 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 "cut-

off" points, the sampling flow rate was adjusted to maintain 4.0 SCFM at

required 400°F cyclone oven temperature conditions. Isokinetic sampling

the

was

also desired and was achieved %o the degree possible by selecting the proper

orobe nozzle diameter. Isokinetic sampling is a condition where the velocity.

Vr ., of the sample through the noczzle 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:
- 1
T T ATt R
4 12
o v e I
n $H,0 T P
- ——l .
(1 ,100) ‘ m s
for the isokinetic sampling the stack velocity equals the nozzle velocity:
v =V, ' ' ' '
; = 8n___ 1
subgtxtute the VS - 7 (__':1_)2 50
value from the 4 12
above equations . : T P
o, 2 = ==
-l
Vs = (1 1090 ) Tm 6 Ps
T 42 /
. ‘ 4 '12
and solve for the nozzle diameter, d.
% T a1 Equation definitions
4= 24 *H20 ) 5 ) T appear on following
‘ (1 - =) m .8
100 page.

* pAll puoepared data sheets used in these tests are presented in Section 3.4
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a stack temperature, °R

= dry gas moter tamperature, °R =2
: Nozzle

= stack velocity, ft/sec.

o3
d° 5 08"
0

velocity at nozzle, ft/sec 4
= gas flow rate at meter, ftB/min 1
3 : Stack
Qn = gas flow rate at nozzle, £t /min Velocity
d = diameter of nozzle, in. _4 'F,d VS
P = meter pressure, psia
PS = stack psessurs, psia
% H20 = stack gas watcr content - ‘ Velocity through

neczzle, V
n

The sampling flow rate Q was maintained at 4.0 SCFM for the SASS and 1.0 SCrM
for the Joy to preserve the cyclone zut-off points. The nozzle was chosen to
have the closest diameter to the calculated diameter. 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 stack traverse, the nomogram illustrated in Figure 3-36 was
used to select the proger nozzle diameter and for the tequiréd sampling rate.
If stack conditions were encoﬁnte:ed that were not covered by fhe nomogrém, the

akbove equations were used.

'3. Preparation of the sampling trains--

"a. Cleaning--Prior to sampling, all sampling traip components and
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 Ta2flon or glaés wash bottles. After each part was washed

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

Any solié 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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After cleaning, the syclone assemblies were assembled and capped off.

The other sections of the train, including the probe, filter housing, impinger

trains, and interconnecting hoses, were capped off.

b. Filter 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, then immediately transfered to a desicca-

tor to cool.

The filters were weighed once and then a sacond 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.

2. Imcinger solutions--The Solicwing sclutions and procedures were used

for impinger sample bottles:

SASS Joy
Iapinger . Reagent Quantity . Fuantity
. #1 H,0 400 ml 100
22 320 480 nl 100
#3 empty L m——— . | m—
34 (53504)' 750 g - 200 g

*5-mesh, color-indizating Drierit

It was scmetimes necessary to replace the Drierite several tixes
during a test run. A marksd decrease in Impinger 34 outiet temverature {nois-
ture apsorption by Dtie:;:é produces neat) was £found ©5 indicate Drierite
depletion when the Drierite cclor change was difficult to detect.

The spent Drierite was not kept for analysis.  However, che weljht 3

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

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

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

place. Care was taken when removing caps for correction of component so as tco
maxe 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 CEM at 20"Hg pump sucticn. The proper nozzle selacted

3-39 KVB 5806-783




o . § it

on the basis of the Lsox netic requirements above was assembled and the sampl:ing

train was then ready for use.

The cyclone oven and probe were preheated to 400°F before sampling was

started. This was required to prevent the condensation of acisture is the cy-
clone that may interfare with sample collectlion.

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

fasnion as emploved for EZPA Metaed 3. The nozzle/probe assembly was 1nsertad
into the stack in the proper orientation to the initial samn ing locatizcn in

the £low stream.

The sampling run was initiated by turning on the vacuum pump ani ad-

justing the intake valve to achisve the proper Ilow rate. pariodiz checks and ;
ad-ustmenz of flow razes and temperatures wer2 made Jduring the course I the
samcling run. Cata was reccried at perasdic intervals on the 2ata sne2=t 5h0Wn

It was often necessary %o change Ifilters when sampling 2£fluents with
nigh fine particulate lsadings in order o obtain sufficient saxzple volume.
This was gen«r~illv evidenced by a gralual increase in sam;le punr vacuum reguired
“o maintait samgle flow. I thils event, :hé train was shut down and a new
Silrer assembly containing a clean filter was inscalled.

A Total sample volume cof bezween 500 and 13CC cubiz feet was zollacted.
When sufficient volume nad beén collected, _uE gump was turned oI, the prope
assembly removed frcm the stack, ana the cyclone oven openad to expedits zooling.
The nozzle prose and filter holdier were disconnected and capped off. These
izems, along with =he impingers with lizuids, wers transported to the laboratorv

for sample recovery.

6. 3Sample recgverv--The procedure for transferring samples from the

warious portions of the :-ASS . in into storage containers is - cuzlined in

the flow diagram given in Tigure 3-27.

Table 3-1 lists thne samples to pe recoverad £rom the SASS train and
the racommended Iontalners used for sample storage and siul In scme
cases, more than one con+tainer was reguired. All contawners cleaned

orior to use according te the procei4:e used for cleaning the train as

described above.

3-40 KVB 5806-783




CHL~a00G SIAN

soonte s reyrh o oyt

wya s ooy Inyruey _ .y

por CAppaanse nn namnoy

- T EL LA LES I ST AR bl
1pynn panTnAd Rty 1g doag

1

ramnynAs 3o sUOTIaNA JIRROL
by do1 asurr pue dol aungohn
Airpunase

dnn auninds Insuuoday  1e dmig

‘BTPIA

ae~1h ot g1UsIU0D Mo

1o)rungy pue ‘o aaowmy

‘o 3omnt

0147 EPITOS RATIP 01 BuOLNAD Wil
dey Apsnn1obTpA  c¥ayutr eucinid
wl ¢ pue apIne auonia migy

730 dra pur Ayqeanse aunynid w1y
auno1oks wxigl ¥IDUONKIR 1L dayg

‘pAUTAUON Al PIOMIE RADIPD BUOTNAD
wrl ¢ pur wil Oy ey IR sny3ronds

I (2an ‘3susey countoko el oY ot

Yita pautmuns B Yo1ed p1IZOU/BqN A
arigy Agtomds you soop [ IPART VA3 »

I ERRE ]
w0l sprioa aee(o 0y Kpmiaser
suntaka der Argerag 1z daig

‘eprse hursnny
12111) 1°m pue ‘3atino punynho
w1 pue 1atur butsnoy xey1y
310 dea ' K{masse suolnho wni1g
puyenny 1ai(1y eacamy 11 daag

auntolin migy

T raltyeIton

SUA ATZZOU OJUT PEUTH

3-41

aquta anosd o1 ppv

- Epyyom u..:—uﬁu

< ghiyreiIon keeth apane oMY
triinyra palspe BRIy

1 doig.

aqo3d

HALTLA ' SANOTOAD ‘adodd

. wii 01 ©) PPV

——ANAAODAN A'1AWVS NIVHL SSYS

‘L7-€ ainbig

‘mteya_mae(h pniel
0141 rprioe sxooy dea pue sqoad
wolz 9yzZOU 10AUNOIATG 1T drig

A

‘erzZON

pIuT way BAatip pue shutiity
wn3y SP1{OS AROOL IPALD 03 Arrno
—106tA dpl pun (uMop MIs 8l1zzOoH)
Ap1rotrana enoxd prop dmg

airroN eqosd




fRL-9085 HAN

rAseREn00u FY
paesn 9q oB{v Avw spysniq d{I1571q
UoJAN  ce{auung saprod pue seinaeds
13438 BYATVIC1I® JO ABN A} Aq

pais ase 969 Avw spi(os JO IajRuUvIL g

- .a.....ao:_
YIFM SIBUTTIUGD PLIPY ([P BIpUP. 'Y

: TRASULE (W
30) 183em DALL1ISYP BEN Y

WAL ' SANOIDAD ' daoud
-=RTAODTY A'TANYS NIWVIL ADC ONY SSVS

; {rjuno)  z-r oanbra

rauteyien gre(h 1aquo oy
(poyse Iy hutqny Jooutas o
Hrugpniong) hugsnoy ajepnayyred
10 RaA[OY 3o asuty 1z doag

sann1eIuce ausbieu
paIvy ¢ o1ufl sIURIUOD

1agsueiy pur (Nd 1000UODIS V(]

T(INI{1J UITA IPRAO TEAOD usyl |MIv
ustp 111ad Jo woyjoq ojuy spp1os dey
'aR1f1y AqY 3O efpa 31T CAt 1)
ystp y1319d. ayy ojuy peaddey eq Avw
buysno aayy1) e1 03U~ paimjpe
fpjlos arqeioexdde Auy  “ysgp
y1y3d sserh unt GY parvy peiasod
¥ up {umop Bpps BlvInaTIaIvd)
133171) ooev|d puv siazenmny 1AD1EB
ssatuiels v hupan 183y oaowna
hupsnoy a1ty do uvedo 17 deig

a,: 1RNOY
103714

tapurelos enelh 1egue oluy dno
byl pUY mm{1l REUTE pue BUOTNAD jJO
suojiaod aedin 3oevucortg 1z doag

suotokp wiy

‘D aRMOT 03UT SPTTOR RATIR O)

| 1auyeanon gRe b racue ouy

fdno jo BIUAIUOI IRjRUETY

pne fApcuasae dna saowny

suotoAs dey Arsnorchipa  tf deas

cAprmasse Jdnd oju) UoyIDRA

‘1e1a ssprih pare)y v -oOjuy
{nn jJo sjuajuon u.::n_m..,

puv ‘Ayrpuaree dno paoway

183una sio(oko esury 1y deag

B - *auosAo Jo
guUOi13A8 1AmCT 011 sudiodd jJo
tto111nd doy esuya puw voyiaod

Joy ello]2A3 eacwmel ‘ATQRORRY
dnn euoynAs 3nenuooery  if deag

3-42

*dno 10M01 OJUT BPITOB BATIP
09 suorakowi¢ dey Aranoaohita
s1epuy puniods wil{ pue 3e13nO

auo1nAo wilg jjo deo pue iy woi)
pun{oAn wt [ 3ndunosayg 17 da3sg

vuoyoip wrig

butIg
buyisaund sIOT0AD Wil - wilg
war} gppron 1ea(o 03 Ajcuansy
suoynAn dey Argetig 1 deas




T

TABLE 3-1. SAMPLE STORAGE/SHIPPING CONTAINERS

"Train Component

Sample Tvpe

Container Reg

Procbe and nozzle

10K cyclone

3u cyclone

lu cvclone

Filter nelder and
filter

Impinger #1
Impinger #2'

Impinger #3

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

250 ml amber

. Tared 4 dram

250 ml amber

Tared 4 dram

250 ml amber

Tared 4 dran

250 ml amber

Tared 150 mm

vial

‘glass

vial

glass

vial

glass

glass

petri dish

Ada to imping
1 liter LPE

L‘iite: LPE

1 liter LPE

er

*all glass containers must have Teflon cap
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7. sSample processing and analysis--

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 Cenzer for
su;faté,_nitrate, and carbon analysis. Ehe procedures for these analyses arxe

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 bhalance.

This weight was included in each of the cyclone's solid‘weight catches.

5. Filter--The filter was‘tfansfer:ed to a getxi dish, desiccatzd,
for one hour, and weighed; The filter and particulate were sent to aArmament
Systems for predominant elemental compositioh analysis, then to 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 watex in each impinger was measured.

The watef from the first three impingers was combined along with the water
rinse from these impingers. 'The ccmbined solution was extracted five times
with 25 ml portiops of reagent grade methyl chloroform for each 500 ml of
soluf:ion to determine the organic content of the Impinger catch. The me;t'nyl
chloroform was transferred to a tared vial and evaporated at room temperature
in a dry air stream. This sample was desiccated for one hour and weighed.
This weight was the organics content of the impinger catcnh and was inciuded,

in the welght of the impinger catch.

The water rsmaining from the above extraction was transferred to a
tared beaker, evaporated to dryness, desiccated for one hour, and weighed.
This sample was sent. to Armament Systems . for predominant elemental compeosi-

]

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

and nitrate analysis.
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