
..; 

r U.S. DEPARTMENT Of' COMMERCE 
National Techni::al lnfonr--tion Service 

Fine Particl-e Emissions from Stationary 

and Miscellaneous Sources in the 

South Coast Air Basin~ Final Report 

KVB, Inc, Tustin, CA 

Pupare-J-for 

Cal ifornia State Air Resour.:r:;; aoard, Sacramento 

I Feb 79 



~.r 
·:[. 
~-J: 
:..: -

. •. ,.. .. ... ., ... .. '" ••••• ••- • • • M•• • • • 

;...,,.,~ ... - ...... ,.;..,-,;a .. ~.~---~-.,_ ' -" '• -· ~· ···--- ··-- - --·-- --· - -· . 

PB 293923 

FINE PARTICLE EMISSIONS FROM 
STATIONARY AND MISCELLANEOUS SOURCES 

IN THE SOUTH COAs·, AIR BASIN 
FINAL REPORT 

PREPARED BY! 

H.J. TABACK 
A .• R. BRIENZA 

J, MACKO 
N. BRUNETZ 

KVB., INC. 

A R£f'IOl)llCm BT 
NATIONAL TECHNICAL 

KVB 5806-783 

17332 IRVINE BLVD .•. INFORMATION SERVICE D • (714) 832-9020 
HOUSTON, TX (713) 710 ... 31&• MIN u.s.DEPArTM(l(TOIFCOllllncf ""••---•-•• - -··• •-- -· - . 

https://rrM�JJi~/~lt)11,\Jr.i1


( 

. . ------

ABSTAACT 

An investigation of fine particul.ate emissions fi;:om stationary and 

miscellaneou~ sources in the greater Los A.~geles area was conducted. The 

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

aeroso.l (h~e) and to develop a basis from wh..i~h to plan control !;tra tegy. 

The program results included extel'sive field test data, an i nvent.cry of total 

,;uspended particulate (TSP) emissions, a compre;,ensive -profi .~e on these 

emissions (i.e., by size distribution and chemicai composition) and recotmnen­

dations · of alternative methods of emission control. The partic·.Jlate 

inventory was delivered to the ARB in the form of . coq,uter prir1t-outs and 

magnetic tapes. The emission profiles developed on the progra·ll were 

presen~ed as an appendix to this report. These profiles divide the TSP 

emissions by weight percent into four categories, >lOµm, 3-10,.llD, l-3J.!Ill, and 

<ll,Un. 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 carri0n c~ntent (by 

carbon analyzer) in t-.he forms of volatile, carbonate, and t•:>tal carbon. 
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l.l INTRODUCTION 

SECTtoN l.O 

OVERVIEW 

Ir. order to characterize air quality in the California South Coast 

Air Basin ,SCAB) and to provide information on which to b~e control strategy 

decisions, the ARS has sponsored a series of programs to inventorJ emissions 

from stationary sources and investigate the systems in place for their c~ntrol. 

The NOx, SOX and VO:" programs have already been co!llpleted and . the pre!:ent 

program documents t.""le .work perfonx:ed to provict.•. the same information for fine 

particulates. 

Air-s1.1spended matter having particle diameters of less than 101-!m is 

defined as fine particulates. Emitted from stationary sources, -fine particu­

lates contribute to the ambient aerosol, causing ~aze or reduced visibility, 

and com:titut.e a human health hazard. Because of their visibility I some of 

the earliest efforts to control air pollution were directe:i at particulate 

emi.ssi~ns. As a re_sult, the mass flow of particle •emissions has been reduced 

by 95\ or. 111:>re from what preuiled under previously unccntrolled conditions. 

Because of the classifying nature of tile control processes applied, however,·· 

th'e remaining particulate emissions are in the fine particle range. This 

material tends to remain suspended in t.""le ambient air and, coqiared wi t.'1 coarser 

particle ranges, constitutes the greatest health hazard. 

Fennelly (Ref. 1-1) indicates that for veey fine (<lµm) particles that 

enter the pulmonary system, more than 30, will remain there. In considering 

a line pa_-ticulate standard recently, the o.s. EPA decided that particles 

·<15\Jm are in the respirable range. In ccmbustion sources, KVB (Ref. 1~2) and 

others (Ref. l-3) have found t.'lat th~ smaller particles often have higher 

concentrations of toxic metal3 than do larger particles. This effect is .1ue 

* ' Volatile Or.ganic Compounds 
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to selective condensatior. in the cooling gas. Friedlander (Ref. 1-4) identifi€:d 

fuel-oil fly ash as a significant constituent in the ambier:t aero::.ol of the 

Basin. 

Particles having diameters of O. 3 to 1. Ollm are considered to be J?Ost 

effective in light scattering and. therefore, haze production. This is because 

this size ra.-,.ge corresponds to t.'le wavelength range of visible light. Thus, 

while emissions of (coar!Serl particulates in the Basin have been · greatly 

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

~y stationary sources contribute significantly to reduced visibility and 

increased health hazards. In view of these considerations, a study of the 

persistent fine fraction of particulate emissions was considered justified. 

A contract was accordingly a;,.,ar::!ed by the ARB, resul~ing _in t.'le work descril:,ed 

here. 

'!he objectivr:?S of this program wei:e to: 

a. Characterize the emissions of fine particulates from stati9nary 
sources in the South Coast Air Basin and Ventura ~aunty in terms of: 

icentification and location of point and area sources 

individual source annual emission rates 

seasonal and temporal operational variations 

particle size distributions 

predominant chemical c~mpnsitions 

b. Report t.'le u,ove data (excluding chemical compositions) in the EPA' s 
Ea:ission Sub-system format on IBM••compatible magnetic tape. 

c. Gene=ate the following computer prin t-ou"CS er typed reports: 

Application Category Report 

Geographic Location Listing (10 kn grid) 

Emission profile listing by sec Code 

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

e. Assess the cost effectiveness of potential met.hods of reducing 
the emissions identified. 

KVB 5806-7!;33 
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l. 2 S JMl>iARY AND CONCLGSIONS 

In-order to accomplish the above objectives, the first steps ur.der­

taken were; to prepare a preli'lri.nary inventory of· total suspended particulates 

(TSP} without consideration of particle size or composition; to identify the 

major emission sources; . and to determine the distribution of emissions among 

tne various ~ource types. 

On the basis of this preliminary inventory, a field test program was 

. next conducted to characterize e:cussions from the sou=es select:..d, emphasizing 

those so\llce types; producing the greater amounts of emissions. Seventy-eight 

particulate sampling runs were t.11en made, 40 using t!le EPA Source Assessment 

Sampling System (SASS} and 37 employing a modified EPA Method 5 train. L.1. each 

n:n particles were collected L~ ~11ree cyclones with particle size cuts of 10, 

3 and 1 µ.m followed by a backup filter and. wate.c impinger. Whenever catches 

in excess of lOO milligrams were acquired, they were analyzed for chemical 

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

Source Type· 

Utility Boiler 

Industrial Boiler 

IC Engine 

Hog Fuel (Wooechip) Boiler 

Gypsl.llD Plant 

Brick Plant 

Cement Plant 

Glass Furnace 

Fi!:l@~glass Plant 

Asphalt Roofing Plant 

Asphalt Pa·,.ing Plant 

Rice Dryer 

Ca:rob Plant 

Heat Treating Prc~ess 

Sand Blasting Process 

1-3 

' No. oi. RQ,S 

18 

10 

3 

l 

1 

2 

2 

6 

2 

.... 

2 

2 

2 

2 

2 
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Open Hearth Plant 

Spray Booth 

Boric Acid Plant 

Fertilizer Plant 

Wood Processing 

Process Heater 

Fl1idizecl Bed Catai.ytic Cracking {FCC Unit) 

2 

4 

2 

2· 

5 

l 

l 

In preparing for the field test program a conmiercial SAS$ unit withou-c 

the standard organic module was acquired along with a commercial Method 5 unit. 

With thP. assistance of ':he Southern Research Institute a set of three cyclones 

having the same cut sizes as -c:he SASS train were designed and fabricated for the 

Method Strain. Subsequently, both the SASS and the Method S cyclone sets were 

calibrated at 400 °Fusing sperical aluminum'powder . . At flow races of 4 and 

l SCF!'l, respectively., the results were as f~llows~ 

Nominal cu~ SASS Method 5 
Size, 11m .9.s~ .9.s~a.. 

10 9.2 8.3 (9.l) t 
3 J .a· 1.9 (4.1) -~ 

l l.3 0.6 (l.2)§ 

•o59 is the aerodynamic diameter at wh.icr,. SO\ of the particles 
woul~ be retained. in the cyclone and SO\ would pass through. 

•;"The numbsrs in parenthesis are t.."l.e. 05:)' s obtained by Southern 
Research on identical cyclones 11Sing a vibrating orifice aerosol 
generator calibration technique (See Section 3.2.l). 

§The v~lue of (l.2) shown was not measured directly by Southern 
Research but was derived frcm measurements at a lower temperature. 

Particle size dist:ributior.a were caiculated for each particulate 

sampling run. Chemical analy~.i.s of the particulate catches consisted of x-ra~ 

fluorescence analysis for elemental composition, wet chemistry for nitrate and 

sulfate content, and ca·rbon analysis for volatile, carbonate, and total carbon 

values. 

Fron: these data--pl:is data foW'l.d in the liter,iture-emission profiles 

were prepared for 81 of the. 13S Source Classification Codes which are found 

in the 'Basin. The profiles di, ide the TSP emissions by weight percent into 
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four categories: >lOum, 3-10~, 1-Jµm and <lµm. The x.-qp analysis, sulfates, 

nitrate and carbon cvmposition are listed in weight pe=ent for each siz:: 

category. 

The next step in the program was t.o generate a final inventory. The 

Aro3 provided El:lission Infor:naticn Subsyste~ (EIS} data files for the .Sout"l 

Coast Air Quality Management District (SCAQMD) , whic.'1. includes Los Ange.Les, 

Orange, Riverside, and San Bernardino Counties, and the Ventura Air Pollution 

Control Di!'itri.:t (VAPCD), along with a breakdown of human population data fc= 

the Basin on a l Km grid map. The EIS data were the basis for the KVB final 

inventory. The emission factors in the EIS files ....-ere reviewed by KVB and ' 

adjusted where necessary by applying correction factors determined f:coni data 

obtained in tests of specific sources er from data for a group of sources 

identified wit.'l a certain Source Classification Code (SCC) m.ur..ber. ':'he 

emission profiles were keyed to the specific sou=es. Additionally, source 

types not contained in the EIS files, primarily area sources, were added to 

the data base. 

The final invento,:y was delivered to -th~ A.RB U..'lde.r separate cover as 

computer print-outs and magnetic tape files. The primary elements delive'red 

are as follo1,;s: 

a ~o~al suspended particulates report with 10 km-grid mapping 

a total Si.l.Spended particulates report by A.RB application c-2.tegor1 

a plant index 

an ecission profile listing (Appendix A of final report) 

an sec report 

a point source emission file in EIS format (tape) 

an area source file (tape) 

an ·sec report file ( tape'! 

~e inventory, which has the tine frame of 1975-:..976, shows total 

suspended particulate E:missions of 510 tons/day. Of this, 385 tons/day 

derived from miscellaneous area sources, such as fugitive dust (290 tons/day) 

sea salt (55 _tons/day), autoIIOtive tires ·and brakes (30 tons/day), and various 

fo.rms of open buzning (12 tons/day) . Of the 125 tons/day emitted by point 
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sources, 28 percent r.ame from minera]. sources, n~tably one sand and gravel and 

one brick w-nufacturing plant (both in Ventura County). Utility boilers accounted 

for 27\ o! the point source Pmission, while the entire category of "Combustion 

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

Q,mr 90\ of the total emissions (point and area source) have a particle 

size of less than ten µm. This assessment was based on an analysis of avaiiable 

emission profiles for the various appl~cation categories • . It shculd be pointed 

out, however, that the major categor{ , "Miscellaneous Area Sources, .. here includes 

only particulate contributions of l0µm and smaller. A summary of the overall 

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

Application Category 

Petrolei.:m 
Solvent use 
Chemical 
Metallurgical 
Mineral 
Combustion oz fuel , 
Food and agriculture 

. . Wood processing 
Waste burni:i.g 
Mi~c. in.lust.rial 
Misc. area sources 

Total 

· TSP 
Tons/Day 

2.l 
3.2 
l.5 

11.5 
35 
38 
30 
0.4 
l.6 
l.2 

385 

510 

· l:1 ine Particle (,101,.lm) 
Tons/Day 

l.2 
2.l 
1.4 

10.4 
6.8 

35 
24 
0.2 
l.l 
0.5 

385 

468 

From these totals, i-c can be seen that 66\ o.f the particulates emitted from 

point sources in the Basin were in the fine (<l0µr.) particle size range. 

Table 1-1 summarizes the TSP particulate emissions of !::oth point and 

area sources by application category. As given, area. sources account for 

80\ of the TSP. In ,this connection, it should be pointed out that the 

Table 1-1 a-ata and that tabulated just above do not reflect fugitive dust 

emissions attributable to "paved road travel." This :najor ciassification com­

prises materials released from roadbeds~ including deposited dusts but not 

automotive exhaust particulates or matter released from tires or brakes. 

Paved road travel emissions and the rationale for their omission in these 

totals are explained in Section 2.3.3. 

KVB 5806-783 
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TABLE 1-l. EIS/KVB TSP PARTICULATE EMISSIC•l INVENTORIES 
Tons/Year 

1975-76 E:IS / KVB rile 
No. Poi.lit 

Applicaeioo C&tagory Souxees Point SOU%Ces Ar., .. · Souz:cesj. Total 

Petroleua 750 750 

Prodlx:tiai 34 50 0 so 
Ra!i.ning 25 600 0 600 

Markeei.aq 8 l00 0 100 

Organic,; Solvent Use U60 1160 

Sudace coai:.inq S46 USO 5 llSC 

Oeqi:easicg s 10 0 l') 

Qtiia,r 4 5 0 j 

Chei:ucal. 157 · 540 0 540 . 
!tet:allui:9:ical 547 4200 0 4200 

ltinenl. 480 12600 0 12600 

was~ Su.rn;!::!S . 48 75 500 600 

Combustion of! FUel 13900 . 13900 

01:ility boilers 187 9100 0 9100 

IndliatriaJ. devices 1084 2700 0 2700 . 
ca-=iU/institut' l 199 600 0 600 

Peuc:il- 316 1500 0 1500 

Wood Processi !!S_ 25 130' 0 130 

P00d Uld ~ricultu.ca 163 460 11000 . llOOO 

Miscall. Indust.rial 72 440 10 450 

OnclassHied (Mi3C. Ai:ea) 0 ·o 140,500 H0,500 

Pug;l;tiva diat 1os.oqo, 
105 .ooo I 

Forest~ strUCtural f!ixa• 4,500 4,500 

Ti.res ¥4 brakes 11.000 11,000 

Sea salt 20,000 20,000 
3900 

So=-
'l'ota.l, Tona/Yea.r, 34000 152.000 (85,830 
(Tota.l) , 'l'ons/Day (93) (416) (510) 
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Table l-2 is a detailed breakdown, with estimated accuracies, of the 

miscellaneous area sources by county in the SCAB. These estimates involve 

an ,overall uncertainty of +65, 000 tons/year ( 180 tons/day) and -3~ ,000 tons/ 

year (-99 tons/day). Unlike the previous two tables, paved road travel 

emissions are included in Table 1-2. 

Figure 1-1 f'.:Illishes a spatial distri~ution of point and area TSP 

sources :Cased on a 10-klll ;•rid map of the SCAB. Each grid element sho-ws t."le 

da~ly emission rate, whi.le Table 1-3 itemizes those grid elements with 

TSP emission rates greater than S tons/day . 

Finally, ari investigation of control techniques was made, Control 

techniques reviewed in the re,;,ort include: 

::-techanical collectors (cyclones , settling chambers, etc.) 

Wet scrubbers 

Electrostatic precipitators 

Fabric filters (baghouses) 

Cost data for control systems were 01:t:.ained from Research-Cottrell and are 

presented. These data pres~nt installed cost as a function of: mean particle 

size: volumetric flow rate: and particula.te loading. 

This report consists of five sections, ~he present discussion 

comprising Section 1.0. Section 2.0 deals with the emission inventory; it 

describes the data sources · and presents the detailed dat·a used i{l. the invenwry 

compilations. Various sm:imary tables and plots are also presented. Section 

3.0 presents the sampling and .analysis methodology as well as an assessment cf 

the data quality. Section 4.0 is a detailed discussion of results obtained 

from each of the tests conducted. Finally, Section s.n is a treatment of 

control techniques and their assc:iated costs of application. 

· l. 3 RECOMMENDATIONS FOR FURl'HER RESEARCH 

On t.'1is program, a maximum effort has been !!lade to perfoil!l as many 

tests as pos~ible within budgetary constraints. There are I:lanY additional 

sources that could not be tested due to lack of ti.me or the availability of 
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f TABLE i-2, ES'l'IMATED 1976 MlliA SOURCE FINE PARTICLE EMISSIONS SUMMARY(a) 

South Coast Air Basin Counties 
(b) 

Road, Building Con-
struction 

Agricultural Tilling 
Refuse Dispo~al Site~ 
Livestock Feedlots 
Unpaved Road Travel 
Paved Road Travel (d) 

Fugitive Dust--Subtatal 

Forest Fires 
Structural Fires (e) ·· 
Fireplaces 

~( Rt'sidential Natural Gas 
ID Cigarettes 

Agricultural Burning 

Combustion--Subtotal 

Tire Attriti_on 
Brake Lining Attrition -_ 

Automotive--Subtotal 

Sea Salt--

Grand Total 

OrMge 

ll,000 
1,300 

60 
150 

2,000 
33,COO 

120 
40 
10 
20 

130 
20 

4,000 

Los 
Anqelea 

24,000 
1,200 

200 
l 

14,000 
140,000 

700 
160 
280 

90 
520 

50 

5,700 
2,100 

-6,700 

Rive1:-
side 

7,100 
l, 100 

20 
150 

2,000 
7,600 

600 
10 
30 
_5 

30 
30 

320 
120 

a) Emission estimates ate based on particles S 10 µm 
b) Includes only that portion of Cowity within SCAB 
c) Rounded to thrne significant figures 

San 
liernardino . 

11,000 
800 

20 
950 

1,800 
12,000 

430 
15 
60 
10 
50 

490 
180 

Ventura 

6,·400 
l,100 

20 
. 5 

. 2,600 
8,800 

530 
10 
20 
10 
30 

400 

370 
140 

3,500 

d) A large (but uriknown) percentage of the 200,000 tons/year is assignable 

Santa 
Darbara 

I 

1,000 
40 

6 
5 

230 
),100 

50 
5 

10 
5 

10 
10 

130 
50 

5,800 

to other arna source categories only some of which were studied on ;:his program. 
For this reason (see Stiction 2.3.3 A-6) it was not included in the final 
inventory count as in,Ucated in '!'able 2··18. 

e) IncluJes property, content~ and vehicle loss. 

Percent 
(c) of 

Emisaions Grand 
Tons/yr 1 Total 

11,000 20.9 
9,500 2.8 

300 <0,1 
l, 300 0.4 

2.3,000 6.8 
200,ooo(a) se a 

305,000 89.7 

2,400 0.1 
200 <O.l 
500 0,1 
100 <0.1 
800 0.2 

- 500 0.1 

4,500 1.3 

El , 400-----c---= 2 . 5 
3,100 

11,000 

20,000 

340,000 

0.9 

3.2 

5.9 

100\ 
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Estimated 
Percent 

Accuracy 

+50,-20 
+25 
±_25,-20 
+50 
+40 
+50 

+50,-20 
+100,-20 
+100,-10 
+25 
+20,-50 
+25 

+50,-20 
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lower left corner, e.g., coordinates 
320-3800 are for hatched grid 
(19.1 tons/day) 

Figure 1-l. Spatial distribution of point and area source 
TSP emissions (numbers oo grid indicate eroissions 
in tons/day). 
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UTM Coor. 
E/W N/S 

28.0 3790 
300 3770 
320 3800 
360 3750 
370 3740 
380 3740 
380 3730 
390 3730 
450 3770 

/ 

TABLE 1-3. GRlu-ZONES HAVING ESTIMATED 
EMISSION RATES IN' EXCESS OP 5 TONS/DAY . 

Principal 
Nearest City Emissions (Ton/Day} Source Type 

w. Ventura 10.8 Ceramic I11cIDu!actuxing 
Pt. Mugu 7.4 Elect. gen. & area. 
Fillmore 19~1 Sand and gravel . 
IA Airport 5.3 Area 
Torrance 9.4 Elect. gen. & area .. 
Paramount 6.4 280 Pt. sources & area 
LA Harbor 5.9 250 Pt. sources & area 
Long Beach ll~5 Elect. gen. & ·area 
Fontana U.l St~l manufacturing 

sources 
sources 
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the test. unit. As. mentioned earlier, only 70% of tr.e SCC's found in the 

Basin had emission profiles developed for them.· In most cases a source 

type has had to be characterized by the emission from only a single plant 

tested. 

To give a greater universality to the emission profilds developed in 

this program and tQ develop additional new profiles, it is recommended that 

further testing .be considered. Particulate testing with the full charac­

terizations achieved .on thi.s program is expensive, particularly if COIIIJ?ared 

to' any other type .of pollution testing. The trains used in this program 

performed adequately, but it is crue!!tionable if this would have been true had 

1DOre ·economical approaches been applied. Th~refore, to insure that these 

presently developed data are to be :neaningiully used with any future new 

data t.~at are generated, it is recommended that the same general procedures 

95ed on this prog:am be employed in any subseq-.ient efforts. 
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2. l DATA SOtmCES 

SECTION 2.0 

INVEN'l'ORY 

The data used in this pa..--ticula.te emission inventory were obtained 

from the following sources: 

l. Various government agency files 

2. Field testing 

3. Literature 

4. Engineering analyses 

S. Personal, contacts with governmer,t and industry pe,rsonnel. 

The final inventory was compiled _using the South Coast AQMD and Ventura 

County APCI) EIS* (Ref. 2-1) .. ~ta bases for the major point sources, and a KVB­

developed area source file. 'l'he EIS files were checke~ for completeness .and 

emission data credibility. Adjustments in emission factors were made as · 

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

studies 'performed during the progr.am. The folla..ring key data were contained 

.in the EIS data base: 

/ 

1. Plant name, address, ID No., etc. 

2. Standard Industrial Code (SIC) 

3. Source Classification Codes (SCC) 

4. .C'l'M Coordina.t:es 

5. Stack height 

6. Pollutant identification 

7. Emission factor 

a~ Throughput rates 

9. Estimated emissions 

10. Seasonal variations 

ll. Operating period {hr/day, day/week, week/yr) 

*Emission Inventory Subsystem/Permit and Reqistration 
2-1 

I 

/ 

lCVB 5806-783 
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Field test data were used to fo.rmulate emission profiles and to 

develop emission factors for new sources or. check those factors on sources 

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

Other sources of information included personal contacts with various 

industxy associations and government agencies (especially the ARB, EPA Office 

of Air Quality Planning and Standards in Durham~ EPA Region 9, local air pcri­

lution districts, and the Southern California Association of Governments (SCAG). 

The data received from these sources were used to derive additional emission 

profiles in a fo:cn compatible with the inventory fonat. 

Frt?m ~u:ramaries of the EIS files, a breakdown of total particulate emis­

sions into industrial source categories (referred to hereafter as ARB Application 

Categori~s) for ea~h country was cabulated as shown in =igure 2-1. A s=ary of 

emissions by application categories far the entire SCAB is given in Figure 2-2a. 

The fraction of the total particulate emissions from each county is given in 

Figure 2-2b. =ram these breakdowns of emissions into application categories, 

the Phase II field test program was deve::i.opec.. The dis1:.r:ibution of the field 

tests among the various application categories is shown in F:.gure 2-2c. 

2.2 DATA MANAGEMENT 

~. 
The data to be p;-ocessed as part of the final particulate e:nissicn 

inventory included: 

l. EIS data for major and minor point sources of SCAQMD 

2. EIS data for !ll.J.jor and nu.nor sources of Ventura Cou.-i.ty 

3. Additional area data far sources such as forest fires, 
fugitive dust, tire attrition, and agricultural bu.ming 

4. Emission profile number vs sec number 

5. Population dist=ibution by one kilometer, grid 

6. Emission !actor adjustments to EIS data 

The·available EIS data processing software was incorporated for pro­

cessing the EIS data. In t.11.is' system, individual. sources could be modified, 

2-2 ICVB 5806-783 
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ORANG£ COlti'l'Y 

o - o.n 
c - o.e, 

RIVEMSIDK ~ 

r -

SAIi B£11NAIU>1NO COUNTY 

VENTURA COIMTY 

A - l.l\ 

lO. !i\ 

LOS AHG£U:S COUNTY -

l - 0.91 

A - Other• (Source• le•• than 10 T~rl 
a - ruel Coabuation/llectric 

G,meution 
C ttineul 
o - iit,tallurgical 
£ - Point Source Evaporation 
F - Metal FAbrication 
G - Fuel COllbuation/lndua,rial 
H - Electric C.neration 
I - Food, A9ricultur• 
J - Cheaical 
K - Petrohua 

Figure 2-1, Breakdown of particulate . point sources into ARB application category 
for .each county in the SCAB. 
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SCAB POINT SOURCE EMISSIONS 

I:: - l. 7\ 

COUN'l'l t:!i IN SCAU 'fES'I'S PERFORMEO (Total 4 0 

Ul 
m 
0 
(J'\ 
I ..... 

(XI 
w 

F - O. 8\ 
a. 

A - Others (Sources less than 10 T/yr) 
B Fuel (.:ombustion/Electrk Ge11er.ition 
C Mineral 
D - Metallurgtcal 
E - Point Source Evapoaration 
F Metal Fabrication 
G - f'uel Combustion/Industrial 
II - Elect.:- ic Generation 
I Food & ~gricultur~ 
J - Chemical 
K - Petrolcu1a 

b. 

Angeles . 

57\ 

Figure 2-2. a. composite of point source emissions into source classification for SCAB. 
Fraction of point source emissions from each county. b. 

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

c. 
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added, or deleted. KVB added a feature which also permitted the data to be 

modified by sec number. For example, the emissions in the EIS da-ca base 

from certain utility boilers (identified by a specific_ sec number) appeared 

to be too high based on recent test data. Tho emissions from thos., units 

were modified b~- one correction factor applied to all the emissions of that 

specific sec n"L...Jber. 

• For each sec number an emissions profile key was assigned, if available. 

Each emission profile provides a breakdown of the total suspended particulate 

(TSP) emissions into fnur size ranges (\ by weight) and for each size range 

a chemical compositional breakdown· is provided (\ by weight). Storage and 

Retrieval of Aerometric Data (SAROAD) codes were assi.gned to each chemical 

species identified. Each profile also contains information concerning the 

method of determining the profile and rating number indicating the relative 

velocity of · the profile·. The 49 profiles developed during _the program are 

presented in the AppendiJc, Volume II. sec•s for which no profiles are available 

were ass•.gned a "not classified" key number. 

Area source emission rates were added to the EIS data file using the 

emission factors and throughput data presented in Sectior. 2.3.4. These sources, 

including natural emissions, fugitive dust, and tire attrition, constituted ,, 

a large portion of the total emis'sions in the Ba::.in. Since a standard format 

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

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

purpose based on 9enerai guidelines ~reposed by the ARB (Re=- 2~4). The 

format was d~signed to allow description of emissions by their one kilometer 

gr±d location and process (or activity). 

Each source in the inven,tory was categorized by a Source Classification 

· COde (SCC) nuz:iber which was occasionally qualified by the SIC number. (SCC 

numbers for area sources were created together with ARB per~onnel. l 

A file was created with all infornation relative to these sec numbers, the 

emission correction factors to be applied to all sources with the given sec/ 
·, 

SIC n-..unber~ the profile key to identify t::he profile for this source type, the 

relevant ARB application category, a..'ld · summer or wint"er differentials to be 

used to alter emissions seasonal!~ if warranted by the source type. This sec 
file was u.:;ed a.s the major system link between sources and their profil~s. 

From i:hese data files a final inventory was produced in the form of various 
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computer reports and magnetic tapes which were delivered to the ARB under 

separate cover. A description. of the final inventory report3 and a discussion 

df the results .a.re 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 

2.3.l 

ENGINEERING ANALYSIS 

Point source Emission Factors 

There has been considerable interest in the devel~pment of emission 

factors that can be el'ilployed to estimate emissions fr= specific sources based 

upon a knowled~e of t.~e pertinent operating characteristics of the source. 

Such procedures are in coI.11I1.on use throughout the country by local cont:::-ol 

agencies to estimate air pollution emission rates for point and area sources. 

One of the primary objectives of the ARB fine particulate emission study was 

to critically evaluate t.~e emission factors for =ine particulate emissions 

useq by the SCAQMD ar..d 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 followinc;rdiscussion outlines the methodology 

employed during the analysis for point sources. Emission factors for akea 

sources a.re discussed in Section 2.3.3 since they required a significantly 

different approach. 

Point: source emission factors for industrial point smirces in the 

Basin were divided into nine application categories: {ll the combustion of 

fuels, (2) evaporative emissions, (3) mineral products, (4) metallurgical, 

(5) pet.roleum, (6) wood operations, (7) food and agriculture, (8) metal 

fabrication, and (9) chemical uses. In general, emission rates from t.~ese 

sources had been calculated by the local control agencies using emission 

factors and the appropriate infoi:m,~tion on fuel usage, product throughput, 

etc. The combustion of fuel categories represented a large part of the 

total particulate emissions in the Basi.1 and therefore was given primary 

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

A comprehensive listing of point source emission factors .'!lay be found 

in the EPA publication, "Compilation of Air Pollution Emission Facto:.:s" 

(Ref. 2-3), hereafter referred to as "AP-42." Tne SCAQMD has its own emis­

sion factors which have been employed in the process es~ilnating emission 

rates for industrial point sour~es containe~ in the EIS data file. To a 

certain extent, .. these emission factors were the same, because frequently 

SCAQMD data were used as t.~e basis for the development of AP-42 emission 

factors. In other instances the emission factors differed because the SCAQMD 
' . . 

sometimes based its emission fa=tors on its ' own test data in preference tD 

using AP-4 2 values. 

A specific objective of this study was to examine the point so:i.rce 

emission factors used by the SCAQMD and AP-42. This was dona for thrP.e 

reasons. First, much of the data used to gener~te emission factors for 

specific source types stem f:rom studies conducted as far back as the 1950's. 

Second, certain emission factors listed in AP-42 intended for use nationally 

may not necessarily represent conditions in the Basin. Finally, it was 
. ' 

necessa.ry to generate entirely new e:-~ssion factors _where none had existed 

previously. 

Field tests were conducted to provide data to assist in emissior. 

factor evaluation arid development. In addition, data from several ~elated 

projects, specifically oriented to improving AP-42 emission factors, 

have been incorporated into this analysis. In most cases, these studies 

had been directed at conditions within the Basin ma.~ing them directly 

applicable-~ the cur~ent study. 

Comparisons have been made between the emission factors used by the 

SCAQMD, those ·contained in AP-42, and_ those generated in this and related 

studies. Where KVB felt that availa!>le data disagreed with the SCAQHD emis­

sion factors, correction factors were applied to the emission rates listed in 

the EIS data system to update these emission estimates. The intent was to 

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

infor.naticn available. This was a vital part of the improvements incorporated 

into the. final KVB data base. 
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B. Resu1ts--

In this section t.11e various adjustmen-::s l!l.G.de to the SCAQMD emission 

~actors in their EIS file prior co running the final TSP inventory will be 

discussed. The results are tabulated in Table 2-1 and explair.ed in t.'i.e fol­

. lowing discussion. In the table for each source type and applicable sec 
number, the A:'-42 (Ref. 2-3) emission factor is listed along with ei:i.issi-. n 

factors obtain-=<i from t.11e SCAQMD EIS file and derived from KVB test data. 

Each emission factor column nrovides both control ~oon") and .uncontrolled 

{"unc") emissions data where available. . For ,the SCAQMD t.11e data are preser.ted 

as "specific " or "overall" from t...'i.e standpoint of whether the· data applied 

to one partic~lar source or whether it represented a composite of data from 

mull:iple sources. T!'le SC.:;QMD value shown in the table is t.'i.e =.ission factor 

that was in the AQMD' s EIS data base used for the final ARB ir.vento~y J:"..:..'1.. 

At the right side of the table are two colu:n.'1.s · indic3.ti.,g whet.'-ler or not a 

cnange was made to t.'i.e .l\QMO value. If no change was made, t.'"?e "EIS Correction 

Factor" column has a l. 0 and the next colu.nn "Final Inventory E::iission Fac­

tor" contains a v~ue identical to the AQMD column. 

l. Combustion of fuel -- Residual oil combustion ·from power plants repre-­

sents the lar~est poi.'1.t source type for TSP emissions, in the Basin 3.ccou.'1.tir.g 

for over 45%. This source type was given a great deal of investigation and 

analysis considering not only the AP-42 emission factor, t.'1e 
0

field -::est data 

(18 tes~) from t.'i.is program, but other cil-fizei utility ::>eiler test data 

from t."le KVB confide!ltial file · of client data. Figure 2-3 s~ri;:es t.'l.ese data . 

Note that the data points in Figure 2-3 a=e filled or open, with 

the filled points indicating the total particulate catch includi.~g i~pi~ger 

and the open points i:dicating the EPA Method 5 data which do no~ include 

the iI:lpinger catch. For the. tests conducted on this prog:::am. points were 

plotted bot.':! with. and witbout the i.:npinger catch. 

It was the decision of the ARB that for t.'l.is inventory <:he TSP should 

include the ilnpinger catch. But most of the comparison data were :.-,r t.'i.e 

EPA Method S. Therefore, the data ·were analyzed on t."le no-impinge= ::,asis 

first and then on the total catch basis. 
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'l'ABLE 2-1. • Continued 
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The AP-42 emission factor curves plotted in Figure 2-3 are substan­

tially higher tha.:i. any of the KVB test data. The front half data (i.e. , 

without impinger) for the 18 .tests conducted for this program ( 9 SASS a::.d 9 

Joy}, while there is a significant spread, do agree with the·other front half 

data. The lower curve is the best .fit through these data. Since the front 

data, taken on this program appear to be valid bt:.::ause they are consis1:ent 

with other data by different crews at different locations, it seems reasonable 

to assume that the total catch data taken on this program should also be 

val.id. The mean emission factor value for total catch measurements is 3 lb/ 

1000 gal burned which is the value selected for use in the final ilwento.cy:. 

Distillate oil co~.bustion by· industrial sources also represents a;:,. 

important industrial source of particulates.· Once again it was diffic:.:.l t 

to·:naice a comparison between AP-42's value for a front half catch and the 

SCAQMD'~ value for total particulates. However, there was good agreement 

between KVB a."l.d the SCAQMD. Therefore, no co=ection factor to the EIS 

system was felt necessary. 

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

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

average co boiler TSP emission was 14.4 lb/1000 bbl throughput. Thi~ is on 

the low end of the AP-42 range but all units in the Basin utilize elec<:rostatic 

precipitators (ESP). The unit tested by KVB had been listed in the EIS file at 

the equivalent of 4.3 lb/1000 bbl which was obviously low compared to :<VB test 

data of 32 lb/1000 bbl. It was later learned that the EPA had recently tested 

t.'le same co t.oiler. The EPA used a Method 5 train and a SCAQ~ train and 

measu=ed total emissions (including t.'le i?ttpinger) in-bot:!,. cases. The results 

were 32 and 25 lb/1000 bbl respectively. KVB corrected EIS file for the 

emissions of the specific co. boiler involved in ·the tests. 
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2. Mineral products--Table 2-lb presc.nts a comparison of the emission 

f4ct:ors used to estimate the particulate emissions emitted from mineral product 

operations. Since the SCAQMD. used test. results from these sources rather 

than emission factors, the comparison between SCAQMD va.:.ues and those • obtained 

in t.',.is program has been made for a particular unit tested_. 

The results of t."ie gyps1.un calciner test conducted by KVB are a factor 

of 2 greater than that found by the AQMD and that listed in AP-42. The reason 

for this is believed to be an abno:c:ma.l baghouse operation on the day of the 

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

The emission factor for the claygrinding and pulverizing operation for 

brick manufacturers · generated from KVB test data are · lower than the 

values listed in AP-42 ( the value in the EI5 system) . If t;ie fugitive :!ust 

from this process could ~ave been included (not tested . i.'1. this study} the . 

eoissicn factor wo_uld be much higher and thus be close.c to the AP-42 value. 

Also the clay was slightly more lft:>ist due to rainy weath1.. -·· This would 

greatly aid in reducing the emi~sion. Therefore the emission factor used in 

the current EIS system. was left unchanged. 

The results of the coal fired cement kiln test indicated :that ther ... 

was good agreement between ICVB and AP-42. The SCAQMD!s value listed in the EIS 

however was six _ti:nes greater than that listed in AP-42 or measured by KVB. 

A close look at the effects of cait:rol device efficiency revealed •that a 

0.l\ change in efficiency results in a 0.05 lb/bbl cement emission increase. 

Therefore a 99.9\ efficiency results in a 0.05 lb/bbl emission factor while 

a 99.3\ efficiency results in 0.3 lb/bbl emission ractor. ·The latter ef­

ficiency seemed reasonable for an i:.dustrial process. This coupled with 

th~ limited number of tests taken was the b.uis 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 tes~ing 

for the glass r.J-.---naces .a.re in good agreement wit.'1 the values listed in A?-42 

and t.'le current EIS system. The emission factors in t.'le EIS syste~ were l eft 

l.lilchanged except in the case where there was no listing for a glass fur.12.ce. 

When there was ~ot a listing t.'le c::mtrolled en..ission factor ·.ras assiSrled t:> 

t.'le- plant. Often ot:..er plant d.at.a ueedo=d to :Ce obtained :.:o r:iake an em:ry in 

the EIS syste:n. 

In comparing 1CVB' s :11easured ~ssions from fiberglass forming opera­

tions against t.'lose listed in AP-42 and t.i.e EIS system it ·.ra's found that 

I<VB' s value was approxi:nately midway between them. A source test conducted 

by t.'le SCAQMD at a similar plant supports their lower value. Bas ed. 0n the 

limited number of s~les taken and "Ja.::iables in t.'ie ope:-a•-ion, a point sour:.:e 

e.:nission factor c!1ange ·.Has :1ot felt: to be appropriate .. 

KVB's measured emission factor for an asphalt roofing felt saturater 

was approximately one-half the val.ie found in .the EIS system. It was 

difficult to usa AP-42's value for comparison pur,::oses because it is only giver. 

for uncont=lled sources. KVB an::i the SCAQMD' s values are for controlled 

devices. No correction factor was applied. 

In reviewing the . EIS computer printout for the aspnaltic concrete 

batch plant·tested, a decimal error located in the ~mission factor was noted 

and corrected. K"ll'B's measured value supported the now correct sc.;QMD value 

and tl1erefore, no further change was necessary. AP-42' 3 value ~ppearea to oe 

high in this case. 

3. Food and aq::-iculture--The carob roaster in Tab.le 2-lc shows agreei::ent 

· between the KVB test resul~s and the .\P-42 results but cisag~~ement with 

the .AQMD res_ul'=-5. The AQMD elltissions were on a million cubic feet ~asis 

instead of a ton of product basis as in AP-42. No changes in. ei.ti.ssions 

were made but the AQMD was recoil!Illended to change the basis for computing 

emissions·. The K.VB results for the rice :lryer ·.rere in agreement . ..,i !:.::. · A?-4 2. 

There are no rice dryers in t~e Basin. 
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4. Evaporative sources--Table 2-ld presents a comparison of the emis­

sion factors used in estimating the emissions from water-based and solvent- · 

based spray paint booths. There is no existing emission factor listing for 

this category in AP-42. Also. since the SCAQMD used test results from these 

sources rather than overall emission factors, t."l.e comparison between the 

. SCAQHD' s values and t.ryose ·obtained i;t this program has been made for a 

particular unit tested. 

S. Meta.llurgical cperations--Table 2-lg presents a comparison of the 

emission factors used to estimate the particulate emissions from metallurgical 

operations. aere again.. the SCAQMD w. -d test results from these sources 

rather t."l.an overall emission factors for computing a source's annual emis~ 

sions. 

M absence of emission factors in AP-42 for steel heat treating and 

s~eel sa.~d blasting was noted. KVB's measured emissions upstr~a.m and down­

stream of a control device for these operations were difficult to compare 

against the SCAQMD's uncontrolled values~ No co::rections were applied. 

For the aluzz:,i.num rev~rbatory furnaces tested the F.IS listing was found 

~o be outdated and in tl:,e process of being revised. There was . also wide 

disagreement between the three emission factor sources. The SCAQ.MD overall 

emission factor for this operation was found to lie midw3y between. AP42 ano. 

KVB. It was therefore felt that th~ SCAQMD emission factor was 

best suited. 

KVB's measured emission factors for an open hearth steel furn~ce 

(oxygen lance) are slightly higher than the SCAQMD's source test emission 

factor and those listed in AP-42. The reason is that the electrostatic 

precipitator being used is not as efficient as it had been in the past. This 

reduced effi'.'!iency results in a slightly higher cont~olled emission far.tor. 

The factor listed in the EIS system was deemed correct and there!ore 

not altered. The SCAQMO' s overall emission factor for t."l.is categorJ appears 

to be low. There was not sufficient test i.nforw..tion available, however, 

to critique it with a reasonable degree of accuracy. 
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2.3.2 E:n.ission Profiles 

A. Description-

A unique aspect of the current program was the development of emis­

sion profiles - the identification vf the ~lements in fou~ particle size 

ranges represented by t."'le TSP emission rates currently given in emission 

measurements. 

A primary objective of this program was to identify the ele:nental 

emissions ai,.d size distribution for each stationary source type in the Basin. 

'11tus an emission profile was formul~ted for each Source Classification Code 

(SCC) emitting par-iculate material in the Basin. Both point and area 

sources were includt~d. All plant devices identified by the same sec and 

SIC number were given the same emission pro::ile. Conversely, i ·.::· was import­

ant ~hat profiles be tr~ly representa~ive of t.,e device in general. Addi­

tional advantages of developing aggregate profiles ~y sec number were: (l; 

estimations based on larger data samples wer':! :nore statistic.1l.ly ::eliable 

t.'1.an single data samples, (2} profiles were compatible wi.t.h the EIS concaept 

by describing devices by the sec m!mb~r system, :llid (3) volume of profile 

data was reduced to a more·manageable le~el. 

The initial int211t w~ to provice a profile £or eac."'1 sec listed in 

the data base. In ma.-iy instances, however, an individual profile was found 

to cover several. sec and SCC/SIC com=iinations. The profile data base was 

therefore for:nulated an~ indexed by a profile nUlll.ber. Separate profile 

numbers (with identical specie distributions) were given to SCC/SIC 

combL,ationz to facilitate data mar,agemer.t, specifically· the segregation of 

emissions from devices with similar sec codes in two different industry 

classes into th.e ap~ropriate ARB Application Categories. 
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In each profile the chemical elsme."l.ts o:: the particulates were identi­

fied by thei.r appropriate SAROAD code :for each size range (4 ranges-.! A typi­

cal pr9file is shown on the following page. Associated wit!", 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 ~P..n. or 

should b2 given to these erro~ estimates~ 

The emissior. profiles developed in the current study are presented in 

the Appendix. A profile lists the SARC"'AD· code, elemental name, and percent 

contribution of each ,species. The eler.1ents are also summed by size distri­

b~tion. A s~le profile is presented. on the next page. T'..ro reports are 

used to relate the profiles to i:.he devices in_ the inventory. The sec report 

(sorted by sec number a~d profile number) lists all devices in the inventory a.~d 

gives the profile number of the profile t.'tat describes the emission breakdown 

for the particula: devic~. The profile file (Appendix) lists the profiles 

by profile number. 

a. Methodology--

Two,. general approaches were used to formulate the em:i.ss i on prl)files: 

one where only one data point was available to characterize many sources and 

the c~P..r where m1.,ltiple data points were available. In cases where a pr~­

file was ·available from only one source and that so~ce was believed to be 

representative of 311 such source types in. the Basin, then that particula~ 

sour.ce emission profile was used. An appropriate credibility estimate was 

giv.an to reflect the relative confidence level of . th·ese data. It was anti­

cipated early in the program that a significant nwr..ber of source types would 

!all into this catego:cy due to the limited amount of field tests available. 

Tberefore, test locations were carefully selected on t.'1.e basis of the represeri­

ta.tive nature of their emissions to a.!.l other devices of that particular type. 

In this way, data from ' this source could be asswred to apply to other non­

tested sour.;es. 
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EXAMPLE OF EMISSION PROFILE, OTHER PROFILES LISTED IN APPENDIX, 

Title: Utility Boilers (Residual 

Fuel) 

Profile Key: 0006 

-------------
Source of Data: 

KVB Test X 

X 

X 

Literature Data--Ref.* 

Estimate--Basist 

Confidence Level !I 

Size Range 

Wti TS? in Siz.e Range 

SAROAD 
Species ·code 

Arsenic 12103 
Barium 12107 
Bromine 12109 
cadmium 12110 
calcium 12111. 
Chromum 12112 
cobalt 12113 
Copper 12114 
I:ron 12126 
Lead 12128 
:-!anganese 12132 
Molybdenum 12134 
Nickel 12136 
Potas:;ium 12180 
Selenium 12154 
Strontium 12168 
Tit:mium 12.161 
Vanadium 12164 
Zinc 12167 
Sulfates 12403 
Nitrate 

(E:;,O sol) 12306 
Total carbon 12110 
olatile 

_:Carbon) 15101 
Subtotal 
Other 
Total 

*Ref 2-9 

>lOµm 

3 

0.1\ < 

d 
t 

t 

4 
d 
d 
d 
2 
t 
d 
d 
d 
t 
t 
20 

d 
30 

(20) 
56 
44 
00 

Applicable SCC's 

l-Ol-004-0l, 1-02-004-01 

l-02-004-03, 1-02-005-0l 

l-02-005-02, 1-02-005-03 

Test# ll,12,li,21,22,23.2~,32,33 -

3-loµm 

4 

d 
d 
2 
t 
d 
d 
d 
t 
t 
20 

d 
30 

(20} 

56 
44 

100 

8 

d 

2 
t _ 
d 
d 
d 
t 
t 
20 

d 

(20) 
56 
44 

00 

t 

85 

Indicated Size 

d 
t 
d 
d 

10 
t 
d 
d 
2 
d 
d 
d 
5 
t 
d 
d 
d 
t '• 

t 
30 

d 
20 

14) 
67 
33 
00 

Composite 

100 

d < O.H 

d 
t 
d 

10 
t 
d 
d 
2 
d 
d 
d 
5 
t 
d 
d 
d 
t 
t 
28 

d 
22 

(15) · 
67 
33 

100 

10/78 
tEstimated to be same as 3-101-,lm size fraction 
() included in total carbon 
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l. Sinqlt~ data point profiles-The weight percent of each size range was 

obtained from the particle size distribution plot (which included the impinger 

catch) given in Section 4 _ for each industrial type tested. The details of how 

these curves were generated are "liscussed in S~_ction 3.2. 3 B. Whenever data 

was taken on a control device, the downstre3m (outlet) data was used to generate 

the profile fo::: both checical compusition and size distribution'. The chemical 

composition for each size range was obtained from the analyses for the 

particulate catches as discussed· in Section 3.2.2. The first, second, and t.'lird 

cyclone analysis results were used in conjunction with the >lOiun, l0-3JJm, 

and 3-lµm size range respectively. The filter and impinger catch analysis 

results were used in conjunction with the <lµm size range . . For each· i.mpinger 

catch there was an organic ~raction which was obtai~ed from methyl chlor~:or.n 

extraction of the impinger condensate as explained in Section 3.3 . 3< and an 
~norganic fraction which was the remaining impinger residue as also explained 

in Section 3.2.2-C. Because the organic fraction residue could not be removed 

from the evaporation dish as discussed in Section 3.2.2-D (p~ge 3-52), for 

chemical analysis purposes only the inorganic fraction of the impinger catch 

was used with the filter an9 1ys ;_s to fully characterize the <lµm size range. 

The percent of carbon in the organic fraction was incorporated with the carbon 

concentration of the <l)lm size range for each profile. 

Whenever there were no data for a size range of a particular profile 

and there were ~ata for the other size ranges., then an esti1:1ate was made. 

This estimate generally assumed . t.'lat the concentrations of the chemical 

constituents were .the same for each size range. It is believed that thi;; 

is a good assumption because u.:>st of the profiles where complete data were 

available indicated that the con~ntrations of the chemical constituents 

were similar for the size range, except for sulfate and condensible carbon. 

Sul.fates tend to be about t..ro to three times UK)re concentrated in . the s.naller 

sizes (impinger) than in the larger sizes. Condens,ible carbon usually e:1ds 

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

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

develop emi~sion profiles based on data from several sou..."'"Ces within a part;_cu-

. late source type. This involved: (l) ac~ring t.."le data, (2) determining the 

relative magnitudes of each source compared to the total emission from ~he sour::e 

type, and (3) forming a composite profile by factoring the data from each 

source by an appropriate weighJfg factor. In t."lis manner, emission profiles 

were developed for individual s°FFce types t.-iat in actuality represented t."le 

average emissions from sources of that category (SCC number) • 

The approach used to assign p;t"ofile nUI!lbers (keys) to each source 

type (SCC number) was as follows: 

emitting particulates intc the SCAB was generated from t.~e 

most recent (April 1978) EIS suxro::ld.ry. 

2. Each item on this list of source types was assigned .a 

four-digit nu::iber. 'these are listed in .-able 2-2. The 

number 0000 indicates t.'lat tb.ere was no dE.ta available 

to gene::ate the emission profile. '!'he num;1er 0099 indi­

cates that the source type :is r>.ot classified. All ot.-ier 

nUI!lbers were assigned to a specific source type. 

3 •. Each of the profile numbers listed in Table 2-2 w~~e. 

matched with t.>ie appropriate sec :1u:ru:ier fr= t.":.e list 

generated from the current EIS file (l above). In many 

instances, an i."'ldividual profile was found to cover. several 

sec and SCC/SIC combinations. The profile data base ·o1as 

therefore for.:nil.ated and indexed by a profile nl.lll±er. 

· This is listed in Table 2- 3 . 

I 

I 
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Profile Key 

0000 

ClOOl 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

·0009 

0010 

0011 

0012 

0013 

0014 

0015 

0016 

0017 

0018 

0019 

0020 

ooil. 

0022 

0023 

0024 ' 

0025 

TABLE 2-2. PROFILE KEY INDEX 

Source Classification 

Data not available for profile 

Industrial boilers {crude al'ld residue) 

Industrial boilers (diesel fuel) 

Internal combustion engines (diesel fuel) 

Internctl ~ombustion engines { gas fuel) 

Wood waste boiler 

Utility boilers (residual ~uell 

Rice dryer 

Coffee/Carob roasting 

Steei heat treating 

Steel abrasive blasting 

Aluminum foundry . 

Steel··sinter pla.,t 

Steel-open hearth furnace 

Calcination of gypsum 

Brick grinding and screening 

Cement production 

Glass :nelting fur.iace 

Fiberglass for.ting line 

, Asphalt roofing 

Asphaltic concrete batch plant 

Paint spray bodth (water solvent) 

Paint spray booth (oil solvents) 

Boric acid manufacture 

Chemical fertilizer (urea) 

Wood operation . ( resawing) 

2-23 

Reference 

Sec. 4. 2.1 

Sec . 4.2.2 

Sec. 4.2.5 

Sec. 4.2.5· 

Ref. 2-8, 
Sec. 4.2.4 

Ref. 2-9, 
Sec. 4 . 2. 4 

3ec. -. . 2. 13 

Sec. 4.2.14 

Sec. 4.2.15 

Sec. 4.2.16 

Sec. 4.2.17 

Sec. 4.2.13 

Ref. 2-l C, 
Sec. 1. 2.13 

Sec. 4.2. 7 

Sec. 4. 2. 8 

Sec. 4.2.6 

Sec. 4.2.9 

Sec. 4.2.l: 

Sec. 4. 2.11 

Sec. 4. 2.12 

Sec. 4.2.22 

Sec. 4.2.22 

Sec 1 4. 2. 20 

Secs 4.2.21 

Sec. 4.2.23 
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0026 

0027 

0028 

0029 

0030 

0031 

0032 

0033 

J035 

.J036 

0037 · 

0038 

0040 

0042 

0043 

0044 

8045 

0046 

0047 

004a 

0049 

0099 

ttMhft: t ·; ·f · 11' r't 

'!A6LE 2-2. {Continued) 

Wood operation (sanding) 

Petroleum heaters (natural 
gas fuel) 

Pet=leum--FCC u~~ts/CO Boizers 

.Feed and gi::ai;; operations 

Liinest:ene kilns 

Basic oxygen fur.iace (steel) 

Electric a=c fu=ace (steel) 

F'4..:-epiaces 

Ciga:::ette so:,i<e 

3rake li..~ing wear 

L..;.vestock dust 

=paved roads 

Const"I-~ction dus~ 

r'orest fires 

Lan~ i a :fost: 

Agric-.ilt.iral tilling 

Section 4.2.23 

Ref. 2-11 
Section 4.2.25 

Ref. 2-13 

Ref. 2-10 

Ref. 2-lA 

:le!. 2-15 

Industrial Soil.er (nat:u-al gas =uel) 

Not classified 
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·;,au: 2-3. ? S..:.:. a~ ~:.z lCEY ASSIGNMENT TO sec NUMBE.RS 

Profile 
-sect . ~y --

l-Ol-004-Cl 0006 

l-Ol-005-0l 0002 

1 .... ".' l-006-0l 0049 

l-Ol-006-02 0049 

· l-02-004-0l 0006 

l-02-004-03 0006 

l-02-005-0l 0006 

l-02-005-02 0006 

1-02-005-vJ 00C6 

.l-02-006-01 0049 

l-02-006-02 0049 

l-02-006-03 0049 

l-02-007...0l 0049 

l-02-007-0]. 0049 

( l--02'-'J07-07 0049 

l-03-005-02 0002 

l-03-006-02 0049 ·, 
\ 

l-03-007-03 0049 

l-05-002-06 · 0049 

2-01-001-0l 0002 

2-0l-002-0l 0049 
' ' 

2-02-002-02 0049 

2-06-013-0l OC99 

3-0l-009-99 0099 

3-0l-Cl 7-0l 0000 

3-0l-999-99 0099 

3-02-001-:99 0099 

3-02-005-0l 0029 

3-02-006-0l 0029 

3-02-006-02 0029 
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TABLE 2-3. (Continued) 

3---02-:)07-30 0029 

3-02-008-99 . 0029 

3-02-999-98 0099 

3-02-003-02 0.000 

3-03-003-04 0000 

3-0)-:)0]-:)6 0000 

3-03-003-99 0099 

3-03-008-02 0000 

3-0 3-008-0 3 OC12 

3-0 3-00 8-99 0099 
' . 

3-J3-·JC9-01 0013 

3-03-009-03 0031 

3-03-009-05 0032 

3-04-001-01 0011 

3-04-001-99 OC99 

3-04-003-01 0000 

- 3-04-003-50' 0000 

3-04-004-03 0000 

3-04-007-01 0032 

3-04-007-09 0099 

3-04-999-99 0099 

3-05-001-1)4 0019 

3-05-001-99 0019 

3-05~02-0l- 0020 

3-05-002-99 0020 

· 3..;.o5-003-02 0015 

3-05-006-02 0016 

3-05-006-99 0099 

3-05-007-99 0016 

r '3-05-008-01 0015 

3-:JS--008-02' 0015 

3-05-008-99 0099 

3-05-0ll-Ol 0016 

3-05-012-04 0013 
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':ABLE 2-3. (Con~inued) 

3~5-0ll-99 0099 

3-05-014-0l 0017 

f 
3-05-014-ll 0017 

3-05-0lS-02 0014 

3-05-015-99 0014 

3-05-016-99 0030 

3-0S-Oi 7-0l 0000 

3-0 5-0 l 7-99 0099 

3-05-020-0l 0033 

3-05-020-02 0033 

3-05-020-05 0033 

3-05-020-06 0034 

3-05-020-80 0099 

3-05-020-99 0099 

3-05-025-0l 0033 

I~ 3-05-025-99 0099 
\ 

3-05-999~88 0099 

3-05-999-99 0099 

3-06,-001-02 0027 

. 3-06-001-03 0000 

3-06-001---04 0027 

3-06-001-09 0099 

3-06-002-01 0028 

. 3-06-009-99 0099 

3-06-0ll-99 0099 

3-06-012-0 3 0000 

3-06-999-97 0099 

3-06-999-98 0099 

. 3-07-004-99 0099 

. 3-07-020-99 0099 
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TABU: 2-3. (Continued) 

3--09-001-88 0099 

3--09-001-99 0099 

3-09-0 30-04 0000 

3-09-0 30-99 0099 

3-09-999-99 0099 

3-63-009-0l 0099 

3-90-00 5--0 5 0000 

3-90-006-05 0011 

3-90-006--08 0000 

3-90-006-31 0000 

3-90-006-99 0099 

3-90-006-99 0099 

3-99-999-99 0099 

4-02-001-01 0021 

4-02-003-01 0022 

4-02-004-01 0022 

4-02-004-0 5 0022 

4-0 2-00 5-99 0099 

4-02-007-01 0000 

4-02-008-01 0000 

4-e0 2-:00 8-0 3 0000 

4--04--001-99 0099 

4-90-999-99 0099 

5-03-002-01 0045 

9-12-071-00 0043 

9-13-081-00 0046 

9-l~-001-07 OG36 

9-.14-034-00 0037 

9-24-089-95 0035 

9-27-619-50 0039 
' 

9-41-009-52 0041 
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\ TABLE 2-3 (Continued) 

9-47-239-00 0048 

9-47-307-42 0044 

9-47-549-0l 0040 

9-49-000-00 0047 

9-49-999-0l 0038 

9-49-999-98 0042 

9-49-999-99 0047 
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c. Critical Profiles--

Due to the magnitl.lde of t.'le sources which they represent, severaJ. 

emission profiles were recognized to have a signi~icant ~""lpact on the results 

of the final inventory. These include: (ll combustion of fuels for uti'lit".f 

and indust:rial. boilers, (2) cement production.- (3) fugi:tive-dust from unpaved. 

roads and construction, and (4) tire dust from wear. Detailed discussion of 

the development of t.'iese profiles ·are included in the following section. 

1. Canbustion of fuels--The combustion of fuels constitutes about 501\- of 

t.'ie particulate emissions fro::l , poin'C sources in t.'le SCT..S. This large aource of 

emission was broken down into t'~o ~roups: (1) emissions from utility boilers 

anci (21 emis.sions f:::-oc ir:.dustrial boilers. 

~ine field tests*, wit.'l two sampling trains for a total of 18 tests, 

were done on utility boilers burning low sulfu.r residual fuel. These were used 

to develop t.'ie e!llission profile for utility boilers burning residual fuel. The 

results fro:n these tests indicated that 85\ by weight of t."le particles were 

less than 11,lm. Thirty-six percent of the total particulates were sulfates, 22\ 

were carbon, lO\ were calcium, S\ were nickel and 2\ were ir<'.ln. All ot.11.er 

elements that were detected by the analysis were in concentrations less t.'lan 

l\. This profile (profile key 0001) is listed in t.'ie Appendix (Vol. II). 

The results of two field tests* on industrial boilers bu=ing diesel 

fuel were used to develop the emission profil~ for industrial boilers. The 

results indicated · that 96\ by weight of the ,particulates were less ~an lum 

of ·.ihich 65\ were sulfates, 15\ were carbon, and all other elements detected 

were in concentrations less than l\. This profile (profile key 0002) is 

listed in the Appen.iix. 

2. Cement production-The results of two· field tests* and data f:-om 

Reference 2-16 were used to develop the emission profile for t.'ie production of 

Portland Cement. These results indicated that 34\ by weight of the particles 

• These field tests are discussed in detail in Section 4 .O 
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were less than 11ml, 34\ between 3-l~m, 24\ between 10-31,ml, and 8% greater t."lan 

lOum. Twenty five percent of the composite of the sizes were sulfa~s, 

10\ silicon, 20\ calcium, 8\ carboh, and alL ot."ler elements detected were 

in concentrations 'less than l\. This profile (profile key JOl6) is listed in 

the Appendix. 

3. Fugitive dust--The ~~gitive dust emission constitutes a.bou~ 80\ of the 

particulate emission from ·..ne accountable area sources. Fugiti·.re dust emissions 

~ broken int~ five grrups: (l) road and building construction, 55\, 

2) unpaved roads 18\, ~, agricultural tilling, 71, 4) livestock feed lots, 1,, 

and 5 l refuse disposal sites; <l \. · , Cnly road and building construction a.-id 

ur.paved. roads will be discussed here. From the literature, (Ref. 2-1·1, 18), it 

was deter.nine<! t.'lat 45\ by weight of the particles we::-e greater than lOwn, 

13\ between l0-31,m1, 12, between 3-l~m, and 28\ less t."lan li.m, for constr~ction 

dust.. Twenty percent \ooe---e silicon, . 8\ alumir.wn, 2\ calcium, 3\ iron, and '2\ 

potassium. All other elements listed were in concentrations less t."lan l\. 

The profile for construction dust (profile k~y 0044) i ,s given in Append.ix A. 

The profile for fugitive dust from unpave~ roads is si.:ni.lar to t.~at of 
' . 

construction dust. From the literature (Ref. 2-17,18) it was determined that 55\ 

by weight of t.he particles were · greater thah ·10um, 15\ between l0-3i,Un, 12\ 

between 3-11,;m, and 18\ ·less than lum~ Twenty percent were sil,icon, 8\ 

alUJ:linum, 2\ calcium, 3\ iron, and 2\ potassium. All other e:ements listed 

~ere in concentrations less than 1,. The · profile for fugitive dust from 

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

4. Tire Oust--Emissicns from tire attrition constitutes about 7\ of the 

particulate emissions from the i.'!.ccount:able area sources. · From the literature 

(Ref. 2-17 ,l8) it was determined that brea;~a.m of the particle size di.stril:iution 

is as , follows: 

Tire Dust 

3-llml 

15\ 

<lum 

20\ 

The dust is composed of about 90\ carbon, and 1, zinc. The remaining element 

is hydrogen. Fur+--"ler i..-ifor.nation on tire dust is presented in the next 

section (Section 2.3.3 c.~l 

2-n ICI/B 5806-783 
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2.3.3 Area Sources 

An important aspect of the ICVB fine particulates emissior_ i'"l.ventory 

was the identification of sources of fine particulate emissions :io~ under 

per.nit a.'"l.d generally not included or adequately c~aracterizec in previous 

· inventories. These sou:.cc:es were categ.:,rized into four l!l.ai."l groups: 1) fugi­

ti~~ dust sources, 2) c~.mbustion sources, 3) autollXlbilc sources, and 1) sea salt 

spray. Because these are diffuse and not. concentrated sources like industrial 

point sources, they are referred to as area sources. Emission factors for 

these sources• were therefore based on land az·ea, population, land use, or 

other criteria characteristic of the area source. 

Table 2-4 presents a summary ~f the area source suspenced particu­

ldte emission esti:nates for each of . t.~e sou:~es consider~d. Precise en.is­

sion rates were c..ifficult to es~imate due to the co:::;,lex nature and non-avail­

ability of applicable data fez each ~ource type. 

A second objectiv~ of the area source inventory was to identify the 

particle size and chemical composition of the r~ported partic-~late emissions 

from each source type. Again, precise particle sizing and chemical r:omposition 

were difficult to obtain for many area source types due to the wid... variation 

in materials associated with each area source. Specific source chemical 

~sition analysis can be found under that section titled "Area Profiles." 

A third ohjective of the study was to. locate these area sources 

geographically in the South Coast Air Basin. To this end, information was 

secured from ?arious governmental agencies on population distribution, land 

use, agricultural plantings, :onstruction and road buildi.,g, etc. Maps 

corresponding to the approximate location of each source were devel~ped. 

Area sources based 0,1 population were distributed on a per capita basis 

based on information from the ARB. 

2-32 KVB 5806-:-783 

https://sou:.c-.es


tv 

TABLE 2-4. 

Road, Building Con-
struction 

Agricultural Tilling 
Refuse Disposal Sil:es 
Livestock Feedlots 
Unpaved Road Travel 
Paved Road Travel (d) 

Fugitive Dust--Subtotal 

Forest Fires 
Structural Fires (e) 
Firepl~ces 
Residential Natural Gas 

ESTIMATED 1976 AREA SOURCE FINE PARTICLE EMISSIONS SUMMARY (a) 

Orange 

21,000 
l, 300 

60 
150 

2,000 
33,000 

120 
40 
70 
20 

South 
Los 

Angeles 

24,000 
1,200 

200 
3 

14,000 
140,000 

700 
160 
280 

Coast Air Basin Cow1t.ics 
(b) 

River-
side 

?,100 
3,100 

20 
150 

2,000 
7,600 

San 
Bernardino 

11,000 
800 

20 
950 

1,800 
12,000 

----
Ventura 

6,400 
3,100 

20 
5 

2,600 
8,800 

Santa 
Barbara 

1,000 
40 

6 
s 

230 
3,100 

Percent 
(c) of 

Emissions Grand 
Tons/yr Total 

71,000 20. 9 
9,500 2.8 

JOO <O. l 
1,300 0.4 

23,000 6.8 
200,000(d) 58,8 

305,000 89.7 

0.1 
<0.1 
0.1 

Estimated 
Percent 
Accuracy 

+so,-20 
±25 
±25,-20 
±SO 
;t:40 
±SO 

l., Cigarettes 130 
20 

90 
520 
so 

600 
10 
30 
s 

30 
30 

430 
15 
60 
10 
50 

530 
10 
20 
10 
30 

50 
s 

10 
s 

-10 
10 

2,400 
200 
500 
100 
800 
500 

<O.l 
0.2 
0.1 

+so,-20 
+100,-20 
+100,-10 
±25 
+.rn,-so 
±25 ~ Agricultural Burning 

Combustion--Subtotal 

Tire Attrition 
Brake Lining Attrition 

Automotive--Subtotal 

Sea Salt--

Grand Total 

1,400 
530 

4,000 

5,700 
2,100 

6,700 

320 
120 _ 

490 
180 

400 

370 
140 

3,500 

130 
so 

5,800 

4,500 

8,400 
3,100 

11,000 I 

20,000 

340,000 

l.3 

2,5 
0.9 

3.2 

5.9 

±20 
t20 

+50,-20 

a) Emissi-on estimates are based c,n particles i 10 µm - KVB 5806.-783 
b) Includes only that portion of County within SCAB 
c) Rounded to thre& significant figures 
d) A large (but -unknown) percentage of the 200 1000 toi'1s/year is assignable to other area source. categories 

st!udied and not studied in this inventmy. For this reason (see .Section 2.3.3-A-6) it was ·not 
induded in the final inventory count as indicated in 'l'able 2-18. 

e) Includes property, contents and vehicle loss. 

l 



The following sections 9resent a .discussion of the· methodologies 

and references used in maki.'1g t.>iese est.ii:iates. In general, the procedure 

involved the establishment of t:-.ro criteria: 1) an ei:li.ssl.on factor ' coupled -,;j_ t-i 

2) an appropriate inven~ory. Using t.'lis fo=,at, improvements of either criteria 

can be r~adi1'l employed to improve future estimates. 

It must be pointed out that many of the emission factors .applied to 

the inventories pres~ted were d~veloped speci.fically for this study of the 

South Coast Air Basin and are not necessarily appropr.iate or applicable to other 

study are~. 

Those emission factors based on studies conducted outsice t.'1e air 

basin were c=cfvlly reviewed and reevaluated when it was dee~ed necessary 

in order to make the raw emission factor :nare applicable to t."le study area. 

A. Fugitive Dust--

Significant sow;ces of atmospheric dust a.;:ise from the mechanical dis­

turbance of granular material exposed to, the air. Dust generat·ed from these 

open ::;ources is ter.ned "~ugi tive" because it is not discharged to the atmos­

phere in a confined flow stream. 

In t."le 1976 i."l,ventory (Table 2-41, fugiti-,e dust accounted for approxi­

mately 75~ of t.'le 140,000 tons of suspended parti.culate matter (<loiim particles) 

esti~.ated to be emanating from the area sources considere~ exc:uding pa~ed 

=ad travel. The ·six fugitive dust areas considered are: (ll road and building 

construction, (2) agricultural tilling, (3) · refuse di~posal sites, (4) livestock 

feedlcts, (5) unpaved road travel, and (6) paved road travel. As can be seen in 

Table 2-4, road and building construction coupled ~it..~ t:.npaved road t~avel account 

for 66\ of the total 1976 area sou=e estimate (excludinq paved road travel). 

The basis for exl:..ding paved road travei is explained in Section 3.2. 3-5·. 
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For the above categories of fugitive dust sources, the dusc generation 

process is caused by two basic physicaJ. phenomena: 

1. Pulverizatio. aud abrasion of surface materials by application 
of ·mechanical for.ce through implements (wheels, blades, etc.) 

2. Entrai~nt ·of dust particles bv t.'le action of turbulent air 
currents gen~rated by winds, moving vehicles, etc. 

The air pollution impact of a fugitive dust source depends on the 

quantity and drift of the dust particles eir.itted into the atmosphere. In 

addition to. large· dust particles that settle out near the source (often 

creating a localized nuisance problem), considerable amounts of fine particles 

are also e.."litten a."ld dis?ersed over much greater distances from t.~e source 

(Ref. 2-19). ' 

The quantities of dust reported as emissions in t~is report are 

defi."led a,; being comprised of particles smaller than lOum and having a 
' 3 

particle density of 2. 0 - 2. S g/ c:m. • Furt.'ler particle size b~eakdown int::, 

~10\,tm, <3um, and <lum intervals is included in each sub-category discussion. 

The correlation between Ambient ·Eli-Volume Samples and . the Pasq,~ile-Gifford 
' ' 

Diffusion equation for ground level sources was employed by the referenced 

studies (Refs. 2-17,18) as the basis for computing the or.igi."la!. emission 

factors. 

l. Road and building construction--Recent studies (Refs. 2-20,21) :1.a•;e 

concludE,d that road and building constructioI' activiti es are significa.~t sources 

of fugitive dust. Such emissions are a~sociated wit.'1 land clea:ing, blasting, 

grcund excavations, cut and fill operations, and t.'le construction of t.'le 

particular facility itself. As can be seen in Table 2-4,. construction 

activities accounted for the ~ingle largest source of ?a~;=ulate ~atter 

(exclueing paved road travel). 
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ten 

Pedco-Enviror.:?Jental. Specialises ( ?..ef. 2-17) and !-'.idwe5t ?.esear=: 

Institute (Ref. 2-13) have conducted investigations into t..~e eo.i.ssions from 

const-'""1Xtion 09erations. ;,,., u.,=ntrolled e!Jission fact:e,r of 1. 2 t:ons ;:er acre 

of =nst:::uction per :rent.~ of activity ~or ,?a::-ti:::les <JO:lm was ;::.et:e.::::-.i.ned. :-iowever, 

?edco a.lso concluded t..~at a 50'\ re<!:J.ction in e::ti.ssions · is po,:;si;:ile i: a.deqc:ate 

dust =nt:::ol such as wateri.-.g t-.-ice daily is practiced. 

?..u!.es ~2 and 403 on Fugitive :Just, ==ur.ication a:.x:iut ?..cles ➔C2 a..-:c 4J3 ·.-::.t.:--. 

t.'1.e SCAQi!"..D (~!'. 2-22) and on-site :J~ser-J'aticns of =nstruction sites re•;ea.l:c. 

that a SC~ reduction is indeed possible and was t.~e:::efore used in this study. 

Also, approxi=tely 20\ by w~ight of the pa:-~cles :ie in the 30;..m to 

lJ~~ pa~icle size inter-~al. The:::efore an e::iission facto::: of 0.5 tor.s per acre-

An e:iu.ssio~ factor of 

24 

l6 

24 

36 
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County 

Orange 

Los Angeles 

Riverside 

San Bernardino 

Santa :aarbara 

Total 

100 

90 

60 

50 

40 

30 

20 
! 
.; 
~ 
"' 10 
"! 
g a .. 
"' 6 <C ... 

5 

' 

TABIE 2-5. ROAD & BUII.DISG CONSTRUCTION 
PA.R:nCU!.ATE EMISSIONS SUMMARY 

Acre-!OClnt.~s Constr~ction 

Non-
Residen t.ial Residential ~ 

29.,894 6,004 ll, 832 

25,627 13,304 20,184 

8,078 1,236 9,860 

12,501 l, 738 14,384 

9,787 1,085 3,828 

l,172 258 l, 144 

Pa:n:iele Sia• D1stril>Ution 

IICI~ , IIUillliAq Conat=tion 

C . 5 l 2 10 20 10 .ao so&o ~o ac ~ is 

Figure ·2-4. Road and builil:,g const=~c-:..:.on :fast 
particle si~e .1;.stribu~on . 

2-37 

Emissions 
tons/vr 

21,00C 

.24,000 

7,100 

ll ,000 . 

6,400 

l,OCO 

cons/yr 

iC'JB sac6-"78J 
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2. Agricultural tillaae--Approxunately 9500 tons per y ear of f-..igitive dust 

(particles <lOUm) were estimated to be coming from a.gr1cult1..ral tilling 

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

The two universal opjectives of agricultltral tilli.,g are t.,."le creation 

of the desired soil struct~e co .be used as t.'.e crop seedbed and the erad ica­

tion of weeds. Plc-..;-i.ng, the most common method of . tillage, consists of some 

for.n of cutting loose, granulating, and inverting the soil and turning under 

the organic litter. Implements that loosen t."le soil and cut off t.~e weeds but 

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

in dryland far.n:ing areas. 

01.l:ing a tilling opera tiot1, dust pa_rticles from t.~e looseni:1g ar.d 

pulverization of t."le soil are emitted L,to the at:::osphere as tje soil is 

d:opped to ::he surface. Dust emissions are greatest when the soil is d=:,· and 

duri.,g f.i..~al see~ed preparation (Ref . 2-23). 

In developing an emissions · estimate, a threefold approa.c:i. was takan: 

l. Establisi"'.ment of a 1376 i:wentor-.{ of t.b.e har"Jested ac:::-eage of field, 

tl:Uck, orchards,. outdoor nursery, and improve<i past=e. 

2. ::Jeter.::ur.ation of t.'le passes per crop made by a fa::::iing 

i:nple::ient that dist~~s t.~e soil significantly. 

3. ::.evelo::me.~t of t.-ie proper e.:iission factor to apply -;o 

faz:::ii:!g operations wi1:.'lin t."le Basin. 

An i:i•.rent.or-J o: harvested ac:=eage -.,.as compiled wit.'1 t."le aid o: '.:..-:e 

1376 :ol.:lt:.y Agric~lt:;ral .Co=.ission's Cro~ Reports (?~fs. 2-24 t:.hrough :9). 

-:'he ?asses per crop ·~re deter.:1:i."led t:..'lr:::ugh lengt.'ly communication -.ri t:.-i 

~umerous Cniversicy ~f California Cooperative Extension Se.::vice Far:n .Advi~crs 

(Refs. 2-JC -:.'l.:'ough 33). ~e es~t:.ed average nll!llber of passes ?er c::-op -:.ype 

are ?~sen-::ed in Table 2~. 

2-38 lCVB 5806-733 

___________________ ........... ____ ~ ·-· •• -• 

l 

https://met.b.od


TABLE 2-6. 

3•r:ey 
!.J...:nA Oe..ns 
r:lay. &.!.!ctl!a 
HAy, :;:- ... ~:, 

!:nprovl!d ?&S~~re 
S-,q&r =-•es 
Wht1At 
,::,~ 
~:ass 

i;.s~.:.:.at.eC A•~:.:,,9e 
::>.&S.S~ :,e:- .:::;, : 

0.5 
) 

4 
) 

SAt!l°"'er l 
l'U.sc. S.•d 3 

.\s;:•="'•;,-' 
3!~.s..~.s, 
a.,.,~, 
ae~:ias--i~:awo•r~:es 
a.,:-:-ies 
9:-:,c=::i:~ =~·~· 
::.1::'":)U 

:&~1 :.~:over 
.:::,';"' 
.:J.C~•rs 
~:;q i'l.ant 
r..,c;i·.•• 
~.r1~: 
:..i:s: ·..1.ea . 
:M\t .. !.OU("llt 

,:re!'!se";•vs 
?loneydew 
!-1..J.•c. · "-l~n• 
illaee~:!.ons 
,)!1,c . '/e<;e~.i.bles 
:)kra 
".ln~ons 

i'••· 
?~?i)e:-s 
?~~,1t,::,~5 

i'·.im;,1t~:,s 
~~a:,es 
~lM 

;tuu.o•q• 
iqu.st: 
~:l!Sat::.•5 

:--.. ~~?• 
i'us:ey 
i'ar,m~;;,• 

Cu~:!oor r~el~ ~rown 
C~t !lowers 

l 
l 
) 

5 
l 

) 

3 

:;ource: References 2-30 through 2-33. 
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Cu.rrent faJ::11.ing practices in orchards clisclosec t..'la.t only 10-20\ of the 

acreage presently al.otted to orchards is actually tilled. An inc::-eased use 

of herbicides is the reason for t..'lis practice. 

concluded t.'lat t.'le qua.."ltity of dust emitted from agri~ultural tilling is 

proporb.onal to 1:.'le area of land bei.-ig tilled. In addition, emissions de~e::d 

on the following variables: soil texture, soil moisture. · ar-.d u-actor speed. 

Available test data indicate no substantial deper.d.ence of em.issions on the 

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

6 t:tph {~f. 2-18) • 

is as fol.l.ows: 

( ., 1 . ) l.4s (S/5.S) (C} ..,_ 1 :; .. e ':.!..t. l-'lg "" J.,. 
(PE/59) 2 

where: e 2 emission factor (pounds per acre) 

._J' 

s • silt content {particles between 2~-50u:n as defi~ed by 
t.-:ie u.S. Dept. of Agricult:.ire} ·of th<? surface soil (0-4 
inches depth) per.::ent 

S 2 implement speed (~iles per hour) 

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

C • particle sizing factor (e.g. 65\ wt. <lOµm diameter 
particles, see Figure 2-5) 
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The silt content of SCAB agricu.ltural lands generally range from 10-:~,. ' 

A mid-range value of 20'\ was chosen. Also, reports on t.'1e :roist~e content of 

the top fo.ur inches of soil during tilling varied from a PE 1ndex of 17 to 56 

(Refs. 2-39,32,34,35). A value of 41 was.chosen to be representative. !~ple­

aient speed varied considrarably so ·a value of 5.5 mph was chosen. 

By inserting this in~o:ciati'.;,, into the f-rementioned tillage dust~i 

equation, an emission !actor of 27 l!:> per acre pass ~as der i ved . A parti l e 

size distribution plot is shown in Figure 2-5. On t.~e average, dust emissipns 

calculated for agricult-...ral tilling have the followi.~g particle size 

characteristics (Ref: 2-18): 

Particle Diameter 

<lum 

1-31,Jlll 

3-lOum 

>101,Jlll 

Weight Percent 

17\ 

22\ 

36\ 

A su:nma.rization of the inventory and emission esti:nates by crop group 

a.~d coi:i.~ty are presented in Table 2- 7. Figure 2-6 -depicts t.~e ma j or 

agric-~ltural areas to which t.~ese emission estimates were. assig;ned . The 

aid of County Agricultural Cot:mlissicners.' ~arm ~dvisors (Refs. 2-31, 36-38) and 

an ,\RB lllel!'.O (Ref. 2-39) were solicited -in estimating the percentage of crops 

contained within the Air Basin when a county such a·s Riverside extends outside 

the study area . 

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

were disposed of annually in the 45 major landfill si':es located in the basin. 

This acco,mted for approximately 300 tons of fugitive· dust. Di~,posal inv9lves 

the collection, transportation, unloading, and soil covering of da.ily refuse. 

For our purposes, t.'le dust associated with unloading and soil covering will 

be considered t.:> constitute the major portion of the dust .generated from t.~e 

total disposal cycle. · 
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A threefold approach was t-'lken in the establishment of the 300 tons 

per year esti.:nate: 

l. Review of county Solid Waste Management Plans to establish 

site location and annual refuse disposal 

2. · Determination of the :;urface area wo-rked based on the annual 

quanti .. ies of refuse disposed 

3. Establishment of an applicable e'l\i.ssion factor 

Coyote canyon landfill , site was chosen as a model refuse site. The 

surface area worked was estimated to be equal to 2/3 power of the volume of the · 

disposed refuse (Ref. 2-40}. one cubic yard of ·compacted refuse was estimated 

to weigh "-1200 pounds (density of O. 71 g/cm
3

) (Ref. 2-41). Review of numerous 

art.ic!.es on fugitive . dust emissions fail.ed t.o reveal an emission factor 

specific-..ally designed for landfill sites. 

Since the ~ctivities at a landfill site approximate those found at 

a construction site, the O.S ton r,er acre-mont'l of activity for construction 

was chosen. Investigation of dust control practices at orange County landfill 

si'tes (Ref~ 2-42) disclosed that continuous watering of the dirt roadway and 

active dump area is coimon practice. Also, contin'.JOus watering is practiced 

•at a maj.oritY,,, if not all, municipal sites in the basin. Therefore , it was 

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

The specific site locations and ann~ refuse disposed can be found 

in Figure 2-7 and Table 2-a. Emissions were entered into the . final 

inventory on the basis of site location. 

Particle sizing inforination on fugitive dust from construction sites 

was also .~udged to be applicable to landfill sites. 

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

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

48. sa11t.:>les '.,;,ere taken at ·24 different feedlot loca.tior.s. Emission factors of 

8 tons/1000 hd/year for uncontrolled lots with less than 25,000 head, and 

S tons/1000 hd/year for feedlots with more than 25,000 head (particle ·<30µm) 

we1:e c>~rived. Additional particle sizing information was. not taken, however •. 
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TABLE 2-8. EXISTIN,G MAJOR CI.ASS I AND II SANITARY .t.A.'IDFI!.L S:TES 
IN THE SOUTH COAST AIR BASIN 

(Reference - County Solid Waste Management Plans) 
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A particle sii distrili'.ltion plot $hewn in Figure 2-8 was generated 

based en the assumptions that ~e silt content of the soil contained withln a 

feedlot pen is higher than that of construction and unpaved roads, ar..d tliat 

the m:,isture content of t.'1e so::.l may be somewhat higher due to l.i..vestock 

excretions. 

On the 

feec1.l..;ts would 

average therefore, it is estimated t.'1at dust particles 

have ~e following particle s~ze characterist.:..cs: 

Jarticle Diameter Percent by Weight 

<lµm 

1-3µ.m 

,3-10µ.m 

4€. 

16 

13 

25 

f::::om 

A recent inventory of particulate emissions from feedlots located 

·th · th b · d d b h a· .., ( f 2-43', . E:nissiOus wi in e as.in was con ucte y t e A.l..r ::.:tesources oar~ Re . 

of 1400 tons (particles <JOµm) we.re esti:nated. Basis for this· estimate was t.'1e 

above mentioned study and the Calif~rnia Li•,estock Statistics Report for 1976. 

A recent st'.lt:.r (Ref. 2-44) on t.'1is same subject conducted by the SCAQMD was us.::d 

as a . tool in evaluating tl.e ARB' s es.timate. 

The specific emission factors applied in the AFB esti=te are {Ref. 2-39) 

Cattle. 

Sheep & Hogs 

Goats 

Turkeys 

8 T/1000 hd/yr 

.i.. 25 

1.25 

0.2 

,, 

Emissiona totaling 13\)0 t;ons {particles <10µ.m) were entered into the f.:..nal 

inventory. Fef!dl.ot locations, Figure 2- 9, · were extracted from :..'i.P. 

California Livestock Statistics Report. 

5. Unpaved road ~ravel--Stuclies (Refs. 2-17,18,45-48) have shown that 

significant quantities of fugitive dust are emitted during vehicular travel 

on unpaved roadways.· Oust ·p~.umes trailing behind vehicles traveling O!l un­

paved roads are a familiar si~.r.t in rural areas. When a vehicle tra\·els over 

an unpaved road., the fc,r.:e of t.1e wheels on the road surface causes pulVl;!rizatioit 
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·.meels while t."le roaC:: surface is . exposed to strong air cur::::ents in ::~""!:lulent 

shear with .the surf.:>.ce. T!"le · t:'.l...""!:lulent: wa.ke !:>eh ind the ~h1.=le conti.,ues t:o act: 

on the =ad su::-face af.t:er t.'i.e vehicle has passed. ~e amou.-it: of si.;.r.face fines 

on an unpaved road is nor:::ally close to a."l t?<;_'..:.ilibri um value. T.1e fines whi=h 

are injected into the at:llOsphere cy vehic~a::- traffic are replaced in t:.~e 

same process by new fines ,whi=h are generated by abrasion of surface ::iaterial. 

T!us eq:uilibriu::i. can be upset, however, by a windst:or:i or ot.-ier severe 

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

A literature search of existing em~ssion factors for unpaved road 

travel revealed t.'ia.t no one factor i .s appli=able to 'all condi::ions, :iut that 

e ·(-.:r.paved roads) "'O.lSs (S/30) (
35
\: ;;) (Se) 

' 3 ::, 

.where e '"' ecission ~ctor (po•.mds per vehicle mil el 

(C J 
p 

.. 

s • silt: content of road suz-face :naterial (percent:; 

( conti.-:ued ne.xt page l 

" .\ ro;!C!!>1t study of •.inpaved road emissior.s., E:?A-600/2-78-•JSC, ~arc!: 1373, 
:-ecomoe::cs an e:niss ion f act:o r of : 

l!l/•.rehicle-?:U.le • 

·.-he:-e d • n~er of '=.:::-f ·.iays / y'!ar, a...~d N _ ~ ve:'licl.e ••eigh~ ( ~:>~s }.. ?"or 
pa=-:.1.cle diameters <)Ot,;:n, S, above ·..ioul.::l. ::ie J'.61 (Fig1...re 2-l~) and t:ie 
expressions . .,oul . .::l. !:le identical. except :or the veh.i::le ·~ight a..'"lc s;;;ee~ 
:::orrectior.s. 

t E:?A no longer ~comr:iends using t..'le silt :::onten-: of ':..-.e native top soil 
·.:nless s .:sis,; if s >1s,. use 15\. 

t.'WO 
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Se "' veni· ·~1 s d c •· <= • ,..§ ("' - 2 20) ~ e pee orrec~ion _ac_o_ ~er. -

30 ::iph 

20 mph 

15 . .ttph 

25 :t approx.. contz-ol e ff. 

w· ::s mean -..mual r,:mbar of days with 0.01 in. or :ncre o:: rainfall "t 

C 
p 

=- particle size range factor, see. Figure 2-10 [e .. g. to determine 
t.~e emission factor for particles less t.~an 10~~. C is 0.46 
(or 46% from Pigure 2-10) J • p 

On t.'>ie average. dust e~ssi,ms from unpaved road travel have the 

following pa_rticle size ch~acteristi.cs: 

Particle Size Wei,;ht Percent 

<1~::n 

l-3\.f.::1 

3-10)..:m 

>lOµm 

12 

16 

54 

A summary of the individual road types, miles per hour speed ~estz-ictions, 

and emission rates per county are presented in Table 2-9. Per co=ty 

L·wentories of t...'le vehicle ::tiles traveled p·er yea·~. 
0

{VMT) per road type 

were obtained from the Air Resources Board (Ref. 2-49). Table 2-10 ·presen::s 

a· SU!'.!mar"J of t.":.e estimated ~ for each county wit. .. ..in the study area. 

A~plyi.~g c.~e emission factors presented in Table 2-9 to the 

inventory i:1 Table 2-10 :-esulted in a total emissions rate fr-:,m t.1-:.ese 

sources of a:.;p:::-oxi:nate:y 23,JOO tons per year. This is eq--..:.al -:.o ap9:-ox:.~a::el1 

lo~ of al].' area sources. accour.ted for i:1 :-able 2-4. 

§ 3ased: on the assumption ~":.at "u..-.=ntrollec." speed is t:'.[?i::ally ..a :::;:;h. 
oee'..-een 30:-SC ::;,h e:niss::.ons are l.i."l~a:rly ;:iropor<:.ioned to vehi::le s;?eed. 
Bc?lc,,., 30 ~n~ !lowe~r, emissions appe.a.: to ~e ?~opor4:.icr:ed -to t..,:,.e s~::.a.:-a o!: 
t..'"l.e vehicle spe~d. 

• T!:'le '::a?:lpO:::-ary :::-educ+.:.i::m i.:1 e!!li.ssions beca~:Se of :::-:;.i:i:all is accoi..:.--:+.:.ed :o:­
neglecti.ng emissions on ~-.,et" days, i.e., days •.;it.!1 mo:::-e t..'1.an :J.Gl ::.:i.ch~s 
of rainfall. 
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Figure 2-10. Unpaved road dust particle s~ze 

dist:i.bution. source: Ref. 2-18. 

2-53 KVB sao6'.""7S3 

.,.-MiEZi. pstlii'' ..... . ,.illlf tli'""lltltltt•·r•w• .. ····· wa· 'lili"I.•· iliiitii'• ""ill?tliiil'" ........ -.-.-·,wv11rlill· tiWlliii" ii'iiii;,.;fftltlilli'ilj' lil'tiilbhiiil;:.;._,ili(lit.-iWii" ']iili"kiiit"ill'i••····~ rlilNlli' Wtlllltioo· ~: .. , Miltf:t1f¥itllllliii' 'lioi""ro,;'•,,•.,; • . ,.·:111· t'11stitlli' tllltlMSIIW-S'iltCa;.·· ''illi'rt'Mlll•tt illlit •• ,. ·•·.w.& ... , ... --.....-... -- . .' ,, . .,,_., , .. ~ .. ••~·-~- -· '• 

I 



' ,; 

'l'AlllJ,; 2- '). SUMMARY 01•' UNi'AVlsU HJ.)AO EMISS!(JCI l-'AC'I'ORS 

n:n HOAD l.DCA'l'lON 

- . ----- . ....... . . - - __,,,__. - . . ----· . . . --·- - .. ~ . ___ ·- .. -~~ 

H<)AU I.OCA'l'ION 'l' 'il'ES 

Cow\ty-SCAB 
U.S. t'OrtHit 'l'i 11¥.lC r 

W (1) City & COlu1t__y_ & Pa1·k:; l'rod. ULM Agriculture ------- -- --
Oran!Je 3.65 llrn/VM'l' 1.14 lbs/VM'r 2.23 lbs/VHT 40 

30 Ml'II 20 Ml'II 25 MPII 

Los Angeles · 3. 65 lbs/VM'I' l. 14 llis/VM'l' 2.23 lbs/VM'r 40 
30 M.Plt 20 MPll 25 lli'II 

Riven; i.dc J. 93 llis/VM'l' l.22 11..ls;VM'l' 2.40 lbs/VM'l' 15 
30 MPII 21) Ml'II 25 Ml'II 

N 

J, San Bernardino 
.t> 

3. 93 lbs/VM'I' l. 22 11..ls/\HI' 2.40 lbs/VM.1' 15 
JO Ml'il 20 Ml' II 25 MPli 

Ventura 3. 65 lbs/VM'l' l. 14 11..l~/VM'l' 0.57 llis /VM'I' L.'1'.1 lbs/I/MT 2.23 lbs/VM'l' 40 
30 Ml'll 20 MPII 20 t-ll'll ,JO M.Pll 25 MPH 

Santa Barbara ]. 65 11..l~/VM'I' 1. i4 lbs/VM'l' 2.23 lbs/VMl' 40 
30 Ml'II 20 Ml'll 25 M.!'11 

~ ~~-~..........,;.~ . . .. ~ . . ··..:....,....... __ -· . - . .· .· 

(1) M'.)an annual numlier of days wi.th 0.0L in. or more ot: rainf.d I. 

KV13 ~tl06 - 7U] 
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'· 

County-SCAB 

Orange 

Los Angeles 

P.iverside 

San Bernardino 

tv Ventura 
I 

~ Santa Barl.>ara 2 

. 3 
Total 

'rl\BLE 2-10. 

City 6i CoWlty_ 

807 

5647 

555 

504 

142 

60 

l Source (Ref. 2-49) 

l 
SUMMARY OF VMT PER UUPAVt-;O ROF.O LOCA'l'll>N IN liASIN 

- . - .. -~- -

U.S. Forest 
&. P,.u-ks 

651 

6135 

-813 

1236 

1983 

160 

YM'l' X lOl 

Timber 
Production 

467 

DLM 

174 

A•Jriculture 

159 

240 

309 

66 

497 · 

20 

2 Original VMT estimates for entire county 
Assume 5\ in SCAB area 

l Carried to two significant figures 

q \ 

Totals 

VMTxl0
3 

1600 

240 

Emissions 
T/yr . 

2,000 

14,000 

2,000 

1,800 

2,600 

230 

23,000 

c:rr1-·:a~~ 
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6. Particulate emission$ from paved roadways--The action of vehicular 

traffic on a dust laden paved roadway causes some of the material to be 

emitted into the acoosphere. The larger particles (>100µ.m.) emitted will 

normally settle out within 20 to 30 feet from the edge of the roadway ar:d, 

t:herefore, are not included in t...'1e area source emission profile. Particles 

-:,f less t:1.a."l 100µ.m. dia.m:!ter will ..Je dispersed depending i.:pon thei.r diameter 

and extent of a,txrospheric .turbulence. 

An equilibrium roadway dust loading will result when a balance is 

achieved between the material deposition and reIICval rates. The fo=er 

ra~e includes: tire and brake lining wear; pavement wear; atmospheric dust 

fallout; mud and dust carryout from unpaved areas; vehicle engine p<'t!'.'ticulate 

e::-J.ssior.s; et:::. Material is removed f1=om t.Se read.way under the a'ction o::: 

entrainment by tire motion and vehicle-generated turbule.'1ce; wi.::. · erosion 

(::or wind speeds excee_ding 13 mi/hr); rainfall washing; street sweeping; etc. 

Measurements of airborne particulates emanating from paveq roadways were 

reported in References 2-113 and 2-114. Bot.~ studies addressed dust entra.i=ent 

from dry streets in ti].e Kansas City area. These data were the oasis of the 

AP-42 reco=ended emission factor of 0.012 lb/vehicle-mile. However, this 

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

brake lining emissions, and high-speed, high-volume traffic patterns. 

Dust removal by rain was accou.."lted for by assuming that rainfall in 

excess of 0.01 in./day ·...ould completely inhibit particulate emissions of any 

kind from the roadway. This is t..~e same criterion utilized in the analysis 

of '.lrlpaved roads. Thus, the basic emissi-:,n .:actc-r was rwdified by a te=: 

where Wis the number of days/year with rainfalls exceeding 0.01 in./day. 

Reference 2-114 perfo:nned microscopic analyses of collected par~iculate 

samples and found traces of rubber tire particles. Other'sections in th1s 

report estimated particulate emissions from tire and brake wear, therefore, 

t..'lese totals were subtracted from. the paved road emissio::is in order to prevent 

double .counting. 

2-56 KVB 5806-783 
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The equilibrium dust content on high-speed, high-volwr.e roadways was 

expected to be less than on residential, comnercial or industri.1~ surfaces. 

This is due to the high traffic volwre pro,ducing a high rem:>val ;:-ate, i. e: 

lb 
Mass rat:e of removal s ------­vehicle/mile 

li vehicle 
hour 

lb 
"' hour-mile 

This removal' rate would be partially offset by engine-generated partic,ulates, 

pavement wear and dirt CaJ:'.rJOUt (directly proportional to traffic vol.Jire). 

However,· other deposition sources (ba.:kground c.ust fallcut, etc.) would be, 

to a first approximation-, independent of traffic volume. 

No quantified data was found des=ribing particulate emissions from 

high-speed, high-volwne paved roadways and it was assumed that these conditions 

would produce one-half the emission factor recommended in AP-42, i.e. 0.006 

lb/vehicle-~~le, basec. on the considerations previously discussed. 

The particle size distribution from paved roads was taken as t'1e mean 

of th? appropriate tests reported in Ref. 2-113 and is shown in Figure 2-11. 

This distribution has. t!1e following characteristics: 

Particle Size 

<lµm 
l-3µm 

3-10\.UD. 
>lOµm 

Weight Percent 

13 
25 
34 
28 

Freeway and highway travel represents soi of the total vehicle-miles 

traveled (VMT) in the Sout~ Coast Air Basin, according to Ref. 2-115. Total 

vehicular travel on paved roads in the SCAB, excluding towed trailers, amounts 

to ~n estimated 7.2xlo
10 

~T/year (cf. ;able 2-15) and, with the emission factors 

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

This amount was reduced by r.hose corresponding r..o tire wear (3400 tons/ 

year) and brake wear ( 3100 tons/year) in order not to double co1.mt these 

sources. The resultants were further· reduced by the average number of r.;,iny 

days (>0.010 in~/day) in the SCAB (32 days/year) to achieve an estimated total 

particulate emission rate of 290,000 tons/yea1:. 

Reference 2-113 produced the particle size distribution shown 3bove 

which allow~j the specification of the total emission rate associated wit., 

particl~s <lOµm in diameter, i.e. 72\ by weight. Thus, the total emissions in 
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Figure 2-11. Paved road particle size dist=ibution 
(Sr,urce: Ref. 2-113). 
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ti1is size range WdS 210,000 ton/year (70,000 ton/yea= from freeways/highways 

and 140,000 tons/year fr~m surface streets). 

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

(for d<lOinnl, by roadway category and particulate type. These figures must 

br viewed with caution since, ac~ording to AP-42, 40% by weight of samples 

collected were analyzed to be engine combustion generated particulates. These 

particles would have been included in a 110bile source inventory and it «ould 

be incorrect to include them again in a new category--paved road t..:ave~_._ 

Vehicular tr.ave.., on . paved roads produces particuJ.ate ~miss'ions 

categcrized as (AP-42) : engine exnaust particles (40% by wei;::-=l : min.era ... 

_matter (59% by weight): and biological and -~ire dust CH by weight). :iowev:er, 

the engine exhaust particles have already been included as a mobile source 

cor1:ribution and, therefore, should not be counted again by this study. Mineral 

matter eoissions result from r~-e·ntrainment of background dust depositing on 

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

large percentage of ti:.e roadway dust emissions actually originated from a.~ 

area source not considered in the present work, e.g., wind erosion of open fields, 

and it would not be correct to attribute them to paved road. travel. Tire (and 

brake) attrition has been separately considered and was not counted again as 

a paved road dust area source. 

Strictly speaking, t.~e only particulate emissions directly attributable 

to roadway traffic would be pavell!ent degradation, tire and brake linin-; 

attrition, and engine combustion particles. The first item was not quanti­

fied by t.'lis study, wh:.le the second has been separately estimated. The last 

item has already been discussed. Thus, a large, but unkncwn, fraction of the 

particulate emission rate~ shown in Tabla 2-ll have been considered'elsewhere. 

a. Combustion--

Fugitive co'mbustion related sources accounted for -v3\ ~f t~e 'total 

estimated area source emissions computed in the final 1976 inventory. 'The· 

area sources and their respective emissions covered under co;nbustion in the 

final inventory are: 

ll Forest Fires 

2) 

3) 

Structural 

Fireplaces 
2-59 

2400 T/yr 

200 

500 

" 

" 
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TABLE 2-11. PAVED BOADWAY PARTICULATE EMISSIONS IN SCAB* 

d<lOµm, 32 rainy days/yeaI 

Particulate Tvue, Tons/Year 

!<oadway Category Exhaust M.in,,ral Total, Tons/ Year 

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

Surface Street 56,000 84,000 140,000 

84,000 126,000 210,000 

Note: · Particulate emissions from tire and brake wec:.r were 
separately estimated. 

• See text. 
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4) Residential natural gas consumption 100 " 
S) 'Cigarettes aro " 
6) Ag1:icul. tural burning 500 " 

TOTAL 4500 T/yr 

l. Forest fires--Forest fires consumed over. 23-,000 acres of forest and 

p~ivately owned lands within the SCAB in 1976. An estimated ~70,000 tons 

·of combustible material { fuel) was consumed in the process shown in Table 2-12. 

The 110s~ apparent atmospheric contaminant from forest burning is 

particulate etr.i.ssions. The size and intensity (or even the occurrtince) of 

a wildfire is directly dependent on such variables as the local metecrological 

conditions, the species of · t~ees and their moistur~ content, ~d th•, weight of 

consi.m:able fuel per acre (fu71 loading) • Once a fire begins, the d.:y combustible 

material (usually small undergrowm and forest floor litter) is conswned first, 

and if 'Che energy release is large and of . sufficient. duration, the drying of 

green, live material occurs with subsequent burning. of this material, as well 

as the larger dry material. Unde::: proper environmental and fuel conditio"s, 

this process may initia~e a chain reaction that results in a widespread 

conflagration. 

The complete ~ombustion of a forest fuel requires . a heat f~ux 

(temperature gradient), an adequate oxygen supply, and sufficient burning 

ti.me. The size and quantity of forest fuels, the meteotological conditions. 

· and the topographic features in~ract to modify and ,change the burning 

benavior as the fire spreads; thus, a wildfire will attain different degrees 

of combustion during its lifeti:ne (Ref. 2-50). 

Knowledge of the chemical nature of forest fuels, combined wi'~ what 

is 1'.nown about pyrolysis and combustion, suggests that particulates formed 

by forest fi;-es will ·consist primarily of a comple·. mixture of soot, tars, 

ar.d volatile organic substances. The majority of particles found in f_ire . 

smoke are formed from the gaseous organic compounds produced bY pyrolysis 

and combustion. The processes of nucleation, condensation, and coagulation 

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 ~ction of turbulent forces 'present in t.~e 

fires zone (Ref. 2-51). 

Research on forest fire emissions conducted by the USDA Fo=est Service 

southeastern Forest E~erimental Station (Ref. 2-51) concl~ded tha-.: 
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Iv 
I 

(J\ 
N 

VI 
0-: 
0 
(J'I 

I ..... 
0) 
w 

'rABLE. 2-12. 

County-SCAB 

Oran<Je 

Los Angeles 

Riverside 

Ban :,emardino 

Ven•_ura 

Santa Barb.:,ra 

TO'l'AL 

FORBST ACREAGE, FUF.L ESTIMATES, AND EMISSIONS 

Acres Tons Conl:i1uned Emissions, Tons/yr 

2000 16,000 120 

3400 05,000 700 

5100 70,000 600 

1600 52,000 430 

')800 68,000 530 

4 30 6,900 . 50 

23,330 368,ooo · 2,400 

KVU 5806-i'l:13 



l) "nle median diameter of particles in forest fire smoke 
is approximately 0.2 micron, i.e. =O\ of the particulate 
weight occurs at th.is size. · 

2) Approximately 80\ of the mass of all ~articulates is below 
1 mi.c;::on (see Figure 2-12) 

3) Regardless of · fuel' type, average particle size remains 
essentially constant.* 

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

Forest Service when coupled with the result! of othe~ investigations. However, 

these conclusio11s apply mainly to forest acreage located in the Southeastern 

portion of the United States.· Although differences in· fuel type do exist 

between Southern California -forests and forests of the southeastern part of the 

united States, the effects of these differences on particulate size and mass 

loading are not known at thi's time. Imp~ctor studies performed by the Pacifi.; 

Northwe3e Forest and Range Experiment Station (Ref. 2-52) on the burning of 

Douglas firt under laboratory conditions revealed that 821!; of the particulate 

mass was <ll,,lll\ aerodynamic diameter and that 691!; was'<0.3µm. As can be seen 

in Figure 2-12 these values do not differ significantly from those measured 

by the Southeastern Forest Service. Therefor~, until further s~udies concerning 

SCAB forest.fire characteristics are conducted, it is assumed t.."l.at the 

characteristics '6f SCAB forest fires· do not differ significantly from those 

characteristics observed by the ~outheastern· Forest service. 

The emission rate of particulates depends heavily upon the fire type 

and fuel moisture content, and, to a lesser extent, upon fuel type and ar­

rangement. Heading fires generally produce a.bout three times more particulates 

•than backing fires, everything else being equal. Also, for a given fire, 

emission rates during the smoldering J?ha.se can be eight times higher than in 

the flaring phase (Ref. 2-51). 

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

,particulate matter·are released per ton of fuel bw:ned. The acreage of· 

f.orest and privately owned lands b•.;.~ed in 1976 and their associated fuel 

lo~ding values were obtained from National Forest Ser.•ices (Resf. 2-55,56) and 

the Air Resources Board (Ref. 2-57). The acres burned, material consumed, and 

estimated emissions are presented in Table 2-12. Figure 2-13 presents the lo­

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

*Location 0£ four fuel types test:?d are: Deridder, LA; New Born, NC; Ft. 
Laude.rdale, FL; Ro1,U1d Oak, GA. 

tDouglas fir comprises approx. 10\ of t,he total SCAB forest acreage and ~26\ 
of the forest acreage occupied by trees (Ref. 2-53). 
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Figure 2~12. Forest fire particle size distribution. 

Source: Ref. 2-Sl 

Average of four fuel types 
from locations at: a) Derrider, LA · 

b) New Born, NC 
c} Ft. Laud~rdale, FL 
~) fu?und Oak, GA 

Note: P~rticle sizing data on fuel types native to· 
Southern california r.ot available; assume 
differences at this time to be negligible. 
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UI ~ FOREST AcAEAliE 

· 5h - Santa Ana 
SB - San Bernardino 
LA - Los Angeles 
LB - Long Beach 
P - Pomona 
R . - Riverside 
C - Corona 

LOCATION OF HAJOA FOREST ACREAGE IH JHE ~UTH (OASJ AtA 8ASIH, 

Figure 2-13-. \ 
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2. Structural fire--A recent study {Refs~ 2-5 3, 59) c<?nducted by the ARB 

_and SCAQMD was elllployecl in estimating the quantity of particulate matter emitted 

to the atmosphere during a structural or vehicular fire. Emissions o: 500 

tons/y1: or O. 24 tons'yr per 10,000 people were repo.::ted for the entire state of 

California. The SCAB estil!late cf 500 tc!'.s pe.r year was derived by multiplying 

the O. 24 tons per 10,000 people per year by the 1976 SCAB population (Re!:. ~-60}. 

The approach taken in the above mentioned. study was, 

l} Using CFD. Reports (Ref. 2-61), P.stablish a aJnetary value 
of prcipe ... -ty, contents, and vehicle loss due to fire in 19 76. 

2) Establish t.~e mr::mt!ta.cy: v;l!ue equivalent to the combustion 
of one house, car, and ·contents. 

3) Establish fuel loading · factors per category. 

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

5) Convert the derived emission rate into ·a population based emission 
factor to better distribute the calculated emissions. 

Table 2-13 presents the above discussed approach, values assigned and 

emission es-timates. Due to the diversity of material consumed within a 

structural fire, a particle size distribution plot w~ not available. It was 

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

1. Fireplaces--As shown in Table 2-4, approximately 500 tons of particulate 

matter (particle <lOµm) were estimated to be emanating from the combustion of 

firewood in residential fireplaces. 

A study (Ref." 2-62) conducted on fireplace emissions for the EPA 

estimated t.11.e total average particulate mass emission rate to be 21 pounds 

per ton wood burned.* Differences in emissions existing between the wood 

bunted in the SCAB (mainly ~ine, orange and aucalyptus) and of that burned 

in-the above mentioned st~dy {alder, fir, locust, and pine) are assumed to 

be negligible · fo_r this study. A literature search failed to disclose , any 

other: applicable data. 

* Average soft wood nx:,isture content 12.5% by wt. 
Average soft wood density. 0.43 g/cc 
One cord or wood contains 90 cf wood (Ref. 2-6]) 
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Category 

Property 

Contents 

Vehicles 

Sub-Total 

Dollar Value (b) 
lost - 1976 

133,018,066 

80,644,958 

15,906,917 

TABLE 2-:-13. STRUCTURAi. FIRES (a) 

Unit F.qu1"alency 
. Factor 

$50,000 per house 

.$10 per lb. 

$5000 per vehicle 

Fuel Loading 
Factor __ _ 

20 tona wood(C) 340 

16 

8.4 

Emission 
Factor 

lbs/house 
(d) 

lbs/ton (d) 

lbs/vehicle 
(e) 

Static 
£missions 

Tons 

4:32 

32 

13 

500 

l 
Population based e~ission factor - 994,000 lbs particulates x --------- = 0.047 lbs/person 21,224,000 people 

('76 state pop) 

SCAB Emissi0ns: 0.04·1 lbs/person x 10, 334,~2~ people x 
Ton 

2000 lbs 
"'.i:40 tons 

(a) Source (Refs. 2-37, 38) . 
(b) Ref. 2-61 
(c) Ref. 2-64 
(d) Ref. 2-65 
(e) Ref. 2-66 
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Particle sizing data from the above mr.!ntioned st-..dy is presented i:1 

Figure 2-14. S · f ds ince so t woo are ro.ainly l:il:..."":1ed in the SC.?..B, only so::t wood 

partic:!.-e sizing data was considered. On the average, p,'lrticulat'e e!!'..issions 

from residential fireplaces have the following particle size characteristics. 

Particle Size 

l-3µm 

3-lOµm 

>1oum 

Weight Perc~:it 

36 

12 

14 

38 

'n-.e mec.iiln particle size was found to be about 3 microns; 66. 3% of the 

particulate was condensibles caught in the back half of the sar::pling train. 

In establisl:'>ir,g an inventory of active wood burning residential fire­

places in the SCAB, local gover=ent agencies were contacted as to the ~u.,~er 

of existing fireplaces. It was soon discovered that such information per se 

wa~ not available. A second approach of obtaining infoT!!lation on ~'1.e number 

of single family and/or dwelling uni~s in a county was taken. County assessor's 

offices (Refs. 2-67 to 2-70) were co~tacted. 

To this inventory, two assumptions were made due. to the lack of avai.!.­

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

1. Ten percent of all. reported existing dwellir.g -.mits possess 

and '.lSe their wood burning fireplaces annually 

2. Each dwelling unit included in the . 10% estimate burns l/4 

cord of wood pE:r burning season. 

A census o! KVB personnel and ~eir fireplace burning l.abits was solicited 

in arriving at the 101 estimate. 

An . emission factor of 0.45 tons per 10,000 people ~as entered into 

the· final inventory. A population based emission factor was chosen to best 

reflect·'the location of the emissior.s. 

4. Res.idential natural gas coml::.ustion--Tl,e Southern California · Gas 

Company (SCGC) (Ref. 2-71) reported that 286 billion cubic fe,et of nci.tural gas 

was sold to its residen~ial customers in 1976. The population servad was 
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size distribution; sof':. woods .• 

Source: Ref. 2-62. 
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approximately ll, 300,000 people excludinq the city of I.ong Beach. ':'he SG"\B 

popul.ation in 1976 was approximately lC,300,COO people (Ref. 2-60). Realizi~g 

that t.'1e bulk of its =st=ers do reside in t."le Pasin, the ~ntir~ 286 billion 

cubic f~et was applied to the SCAB. Also, according to a SCGC fact sheet 

(Ref. 2-71), space he'1ti:1g· accounted for 65% and t..lter heating 21% of the 

average househo:d appliance operating costs per year on a comparative cost 

basis. 

Studies (Refs. 2.;.73_ 74) conducted on natural gas-·fired warm air heating 

systems 'concluded emission factors of 0.00084 lb/106 Btu and 0.00071 lb/106 

Btu for front half catc~es only. Back hali results were not available. 

Particle size WcLS considered to be 100% less thw~ 1 micron (Ref. 2-74,. 
6 The 0.00084 lb/10 Btu value was selected to represent e:r.issions from war.n 

air heating units ~ypical of the st~dy area since t.'1is study was bas~d on 

tests run in the Los Angeles area and the other study was not. Gas-fired hot 

water or steam sys~ems were also found to be similar to warm air heating systems 

and ~e the sa.:ne type C'f burner. Based on this findi::ig ., emis.sions from water 

heaters and ~esidential steam heating systems are ·assumed to be similar tQ those 

fr= wazm air heating systems. 

Based on the above inventory and emission ~actor~, 100 tons per year 

of part.~culate matter '""as estimated to be emanati.~g from residential natural 

gas cc:nbustion in t."le Ba.sin. An emission factor of 0.13 tons per 10 ,'ooo people/ 

year was entered into the final inventory. A pcpulation based emission factor 

was judged to reflec": ~e loc·atior. of t."\e dwelling units using natural gas. 

n--'e Southern Caliiornia Gas Company estimates that greater than 95% of 

dle single family dwelling units it serves use natural gaz for space heating. 

Al though some correction factor grea-:er t.'-ia."l one should ha,,e been 

applied ' to this emi~sion factor · to account for the impinger catch, it was i~­

nored because the basic emission of 100 T/yr is so small that it would not be 

cost;..effective to develop a correction fa~or. 

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

of particulate matter was gene.rated by the combustion of approximately 30 

biliion cigarettes in the Basin. Nationwide, 610 billion cigarettes (Ref. 2-75) 

were consUill(!d by an estimated 150 million adult (ove.r 18) Americans (Ref. 2-75) 

in 1976. Based on these 1976 statistics, it was estimated ~at 4100 ciga-

2-70 KVB 5806--83 

https://resul.ts


.f¾l .Rk . .• ,H z: :; . ·· Fl H F ·. ., ... ... .S. l,S. .A.. ' , •. ,<. ; . . 

rettes were consumed per adult. Applying this factor to the reported 7. 4 

million adults (Ref. 2-76) residing ~n the SCAB in 1976, it was estimated that 

30 billion cigarettes were consumed in 1976. 

A pa. t study (Refs. 2-77, 78) experimentally deter.tined that 1000 

cigarettes without filters produced l.O pound of sm:ike--gaseous and particulate 

matter. Measurements were not made on the quantity of smoke that was contri­

buted by sidestream smoke, howev~r. Sidestream smoke i~ defined as ~hat smoke 

· which emanates. frot:1. the bu.ming tip of a cigarette .:ind goes direct.ly into 

the atmosphere. Researchers (Ref. 2-79) have calculated that even when a 

smoker inhales, two-t."lirds of the snrke · f"":om a burning cigarette stilt 

goes into the environment .. 

Various studi~s (Refs. 2· ·80, 81) done on smoking have classified side-

steam smoke as consisti of .90\ gaseous and · 1oi par~icula.re matter. Side-

s~ream Sl!0ke has 3.3 times the particulate matter coni:ai~ed in exhaled siroke. 

~ smoker's lungs act as a verj effective filtering igent and ~~mov~ nearly 

all of the particulate matter in mainstre~ smoke (Ref. 2-a2). l-'.ainstream 

particulates being exh~leo were therefore co~idered negligible. 

The conclusion from ·the' above informa.ti.cn and from personal observa­

tion i:;; that approximately soi of the one pound of smoke/1000 cigarettes " is 

sidestream smoke. Ten percent of this sidestream smoke was assumed to be 

~articulate matter. Particle sizing data ~:ere not avail..:lble, but it is 

assumed _that all particles being emitted are <lo microns in diameter. 

A particulate emission factor of a.OS lb per 1000 cigarettes snDked 

was calculated. This accounts for approximately 2.s, of the total weight of 

1000 cigarettes without filters. A number o .f filterless cigarettes were 

weiqhed in KVB's lab to arrive at an average cigarette, without filter weight 

of O. 9 gr~. 

Based on the above information, an emission factor for the fina·l inven­

tory was. developed as follows: 

1.0 lb ~moke 0.5 ib sic~stream smoke 
1000 cigarettes x ~Th~ke 

410C cigarettes x 3 acults _t_o_n __ 
x adult 4 persons x 2000 lb 

0.1 lb particulates x · lb of sidestream smoke 

.0.00008 ton 0.08 ton 
= or --------10 , 000 persons person 

A J.O, 000 persons in the SCAB =- 800 tons/yr 
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6. Agricultural bu.rning--The particulate emissions from th·e burning of 

agricultural wa.stes in California have. b~en recognized for several years 

(Ref. 2-83). The ARB and . the EPA have sponsored several studies (Refs. 2-84,85, 

86) witl-\ t.'le intent of developing ~ission factors for sur-h operations.. 

The ARB and local districts have also ir.1plemented regulations that 

severely restrict the open burning of waste materials. Existing 're,;ulati.ons 

(Ref. 2-87) require ' burn permits to be issued by local government control agen­

cies prior to the burning of farm ~.a:-tes, burns conducted for range improve.:. 

ment, forest m.~agement, and pest control or the improvement of wild life 

or. game habit.~ts. Such burns could only be conducted luring "permissive bi.:.rn" · 

days as determined by local meteorological conditions. Burn per.nits 

recorded the locar.io.·. and quantity of mate rial to be burned. Extensive 

studies (Ref. :-84) on emissions from hur.iing agr:kult~al wastes 

in Califoinia .were conducted by Dr. Ellis Darley. Some of t.'le pertinent 

conclusions ~eached were: 

ll As a ::lass, field crops and weeds produce considerably more 

pollutants (Part., CO, HC) than did or::hard and vine crops. 

2), Back firing field crops resulted in lower einissions of particulates 

but not CO and HC when' compared with head firing. The use of · 

back fir~s signi!icantly reduce~· particle ·size, the averages , 

being 0 .11 and· 0. 22 microns, respectively. 

3) For all _ fuels (crops) except avocado, it appears that dzying down 

to at least 35% moisture would minimize particulate emissions. 

4), 'Th.e vast majority of particles from burning agricultural waste 

are , submicron in size. The mass ~dian diameter (MMD) of 

mst particles is below 0.3 microns . . Orchard fuels te.~d to yield 

small.er particles than do field crop fuels. The particle size 

distribution_ can be altered by manipulating the firing p~actice. 

Examples of Darley' s ,size distribution plots for various crops 

are shown in Figures 2:-15 ~o 2-19. 

5) The average emi.ssions of all plant mate.rial tested at the 

indicated average fuel moisture (dry weight basis) is shc-.-m 

on page 2-78 as follows: 
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Figure 2-15. Wheat waste burning size distribution. 

a Hand B: head and back fires, respectively; 15 or 25 
refers to percent of slope used. 

dwb: dry. weight basis 

MMD: Mass Median DiaICaters, microns. 

Source: Ref. 2-84 
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Source: Ref. 2-84 
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Figure 2-17. Apricot waste bw:ning particle 
size distribution •. 

a Fuel was ignited at the bottom of the pile with 
a large propane torch without t.."le aid of hot 
coals or pre-existing fire. 

b Fuel was ignited ·by rolling the pile onto the 
glowing embers of a -pre-existing fire. 

Source: Ref. 2-84 
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Field Crops (incl. weeds) 

Orchard Crops (incl. vines) 

Avg. _·Fuel Moisture 
(dry wt basis) 

12.3 

40.3 (Test Cond. 1) 

23.7 (Tes~ Cond. 2) 

Avg. Part. Emissions 
lb:-;/ton Fuel Buried 

18.3 

8.7 

5.4 

A detailed summary of emission _ factor ranges per crop type is presented in 

Table 2-14. The factor range selected is b.:i.sed on- the assumption that burning 

would be conducted under those conditions where lower emissions could be 

expec-ted. 

Annual reports by the ARB were issued with estimates of the 

air pollution impact of these bu=s utilizing this inventory and ~l1e emissions 

factors refe ~red to above. It was estimated by the ARB that 500 tons of 

particulate matter were emitted in the SCAB due to ·agricult.ural bur.iing ir. 1976 

(Ref, 2-88). These emissions were distributec. into the agricultural regions as 

shO\oill in Figure 2-6. 

C. . Auto1110ti ve--

Only two areas of·automotive type particulate emissions were cons1dered 

in the final 1976 inventory. The area$ considered and their respective 

emissions are: tire tread attrition--8400 to~s, and brake lir.ing attrition--

3100 tons. Comtlined, they accounted ·for'approximately 8% of the total 140,000 

tons of pa.rti=late matter attributed to area sources. 

l. Tire tread attrition--Ever£ year, cr.s. 1110torists wear off nearly 

1.1 million tor.s of tire tread through the dri·,1ing of a reported 63 trillion 

miles (Refs. 2-89,90). Tires provide the sole contact between the vehicle and 

the roadway surface and must transmit the inte.cacti ve forces required for 

prcpulsion and control. In doing this, tire tread material is worn away 

by a variety of processes. Many of t.'le factors · affecting tread wear ·are · 

presented in Figure 2-20. 

Two schools of thought amorig sci.entists exist on t.1-ie fundamental 

mechanis111S of wear. The first :nechanism, called "thermal activated molecular 

stick slip," results from the extreme heat developed due to t.'le relative 

motion of t.'le tire at t.'le road surface which breaks down the chemical com­

position of the rubber causing a loss at t.he surface of a ce~ain number of 

mclecules. The second mechanism is based on abrasior:. between the tire and t.'le 
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TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSION 

Particulates, lb/ton of Fue~ Burned 

<5 5-10 10-15 10-20 >20 

Field and Weeds 

tule barley bean hay . alfalfa 
. cotton corn safflower asparagus 
rice peas oats 
mixed sorgh1Jm. 

i weeds wheat 
\, ditch · 

bank 
weeds 

Orchard and vines 

apple almond olive avocado 
apricot cherry 
boysen- date 

berry ·fig 
grape peach 
nectarin~ pear 
prune walnut 

Source: Ref . 2-84 

( 
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road surface causing mechanical removal of small rubb~r pieces. A combination 

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

Nwnerous studies (Refs. 2-89,92-96) have been conducted to charac­

terue ti~e tread emissions as to mass loss, particle ::-;_ze, and gaseous emis­

sions. The two most significant studies involving dynamometer and actual road 

driving tests sited a:re ones conducted by General Motors (Refs. 2~95,96) and 

by J. P. Subramani, Ph.D. thesis, · University of Cincinnati (Ref. 2-94). 

General Motors estimates a tire wear r~ce of 0.048 g/tire·mile for 

travel on the San Gabriel Freeway. Eighty percent or 0.036 g,'';ire•mile was 

esti.lllated to settle out within a few ir.eters of the road' .s edge. Tests 

conducted for· ~ubber content on roadside soil and dust samples proved this 

to be true. The rema.L~ing 20, is believed to consist of gaseous and airborne 

(<7 micron) particles . . This line of reasoning falls into line with General 

Motors (Ref. 2-96) overall tire tread wear conclusion that the emission rate of 

gases . and airborne particulate matter is nearly independent of wear rate 

and accounts for only 1-20\ of th~ total emissions. 

Particle sizing data taken on GM dynamometer tests conclude~ that 

24\ of '=he airborne mass under dynamic sampling conditions was composf;~ of 

particles <0.43 microns and that tires .emit particles into basically two 

size fractions, large partic,les >7 microns and small particles <O .4 microns. 

In the J.P. ,-Subramani thesis project, actual road wear rates as. 

well as dynamometer wear rates were measured. To establish an actual road 

wear rat.e, 43 cars were driven under winter and summer conditions in the Ci.ty 

of Cincinnati. Wear rates of 0.146 g/tire mile and 0.0873 g/tire•mile 

respectively were measured. 

Oynamometer tests involving two· automobiles reported wear rates of 

0.05 g/tire·mile and 0.0431 g/tire·mile. Further testing to correlate 

dynamometer . and road tests was advised •. 

Particle sizing data was obtained during the dynamometer tests • . 

Particle measure?Mnts were made in three sizes- of fractions: >10 micron, 

~2 microns, and those caught in a millipore filter. Conclusions drawn were 
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that SO\ by weight of the parti.c:es were in the >10 micron size fraction, with 

tile remai.mier consisting of particles ~2 micron in size. This conclusion is 

si.mila.r in size classification to that of Gene~al Motors. 

:eased on the ~oregoing discussion,. an automobilo tire wea;- rate of 

0.070 g/tire mile was derived. Oi thi.s. 30%. or o.o:n g/tire mile was 

estimated ';o consist of particles <10 :nicrons in size, 5-10% wt. to be gaseous, 

and the remaining 60\ to consist of pri:i,arily sedimentarj' type particles,-­

particles which settle out within a few 1I1eters of the road's edge. 

T"n"" basis. for the 0.070 g/tire•mile was the fact that Southern 

Californians do a lot of freeway as well as city type driving. An average 

value composed of General Motor's freeway estimate of 0.048 g/tire·mile arid 

J.P. Subramani's city summer estimate of 0.087 g/tire-mile was therefore 

concluded to be applicable to Southern Californi<?.. The particle size 

distribution was derived through the averaging of the dynamomete~ test 

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

Taking into account the semi-quantitative particle size distribution 

expressed by General. Motors 'and Subramani. the following particle size distri­

bution for the non-ga~eous factor of worn tire tread was prepared for use un 

this · inventory_. 

Particle size: >10].lm 10-3 um 3-lum <lum 

i?ercent: 60 5 15 20 

Tire attrition rates of 0.203 g/tire•mile arid 0.161 g/tire-mile for 

medium (5,000-10,000 lb curb wt~) and heavy duty {>10,000 lb ~urb wt.) vehicles, 

respectively, were also calculated. o·iff~rences ex,isting in wear rates ,and 

total tread loss (Ref. 2-97; are the criteria for the above wear rates. The 

particle size distribution is ass.umed to be similar to that of automobile 

ti:t'2S. 

Once vehicular tire wear rates were established a ·vehicle inventory 

for 1976 needed to be developed. Infonnation from a recent 1976 vehicle 

inventory frr the SCAR, developed by the SCAQMD {Ref. 2-97), and an ARB 

document entitled "Data Base & Documentation for Esti".lating Emissions from 

Motor Vehicles in California" (Ref. 2-98) was solicited for this purpose. 

Vehicles were grouped into basically three weight groups: 

l) Autoll'Obil.~ and commercial two axle; <5000 lb =rb wt. 

2} Medium duty; 5 ,C00-10 ,000 lb curb wt. 

3) Heavy duty;>l0,000 lb · ~b wt. 
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In addition, annual mileage estimates were assigned to each class based on 

the above mentioned sources. Table 2-15 presents the results of the for1;;-

going discussion. Emissions. total.i.ng 28,000 tons were estitiated. uf this, 

8100 tons are· estimated .to consist of particles <10 microns .in size with a 

majority in the respirable size range. Also, infrared and pyrolysis analysis 

of airborne part:.culates indicated that the tirborne particulate __ is r.ot 

s:Lillply composed of smal.l pieces of rubber, but that some of the particulate 

is degraded polymer and/or extender oil (Ref. 2-95). 

That portion of the toi:.al particulate loss labeled a:s s1?dimentary is 

believed to settle out within a few meters of the roadway's edge. Tests 

(Ref. 2-95) conducted al.Ong a stretch of the San Gabriel Freeway proved this 

to be partially true. 

Roadway tread rubber removal mechanisms such as che:nical. degradation, 

and to a lesser extent in Southem California, rain runoff, were also cited. 

Info::mation on partic~e re-entrainment which is probably significant was 

not available., hc-.;ev~r. 

2. Brake lini:,g attrition--Brake li.ning attrition from vehicles operaw.ng 

within the SCAB in 1976 accounted for an estimated 3100 tons of asbestos 

material.. A literature search for information on emissions fro~ brake 

lining attrition failed to d~sclose any information on the subject. The 

Environmental Protection Agency is planning to·conduct research into 

this area in the future, however. 

The approach t.aken in establishing an emissions. estimate was one of 

coupling a vehicle bee-Jee lining attrition factor to a ·vehicle annual mileage 

estimate. Information from a recent SCA9M1"l inventory (Ref. 2-97) on brake 

lining emissions was solicited for tb,._ purpose of deve,loping an attrition 

factor. Discussions with brake lining manufacturers and actual physical 

l!leasurements by SCAQMD were made to determine the quantity of lining material 

available per brake shoe, per weight class and ave:c:age lining life. Basic 

assumptions made were: 
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l) Density of brake lining materia1 is lSO lbs/ft
3 

2) Brake lining on the averuge contains 80\wt asbestos materia1 

3) 25\ o.f the lining material remains on the sh.oe or pad 

Due to the proprietary nature of brake lining material, accurate infor.:1.ation 

on lining composition was not available. Table 2-16 

factors calculated per weight .class. 

presents the emic~~~n 

In the development of a vehicle inventory, information from an ARB 

Document on motor ~ehicle emissions (Ref. 2-98) and a SCAQMD vehicle inventory 

(Ref.2-97) were solicited. Results are presented ir- Table 2-1]. 

Particle sizing data was not available, but it is assumed that all 

particles would be less than lOµm 

D. Sea Salt Sp%ay--

Presently there is no preci.-,e estimate as to the mass of sea salt 

spray particles emitted into the atmosphere at the surf zone due to wave 

action. Concentrations of saa salt in ambient air, however, have been 

measured at several locations in the basin (Refs. 2-9S, 100\ • Results f.-:om the 

California Aerosol C.'laracterization Ex;,eriment (ACHEX) were used to estimat.e 

the sea salt emissions occurring along the SCAB coastline. Two approaches 

were tak~ using this information. 

The first approach was to use the results from a. study (Ref~2~l0l) 

concerned with'strategies for approaching and achieving the National Ambient 

Air Quality Standards for particulates in the Los Angeles Region. Conclusions 

contained in this report were based. on the data contained within the ACHEX study. 

Sea salt concentrations of 6-io µg/m 3 were measured in the coastal areas, e.g., 

Lelll1ox, Dominguez Hills. In addition, to arrive at an emissions estimate, 

the .air flow through this region or window needed to be estimated. 

The basic: ass,llllptions made were: 

1) Average height of the inversion layer is 2000 ft (0.61 Km)--wincow 

height. 

2) Window length is 190 miles (300 Km), the projected length of coast­

line in the Bas.'.n~ 
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TABLE 2-16. BRAKE LINING ATTRITION EMISSION PAC'l'OR CAJ.CULArIONS 

As5urnptions1 Density of all brake lining material is 150 lbs/c.f. · 
brake lining contains 80\ wt. asbestos niateria: 
Attrition consun~s 75\ of lining material during lining lifetime 

Light Duty Vehicles 

Automobile & commercial 2 axle1<5,006 lbs. curb wt. 

Without Disc: l) Average New Lining · 6. 25 in 
3
/shoe 

·21 iverage Llning Life 30,000 miles 

3) Drake Shoe per axle 4 

3 4 shoes l c.f, 150 lbs Linin_g expended per ;i de: 6.25 in /shoe x axle _x 1728 in3 x f x 0.8 asbestos content 
c •• 

With Disc: 

shoe life x 0.75 attrition x ----- x 
30,000 mi. 

1) Average New Lining · 

2) Average ~ining Life 

3) Brake pads per axle 

3 
2.81 in /pad 

40,000 miles 

4 

106 mi. 
6 . 

10 m.1.. 
- 43.4 lbs/106 VMT 

Lining expended per axle: 2.81 in3/pad x 4 pads 
axle 

l c. f. 
X 1728 in 3 X 

150 lbs 
X 0,0 X 0.75 

c. f. 

Source: Ref. 2-97 

pad life -
X 40,000 mi. 

106 
i 6 x rn' ; 14.~ lhs/10 VHT 

10
6

mi. 
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TABLE 2-16. Continued 

Medium Duty Vehicles 

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

\) Average New Lining 

2) Average Lining Life 

3) Brake shoes per axle 

'• J 30 in /shoe 

50,000 miles 

4 

Lining expended per axle; 125 lbs/106 VMT 

Heavy Duty Vehicles 

Commercial Vehicles >10,000 lbs. curb wt. 

l) Average New Lining l &· 2 axles -

~3 axles 

2) Avera~e Lining Life 50,000 miles 

3) Brake shoes per axle 4 

2 pads -

front 

rear 

Lining expended per axle: ~3 axle front--83 lbs/10
6 

VMT 

Rear or trailer--233 lbs/106 VMT 
6 

l & 2 axle-~233 lbs/10 VMT 

84 3 
u /shoe 

30 
3 

m /shoe 

84 
3 -

m /shoe 
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'rALILE 2·-17. BRAKE I.I tllNG AT'l'Hl'rION EM1SS IONS SUMMARY 
-·-=-=-----------·---~-~===="============= '-==~-==" -------------------------------------------------------~---------------

Li',lht Duty Vahiclu 

Autoaoblh1 . 

M-titdiua Outy V.:hiclua 

c,-•1 1 ~•I• >sooo-u,,0001 
C\.UU Wl, 

coaa•1 l • 

TtaUer A•l• 

l • 

' . 
11,i;,t,vy Uuty Vdhlcl111 

co .. 'l •l'la >IU,0001 curb 

4 

Tr•il.,f •xle 

2 . 
l . 
4 . 

l::•t1~t.-:d 
I-.Ju1,~l 

Ml"C . -; . 

U,000 

U,000 

1,000 

l, GOO 

1,000 

110,000 

49,100 

l,~00 

H,000 

44,000 

),500 

wt, Q,eoo 

4':J, lUO 

u,eoo 

., , 900 

H,00U 

1, 'JUll 

7.~00 

t:m.1:.lliiW t',u:t.ota, 

, VKT Ila/ !Ob VH't 
Nuai>cir of Uliiin!J 

Uuhicl•• frunl llia.c: I Wit.J\Out 
In SCAB lir.U.~• With Lluc Uhc 

,.9~0, 066 8()\,,t, 1 ◄ .6tCJ.t o.,xi 

llll,00 

195,119 o., 

16,2H Cl , 4•2 

12) 41 . bl 

Yb, lu2 us.2 

4'9 l2~xl 

l9,)99 125¥1 

ld,248 l25xl 

H4 125xl 

lo 12s., 

22 .~ j(J 2xlll 

24,llO 549 

l4l 1dl 

1,000 hHl 

'19,6)~ 2"2)) 

lx:iJl 

bl)) 

a 

b 

All past-1970 GM pa8:c;e11ger can; oquipped with front disc br<lkes 

So urce: (Ref. 2-97) 

;:atu ·· 'lna 

Wl thuut 
)/lt.l, fr. Oiwc L>i~c Total 

Thr T/ yr T/yr 

137& H6 IUH 

226 Q5 lll 

• 
<l 

2212 

95 

6 

155 

<I 
~ 

.6 46 -

128 JW 

20 I 201 

<l <l 

_ _:L_ 
)100 'l"OlAI 
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3) Sea salt concentration of e µg/m is u.~iform throughout the 

· window 

4) Anm1al average on-shore wind velocity is 6 mph (or 10 kr,h) 
(Ref. 2-102) 

5) On-shore sea breeze b:ows "-3€\ of t.r.e time (Ref. 2-103) 

6) 75.\ by wt of t!1e sea salt parti.:-les are <10 microns in size 
(Ref. 2-100) 

Using this approach, 3·9, 000 tons (particles <lOi,m) of sea salt was 

estimated to originate from the SCAB surf zone each year. 

The second approach involved using measure<! concentrations of sea 

salt at SO ft above the s~rf and S~C ft above the surf and establi~hing a 

liriear concentration sradient as shown in Fi,;ure 2-21. Ac; discussed 

below the measured concentrations were taken at periods of wino vel~city higher 

::.!:!an the average wi~d Of 6 rrph. Therefore, an ad j ust:ne:1t. was made co t he 

average concentration of 17 µg/m
3 

to account for cor.ditions under average winds. 
3 A value of 12 µg/m was selected. To calculate the emissions, it was assumed 

that all the salt spray was generat~d over the height of the gradient which 

extrapolates to zero concentration at a height of 600 ft. Using this approach 

and the other assumptions shown in Figure 2-21, a value of 20,000 tons/year 

of sea salt emissicns less than 10 i..m in size were calculated. 

The follow.ing is an explanation of th~ data used to develop thi!> 

estimate. 

The ambient sea salt aerosol concentrations were u,easured at two ~n-,, 

shore sites--Pt. Reyes and Pt. Arguello. Source of this information was the 

ACHEX study. 

The sampling station at Pt. Reye~ Lighthouse.was on a cliff 500' 

(0.18 Km) al:>ove sea level and well exposed to t.'le winds. The data collectec 

here is pre·sumed to be representative of background marine coastal condit.ions 

along t.'le Central Pacific Coast of th·e United State9, however, this data 

may not ·be applicable along t.'le Sout.'le.rn California coastline. 
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600 ._ _____________________ __, 

. 500 

400 

300 

200 

100 

0 5 

Pt. Reyes 

Average on-shore wind 
6 .mph, 36~ of t.~e ti.me 

Pt. Arguello 

15 25 35 45 55 65 
SEA SALT CONCENTRATIONS, µg/m 3 

Other assunp·cions: a. Leng-ch of coastline including curvature 

b. 76i by weight of sea salt particles are 
less t.~an lOJ,J.m. in size (Ref. 2-100) 

Figure ·2-21. Salt spray emission calcul.ation model. 

Source: Ref. 2-100) 

Height of 
Window ( surf­

zone) 

220 miles 
(350 K;.t) 
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Oat:a were collected over a ten day per:· od. During the first · .. eek of 

testing, concentrations of 9.5 µg/m3 with 4-ll mph (6-18 lcmh) onshore winds 

were measured. During· the second week of testing, concentrations of 4.4 µg/:n 3 

with. a 22-34 mph {J5-55 la.lh) on-shore winds were measured. Winds were higher 

du.ring this period, but surface trajectories we~e generally off-shore. 

At Pt. Arguello the air was dominar.ed by ~he ocean breeze. The 

sampling site .was located within · 100 yds of the sea and about 50' abo·.re the 

surf zone. The atmosphere was d::..atur.,ed during the pariod of sampling by a 

weak s~o:z:m front passing through Central Southern California. This peri~d 

was also characterized by a wide range of conditions from weak winds ~4 mph 

(6 kmh) to rather high winds of 12 mph (19 kmh). Winds in this area generally 

blow from the ncrtil at 6- 10 mph {10-16 k.."nh). 

' 3 
Sea salt concentrations during this period ranged from l-100 ug/m. 

Based on the available information extracted fr9m t.~e ACHEX study, a value of 

JOµg/m3 was chosen to represent · the average ' sea salt. concentration at Pt. 

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

results of the partic•le sizi.-,,g test. 

Based on these data, the 20,000 tQn/~ of sea salt emissions were 

estimated to have the following particle size distribution: 

Particle Size 

<lµm 

3-lOµn: 

>lOµm 

Weight Percent 

2 

20 

54 

24 

For the final inventory, the second approach was selected because it 

appeared to follow the more reasonable approach considering the available da~a. 

It was also evident that regardless of the approach taken, the quantity of 

salt particles being emitted from the surf zone into the atmosphere is 

appreciable, th<!-t is, 39,000 ton/yr or 20,000 ton/yr. 
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Figure 2-22. Sea spray particle size distribution. 

Source: Ref. 2-100 
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2.4 INVENTORY RESUI.'l'S 

The fi~ TSP emission inventory was produced in August 1978 using 

EIS data tapes received from the ARB. The tape from SCAQMD was produced in 

February 1978 and the tape frcm Ventura APCD WclS produced in December 1977. 

Placing a baseline date on the inventory is difficult. TL.: EIS efforts at 

SC11QMD and VAPCD were initiated in 1975 but data processing, correcting and 

updating continued from that time ur.til the tapes used on this inv.entory were 

finally produced. Conside$g the span of ti.me involved in i'ncorporating new 

source data into the EIS system, the most a,propriate 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 sections. In this secti~n, -:he 

results of the inventory will be discussed. 

2.4.l Physical Description and Use Instructions 

The inventory was delivered to .the ARB in the form of one bound volume 

of computer printouts, one printed volume of emi~sion profiles, plus ~ee reels 

of computer tape~ The following is a description of these reports to help 

facilitate their use. 

A. Computer Printouts--

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

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

The plant index is arranged by county and plant ID number. Because 

of a continuing problem with the EIS software, it was not possible to sort 

the plant file to arrange it in alphabetical order. Fortunately, this is not 

a large inconvenience since for a large part of the listing the plant ID 

numbers were assigned alphabetically. The index contains (in ad.dition to 

county and ID) the ·plant name and address and its Universal Transverse. 

Mercator (UTM) coordinates. Once a plant has been found in the index. 

the 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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T!:l.e 10 kilometer grid report ccntains the .following info~tion: 

a. The OTM coordinates of the grid 

b~ The .:najox city ~.at the gr.id includes 

c. The population of that grid 

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

(l) The cou.:ty in which the pla.,t is located 

(2) The plant .:..:i Nm:mer 

(3) The plant SCC a-id SIC codes 

(4) SUIDID.er and winter, week-day and week-end emissions 
plus the total annual. emissions 

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

e. A summary of area source emissions by applications category 

The application category report co~tains the identical info:rmativn; 

however, the soUX1:es are arranged in application categories and the emis5ions 

for each category are summa.=i.:.ad by point area and total emissions. The 

terminology "Minor Sources" seen in the sunmiary is obsolete a.'ld was not used 

in t.'lis inventoi.-y. All entries are zero. All point source emissions are listed 

under "Major sou.rces" and area sources are correctly reported as im;iicated. 

The sec report lists the profile keys, application categories and 

emission factor corrections for all sec numbers encou.,tered in the source file. 

This report is sorted in two orders--by sec number and by profile k~y. The 

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

B. Emission Profile Report--

The emission profiles are bound. in a separate volume. It contains 49 

different profiles.· Each profile i.,dicate3.the distribution of TSP emissions 

into size ranges: >lOµm, 3 . to lOµm, l to 3 \JIil, and <l)Jm. For each of these 

size ranges, a chemical composition of the emissions is provided.· Instr.ictions 

for using the data are included in the volume. 
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c. Magnetic Tape Files--

The files submitted on magnetic tape include t.~e EIS point source 

file, the area source file and the sec file. 

The EIS tape file contains, for eac:i. point source emitting TSP, all 

of the info.Illlat.ion in the EI.S files of the SCAQMD, SBAPCD, and VCAPCJ. The data are . 

in the EIS fcr:nat. The file layouts are identical to those for the hydro-

carbon file delivered last May. (Refer to Vol. II of the H/C final report -

•Reference · •2-53). 

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

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

The sec file captains for each sec numb~r the applicable profile key, 

application category and emission fa1.ctor corr.ection. 

2.4.2 Total Susnended Particulate (TSP) Emissions 

The TSP emissions in the Basin plus Ventura ·county are 174,000 tons/ 

year which accoun~.s· for 3900 point sources and the area S(.;urces presented in 

Section 2.3.3. A breakdown of these emissions acc~rding to application cate­

gories is presente:d in Table 2-18. Also presented in these tables are the 

data from 1975 inventories obtained from t.~e loca1.l control districts (Refs. 

2-105 - 110 ) , the ARB (Ref. 2-111) ar.d the Air Quality ~agement Plan pro:.;. 

duced jointly by the Soutn California Association of . Governments (SCAG), SCAQMD 

and ARB (Ref. 2-112). The total ,point source emissions are in close agree.t:tent. 

The EIS/KVB inventory has lower point source combu~tip~ emissions because 

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

3.0 lb TSP/1000 gal made by KVB as a result of field tests. as discussed earlier 

in Section 2.3 . 1. Th~ ·.'\QMP has a similar number for utility boilers. The EIS/ 

KVB inventory has larger "Mineral" em:.ssions primarily from two large sources 

in V~tura County, a sand and gravel plant and a t~ick plant whic.:h account 

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

an even higher emission. 
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The KVB area sources were discussed in Section 2.2.3. The area sources 

accounted for in the ARB and AQMP inventories compared to the KVB inventory 

a.re as follows: 

Area Source ARB, Ton/Y AQMl?, Ton/Y KVB, Ton/Y 

Wild fire 22,000 Not indicated 2,400 
Structural fire 5,.000 Not indicated 200 
Fa:cming 3,000 6,800 10,000 
construction & 4,000 84,000 71,000 

demolition , 
Unpaved roads 2,000 Not indicated 23,000 
Equipnent (movers, etc.) 200 260 Neglected 

Since the detailed basis for the various estimates . (ot."ler than for the 

KVB estimates discussed previously) is not available, t.~ere is little to be 

said regarding the differences in values. Before preparing t.."le final inventory, 

KVB coordinated their area source estimate with t."le ARB s'2ff. 

2.4.3 Spatial Distribution 

A map showing the spatial distribution .of the TSP emission in the 

Basin. and Ventura County is shown in Figure 2-23. Table 2-19 identifies 

the grids wi~·TsP emissions greater _than 5 ton/day. 

TABIE 2-19. MAJOR 10-KM GR.IO EMITTERS 

UTM Coqr. · Princii?al 
E/W N/S Nearest CitI Emissions (Ton/Dai:) Source T:Te 

280 3790 w. Ventura 10.8 Ceramic manufacturing 
300 3770 Pt. Mugu 7.4 Elect. gen •. & area. 
320 3800 Fillmore 19.l 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 
380 3730 LA Harbor 5.9 250 Pt. sources & area 
390 3730 Lang Beach 11.5 Elect, gen. & area 
450 3770 Fontana 11.1 Steel manufactu:ing 
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2.4.4 Fine Particle Summary 

The ,objc~~ve of the program was to assess not only t.~e total susp.:mded 

particulate emissions but a·lco tt.e fine particle emission, i ·.e., the fraction 

with 1,1article size less than 10 microns. 

Sine'! it was outside of the scope of this contract to program the 

emission profiles, it was not possible to .?erform a rigorou,;, c.om;,1utation of 

the mass of fine particle emissions. Instead, a close approximation ~as 

made by estimating the ~article size distribution for each application cate­

gory. This estimate was made by inspection of the (!mission profile.· in the 

Appendix and establishing a percentage of the ·emissions with particle sizes 

less than lOum,. 

Table 2-20 presen~s these results. Note that an estimate of the per­

cent .of TSP <lOJJm wa~ made for the point sources in each appl~cation category. 

The area source emissions reported in thiE inventory (i.e., '!'able 2-lR\ were 

already adjusted so that they only inc:L•· ?d the <lOµm porti:>n. 

In summary c,i: the 174,000 to,1/:•ear TSP inventoried in this study, 

161,0qO ton/year or over 90\ are less than lOµm. Of the 34,000 ton/year TSP 

from ~oint sources shown in Table 2-18, 31,000 ton/year or 9oi are ·fine par­

ticles. 
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TABLE 2-20. FINE PAR.r!CLE INVENTORY S1:lMMARY ' 

\ of TSP TSP Ton/yr Fine Particl~ E::nissions 
Appli cation Cateaorv 

d 
<.101,!m (Table 2-17) Ton/yr Ton/ day 

Petrole\llll 60 750 450 1.2 

Organic Solvent Use 70 1160 
8dp 

·. 2.1 

Chemical 90 540 

5 ~ 1.4 

Metalurgical. 90 4200 380 , 10.4 

Mineral 20 U600 2500 6 • . 8 

Waste Burning 70 600 400 1.1 

Combustion of Fuel 

Utility Eoiler 97 9100 8800 24 

Ot.'ler 90 4800 4300 11.a 

Wood Processing 60 130 70 0.2 

Food & Agriculture 80 11000 8800 24 

Misc. Industrial so 450 200 0.5 

Area S6urces 

Aqricultural Tillinq 100* 9900 9900 27 

Road & Building Con-
struction 100• 71000 71000 195 

.Livestock F~edlots 100• 1300 1300 3.6 

Unpaved Roa,ls 100* 23000 23000 63 

Forest Fires 100* 2400 2400 6.6 

Structural Fires :i.00* 200 200 o.s. 
Ot.l- ,~r Combustion 100* 1900 1900 5.2 

Tire & Brake Attrition 100* 11000 11000 30 

Sea Salt 100* 20000 20000 55 

TOTAL 171000 467 

* The emissions calculated for area sources only included that pPrtion of 
TSP <lOJ.Jm. 

2-100 KVB 5806-783 



REFERENCES 

SECTION" 2. 0 

2-l "Comprehensive Cata Handling Syste1:1S, Emissions Inv~nto:cy/?ermits 
and Registration Subsystem (EIS/P&R) Program Documentation and 
tJsers Guide," E?A. 

2-2 Grisin~er, J.E., "Development of Coordinate System Transformation 
Equations Required for Air Quality Modeling in the SCAB," CARB 
Staff Report, July 1977. 

2-3 "Compilation of Air Pollution Emission Factors," Supplements 1-7, 
Publication AP-42, EPA, April 1977. 

2-4 Area Source Guidelines 

2-5 "Combust.ion Emission Factors for EIS/EDP," (See .Units) , Sout."ler.1 
California Air Pollution Control Di.strict, November 17, 1977. 

2-6 

2-7 

2-8 

2-9 

2-11 

2-U 

2-13 

Goldstein, H. L. ax • .:.. Siegmund, c . w.', "Influence of Heavy Fuel Oil 
composition and Boiler Combustion Conditions on ?articulate Emissions," 
Exxon Research & Engineering Co., Article published in Environmental 
S~ience and Techr.~logy, Vol. 10, No. 12, November 1976. 

Personal communications with Mr. Arnold Perm, Cheif of Air and Hazardous 
Materials Section, Environmental Protection Agency. · 

Sittig, M., Particulates and Fin('! Dust Rell'Oval, Noyes Data Corp., 1977, 
Page 201. 

Friedlander, s. K., Smoke, Oust and Haze, 1977, J. Wiler and Sons, Inc., 
Page 20. 

Sittig, M., Particulates and Fine Just Removal, Noyes Data Corp., 1977, 
· Page 292. 

~-• Page 440. 

Ibid., Page 175. 

Ibid., Page 250. 

2-101 KVB 5806-783 

https://Califom.ia


2-14 

2-15 

2-15 

2-17 

2-18 

2-19 

2-20 

2-21 

2-22 

2-23 

2-24 

2-25 

2-26 

2-27 

2-28 

Sittig, M., Particulates and Fine Dust Removal, Noyes Data Ce,rp., 
1977, Page 293. 

~-, Page 454. 

Friedlander, S. K., Smoke, Dust, and Haze, 1977, Page 301. 

Jutze, G. A., et al., "Investigati on of Fugitive Dust Sources Emissions 
and Control," PEDCo Environmental Specialists, Inc., Ci.,,cinnati, Ohio, 
prep;-red f::ir Enviror.=!e!'ltal Protection Agency , Research :ria...gl·e Pa:::-k, 
NC, EP.A-450/3-74-036a, June 1974. 

Cowherd, C., Jr., et al., "Development of Emission Factors for Fugitive 
Du.st Sources," Midwest Research Institute, Kansas City, XO, prepared 
fo~ Environmental Protection Agency, Research Triangle Park, NC, 
EPA-450/3-74-037, June 1974. 

"Compilation of Air Pollutant Emission =actors," S2ction 11. 2, T!".ird 
Edition, Environmental Procection Agency, August 1977. 

"1976 Emissions from Construction & Demolition," a document for the 
1976 Emission Inventory, SCAQMD, 1977. 

"1976 Construction Activity Particulate Emissions in the State cf 
Cal.i.for:-iia," Air Resources Board memorandux:i., June 1~, 1978. 

Personal communication. Mr. Herb Whitehead, SCAQMD South~rn Zone Of=ice, 
June 13, 1978. 

"Compilation of Air Pollutant Emission Factors," Section il.2.2, T.1,i-;-;! 

Edition, Environmental Prote.ction Agency, August 1977. 

"Los Angeles County 1975 Crop and Livestock :aeport," Los .?'.ngeles County 
Agri=lture Commission, 1976. 

"Orar.ge County 1976 Agriculture Crop Report," Orange County Department 
of Agriculture. 

"Riverside County Agriculture C:rop Report 1976," Riverside County 
Agriculture Commissi~n. 

"Annual Crop and Livestock Repo~ 1976," San Ber:.ardino County Depart­
ment of Agriculture. 

"Ventura County Agriculture Crop ·Report 1976-77," Ventura County Agri­
cul~ure Commissioner. 

2-102 KVB 5806-783 

https://South~.rn


2-2.9 "Santa Bacara Cou."'!.ty 1976 Crop Report," Santa Bar..iara County Agri­
cultural Comm:...;sior.er. 

2-3.0 Personal camnunicati..,n, Mr. Jack Davidson, U. C. System Farm Advisor, 
Sun Bernardino Cour.ty cooperative ·Extension Service, June 15,• 1978. 

2-31 Personal communication, Mr. Harvey, u.c. System Farm Advisor, River­
side County Cooperative Extension Service . · June 15, 1978. 

2-12 Personal communi~ation, Mr. Bob Burns, u.c. Sys~em rar.:i Advisor, 
Ventura County Cooperative Extension Service, June 15, 1978. 

2-33 Personal communication, Mr. Jim Harnett, Orange C9unty ';,7ricultural 
Commissioner Office, orange c~unty, June 15, 1978. 

2-34 Personal communication, Mr. Vick Smothers, Orange County Soil Cons~r­
vation Serrice, Oranc;ie County, June 16', 1978. 

2-35 Personal communication; Mrs. A+lene Togel, Soils Speci.1list, Soil 
Conservation Service, Riverside County, June 15, 1978. 

2-36 Personal communications wit"'". !-!r. Leon Spaucr"J, Riverside County 
Agricultural Commissioner's Office, River:.;ide· County, June 19, 1978.· 

2-3°7 Personal communications with Mr. Wot:.anode, Los Angf!?les County Agri­
cultural Commissioner's Office, Los, Angeles County, June 19, 1978. 

2-38 • Personal communications with · Mr. Greg Hayes, Santa Barbara Agricultural 
Commissioner's Offi'ce, Santa Barbara County, June 15, 1978. 

· 2-39 , Anonymous, ARB Memorandum, "Farming Operations," Preli.I:\inary i::ocumentation, 
J1me 14, 1978. 

2-40 Anonymous, E:mission Factors for Fugitive Dust from Solid Waste Dis~osal, 
a document for the 1976 Emission Inventory, SCAQMD, 1977. 

2-41 Anonymous, "In-Situ Investigation of Movements of ~ases Produced· from 
Decomposing Refuse," Engineering-Sciences, inc., California State 
Water Quality Control Board Publication No. 31, 1965. 

2~42 Private communications with Mr. Bill Johnson, Orange ·County Solid 
, Waste Management . District, May 25, 19?8. 

2-43 Anonymous, "Area Source Particulate Emissions,," Mc:..arandum, ~r Resources 
Board, June 14, 1978. 

2-44 Anonymous, "Support DoC\llllentation for Area Sources - Farming Operations 
Section Feedlots," SCAQMD, 1977. 

2-103 KV3 58015-783 

https://Commi...,;sior.er


2-45 

2-46 

2-47 

2-48 

2-49 

2-50 

2-Sj_ 

2-52 

2-53 

2-54 

2-55 

2-56 

2-57 

2-Sa 

A."1derson, C., "Air Pollution from Dusty Roads," as presented a<: t,.':e 
17th Annual Highway E:'l.gineering Conference, April 1971. 

";~r Pollution from . r.:.ipaved Roads, " a research pape·r by the Schoo 1 
of E.~gineerins_, University of New Hexico, .;anuary 12, 1971.. 

Jut.ze, G. A., et al., "Investigation of Fugitive Dust Sources E~ssions 
and Control," PEDCo Environr.1ental Specialists, Inc., Cincinnati, C:iio, 
prepared for Environmental Protection Agency, Research Triangle Park, 
NC, EPA-450/3-74--036a, June 1974. 

Heaver, J.M., Surface I=ro,ernent and. Oust Palliation of unoaved 
Secondarv Roads and Streets, Final Report, by E~gineering Researc~ 
Institute, Iowa State University, ERI Project 856-~, submitted to 
the I0"1a State Highway Co=ission, J·uly 1973. 

Anonymous, ..'.'Vehicle Miles T::::aveled (V~) by Road Type Location and 
Cou.-1ty," :-!er:io.:-andt:."7!., .:i..ir Resources Soard, Ji.:..-:e 14, 1978. 

Ccmoilation of Air ?olluta."'lt Emission Factors, Section ll.1-1, T"ii.::d 
Edition, E.~vi~nmental Protection Agency, August 1977. 

Mc!-1ahon, Clarles K. and Ry~, Paul~-, Some Chemical and Phvsical 
Characteristics of E!:ti.ssions from Forest ?ires, USDA Forest. Servic-~, 
Macon, Georgia, Paper presented at the 69ti: Annual ~eeting of t.~e 
Air Pollution Control Associat_ion, June 27 to July· 1, 1976. 

~lartin, Rebe.rt E. and Sandberg, David V., Particulate. Si:;:es in Sla.,h 
Fire Smoke, Pacific Nort!,west Forest·a.'"ld Range :::Xperiment Station, 
U.S. Def:)artment of Agriculture, Research Paper,· PN">'i-199. 

Taback, · H, J., et al, Control of ;ivdrocarbon "::m.issi-:ms fror:: Stationa:.:v 
Sources in the Cali=ornia South Coast Air Basin, Air Resources 3oard, 
Contract No. 5-1323. 

3iswell, H. H., Darley E. F. Goss, J., Miller, G. I., ";,.ir Pollution 
from Forest a.~d Agric-~lt=e 3u=ing," Journal of Fire and Fla..'"'!I:Ubilitv, 
Vol. 4, April 1973. · 

Personal Coomrunication wit.~ !'!r. H.B. Cahill, National Forest Service, 
Ventura· County, Califor.1ia, May 25, 1978. 

Personal Communications ;1it.'l ~. Har.1ing, Ventura County Fire C.'lief, 
Ventura · county, California, May 25, 1978. 

Personal Communications with Mr. T. ~cLaughlin, State of :alifo=ia, 
Air Resources Board, June· 15, l:178. 

Anonymoll!:;, "Emission Factors .4:o::- House and House Conte..1.ts Su.ming," 
a support cocument by t.'le SCAQMD, August 19 77. 

2-104 :C."11-S saoe-783 

i 
j 



lliifilli'iit'ttllii. felli0tilli4 .... - ..... ______ ..._;~-- -,.- " J\~ ·~. ~· - · ·· • • 

2-59 

2-60 

2-61 

2-62 

2-63 

2-64 

2-65 

2-66 . 

2-67 

2-68 

2-69 

2-70 

2-71 

2-72 

"1976 Emissions ~rom Structural Fires," a support doc\nnent by the 
SCAQMD, October J.977. 

Personal Communications wi':h Nels Rasmussr.n, Department of Population, 
State of California, May 1978. 

California Fire Incident ReE9rting Sv-stem, California State Fire 
Marshall, Sacramento, California. 

Alguard, o. A., Snowden, w. o., Stolberg, ,w. E., Swanson, G. A., 
Source. Sampling Residential Fireolac\2S for ::mission Factor Oeveloo­
ment, Valentine Fisher, T. Tomlinson, Seattle, Washington, prepared 
fci'r the E:n..ri.ronmental Protection Agen<;y, Research Triangle Park, NC, 
EPA 450/3•,•76:..010, November 1975. · 

Baumeister, Theodore, Mark's Mechanical Engineers Handbook; Sixth 
Edition, Section 7-18, 1958. 

Busch, A. : • , Leonard, J. J., Yandy, · W. H., "Gas Analyses in . Large 
Fire Experiments," Report 68-25, UCI.A, Department of 'Engineering, May 
1968. 

Compilation of Air Pollution Emission !"actors, AP-42, Sect.ion on 
"Open, Burru.ng," Environmental Protection Agency, Cffice and Air 
Waste Management, February 1976. 

Compilation of Air ,Pollution Emission Factors, Section on "Auto 
Incineration," U.S. Environmental Protecticn Agency, Office and 
Air and Wastt? Management, FP.bruary 1976 . . 

Personal Communications with Mr. Bruce Dear, Orange County Tax 
Accessor's Office, May 13, 1978. 

?ersonal Coi:m".:.nications with Mr. Mark F. Balys, Riverside County 
Planning Oepa::t11ent, May 19, 1978. 

Personal Comr:.unications with Mrs. Oudrey Iverson, San Bernardino Tax 
Accessor's Office, May 19, 1978. 

Pe~sonal C0Dm1unications ,with Los Angeles 'county Tax Accessor's Office, 
~.ay 19, 1978. 

Personal Communications with Mr. Elliot Harris, Sout.~ern California 
Gas Company, Los Angeles, California, .June 21, 191 8. 

1978 Facts, Southern California Gas Cnmpany, as of .January l, 1978. 

2-105 !CVB 5806-783 



2-73 

2-75 

2-76 

2-77 

2-78 

2-79 

2-80 

2-81 

2-82 

2-83 

2-84" 

2-85 

2-86 

Matthews, B. J. and Surprenant, N. F., nE::l.issions Assessment of 
Conventior..al Combustion Systems," Vol. I, TRW, Inc., R.ec.onc.o Bea di, 
California, prepared for the Environmental Protection Agency, ~ese~=ch 
Triangle Park, NC, under .Contract No. 68-02-2197. 

3:-cck:r.a.-,., G. T. and ""'.a.li..i.1a. ? .. ~, ... , "TRC Measuring· t.."le E....~vi=onr:.en "t.3..l 
Impact of Domestic Gas~Fired Heating Systems," Paper presented at 
67t.'i An.,ual MeetL--ig, Air Pollutior! Control Associations, June 1974. 

Hoff:nan, Dietrich, Wynder, Earnest, "The Less Harmful Affects of 
Smoking," World Smoking and Hedlt.'i, Vol. 2, Number 2, American 
Chemical Society Journal, June 16, 1977. 

Pe:::-sonal Communications .with Bud Steinfeld, DeP.artment of Commerce, Bureau 
of Census, Los Angeles, California, May 10, 1978. 

Marchesane, VL--icent J. , Towers, Thomas and Wohlers, HerL.---y c., "Minor 
Sources o= Air Pollutant E:nissions," .Journal c,f t.,e A.i r Pol.l:iti on 
Control Association, '/ol. 20, No. 1, January 1970. 

Personal Communications wit."! ~.r. v. Marchesoni, co-publisher of 
reference 47, :-iay 25, 1978. 

"Second IIand Smoke - Take A Look at the Facts," Brochure, distributed 
by the American Lung Association, August 1977. 

Pe:::-scnal Commu.,ications with Mr. Dennis Mizoguchi, Smoker Hotline, 
Long Beach, Infer.nation Source: Smoking Digest, October lS77. 

The Healt.'i Consecuences of Smoking, Page 94, Ti!ble l, 1973. 

Minutes 'of a speech presente~ by David M. Bu..-ns, M.D., Medical Staff 
Director, Clearinghouse for smoking and health, Bureau of Health 
Education, Center for Disease Control, Atlanta, GA 30333, at t."le 
works~op on rights of non-~mokers, conducted by National Interagency 
Council on Smoking and nealth, New York, NY, held at the lJni•;ersity 
of Maryland, College Park, !-'.D, January·ll, 1975. 

Darley, :i::. F., et. al, "Contribution of Bu.ming of Agric1.1ltura.1 waste 
to Photochemical Air Pollution," Jou_-nal of APCA, Vol. 16, No. 12, 
December · 1966. 

Darley, E. F., et al, , nE:nission Factors from Burning Agri=ltural 
Wastes Collected in California," report for C\RB Contract 4-011. 

Wayne, L. G. and McQueary, M. L., "Calculation of Emission Factors 
for Agricultural BurnL"lg Activities," report for EPA Contract 68-02-
1005. 

Darley, E. F., '"Emission Factor Development for Leaf clurning," report 
for E:?A Contract 5-02-6876. 

2.;,.106 !C'"m sao::-783 

j 



r 
I 
\ 

/ 
I 

ft r ·· t -

2-87 

2-88 

2-89 

2-90 

2-91 

2-92 

2-93 

2-94 

2-95 

2-96 

State of California Health and Safety Code, Subchapter 2, Title 7. 

california Air Resources Board, Agriculture Burning Report for 1976, 
J'une 2, 1978. 

Dannis, M., Rubber Chemical Technology 47, 1011, 1974. 

Byerly, T. R., Jr. and Ra.ybold, R. L., "Investigation of Products 
of Tire Wear," NBS Report, 10834, 1972. 

!Covac, Frederick J. , "Technology Forecasting-Tire," Chemical Technology, 
January 1971, Pa~e 22. 

Brachacaek, W. and Pierson, W. R~, Rubber Chemical Technology, 30, 
(al 45, 197l. 

cardina, J. A., Rubber Chemical Technology 47, 1005, 1974. 

Subrair.ani, J. P., "Particulate Air Pollution ;rom Automobile Ti:::-e 
Tread Wear," Ph.D. · Thesis Project, University of Cincinnati, 1971. 

Cadle, J. H. and Williams, R. L.,."Gas and Particle =:missions from 
Automobile Tires in Laboratory and Field Studies," General Motors 
Research Publication, G..'ffi-2542, Env. No. 37, ~~tob~r 1977. 

Cadle, J. H •. and Williams, R. L., "Ch:1racteri.;ation of .Tire Emissions 
Using an Indoor Te,s·.: Facility," Rubber Chemistry and Technology, VoL 
51, No. 1, March-April 1978. 

2-97 Anonymoti.S, Preliminary Draft of Tire and Brake .Emissions L1 the SCAB, 
-Vehicle Distribution S\.ll!mlary for SCAQMD Areas, South Coast Ai.r · Quality 
Management District, October 1977. 

2-98 Anonymous, Data Base and Documentation for Estimating Emissions from 
Motor Vehicles in California, State of California Air Resources Board, 
May 1977. 

2-99 F.riedlander, s. K., Smoke, Dust and Haze, Fundamentals of Aerosol 
Beha~ior, John . Wiley and Sons, New York, 1977. 

2-100 Anonymo1JS, ~Characterization of Aerosols in California," (ACHEX) 

Fin.u. Report, Volume I and IV, ·Air Resources Board, State of California, 
September 30, 1974. 

2-101 Crawford, K. W. and Trijonis, J. c., "An Implementation P~an for Sus?ended 
Particulate Matter in the Los Angeles Region," prepared for t.~e EPA 
Re<]ion IX by TRW, Contract No. _68-02-1384. 

2-102 Personal Coumu.,ications with t.~e ~ational Weat.~er Ser"lice, Los Angeles, 
California, June 8, 1978. 

2-107 !CVB 5806-783 

1'.t. 'tt ( '$ 



2-103 

2-104 

2-105 

2-106 

2-107 

2-108 

2-109 

2-llO 

2-lll 

2-112 

2-113 

2-114 

Trijonis, John c., An Economic .:i...ir Pollution Control Model Aooli­
cat5.on: Photochemical Srrog in Los Angeles Countv in 1975, Vol. I, 

Source Sited: Ne.iburger a..d Edi..ger, 1954. 

Sitt.:;, M. , pa_--t.ic-..llates a..91C Fi-. e ~~st: Re~"t.3.l I Noyes Data Corp .. , 
1977, Page 55. 

Southern California Air Pollution Cont..-ol District, "El:liss-ion Inventory 
Report to t.'le Board," November 1975. 

Ventura County All' Pollution Control District, "Preliminary Source 
Emissions Inver.ot.r:r," August 1976. 

Laird, John, Santa Barbara County Air Pollution Control District, 
Private CoimI:u."licatior., March 18, 1977. 

Riverside County Air Pollution Control District, "Ave~age E:nissions 
of Pollutants," 1975. 

San .Sernardi."lo Cou..ty .lir Pollution Control District, "1975 Ann ual 
Report,•• 1975. 

Orang~ County Air Pollution Control District, "1974 Emissions 
Inventory," 1975. 

Bradley, Rich, "ARB 1975 Ir,ventory of TSP for the South Coast Air 
3asir," Private Communication, September 14, 1978. 

Draft Air Quality M.:i.nagement Plan, S~G and SCAQMD, Los·Angeles, 
California, Au~ust 1978, (Preli:ninar1l. 

Ccwherd, C., Jr., C. ·M. :-!a.xWell, 'and D. W. Nelson, "Quantification 
of oust Entrainment fro!ll Paved Road-.,ays," Mid...,est Researc:i Institute; 
Kansas City, l-0. Prepared for iJ .s. Envirorur.ental Protection Agency, 
Research Triangle Park, EPA-_450/3--77-027, July 19-77. 

Axetell, K. and J. Zell, "Contrnl of Reent=ai..ned Dust from ?aved 
Streets," PEDCo E:nvironmental 2pecialists, Inc., Cincinnati, OH. 
Prepared for U.S. E.~vironmental Protection Agency, Region VII, 
Kansas Ci:.y, ~. under Contra·=t No. 68-02-1375, July 1977. 

2-115 . xavier, T., "Data Base and Do~ntation for Estimating Emissions 
from Motor Vehicles in Califor::.ia," State of California Air 
:Resoi..rces Board, ·Tec:mical Services Division, May 1977. 

2-108 KVB 5806-783 

tsrnnnr r 21rerr1 . ..J 

https://Califor:i.ia
https://Cou."l.ty
https://pa_--t.ic


( 

I 
I 

\_ 

SECTION 3.0 

FIELD TESTING 

·rhe field tests con:iucted on this program provi.ded a realistic assess­

mer.'c of the ~ticuli:lte emissions from stationary source·s in the Basin.. From 

the outset the experimental plans and procedures were coordinated with 

::.umerous government, industry, and research consultants to benefit from t.'ne 

advice of otiler experts in the field, avoid _duplication, identify cepresenta­

tive sources and insure high data quality. 

The following secti9ns present the experi.'llental methods employee. 

3.l APPROACH 

The number of stationary sour::es of pa:ticulate emissi-:ns in the Bas.in 

is :~·..:.;e. The objective of . the test program was to provide as much infor.:iation 

as P?ssi.ble to characterize the particulate emissions from these sources. 

"11 initial goal of 45-50 ~ources was r!Stabl.ished. 

The EPA has categorized ,pollution sources using a system of Source 

Classification Codes (SCC). The sources in the Basin acco·.i.-,,t for .:ipproxi­

mately l5o ·scc numbers. For each of these an emission factor and an . emission 

profile was desired. In wany cases emission f~ctor data were available. 

Very little data were. availa.bl~ on which to base emission profiles. There­

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

From the preliminary i.n7entory it was determined that fuel combustion 

accounted for 54\ of the emissions in the Basin and r.i.2tallurgical and 

minerals accounted for 241. Major pl_ants were identified in each source 

type such as p::>wer plant, cement pla.-it, glass furnaces, and .asphalt bat::h . 

plants. Special sources li..ke a steel mill, chemical plant, etc. were 

also listed. 
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Industry was found to be cautious and concerned about t..'lis testing. 

They often requested a full technical briefing. The glass industry used the 

Glass Packagi.~g Institute GPI and the petroleum industry used the Western Oil 

and Gas Association (WOGA) as agents to moru.tor a~d control their participation. 

As a result of this concen:. a grent deal of engineering ti.me was required ~o 

gain er.~ to plants for testing. Even after tests were completed, there were 

return visits to review data. In the case of GPI and SCE, ·formal presentations 

of plans and results were made for each site tested. 

To minimize the amount of coordi.~ation work, 1CVB took the approach of 

trying to conduct as many of t.~e planned tests at one plant site as possible. 

n-.e test crew consisted of two ~ngineers and two technicians. On all 

tests, c1:l.!. four worked toget.>ier. :2ach test required t.me working day at t.11.1:: 

plant site plus two days for equipment ,tu.rnaround a.~d sample processing. 

3. 2 METHODOLOGY 

Sampling and analysis methodology described in this section was 

evaluated during the Phase I period of the program. This is discussed in 
' ' 

Section 4.2.l. The objectives were to (l) determine the particulate emission 

rate from ducted ::;ources, {2) collect and preserve representative samples of 

these emissions and (3) analyze the samples for their chemical composition. 

The general approach to emission rate determination was to either measure the, 

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

Presented in the •,following sections are a detailed d<:!scri:-,tion of the 

field test and laboratory equipment, some explanation for cheir selection, and 

a detailed description of test procedures and da~ reduction techniques 

followed during the program. 

3-2 1CVB 5806-783 

j 



3.2.l Sampling 

Two sair:.pling trains were used in the prog.cam, an EPA. Source Assessment 

Sampling System (SA.SSi and a modified Methcd 5 train. Both tr~ins consisted of 

heated probe; three calibrated cyclones with nominal cut sizes of 10, 3 a.~d l :.;.m 

contained in an oven capable of being heated to 40C 0
• a millipore filter also 

in the ove~; t....o iJ:ipingers containing distilled water; one dry impinger; on~ 

impinger containing desiccant; vacuum pump(s); and a drygas meter. T~e primary 

difference in the two trains i5 size. The SASS is larger with a sampli.~g 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 (l.65 ACfM at 400°F). The 3,'\.i.S requires two vacuum pumps. Both systems 

are essentially standard. commercially-available equip,ner.t except that tb.e s-:::.an­

dard SASS has an organic sampling module between the filter and the i.mpingers 

which was not used on these tests and a special cyclone set was designed and 

fabricated especially for use with the Method 5 tra.i.n. 

The purposes for ~sing two trains were to: 

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

b. Simultaneously 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 ~her~ the SASS.was too large_ 

The smaller trai.~ was used upstream of all controlled devices and the faster 

sampling ·sASS was.used downstream where the grain loading was substantially 

lighter. 

Both the small arid large cyclone sets were calibrated at the program 

outset. Pitot tubes, gauges·, meter, thermo-couples and pyrometers were cali­

brated periodically throughout the p.cogram. 

A. Equipment Description--. 

l. Source'assessment samolin~ system (SASS) Ref. 1-1--The flow diagram 

for the SASS is shown in Figure 3-1 T~ SASS is available as a standard pro-

duct of the Acurex Corporation, Mountain View, california. A description of 

the components =~llows. 
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HEATED l?ROBE 

The SASS probe ex~.=dc·c~ gas/particulate samples from the so;.irce 

being tested, . monitors the temperature and gas velocity of t."ie source, and 

maintains sample temperatu.::es al::>ove the condensation poL"l't of water/so
3 

mi..'<­

tures. Fig,.ire 3-2 shows ·ehe internal arrangement of the ~ssembled ~robe. The 

important fP:!tures of the probe are the T~ 316 stainless steel samplirig tube; 

the fiberglass-insulate~ strip heater (incorporating~ ther.nocouple for feed­

b4ck temperature control) wrapped around the sampling tube; a ·round probe body 

~o allow sealing of t."ie sampling port and rotation of the probe as necessary; 

strain relief for all electrical, thermocouple, and pitot line connections; a 

calib-:ated s-type pitot; and eas~).y interchangeable probe tips with diameters 

from l/4 to 3/4 L~ch in 1/16-inch ~"l'~rements as standard equipment. The · probe 

is designed to withstand duct temperatures qf up to 600°F. 

l?ARTIC'JL.\.TE COLLECTION SYSTEM 

The purpose of the particulate collection system is to maintain the 

sample gas stream at 400°F while collecting the particulata in three cyclones 

and a backup absolute filter. Figure 3-3 shows the syste.n installed in th~ 

oven. Figure 3-4 schematically illustrates the three SASS cyclones and shows 

key dimensions of each. The cyclones- were developed by the South~rn Research 

Institute and Acurex's Aerotherm Division. The cyclone assembly is fabricated 

of 316 stainless steel. In order to be lightweight. and compact for easy field 

use, an.:! to . be easily assembled, ' disassembled, and cleaned in the field, the 

.cyclones were fabricated by spi."lriing with inlet sections attached by welding. 

Support for the individual pieces in the oven is _;;,rovided by tubing connections 

A.Sa result t!1e cyclones are fragile and easily damaged; The middle cyclone 

failed midway in the program and was replaced by a machined unit which was less 

expensive and !1\0re rugged, but slightly heavie~. 

The seal-between the top 'and body secti~ns of the cyclones were origin­

ally made of 'l'eflon. These Teflon seals proved to be tro . ..blesome because of 

t."leir lack of fle:xil,i li ty and tendency to cold-flow, leading tp difficulty 

in getting satisfactory leak tests • . After a few tests, the Teflon was 

replaced with Vi ton wh:· ch has beell adopted by t.'i.e EPA as an acceptabl'e 

material for the sys~em. 
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The filter holder (Figure 3-3') houses and supports an absolute b?ckup 

filter for the series cyclones. Because of pseudo particulate pcoblems ~x­

perienced with other filters (Ref. 3-:9), only Reeve Angel 934AH filters were 

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

borosilicate glass fibers and have an. ~stimated porosity of 0.3 - 0.5 :.im. 

The filters were obtained in 150 mrn diameters and were •individually cut to 

141 mm diameters to fit the holjer. 

The oven provides a constant temp~rat~re _environment for the cyclones 

and filter, as well as m~chanical protection. It also supports the probe by 

means of a collar attached to the side of the oven, which securely clamps the 

probe. The probe and oven collar are so designed that the probe can be rotated 

to any angular position. 

IMPINGER ASSEMBLY 

The impinger assembly collects any remaining ccn~ensibles in the gas 

stream and dries the sample gas stream to avoid damaging the gas pumps and flow 

monitoring instrumentation. The impinger assembly, pictured in Figure 3-6 

con~ists of four heavy wall glass bot~les· 316 stainless steel and Teflon tubing 

directs gas flow. The first· t'-";} imping.er bottles contained 400 ml of disti.iled 

water. i'n each of · thase bot~les, a straight section of tubing ducts the sample 

gas below the liquid level. The sample gas 

gas below the liquid level. The sample gas 

the ·.·arious pollutant specie•~ to be scrubb~d 

section 

:'.)'..ilib:;_23 

out. 

of ·tubi1;g ducts t.he 

1c:iro:J.';U t::i: 
, . . ~ ... .:.. ... ,:u ... {.; I 

The third bottle was 

sample 

allowing 

empty. 

The fourth. impinger bottle contained gra~ular silica gel to dry the gas. In 

this bottle also, the gas is ducted to the bottom of the bottle by a stainless 

steel tube and flows upward through the silica gel granules. 

The remaining components · of the impinger assembly ' (shown in Figure 3-6) 

include a thermocouple, to monitor temperature· of the gas exiti'ng t :ie silica 

gel, a small pump to agitate the ice/water slurry surrounding the bottles and 

carrying tray so the enti:ce impinger asembly can be lifted out o= its ice !:)a~:-: 

when required. 
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Figure 3-6. 

( 

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

-r,.,o vacuum pumps connected in series are used with the SAS.5·. Thes.:.. 

carbon v..11~ -t.y:r;:'? pumps (Gast, Model io221 are modified by Acurex with a sp~cial 

shaft seal to reduce the leak rate to better than l'-~thod 5 standards. E..:.::h 

pump has a 3/4-hp motor, a flowrate of 10 ACFM at zero pressure drop, and weighs $9 

lbs including all fittings. Each pump requires ;.o amps/ i lS VAC. 

CONTROL UNIT 

The control unit contains all of the instrumen.ts for measuring stack 

velocity, sampling flowrate and cumulative flow, and temperatures at virious 

points in the sampling system (Figure 3~8). All cf the . controls fer the sarn-

pling sy~ten, are located in the control unit except the valves for ::or:.trollir:.g 

Sar:tl:)le f!.owr~te. T!l.e •.;alves are rnount;c.:. on the vacuum pump, which is plac.ed 

adjacent to the control unit when using the sampling system. Thus all of the 

controls and measurement displays are centered about the control unit. 

The various switches, ga1.1 :5 ,., s; ·and connections seen on face of the con,::-­

_ tro'i unit are described below: 

Switches 

There are five electrical swi : .:::es with the following functions: 

Main power (with .pilot light~·,.: J-ampere, :. :.5-VAC circuit 
~reaker) 

Probe heater (with pilot light and 15-ampere, ;.15-VAC c~ccuit 
breaker) 

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

Fan power 

Elapsed time indi.:ator start;..stop switch 

The oven circulation fa.~ is connected so that during heating, the 

fan is in operation regardless of the position of the fan ~ontrol switch. 

When the oven heater is "off,·• the fan may be turned ''on" with the oven door 

open to hasten cooli.ng of the oven, cyclones, and filter. 

Elapsed Time Indicator 

An elapsed time indicator is •.1sed to deter.nir.e when to move from one -· 
traverse point to the next, when pe~for:ning ~ethod 5 ~amp ling. It is als_o 
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useful for SASS samplL~g to monitor i.:npinge= zolution cha:.ge intervals, data 

logging intervals, and total sampiL~g time. The inci.cator has a resolution 

of l/"!..0 of a minute. The indicator cat·. be reset to zero,. and started or stopped 

with a pushbutton located near the indicator. 

Oven and ?robe Heater Temperature Controls 

Power to the oven and probe heating ~lements is modulated with adjust­

able temperature controllers. These controllers use chromel-alumel ther.no­

couples for temperature sensing~ Each controller has the following features: 

Actu.a°l temperat~re continuously displ,ayed 

Maxi.mum set-point is limited to S00°F by a mechanical stop 

Power cycling is indicated by red and green lights 

The controllers provided with the unit used on this prograc:i #ere c: 

low quality and required continual adjust:nent to keep them in calibration. 

After several replacements, the test crew leaned to use manual procedures to 

bring the temperatures to the desired level (i.e., 400°F for the probe ana oven) 

after which the controller would generally hold the temperature, although the 

indicator might be as much as l00°F off the .. eroper settL""lg. . Also, if the con­

toller was turned to the upper limit of temperature (not bey9nd the scale), the 

control w~uld . lock, requiring disassembly. 

Ti;n.Ferature Disolay 

A digital temperature indicator is used together wit.~ an eight-point 

selector switch. The selector switch permits monitoring the te.mperature at 

each of the following locations: 

Staclt 

Probe 

Oven 

Impinger train outlet 

Gas meter inl.et . 

Gas meter outlet 

Two "spare" locatic~s 

The temperature range is 0°F to 1500°F with a."l. accuracy of :t4°F. 
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Gas Flow 

The cumulative sample gas flow is ~easured by a Rockwell ~odel 415 gas 

meter, a high accuracy u:ete:;:- us. 1 for testing. The :neasuremen t is displayed 

by a digital counter and pointer wit.'l. a resolution of 0.005 cu. ft. 

Pressu.::-e Gauges 

Three Magnehelic pressure gauges can be .seen on tne · '!.Ce of t..':e cont.::-ol 

unit. One is used for moni to'ring the pressure drop across the orifice meter 

(see following discussion on orifice meter) . The ot.1-ier two gages are CQr.nec­

ted ir. parallel and indicate the pressure differential of the pitot tube used 

for measuring stack velocity. One of t.-ie gages has a ra."l.ge f.::-om O to O. 5 

inches of wate.::-; t.'l.e ot.'l.er, usually O to 4 inches of water. Thus t::e pi tot 

t'.:t:e pressu.::-e differential can be dete:::::iined wit.'l. ,hi;h precision over the 

full range. 

Umbilical Line Connectior.s 

The 1..:milical line between the control unit, oven, and probe makes 

t::ie connec-tior.s wit.'l. t.':t! control u.'1.it as follows: 

Multipoir.t cc:;nnecto~" wit:-, AC power leads to ove."l., fan, and probe 

Ou.al-pin the:rnDcouple connectors for the stack, probe, and 

impinger t.'l.ermocouples. 

The separate 25-foot sa:r.ple hose con."l.ects to the vacuum pi.u:ips . . · The 

exhaust hose of t.'l.e pump is con."l.ected to t.11e '"inlet"· fitting located on t.'le · 

control unit. The sample gas then passes through the gas and orifice meters 

int.he manne.:- of the typical Method 5 sampling t..:-ain.. 

A qU:..c!c-disconnect fitting is provided at. the sample "exhaust" outlet 

on the control unit. 

2. Met:iod 5 sampl.'.ng , system (Joy '1."rainl:..-The Methoci. 5 sampling system is 

a standard Joy ~ufacturi.ng Company unit shown schematically iri Figure 3-9. 

A special particulate samplL'1.g system was designed and fabricated to :it insi:.e 

the standard oven. A description of the system c=ponents is presented below. 

c..:cr.oNE SET 

In designL'1.g the cyclone set for t~e Joy traL'1., KVB visited Southern 

Research Institute (SoRI), whe:re under E?A sponsorship they were develoi_::in; a 
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Figure 3-11. Cyclone l. 
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Figure 3-13. Cyclone 3. 
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Figure 3-16 A drawing of ':he front view of the cyclones and :il.te.:-
holder assecbled in t .. ne Joy oven. 

Figure 3-17 A drawing of the tcp view. 

Figure 3-18 Drawing of Cyclone 1.· 

Figure 3-19 . Drawing of reverse exit t-.ibe for Cyclone 1. 

Figure 3-20 Drawing cf Cyclone 2. 

Figure 3-21 · Drawing of Cyclone 3. 

Pigure 3-22 Drawing of stainless steel ball and socket :o~nts used 
to connect the cyclones to each ot.~er and to t.~e probe. 
Note that grccves for "o• rings have been cut in ball 
joints to assure a positive seal when "O" ring is in place. 

The u.,its were fabricated from 316 stainless steel with hiqh quality 

the cut points would be as follows: 

400°F D_O c,·- i?o:.."lt {:l.ef 3-10) 

cyclone ! 9.1 u.:n 
Cyclo.:.e II 4.1 um 

Cyclone III l. 3 ',;.:II 

Throughout the test program t!'l!!! small. cyclc.1es perfor.:ied p·erfectl:r. 

The ball joi."lts provided no sealing problecs and are recommended highly for 

futw:-e design~. 

After the i,itial trial runs with the small train it ~as fou.,d that 

the o=iginal filters on the Joy trai~ were becoming clogged within a short d=­

ation. To alleviate this condition, a larger filter holder was fabri::ated and 

successfully installed in the unit. Where the original filters were only 47:nm 

in diamater, the new filters were 141.:ml, the same size as the ones in t~e SASS 

train. This improved the sa::ipli.'1.g routine substantially, reducing t.'le number 

of filter changes. Figures 3-15 and 3-16 show the larger filter . in place. 

SAMPU~G UNIT 

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

divided into two sections. The first section is a heated com~a.r+-~ent contain­

ing provisions for a filter assembly and cyclones; the second section is , a 

compartnent containing the impinger train. Openings in t~e cabi:.et a.~d cla.~ping 

devices are provided for attachment of the probe in hori'zontal positions . San­

pling trai."l components in the oven are made of stainless steel, joined ::y ball 

and socket joints and provided with clampi.,g devices. 
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Fig-.ire 3-16. Joy t:::ain cyclone assembly schematic. 
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1-29 KVB 5806-783 



>I 

3 
lJ ,. 
lJ 

0 .,. 
,.. 

n // ~~-~ 

LI
: I ~ ! 

T 

I. 
I 

_.,/ 

Ll 

3-30 

;:;, .... 
:Jl 
'.ll 

" N 

<ll 

0 ..... 
:.J 
>­u 

. <ll 
I-< 
:::l 
::;, .... ... 

,.., 
~ 
r--

1 

~ 
CJ 

"" 



) 
f 

w 
I 

w .... 

T 
0.1 

o.wl- oi.aeta,; 
Tangent· to Bor,i 

CVCLOHE 111 

1.006 

_L 

'O'-Ring GC0\/8 

~'-"'~ I- .. ~ 
I-- ~:~:: ·:ii -

[ ___ ,r-____ J~:::· r '-r J ' I 
I 
I 0 . 150 1.0 

I I 
_L t L _______ I 

0.12~ 

Figure 3-21. Cyclone 3 des i•J-11 sketch. 

KVB 5U06-783 



w 
I 

w 
Iv 

I 

I 
I 

,,. --. ,, 

Figure 3- n. 

--- 'O' -Riny Grovu 

S1'AIHLESS S1'El::L DALL JOINT 

1/2" Tul>o 

S1'AINLESS s·rEEL SOCl<..E'l' JOIN'r 

Stainless steel ball & socket connectors. 

KVU ~,fJOG-"/ll3 



( 

Fiqure 3~23. Joy Manufacturing 
Co. control unit. 
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Figure 3-24. KVB modified Joy 
Manufacturing Co. 
sampling case. 

Figur~ 3-25. Joy Manufacturing Co. 
probe. 
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PROBE 

The standard probe, Figure 3-25, has an effective length of fi v e feet 

and consists ,of a sampling tube, a t~~peraLure probe, and a pitot tube . The 

sampling tube is a length of stainless steel tubing rur.ning thro~gh t ~e cent.er 

of an exterior stainless steel ~ube and ter:ninating in a stainle s~ st~el JOJ.~t 

a short distance beyond the end of the stainless tube: The stai~less steel 

tubing is heated by a resistance element. P:ro·vision is made for use of a 

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

steel. tubes attached to the assembly. 

IMPINGERS 

Four impingers are connected in series with glass ball joint fittings. 

T!.'le first, thi :rd, and fourth i:np inge rs are of t:~e Greenbur,g-3:".1.i.. t:, ies i. :p, 

:noa.ified by replacing the tip wit:1 a 1 / 2" I:> gl.ass tu:Je e x tend i nq ':o 1 / 2 " 

from the botL~m of the flask. The second impinger is of the Greenburg-S:nith 

design with the standard tip. 

METERING SYSTEM 

A vacuum gauge, leak-free pump·,· thermometers capable of measuring 

temperatqre to within 5°F, dry gas meter with 2% accuracy, and related equip­

ment are provided to maintain the app_ropriate sampling rate and .to determine 

sa!!tple volume. 

B. Sa~pling Procedures--. 

This section will present the procedures that were employ ed at the test 

site, i.ncluding preparation, sampling, disassembly and sample recovery. Ana-­

ly,tical procedures that were employed t.o . 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 ·cutlined below illustrate the detailed preparations and pre­

cautions that were taken to insure quality control. 

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

s.:i.:r:1pling procedures was the preliminary assessmer,t of t!'le; sa'llpling test site. 

For a given industrial operation, a sampling location was select~d based on 

accessibility and exhaust flow characteristics. A minimum of a 3 -inch sampling 

port was required to accomnodate the pitot and sampling nozzle and probe: 

3-34 KVB 5806-783 

https://composiL.on
https://consists.of


( 

I 
\ 

Ideally, the exhaust flow at this location should be fully m.ixed from 

the process or combustion zone and will be steady and uniform, ·not disturbed 

by ell:lows or dampers. This generally was~ the case. A pitot tube traverse 

and temperature measurement was made in accordance with the procedures outlined 

in the Federal Register (Ref. 3-3). ~ata was recorded on the sheet illustrated . ' 

in Form 5804-4 (Sect. 3.4). Based on the results of this traverse, sampling 

locations within the flow stream were selected to ·provide a spacially integrated 

sample. 

2. Sample flow and isokinetic conditions--'ro preserve the cyclone "cut­

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

required 400°F cyclone oven tem?erature conditions. Isokinetic sampling .was 

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

probe nozzle dia~ter. Isokinetic sa_r:19li.ng is a condition wr:ere the velocity, 

V, of the sample through the nozzle is the same as tne velocity, V, of t~e 
~ s 

stack gas. The nozzle velocity Vn is related ·to t.~e nozzle diameter, d, and 

to the meter flow rate Q by tl-,e 
' :n 

following equations: 

V 
n 

"' ...9n __ X l 
2!_ (~l 2 60 

Q ~ 
n 

4 12 

Jm---­
(l - ~O) 

100 

T 
"""'::'S­

T 
m 

p 

~ 
s 

for the isokinetic· sampling the stack vel~ity equals the nozzle velocity: 

V .. V 
s n Jn_ substitute ~he V .. 

s :!!. (~) 2 
value trom the 4 12 

above equations . ~ __:._ 
(l _ \H2O) . 

V ,. 10::l · 
s 

1!. (.2.) 2 
4 12 

and solve for the nozzle diameter, d. 

d ,. 24 
(l - ~~) 

100 

T p 
c-..!> c~ > 
T p 

m . S 

l 
60 

l 
i;o 

T 
l (2.l 

T 60 
m 

p 
m 

p 
s 

Equation definitions 
appear on following 
page. 

• A.ll p:.:epared data sheets used· in these tests are presented in Section 3. 4 
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T ,. stack temperature, OR 
s 

T .... dry gas m~ter temperature, OR 
m 

V "' stack velocity, ft/sec. 
s 

V = velocity at nozzle, ft/sec 
n 

ft
3
/min ~ 

:::s gas flow rate at meter, 

,:: 3/ . 
Qn "' gas flow rate at nozzle, .._ t l~l.n 

d :::s diameter of nozzle, in. 
p = mete:r: pressure, psia 

m 
p = stack p=cs::urc, r~i~ 

5 

% H2o"' stack gas w::itcr content 

Stack 
Velocity 
V 

s 

Velo~ity th=ough 
nozzle, V 

n 

The sa::ipling flow rate o was maintained at 4. O SCFM for the SASS and 1. O SCFM 
7n 

for the Joy to preserve the cyclone -::ut-off points. The nozzle was chosen to 

have the closest diameter to the calculated diam~ter. For the ~et.had 5 proce­

dure,~ could be adjusted to acco~nt for the nozzle difference. 

After t.~e stack velocities and temperature levels have been est=li~hed 

by the preliminary s+:ack t:avers.e, the nomogram illustrated in Figure 3-36 was 

used to select the proper nozzle diameter and for the required sampling rate. 

If stack conditions were encountered that were not covered by the nomogram, the 

above equations were used. 

· 3_ Preparation of the samoling trains--

a. Cleaning--Prior to sampling, all sampling train components and 

sample containers were cleaned first with distilled water, and then with ace­

tone. The distilled water was dispensed L~ plastic wash bottles; the acetone 

was dispensed using Teflon or glass wash bottles. After each part was washed 

with acet:or:e, it was dried in a filtered s:tream of dry air or nitrogen. 

An;i solid residues adhering to the internal surfaces we.:::-e removed 

with tap water and a plastic scouring pad before proceeding with the solvent 

cleaning procedure. 
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~ter. cleaning, the cyclone assemblies were assembled and capped off. 

The other sections of the train, including the probe, .filter housing, unpinger 

trains, and intercon..'lecting hoses, were capped off. 

b. Filter oreoaration--Using stainless steel tweezers, each fil':er was 

~laced in a clean, numbered 150 gl~ss petri dish; They were ba.i(.ed at 2:!0°F for 

at least t.b.ree hours in a drying oven, then immediately transfered to a desicca­

tor to cool. 

The filters were weighed once and t.~en a second time several hours later, 

to confirui the initial weighing. This was the weight . used . to detern,ine t!1e 

mass particulate ,catc.'i. on the filter. Several filte::s were prepared to be :.sed 

in the event that partic-~late grain loading -as high. 

for iJ:lpi."1ger sample bottles: 

SASS Joy 
·!::i:::>ins:er Reagent 2uantity 2uantity 

,H li2 0 400 :nl 100 

~2 :i20 4CO ::'11 100 

*3 empty 

N (~O )• 
4 

750 g 200 g 

::!':.l!:L"lg a tast r-..:n. A :narked decrease l.."1 .:::ipinger :i4 out·:.et t.e!!lcerat~e ,::iois­

t:.ire a.osorption by Drier.;.te produces neat) was fo~d to i:1dicate ;)rierl.te 

depletion ;.men the Drierite color change was d~fficult to detect. 

T~ spent ::irierite was uot ke;:,t for analysis. . iiowever, t:ie ·.iei,;:-:.-: ;ain 

due to added . .,at.er was recorded and used to de-t.er:nine moisture of the stack gas. 

4. Sa.::iol.i."l.g trai:1s asse.'l\bly ~d ?reneati:ig--Eac:-:. ::ompone:it of the trains 

was transferred as• a separate unit to the test site with al.1 sealing ca;:,s in 

place. C.i.re was taken t.ihen removing caps for correc-tion of component so as tc., 

??1Ue certain that no foreign matter entered the ::o:nponents. A leak check was 

conducted with the probe capped befor~ installing the probe nozzle. The leak 

rate was less than 0.05 CFM at 20"Hg pump c;ucticn. The proper nozzle selected 
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on t..~e basis of the isoki.-ietic require.~ents above was asse:nbled a.-id t~e sa.=:pl~~g 

e:ain was t..-ien ready for use. 

The cyclone oven and probe ,.,ere preheated to 400 °F =iefo:::-e sa:::'e)ling · .. as 

sta...-t.ed. 

clone tha~ :nay .!n~e.!'=~=e ·..;it.:t sac.p.!.e collect:.:..or ... 

5. 

fashl,,n as eoployed for EPA ~et~oc! 5. ':'he nozzle/p:::-obe asse..'T.:Oly · .. as i.nse:<:ed 

L'ltO t!'l.e stack i.-i th.e proper orientation to cilE:: i.-iitial sampl.i.~.g locati,;:n i.-i 

!or sa.i::;ile recovery. 

described above. 
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)µa Cyclone 

fl lter 
llouil,i<J 

Stuv l• llri•fly t~I' <:V<.:lonu 
A&uumllly to cliUd.l' tHllidlj f&lM 

1,,,. - l1•• cyulo1w, <:ui11,.,<:tl11,1 
tlttlny . 

Step la IJlacoun11<:t l 1u <:ycluuu 

fro• l l'Ot And cdp oft l 111• "Y" luru, 
outlet u1d l 11111 <:yeluno Inlet. 
Vl<.1orou•ly tap l IIAI <:y<.:101~ to 
drive aollda Into lowur "''l'· 

Step )1 Rur.:0111111et <:yr.: lone <:up 
,u11uri>l y, reiaovo <:ye 10111> top 
1,urtlon •nd rlnwe top purtlon 
ot r.:yolpno -Into lowur tiU~tlo;,o 

of _ cyclon•. 

Ste1> 4• lllnse eye lo,,._. cunt er 
uttc.:tiun into cup •aHt:ll•JlV . 

St111• I• V!y,, rouUy lafl L' yr.: lone 
to drlv• 1ulldu into lowur cup, 

lHu11 2, Ol ur.:01111ec t Ui'I"' r (IOr t lona 
of <:yclol\• •nd rlnut1 ti.,,. and tho 
cup Into ari><1r 9l,uu r.:011tai11er, 

Stup 11 u11en up tilter hou~i,11J,_ 
rumovu filter uwln<.1 .t stol1•h•• 
utcut twuazora 4nd pldco lilter 
(p4rtJculAta whlo down) In " 
cuvu,ttd tutt.i l~O n•n •Jia•• petri 
dl•h. Any approcldulu ti<,l(,Jy 
,ulhured unlu tho fllLcr houslntJ 
•-'V b<I tap1•od into lhtt ·j.letrl di s h 
(i.e. lilt edlJo ol thu lltLur, 
lap t1ul Id ~ 1.nto bot tum uf pet.11 di!.il1 
u1 1d thun t.:o vu, ova:,r: wll h fJ) t ee ). 

Sll:p 21 Rineu lH>ll1 h ,dv1.:u of 
por Lh:uldl\: huu!.inlJ (i,1cl ud,11 ,J 
l11tt: ·c\:ou11ec t Lu.b!,1,1 ot t ,,i:tu.!ll) 
J11l11 1111-J,u1 'Jldu:J L\.J11l.t1J11:, 

1tt111ove (:up •••c.•1~,,v, ""tJ 
-t~•nfttr t:ontenta u( t:up 

lnto a t•red yl~•• vLal . 

1-hHW:>Va CUV Al:U,c.-.1.-ly, c1.11d 

tr,ualur eontttntu of cup 

lnlu aml,er glasti .:011talnc1 j 

.----•-t lHtH:OIHIUCt. cup ~lltf lr1u1stcc 
cuutunto Into d lJJl!d 

n.ilgono c9hlai11cr, 

Figure J-2'/ (cent.) 

PROUE, CYCUlNES, Fll.'l' l·:H 

1, Use dl~tllled water for 
all rin s e•. 

2. · t14ndlo oil tdL"d enni:11lner1 with 
tJluVcti , 

), Transtur of 10I Ids ~•Yb~ •sals~od 
t,y the 11au of •tAle>lu•w st~el 
t.pc1tul'-':i a11d l) O\Jdt.?r tunnulw. Hylan 
brlsllc Lrushu. ,uy also Le uuil 
lf nuc·ussuy. 

KVII S fllH, -7 BJ 

, ., .., 
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TAB!.E 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 

· Tra.i:1 Compor.ent 

Probe and nozzle 

1Gµ cyclone 

lU cyclone 

Filter holder and 
filter 

I:npinger in 

Impi.:iger 1'2 . 

I::i.pbger ;U 

solid tap::iings 

solvent wash 

cup solids 

solvent wash 

cup solids 

~olvent wash 

cup solids 

solid tappings and 
filter 

solvent wash 

contents~ rinses 

contents & rinses 

contents & rinses 

Container RE:!quired* 

Tared 4 d.ra.-n vial 

250 ml az:iber glass 

Tared 4 dram vial 

250 ml amber ·glass 

Tared 4 dram vial 

250 ml amber glass 

Tared 4 dra.-n ·,rial 

250 :nl ar..ber glass 

Tared 150 :n:n glass 
petri dish 

Ad:i to i:npinger 

l liter L?E 

l li.te: LPE 

1 liter LPE 

*All glass containers ~ust have .Teflon cap· liners. 
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7. Sample processing and analysis--:-

a. Cvclones-Each cyclone solid catch was transferred to a trans­

porting·container, desiccated for one hour, and weighed. The3e samples were 

sent to A..."":Ilament systems Corporation for predoc:i.ina.-it elemen'::al compos~tion 

analysis by X-ray fluorescence, then to rtackwell Air Monitoring Cen~er for 

sulfate, . nitrate, and ca.::::.bon analysis. Itri: h, e proce. dures for these ana. lyses. are 

discussed L~ Section 3.2.2. 

::acb. cyclone was rinsed w,ith dis~illed water and the rinsed material 

col:ected separately. The water was evaporat_ed and the remaining sample baked 

for one hour at 250°~, desiccated, and weig~ed on an Ainsworth torsional balance. 

T~is weig.ht was included in each of the cyclone's solid wei,.ht catches. 

for one hour, and weighed. The filter and particulate were sent to .A.rma.~en~ 

Systems for predominant ele~ental composition analysis, then to Roc~well 

for sulfate,· nitrate, and car~on analysi~- The filter hous i ng was rinsed 

with distilled water and collected wit.~ t.~e i~pinger rinses. 

c. Impingers--The volill:le of wateI. in each impinger 1-1as measured. 

The water from t.~e first three i~ingers was co~bined along wit.~ the water 

rinse from these impingers. · The combined so.Iution was extracted five t.imes 

wit.~ 25 ml portio~s of reagent grade methyl chlorofor.n for each 500 ml of 

solution to deter.nine t.~e organic content of the impinge:::: catch. The methyl 

chlorofor.n was transferred to a tared iial and evaFcirated at =om terrperature 

in a d.ry air stream. This sample was desiccated f~r one hour and weighed. 

This weight was the organics content of the i:npinger catch and was included . 

in t.'le we:.ght of the impinger catch. 

The water ·remaining from the above extraction was transferred to a 

tc1.red beaker, evaporated to dryness, desiccated for one hour, and weighed. 

This sample was sent. to Armament Systems .for predominant elemental composi­

tion analysis by x-ray -fluorescence, then to Rocle-well A.~C for sulfate, carbon 

and nitrate ana.!.ysis. 

tis ¢pt Fi5tli7 .. tf"idliffhflll l 'reh# ti ' '#ht er ' :tih t&SttT · 
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	SECTtoN l.O OVERVIEW 
	l.l INTroDUCTION 
	Ir. order to characterize air quality in the California South Coast Air Basin ,SCAB) and to provide information on which to base control strategy decisions, the ARB has sponsored a series of programs to inventorJ emissions from stationary sources and investigate the systems in place for their c~ntrol. The NOx, SOX and VOC" programs have already been co!llpleted and .the pre!:ent program documents t.11.e .work perfonx:ed to providt.•. the same information for fine particulates. 
	Air-s1.1spended matter having particle diameters of less than 101-!m is defined as fine particulates. Emitted from stationary sources, fine particu­lates contribute to the ambient aerosol, causing ~aze or reduced visibility, and com:titute a h'IJlllan health hazard. Because of their visibility some of the earliest efforts to control air pollution were directe:i at particulate emissipns. As a re_sult, the mass flow of particle •emissions has been reduced by 95\ or. im,re from what preY.iiled under previously
	I 

	Fennelly (Ref. 1-1) indicates that for veey fine (<lµm) particles that enter the pulmonary system, more than 30, will remain there. In considering a tine pa..-ticulate standard recently, the o.s. EPA decided that particles 
	·,15\Jm are in the respirable range. In ccmbustion sources, KVB (Ref. 1~2) and others (Ref. l-3) have found that th~ smaller particles often have higher concentrations of toxic metals than do larger particles. This effect is .iue 
	* ' 
	Volatile Organic Compounds 
	l-1 KVB 5806-783 
	I i 
	I 
	to selective condensatior. in the cooling gas. Friedlander (Ref. 1-4) identifi1::d fuel-oil f!.y ash as a significant consr.ituent in the ambier.t of the Basin. 
	aero::.ol 

	Particles having diameters of O. 3 to 1.OJlm are considered to be nost effective in light scattering and. therefore, haze production. This is because this size ra.~ge corresponds to t.'le wavelength range of visible light. Thus, while emissions of (coar~erl particulates in the Basin have been ·greatly reduced as a result of applied controls, fine particle that are still emitted ~y stationary sources contribute significantly to reduced visibility and increased health hazards~ In view of these considerations,
	":he objectivr,?S of this program we.c-e to: 
	lCVB 5806-7!;33 
	l.
	l.
	2 S JMl-JARY AND CONCI.GSIONS 

	In-order to accomplish the above objectives, the first steps ur.der­taken were: to prepare a preli'llinary inventor.1 of· total suspended particulates (TSP) without consideration of particle size or composition; to identify the major emission sources; and to d.etermine the distribution of emissions among tne various ~ource types. 
	On the basis of this prelimi.~ary inventory, a field test program was next conducted to characterize e:ci.ssions from the sou=es select:..d, emphas:.z.ing those so\llce types; producing the greater amounts of emissions. Seventy-eight particulate sampling runs were t.11en made, 40 using t!le EPA Source Assessment Sampling System (SASS) and 37 employing a modified EPA Method 5 train. L.1. each 
	n:n particles were collected L~ ~11ree cyclones with particle size cut:.s of 10 , 3 and l µ.m followed by a backup filter and wate.c impinger. Whenever catches in excess of '100 milligrams were acquired, they were analyzed for c.'-l.emical 
	composition. 
	A su=a.ry of the sources tested is as follows: 

	Source Ty?e· 'No. oi RQ,S 
	Source Ty?e· 'No. oi RQ,S 

	Utility Boiler 
	Utility Boiler 
	18 

	Industrial. 
	Industrial. 
	Boiler 
	10 

	IC Engine 
	IC Engine 
	3 

	Hog Fuel (Woodchip) Boiler l 
	Gypsum. 
	Gypsum. 
	Plant 
	1 

	Brick Plant 
	Brick Plant 
	2 

	Cement Plant 
	Cement Plant 
	2 

	Glass Furnace 
	Glass Furnace 
	6 

	Fi!>@~qlass Plant 
	Fi!>@~qlass Plant 
	2 

	....
	Asphalt Roofing Plant 
	-
	Asphalt Pa-,.inc; Plant 
	Asphalt Pa-,.inc; Plant 
	2 

	Rice Dryer 
	Rice Dryer 
	2 

	Caz-ob .
	Caz-ob .
	Plant 
	2 

	Heat Treating Prc ~ess 
	Heat Treating Prc ~ess 
	2 

	Saru:i Blasting Process 
	Saru:i Blasting Process 
	2 
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	Figure
	Figure
	a. 
	a. 
	a. 
	Characterize the emissions of fine particulates from stati9nary sources in the South Coast Air Basin and Ventura ~ounty in terms 
	of: 

	TR
	identification and location of point and area 
	sources 

	TR
	individual source 
	annual emission rates 

	TR
	seasonal and temporal operational variations 

	TR
	particle size distributions predominant chemical compnsitions 

	b. 
	b. 
	Report t.'le U>Ove data (excluding chemical compositions) in the EPA' s Eiussion Sub-system format on IBM••compatible magnetic tape. 

	c. 
	c. 
	Gene=ate the following computer print-out:S 
	er typed reports: 

	TR
	Application Category Report Geographic Location Listing (lO 
	kn grid) 

	TR
	Emission profile listing by sec Code 

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

	e. 
	e. 
	Assess the cost effectiveness of potential methods of reducing the emissions identified. 
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	Figure
	·Open Hearth Plant 
	·Open Hearth Plant 
	·Open Hearth Plant 
	2 

	Spray Booth 
	Spray Booth 
	4 

	Boric Acid Plant 
	Boric Acid Plant 
	2 

	Fertilizer Plant 
	Fertilizer Plant 
	2· 

	Wood Processing 
	Wood Processing 
	5 

	Process Heater 
	Process Heater 
	l 

	Fl 1idizecl Bed Catai.ytic C:?:acking {FCC tJnit) 
	Fl 1idizecl Bed Catai.ytic C:?:acking {FCC tJnit) 
	l 


	In preparing for the field test program a commercial SAS$ unit withou~ the standard organic module was acquired along with a commercial Method 5 unit. With thP. assistance of ':he Southern Research Institute a set of three cyclones having the same cut sizes as t:he SAS5 train were designed and fabricated for the Method 5 train. Subsequently, both the SASS and the Method 5 cyclone sets were calibrated at 400 °Fusing sperical aluminum'powder. .At flow races of 4 and l Sent, respectively., the results were as 
	Nominal cu~ SASS Method 5 
	Size, }ll!l 

	.9-s~ .9-s~a.. 
	10 9.2 8.3 (9.l) t 3 J .a· l.9 (4.1) -~ l l.3 0.6 (l.2)§ 
	•ois the aerodynamic diameter at wh.ict.. SO\ of the particles woul~ be retained. in the cyclone and SO\ would pass through. · 
	59 

	·:--the numbsrs in parenthesis are t.'J.e D5:)' s obtained by Southern Research on identical cyclones ~sing a vibrating orifice aerosol generator calibration technique (See Section 3.2.l). 
	9The v~lue of (l.2) shown was not measured directly by Southern Research but was derived frcm measurements at a lower temperature. 
	Particle size dist:ributior.s were caiculated for each particulate sampling run. Chemical analy~.i.s of the particulate catches consisted of x-ra:( fluorescence analysis for elemental composition, wet chemistry for nitrate and sulfate content, and carbon analysis for volatile, carbonate, and total carbon values. 
	Fron: these data--pl:is data found in the litera.ture-emission profiles were prepared for 81 of the 135 Source Classification Codes which are found in the 'Basin. The profiles di\ ide the TSP emissions by weight percent into 
	l-4 KVB 5806-783 
	/ 
	four categories: >lOum, 3-lOµn, 1-3').lill and <lµm. The x._-qp analysis, sulfates, nit.rate and carbon C..:)mposition are listed in weight peri::ent for each s iz:a category. 
	The next step in the program was to generate a final inventory. The ARB provided Emssion Infer.nation Subsystem (EIS) data files for the .Sout"l. Coast Air Quality Management District (SCAQMD) , whic.'1. includes Los Ange.Les, Orange, Riverside, and San Bernardino Counties, and the Ventura Air Pollution Control Di!'itri.:t (VAPCD), along with a breakdown of human population data fc:: the Basin on a l Km grid map. The EIS data were tli.e basis for the KVB final inventory. The emission factors in the EIS file
	The final inventocy was delivered to -th~ A.RB U.'lde.r separate cover as computer print-outs and magnetic tape files. The primary elements delive'red are as follo~s: 
	a ~o~al suspended particulates report with 10 -km-grid mapping a total s.J.Spended particulates report by A.RB application c-2.te:gor1 a plant index an ecission profile listin'g (Appendix A of final report) an sec report a point source emission file in EIS format (tape) an area source file (tape) an SCC report file (tape'! 
	~e inventory, which has the tine frame of 1975-:..976, shows total suspended particulate E:missions of 510 tons)day. Of this, 385 tons/day derived from miscellaneous area sources, such as fugitive dust (290 tons/day) sea salt (55 tons/day), autonotive tires ·and brakes (30 tons/day), and various forms of open buzn.ing (12 tons/day) . Of the 125 tons/day emitted by point 
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	/ 
	I 

	. --·· 
	( 
	\ 
	sources, 28 percent r.ame from minera.!. sources, n~tably one sand and gravel and one brick lll!'nufacturing plant (both in Ventura County). Utility boilers accounted for 27\ o! the point source Pmission, while the entire category of "Combustion .of Fuel" accounted for 30\ of the point source emissions. 
	Q,mr 90\ of the total emissions {point and area source) have a particle size of less than ten µm. This assessment was based on an analysis of avaiiable emission profiles for the various appl~cation categories• . It shculd be pointed out, however, that the major ca'Cegor/ , "Miscellaneous Area Sources, .. here includes only particulate contributions of l0µm and smaller. A summary of the overall ~SP and fine particulate emissions-for the period covered is as follows: 
	1
	TSP :C ine Particle (,101,Jm) Category Tons/Day Tons/Day
	Acclication 

	.. 
	.. 

	Petrole1.:tn 2.1 l.2 Solvent use 3.2 2.1 Chemical l.5 1.4 Metallurgical 11.5 l0.4 Mineral 35 6.8 Combustion o1 fuel , 38 35 Food and agriculture 30 24 
	.. Wood processing 0.4 0.2 Waste bu.rni:i.g l.6 l.l Mi~c. inJust.rial l.2 0.5 Misc. area sources 385 385 
	Total 510 468 
	From these totals, ic can be seen that 66\ o.f the particulates emitted from 
	point sources in the Basin were in the fine (<l0µr.) particle size range. 
	Table 1-l summarizes the TSP particulate emissions of !::oth point and area sources by application .category. As given, area. sources account for 80\ of the TSP. In -this connection, it should be pointed out that the Table l-l a-ata and that tabulated just above do not reflect fugitive dust emissions attributable to "paved road travel." This :najor ciassification com­prises materials released from roadbeds~ including deposited· dusts but not automotive exhaust particulates or matter released from tires or b
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	TABLE 1-l. EIS/KVB TSP PARTICULATE EMISSIC•l INVENTORIES Tons/Year 
	Table
	TR
	1975-76 E:IS/ IWB 
	File 

	No. 
	No. 
	Point 

	Applicaeioo C&tagory 
	Applicaeioo C&tagory 
	so=•• 
	Point 
	Sou:cces 
	Areil Sources . 
	Tot.al 

	P•trol ■ ua 
	P•trol ■ ua 
	750 
	750 

	Prodlx:tiai 
	Prodlx:tiai 
	34 
	50 
	0 
	so 

	Raf.ininq 
	Raf.ininq 
	25 
	600 
	0 
	600 

	Marlt■ CiJ>q 
	Marlt■ CiJ>q 
	8 
	l00 
	0 
	TD
	Figure

	100 

	Organic.; Solvent UM 
	Organic.; Solvent UM 
	U60 
	1160 

	Sudace coati.nq 
	Sudace coati.nq 
	546 
	USO 
	5 
	llSC 

	Daqi:easioq 
	Daqi:easioq 
	s 
	10 
	0 
	l'J 

	Oai..r 
	Oai..r 
	4 
	5 
	0 
	j 

	Checu.cal. 
	Checu.cal. 
	157 · 
	540 
	0 
	540 

	!t■ t.allui:9:ical 
	!t■ t.allui:9:ical 
	547 
	4200 
	0 
	4200 

	ltinexa.l 
	ltinexa.l 
	480 
	12600 
	0 
	12600 

	was~ Burn~ 
	was~ Burn~ 
	. 
	48 
	75 
	500 
	600 

	Combustion ot FU•l 
	Combustion ot FU•l 
	13900 
	. 
	13900 

	tn::ility boil•~ 
	tn::ility boil•~ 
	187 
	9100 
	0 
	9l.OO 

	Ind>latrial devices 
	Ind>latrial devices 
	1084 
	2700 
	0 
	2700 

	TR
	. 

	a-=ial/institut'l 
	a-=ial/institut'l 
	199 
	600 
	0 
	600 

	huc:il
	huc:il
	-

	316 
	1500 
	0 
	l.500 

	Wood 
	Wood 
	P:coc:essi!!9: 
	25 
	130' 
	0 
	130 

	Pood uld !gricultu.ca 
	Pood uld !gricultu.ca 
	163 
	460 
	11000 
	. llOOO 

	Miscall. 
	Miscall. 
	Indust.rial 
	72 
	440 
	10 
	450 

	OnclassHied 
	OnclassHied 
	(Kise. 
	Ai:ea) 
	0 
	·o 
	140,500 
	H0,500 

	I"ug;l;tiva dwit For.at~ sti:Uetural tix•• Tira a.ad bralcas 
	I"ug;l;tiva dwit For.at~ sti:Uetural tix•• Tira a.ad bralcas 
	1os.oqo, 4,500 11.000 
	4,500""·'"I 11,000 

	Sea salt 
	Sea salt 
	20.000 
	20,000 

	TR
	3900So=
	-


	'l'ota.l, 
	'l'ota.l, 
	Tona/Yea.r, 
	34000 
	152.000 
	il85,830 

	(Total), Tons/Day 
	(Total), Tons/Day 
	(93) 
	(416) 
	(510) 
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	Table l-2 is a detailed breakdown, with estimated accuracies, of the miscellaneous area sources by county in the SCAB. These esti.mates involve an .overall uncertainty of +65,000 tons/year (180 tons/day) and -36,000 tons/ year (-99 tons/day). Unlike the previous two tables, paved road travel emissions are included in Table l-2. 
	Figure 1-l f'.:Illishes a spatial distri~ution of point and area TSP sources based on a 10-klll ;•rid map of the SCAB. Each grid element shows t.'le da~ly emission rate, whi.le Table 1-3 itemizes those grid elements with TSP emission rates greater than S tons/day. 
	Finally, ari investigation of control techniques was made, Control 
	techniques reviewed in the rei;,ort include: 
	:-techanical collectors (cyclones, settling chambers, etc.) 
	Wet scrubbers 
	Electrostatic precipitators 
	Fabric filters (baghouses) 
	Cost data for control systems were o~tained from Research-Cottrell and are presented. These data pres~nt installed cost as a function of: mean particle size: volumetric flow rate: and loading. 
	particula.te 

	This report consists of five sections, the present discussion 
	comprising Section l.O. Section 2.0 deals with the emission inventory; it 
	describes the data sources ·and presents the detailed dat·a used i{~ the invenwry 
	compilations. Various s~ry tables and plots are also presented. Section 
	3.0 presents the sampling and.analysis methodology as well as an assessment cf the data quality. Section 4.0 is a detailed discussion of results obtained from each of the tests conducted. Finally, Section s.n is a treatment of control techniqt1es and their assc:iated costs of application. 
	· l. 3 RECOMMENDATIONS FOR FURl'HER RESEARCH 
	On this program, a maximum effort has been !!lade to perform as many tests as pos~ible within budgetary constraints. There are tiany additional sources that could not be tested due to lack of time or the availability of 
	KVB 5806-783
	l-8 
	( 
	1M1•"1 ':;;;;;?;;@,ga• •·111·1···1·11·11 ' ··111t111tt11'.tllitilllir1111111111 -r• ·· •111tt111 • ... ...:••-•.. ··ill:li:lt-· ·• ., ...............---'. ~ ·.• ...,~.....,·~.. .
	111 ··• 1Tlii ·· iflrliitr1111ttli1111ii:-ilittilit11m.-111111 ··•r·•• ··· 1111iii"·•:s11·1111s:•1■•iii1111r · --• · :· ·111111,_::_'iilil>• ·:1111ri:III ·••-1........wo """'•"~. 
	TABLE i-2, ES'l'IMATED 1976 hREA SOURCE FltlE PARTICLE EMISSIONS SUMMARY(a) 
	f 

	....-..rr:-a:e:::c m·:n wz•~-:rman:::e::e:--e;g;g;·s :et·:::s-srr::r·ra:-,:...... ·r:::er:n:-rz:r· • 1·· 1:e:=·--,~ •-.............._ ...a~ 
	Percent
	(b)
	South Coast Air Basin Counties (c) of Estimated Los Riven:-San Santa Emisaioos Grand Percent ----------------'O~r~A~o~g~e=-__..Angelea side bernardino . Ventura Barbara Tons/yr 'Total Accuracy
	• I 
	Road, Building Con
	-

	struction ll,000 24,000 7,100 11,000 6,·400 1,000 11,000 20.9 +50,-20 Agricultural Tilling 1,300 1,200 l, 100 800 1,100 40 9,500 2. 8 +25 Refuse Dispo~al Site£ 60 200 20 20 20 6 300 <o, 1 ±_25,-20 Livestock Feedlots 150 l 150 950 5 5 l, lO0 0. 4 +50 Unpaved Road Travel l,000 14,000 2,000 1,800 . 2,600 230 23,000 6.8 +40 Paved Road Travel (d) 33,COO 140,000 7,600 12,000 8,800 ),100 200,ooo(a) see +50 
	Fugitive Dust--Subtatal 305,000 89.7 
	Forest Fires 120 700 600 430 530 50 2,400 0.1 +50,-20 Structural Fires (e} ·· 40 160 10 15 10 5 200 <O.l +100,-20 Fireplaces 70 280 30 60 20 10 500 0.1 +100,-10 
	·--....... 
	~t Rt'sidential tlatural Gas 20 90 _5 10 10 5 100 <0.1 +25 
	ID Cigarettes 130 520 30 50 30 10 800 0.2 +20,-50 Agricultural Burning 20 50 30 400 10 . 500 O.l +25 
	Combustion--Subtotal 4,500 l.3 
	Tire Attriti_on ·li400 5,700 320 490 370 130 El, 400 2. 5 +20 · ...~ Brake Lining Attrition -. 530 2,100 120 180 140 50 3,100 0.9 +20 
	Automotive--Subtotal 11,000 3.2 
	Sea Salt--4,000 6,700 3,500 5,800 20,000 5.9 +50,-20 
	Grand Total 340,000 100\ 
	jp 71 v-= rar::n:e·a • ·•-~ •~~~ 
	a) Emission estimates ate based on particles S 10 µm 
	KVB 5806-703 
	b) 
	b) 
	b) 
	Includes only that portion of Cowity within SCAB 

	c) 
	c) 
	Rounded to thrt!e significant figures 

	d) 
	d) 
	A large (but urikoown) percentage of the 200,000 tons/year is assignable to other area source categories only some of which were studied on ;:his program. For this reason (see Section 2.3.3 A-6) it was not included in the final inventory count as in,Ucated in '!'able 2··18. 

	e) 
	e) 
	IncluJes property, contents and vehicle loss. 
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	Figure 1-l. Spatial distribution of point and area source ;,; TSP emissions (numbers on grid indicate emi~sions 
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	TABLE 1-3. G:Rlu-ZONES HAVING ESTIMATED EMISSION RATES IN EXCESS OP 5 TONSiDAY · 
	UTM Coor. E/W N/S Nearest City Emissions (Ton/Day) 
	28.0 3790 w. Ventura 10.8 300 3770 Pt. Mugu 7.4 320 3800 Fil.I.more B~l 360 3750 IA Airport 5.3 370 3740 Torrance 9.4 380 3740 Paramount 6.4 380 3730 LA Harbor 5.9 390 3730 Long Beach ll~5 450 3770 Fontana U.l 
	Principal Source Type 
	Ceramic m..mu!actuxing Elect. gen. & area. Sand and gravel . 
	Area Elect. gen. & area 280 Pt. sources & area sources 
	.. 

	250 Pt. sources & area sources Elect. gen. & ·area St~l manu£acturing 
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	the test. unit. As. mantioned earlier, only 70% of tr.e SCC's found in the Basin had emission profiles developed for them.· In most cases a source type has had to be characterized by the emission from only a single plant tested. 
	To give a greater universality to the emission profi.lds developed in this program and tQ develop additional new profiles, it is recommended that further testing be considered. Particulate testing with the full charac­terizations achieved .on thi.s program is expensive, particularly if COIIIJ?ared to' any other type .of pollution testing. The trains used in this program performed adequately, but it is que~tionable if this would have been true had more ·economical approaches been applied. Th~refore, to insur
	ICVB 5806-781
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	SECTION 2.0 
	INVEN'l'ORY 
	2. l DATA SOuru::ES 
	The data used in this pa..~icul.ate emission inventory were obtained from the following sources: 
	l. Various government agency files 
	2. 
	2. 
	2. 
	Field testing 

	3. 
	3. 
	Literature 

	4. 
	4. 
	Engineering analyses 


	S. Personal, contacts with governmerlt and industry pe,rsonnel. 
	The final inventory was compiled .using the South Coast AQMD and Ventura County APCI) EIS* (Ref. 2-1). ~ta bases for the major point sources, and a KVB­developed area source file. 'l'he EIS files were c:hecke~ for completeness .and emission data credibility. Adjustments in emissiol) factors were made as · required based on infoxmation acquired from the field test program and other studies ·performed during the . The following key data were contained in the EIS data base: 
	progr.am

	l. Plant name, address, ID Ho., etc. 
	2. 
	2. 
	2. 
	Standard Industrial Code (SIC) 

	3. 
	3. 
	Source Classification Codes (SCC) 


	4. .C'l'M Coordina.t:es 
	5. 
	5. 
	5. 
	Stack height 

	6. 
	6. 
	Pollutant identification 


	7. Emission factor s~ Throughput rates 
	9. 
	9. 
	9. 
	Estimated emissions 

	10. 
	10. 
	Seasonal variations 


	ll. Operating period {hr/day, day/week, weeit/yr) 
	*Emission Inventory Subsystem/Permit and Reqistration 2-1 KVB 5806-783 
	/ 
	/ 
	I 

	/ 
	Field test data were used to fo.rmulate emission profiles and to develop emission factors for new sources or. check those factors on sources already characterized by the Districts or the EPA in AP-42 (Ref. 2-3). 
	Other sources of information included personal contacts with various industxy associations and government agencies (especially the ARB, EPA Office of Air Quality Planning and Standards in Durham~ EPA Region 9, local air pcri­lution districts, and the Southern California Association of Governments (SCAG). The data received from these sources were used to derive additional emission profiles in a fo:cn compatible with the inventory fonat. 
	Frt?m ~u:ramaries of the EIS files, a breakdown of total particulate emis­sions into industrial source categories (referred to hereafter as ARB Application Categori~s) for ea~h country was cabulated as shown in =igure 2-1. A s=ary of emissions by application categories far the entire SCAB is given in Figure 2-2a. The fraction of the total particulate emissions from each county is given in Figure 2-2b. =ram these breakdowns of emissions into application categories, the Phase II field test program was deve::i
	2.2 DATA MANAGEMENT 
	~. 
	The data to be p;-ocessed as part of the final particulate e:nissicn inventory included: 
	l. EIS data for major and minor point sources of SCAQMD 
	2. 
	2. 
	2. 
	EIS data for !ll.J.jor and nu.nor sources of Ventura 
	Cou.-i.ty 


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

	4. 
	4. 
	Emission profile number vs sec number 

	5. 
	5. 
	Population dist=ibution by one kilometer, grid 

	6. 
	6. 
	Emission !actor adjustments to EIS data 


	The·available EIS data processing software was incorporated for pro­cessing the EIS data. In t.11.is' system, individual. sources could be modified, 
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	Figure 2-1, Breakdown of particulate. point sources into ARB application category for-each county in the SCAB. KV8 5806-783 
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	composite of point source emissions into source classification for SCAB.
	) 

	Figure 2-2. a. 
	Fraction of point source emissions from each county.
	b. 
	c. Fraction of field tests done for each source classification. 
	( 
	' 
	/ 
	added, or deleted. KVB added a feature which also pei:mitted the data to be modified by sec number. For exampie, the emissions in the EIS da-ca base from certain utility boilers (identified by a specific_ sec number) appeared to be too high based on recent test data. Tho emissions from thos., units were modified b~-one correction factor applied to all the emissions of that specific sec nl...Jber. 
	· Fo= each sec number an emissions profile key was assigned, if available. 
	Each emission profile provides a breakdown of the total suspended particulate (TSP) emissions into fnur size ranges (\ by weight) and for each size range a chemical compositional breakdown· is provided (\ by weight). Storage and Retrieval of Aerometric Data (SAROAO) codes were assi.gned to each chemical species identified. Each profile also contains information concerning the method of determining the profile and rating number indicating the relative velocity of ·the profile·. The 49 profiles developed duri
	Area source emission rates -were added to the EIS data file using the emission factors and throughput data presented in Sectiofl. 2.3.4. These sources, including natural emissions, fugitive dust, 
	,, 

	and tire attrition, constituted a large portion of the total emis'sions in the Ba!.in. Since a standard format was not yet available ·for describing emissions not meeting the EIS .point source criteria:, KVB chose to develop an area source data base for this purpose based on 9enerai guidelines ~reposed by the A.RB (Re.:. 2;..4). The format was d~signed to allow description of emissions by their one kilometer gr±d location and process (or activity). 
	Each source in the inven_tory was categorized by a Source Classification 
	· COde (SCC) nuz:lber which was occasionally qualified by the SIC number. (SCC numbers for area sources were created together with A.RB per~onnel. l A file was created with all infornation relative to these sec numbers, the emission correction factors to be applied to all sources with the given sec/ SIC n-jJ!lber~ the profile key to identify t::he profile for this source type, the relevant A.RB application category, a..'ld · summer or wint.er differentials to be used to alter emissions seasonall~ if warrant
	·, 
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	computer reports and magnetic tapes which were delivered to the ARB under separate cover. A description. of the final inventory report3 and a discussion df the results .are presented in Section 2.4. First, however, is a discussion of the various technical considerations {i.e., emission factors, emission profiles, etc.) that were used in preparing the inventory. 
	2.3 ENGINEERING ANALYSIS 
	2.3.l Point source Emission Factors 
	There has been considerable interest in the devel~pment of emission factors that can be el'ilployed to estimate emissions fr= specific sources based upon a knowled~e of .t.~e pertinent operating characteristics of the source. Such procedures are in cOI.lll\on use throughout t...~e country by local cont:::ol agencies to estimate air pollution emission rates for point and area sources. One of the primacy objectives of the ARB fine particulate emission study was to critically evaluate t.~e emission factors for
	Point source emission factors for industrial point sources in the Basin were divided into nine application categories: {ll the combustion of fuels, (2) evaporative emissions, (3) mineral products, (4) metallurgical, 
	(5) petroleum, (6) wood operations, (7) food and agriculture, (8) metal fabrication, ar.d (9) chemical uses. In general, emission rates from t.~ese sources had been calculated by the local control agencies using emission factors and the appropriate infoi:m.~tion on fuel usage, product throughput, etc. The combustion of fuel categories represented a large part of t.~e total particulate emissions in the aasi.1 and therefore was given primary emphasis in the analysis of point source emission factors. 
	2-6 
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	A. Approach-
	-

	A comprehensive listing of point source emission factors ;!lay be found in the EPA publication, "Compilation of Air Pollution Emission Facto:.:s" (Ref. 2-3), hereafter referred to as "AP-42." Tne SCAQMD has its own emis­sion factors which have been employed in the process es~ilnating emission rates for industrial point .sour~es containe~ in the EIS data file. To a certain extent, ..these emission factors were the same, because frequently SCAQMD data were used as t.~e basis for the development of AP-42 emiss
	A specific objective of this study was to examine the point so:i.rce emission factors used by the SCAQMD and AP-42. This was dona for thrP.e reasons. First, much of the data used to gener~te emission factors for specific source types stem f:rom studies conducted as far back as t.~e 1950's. Second, certain emission factors listed in AP-42 intended for use nationally may not necessarily represent conditions in the Basin. Finally, it was 
	. ' 
	necessary to generate entirely new e:-~ssion factors _where none had existed previously. 
	Field tests were conducted to provide data to assist in emissior. factor evaluation arid development. In addition, data from several ~elated projects, specifically oriented to improving AP-42 emission factors, have been incorporated into this analysis. In 11¥Jst cases, these studies had been directed at conditions within the Basin ma.~ing them directly applic:al:>le -~ the cur~ent study. 
	Figure
	Comparisons have been made between the emission factors used by the SCAQMD, those ·contained in AP-42, and_those generated. in this and re!ated studies. Where KVB ;elt that availa!>le data disagreed with the SCAQHD emis­sion factors, correction factors were applied to the emission rates listed in the EIS data system to update these emission estimates. The intent was to have the EIS data file, delivered to the ARB, reflect the best and most recent infor.naticn available. This was a vital part of the improvem
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	Figure
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	ti 
	\ 
	B. Resu1ts-
	-

	In this section t.11e various adjustmen-::s ID..:!de to the SCAQMD emission ~actors in their EIS file prior co running the final TSP inventory will be discussed. The results are tabulated in Table 2-1 and explained in t.'"le fol­lowing discussion. In the table for each source type and applicable sec ::i factors obtain-:d from t.'le SCAQMD EIS file and derived from KVB test data. Each emission factor column nrovides both control ~o:m") and .uncontrolled 
	number, the A:>-42 (Ref. 2-3) emission factor is listed along with emissL 

	{"unc") emissions data where available. For ,the SCAQMD t.'le data are preser.ted as "specific" or "overall" from the standpoint of whether the· data applied to one partic~lar source or whether it represented a composite of data from mull:iple sources. T!'le SC.:;QMD value shown in the table is t...'"le =..ission factor 
	that was i.:1 the AQMD' s EIS data base used for the final ARE ir.ventO"c.f :::-..:..'1.. At the right side of the table are tw"O colu:nns ·indic3.ti.;g whet..'-ler or not a cnange was made to t.'"le .l\QMO value. If no change was made, t.'"?e "EIS Cor::::ect.ion Factor" column has a 1. 0 and the next colu.nn "Final Inventory E.::l.ission Fac­
	tor" contains a v~ue identical to the AQMD column. 
	l. Combustion of fuel --Residual oil combustion ·from power plants repre-· sents the lar~est poi.'1.t. source type for TSP emissions, in the Basin 3.ccou.'1.tir.g for over 45%. This source type was given a great deal of investigation and analysis considering not only the AP-42 emission factor, t."le field test data 
	0

	(18 test:3) from t.'lis program, but other cil-fiLej utility :>Oiler test data from t.'"le KVS confide!ltial file· of client data. Figure 2-3 s~i;:es these data. 
	Note that the data points in Figure 2-3 are filled or open, with the filled points indicating the total particulate catch incluc.i.~g i~pi~ger and the open points i.:rlicating the EPA Method 5 data which do no~ include the i.I:!pinger catch. For the. tests conducted on this prog:::-am. points were plotted bot.'i with and 'wit."lout the i:npinger catch. 
	It was the decision of the ARB that for t."lis inventory -:he TSP should include the impinger catch. But most of the comparison data were ::.-,r t.-ie EPA Method S. Therefore, the data were analyzed on t."le no-impinger ::,asis first and then on the total catch basis. 
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	The AP-42 emission factor curves plotted in Figure 2-3 are substan­tially higher tha.:i. any of the KVB test data. The front half data (i.e. , without impinger) for the 18 .tests conducted for this program (9 SASS a::.d 9 Joy}, while there is a significant spread, do agree with the·other front half data. The lower curve is the best .fit through these data. Since the front data, taken on this program appear to be valid bt:.::ause they are consis1:ent with other data by different crews at different locations,
	ilwento.cy

	a;:,. important industrial source of particulates.· Once again it was diffic:.:.l t to·:naice a comparison between AP-42's value for a front half catch and the SCAQMD'~ value for total particulates. However, there was good agreement between KVB a."l.d the SCAQMD. Therefore, no co=ection factor to the EIS system was felt necessary. 
	Distillate oil co~.bustion by· industrial sources also represents 

	For CO boilers the AQMD did not use a single emission factor but used the test data for each source. A review of the EIS data indicated that the average co boiler TSP emission was 14.4 lb/1000 bbl throughput. Thi~ is on the low end of the AP-42 range but all units in the Basin utilize elec<:rostatic precipitators (ESP). The unit tested by KVB had been listed in the EIS file at the equivalent of 4.3 lb/1000 bbl which was obviously low compared to :<VB test data of 32 lb/1000 bbl. It was later learned that th
	2-14 KVB 5806-783 
	2. Mineral products--Table 2-lb presc.nts a comparison of the emission f4ct:ors used to estimate the particulate emissions emitted from mineral product operations. Since the SCAQMD. used test_results from these sources rather than emission factors, the comparison between SCAQMD va..:.ues and those -obtained in t.',.is program has been made for a particular unit tested_. 
	..un calciner test conducted by KVB are a factor of 2 greater than that found by the AQMD and that listed in AP-42. The reason for this is believed to be an abno:c:ma.l baghouse operation on the day of the 
	The results of tb.e gyps
	1

	test as commented. on by the operators. No correction was made. 
	The emi.$sion factor for the claygrinding and pulverizing operation for brick manufacturers -generated from KVB test data are ·lower than the values listed in AP-42 ( the value in the EI5 system) . If t;ie fugitive :!ust from this process could ~ave been included (not tested .i.-. this study} the . ei::,issicn faci:or wo_uld be much higher and thus be closer to the AP--42 value. Also the clay was slightly more lft:>ist due to rainy weath1.. _._ This would greatly aid in reducing the emi~sion. Therefore the 
	The results of the coal fired cement kiln test indicated :that ther... 
	i 
	'· 
	was good agreement between ICVB and AP-42. The SCAQMD!s value listed in the EIS however was six _ti:nes greater than that listed in AP-42 or measured by KVB. A close look at the effects of control device efficiency revealed •that a 0.l\ change in efficiency results in a 0.05 lb/bbl cement emission increase. Therefore a 99.9\ efficiency results in a 0. 05 lb/bbl emission factor while a 99.3\ efficiency results in 0.3 lb/bbl emission ractor. ·The latter ef­ficiency seemed reasonable for an i:.dustrial process
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	/ 
	The emission factors generated from the results _of KVB field tes~ing for the glass r.i..---naces d.re in good agreement wit.'1 the values listed in AP-42 and t.'le current EIS system. T~e emission factors in t.'le EIS system were left 1.mchanged except in the case where there was no listing for a glass . When there was r:iot a listing t.'le c::mtrolled err..ission factor ·.ras assigr1ed t::> t.'le-plant. Often ct:..er plant d.at.a ueed-=d to be obtained :.:o_make an em:ry in the EIS syste:n. 
	f;ir.12.ce

	In comparing 1CVB' s ::iieasu.red ~ssions from fiberglass forming opera­tions against those listed in AP-42 and the EIS system it ·.ra's found that ICVB' s value was approxi:nately midway between t.'iem. A source test conducted by t.'le SCAQMD at a similar plant supports their lower value. Based. 0n the limited nwnber of s~les taken and "Ja.riables in t.'ie ope:-a•-ion, a point sour-.;e 
	e.:ni.ssion factor c!1ange ·Nas :1ot felt: to be apprcpria~e .. 
	KVB's measured emission factor for an asphalt roofing felt saturater was approximately one-half the val·..ie found in .the EIS system. It was difficult to use AP-42' s value for comparison pur,::oses because it is only giver. for uncont=lled sources. KVB an::i the SCAQMD' s values are for controlled devices. No correction factor was applied. 
	In reviewing the .EIS computer printout for the aspnaltic concrete batch plant·tested, a decimal error located in t.~e ~mission factor was noted and corrected. K"ll'B's measured value supported the now correct SC.~QMD value and tl1erefore, no further change was necessary. AP-42' 3 value .1ppearea to '::)e high in this case. 
	3. Food and aqriculture--The carob roaster in Tab.le 2-lc shows agreeI:lent · between the KVB test resul~s and the _\P-42 results but disag~~ement with 
	the .AQMD :res_ul'=S. The AQMD emissions were on a million cubic feet :::>asis 
	instead of a ton of product basis as in AP-42. No changes in. extissions 
	were made but the AQMD was recoil!Illended to change the basis for computing 
	emissions·. The K.VB results for the rice d.ryer ·.rere in agreement ...,it::. ·A?-4 2. 
	There are no rice dryers in t~e Basin. 
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	4. Evaporative sources--Table 2-ld presents a comparison of the emis­sion factors used in estimating the emissions from water-based and solvent-· based spray paint booths. There is no existing emission factor listing for this category in AP-42. Also. since the SCAQMD used test results from these sources rather than overall .emission factors, t.'i.e comparison between the 
	.SCAQHD' s values and t.'!ose ·obtained i;i this program has been made for a particular unit tested. 
	S. Metal.lurgical cperations--Table 2 -lg presents a comparison of the emission factors used to estimate the particulate emissions from me·tallurgical operations. l'iere again.. the SCAQMD w. -d test results from these sources rather t.'i.an overall emission factors for computing a source's annual emis~ sions. 
	M absence of emission factors in AP-42 for steel heat treating and s~eel sa.~d blasting was noted. KVB's measured emissions upstr~am and down­stream of a control device for these operations were difficult to compare against the SCAQMD's uncontrolled values~ No co::rections were applied. 
	For the aluzz:,inum rev~rbatory furnaces tested the EIS listing was found ~o be outdated and in tl,e process of being revised. There was . also wide disagreement between the three emission factor sources. The SCAQ.MD overall emission factor for this operation was found to lie midw3.y between, AP42 ana. KVB. It was therefore felt that th~ SCAQMD emission factor was best suited. 
	KVB's measured emission factors for an open hearth steel furn~ce (oxygen lance) are slightly higher than the SCAQMD's source test emission factor and those listed in AP-42. The reason is that the electrostatic precipitator being used is not as efficient as it had been in the past. This reduced effi'.:iency results in a slightly higher cont~olled emission far.tor. 
	The factor listed in the EIS system was deemed correct and there!ore not altered. The SCAQMD' s overall emission factor for t.'i.is categor-1 appears to be low. There was not sufficient test informLo.tion available, however, to critique it with a reasonable degree of accuracy. 
	/ 
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	2.3.2 E:11.ission Profiles 
	A. Description-
	A unique aspect of the current program was the development of emis­sion profiles -the identification vf the ~lements in fou= particle size ranges represented by t."'le TSP emission rates currently given in emission measurements. 
	A primary objective of this program was to. identify the ele:nental emissions aD.d size distribution for each stationary source type in the Basin. '11tus an emission profile was formul~ted for each Source Classification Code 
	(SCC) emitting par-iculate material in the Basin. Both point and area sources were includt?d. All plant devices identified by the same sec and SIC number were given the same emission pro::ile. Conversely, i ·.:: was import­ant ~hat profiles be tr~ly representa~ive of t.~e device in g~neral. Addi­tional advantages of developing aggregate profiles ~y sec number were: (l; estimations based on larger data samples wer~ :nore ::eliable t.'1.an single data samples, (2} profiles were compatible wit.h the EIS con.ca
	statistic.1l.ly 

	'nle initial in~!!Ilt w~ to provice a profile for eac."'1 sec listed in the data base. In ma:iy instances, however, an individual profile was found to cover several. sec and SCC/SIC co~inations. The profile data base was therefore for:nulated an~ indexed by a profile nUlll.ber. Separate profile numbers (with identical specie distributions) were given to SCC/SIC combL,ationz to facilitate data mar,agemer.t, specifically the segregation of emissions from devices with similar sec codes in two different industr
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	In each profile the chemical o: the particulates were identi­fied by their appropriate SAROAD code :for each size range_ (4 ranges-.! A typi­cal pr9file is shown on the following page. Associated with each emission profile was an estimate of its relative credibility. This estimate of credi­bility was strictly subjective and has been included to give a relative level of confidence to the specific profile• . No statistical significance has ~P..n or should b~ given to these erro~ estimates. 
	ele.me."'l.ts 

	The emissior. profiles developed in the current study are presented in the Appendix. A profile lists the SAR<"AD· code, elemental name, and percent contribution of each .species. The eler.1ents are also summed by size distri­blltion. A s~le profile is presented. on the next page. T'..ro reports are used to relate the profiles to t.he devices in_the inventory. The sec report (sorted by sec number a~d profile number) lists all devices in the inventory a."'l.d gives the profile number of ·the profile t.~at des
	a. Methodology-Two" general approaches were used to formulate the em:i.ssion pr<.)files: one where only one data point was available to characterize many sources and the c~P..r where m1.,ltiple data points were available. In cases where a pr~­file was ·available from only one source and that source was believed to be representative of 311 such source types in. the Basin, then that particula~ sour.ce emission profile was used. An appropriate credibility estimate was giv.an to reflect the relative confidence 
	-

	In this way, data from ' this source could be asswred to apply to other non­tested sour.;es. 
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	EXAMPLE OF EMISSION PROFILE, OTHER PROFILES LISTED IN APPENDIX, 
	Title: Utility Boilers (Residual Profile Key: 0006 
	Fuel) 
	Source of.Data: 
	Source of.Data: 
	Source of.Data: 
	Applicable SCC's 

	X 
	X 
	KVB 
	Test 
	l-Ol-004-0l, 
	1-02-004-01 

	X 
	X 
	Literature D~ta--Ref.* 
	1-02-004-03, 
	1-02-oos-01 

	X 
	X 
	Estimate--Basist 
	l-02-005-02, 
	1-02-005-03 

	Confidence Level __!_I__ 
	Confidence Level __!_I__ 


	Test# ll,12,li,21,22,23.2~,32,33 
	-

	Size Range 
	>lOµm 
	Co1:1posite
	0.1\ < d t t 4 d t 

	3-loµm 
	Wt\ TS? in Siz.e Range 
	3 4 8 
	100
	85 
	Indicated Size
	SAROAD 
	d < 0.H
	Species 
	·code 
	Arsenic 
	12103 
	d 
	d 
	Barium 
	12107 
	t 
	t 
	Bromine 
	12109 
	d 
	d 
	cadmium 
	12110 
	d 
	calcium 
	12111. 
	10 
	10 
	Chrot:rium 
	12112 
	t 
	t 
	cobalt 
	12113 
	d 
	d Copper 
	12114 
	d 
	d I:ron 
	12126 
	2 
	2 Lead 
	12128 
	d 
	d :-ianganese 
	12132 
	d 
	d 
	d 
	d 
	d 

	d Molybdenum 
	12134 
	d 
	d 
	d 
	d Nickel 
	12136 
	2 
	2 
	2 
	s 
	s 
	Potas:;ium 
	Potas:;ium 
	12180 

	t_
	t_
	t 

	t 
	t 
	t Selenium 
	12154 
	d 
	d 
	d 
	d 
	d 

	d Strontium 
	12168 
	d 
	d 
	d 
	d 
	d 

	d Titanium 
	12.161 
	d 
	d 
	d 
	d 
	d 

	d Vanadium 
	12164 
	t ''
	t 
	t 
	t 
	t Zinc 
	12167 
	t 
	t 

	t 
	t 
	t 
	t 

	t Su.lfates 
	12403 
	20 
	20 
	20 
	30 
	28 Nitrate (E:;O sol) 
	12306 
	d 
	d 
	d 
	d 
	d Total carbon 
	12110 
	30 
	30 
	20 
	22 
	olatile _:Carbon) 
	15101 
	(20) 
	(20} 
	(20) 
	14) 
	(15) · Subtotal 
	56 
	56 
	56 
	56 
	67 

	67 
	Other 
	44 
	44 
	44 
	44 
	33 

	33 Total 
	00 
	100 
	00 
	00 
	100 
	*Ref 2-9 
	10/78 tEstimated to be same as 3-101-Jm size fraction KVB 5806-783 () included in total carbon 
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	l. Sinqlt~ data point profiles-The weight percent of each size range was obtained from the particle size distribution plot (which included the impinger catch) given in Section 4_for each industrial type tested. The details of how these curves were generated are "liscussed in S~_ction 3.2. 3 B. Whenever data was taken on a control device, the downstre3m (outlet) data was used to generate the profile fo~ both checical compusition and size distribution'. The chemical composition for each size range was obtaine
	results were used in conjunction with the <lµm size range . . For each· impinger 
	catch there was an organic ~raction which was obtai~ed from methyl chloro:or.n 
	extraction of the impinger condensate as explained in Section 3.3.3< and an 
	~norganic fraction which was the remaining impinger residue as also explained 
	in Section 3.2.2-C. Because the organic fraction residue could not be removed from the evaporation dish as discussed in Section 3.2.2-D (pc.:.ge 3-5.2), for chemical analysis purposes only the inorganic fraction of the impinger catch 
	( was used with the filter anlys;_s to fully characterize the <lµm size range. The percent of carbon in the organic fraction was incorporated with the carbon concentration of the <lµm size range for each profile. 
	9 

	Whenever there were no data for a size range of a particular profile and there were ~ata for the other size ranges_, then an esti1:1ate was made. This estimate generally assumed .t.'lat the concentrations of the chemical constituents were .the same for each size range. It is believed that thi~ is a good assumption because imst of the profiles where complete data were available indicated that the con~ntrations of the chemical constituents were similar for the size range, except for sulfate and condensible ca
	/ 
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	2. Multiple data point profiles--The second approach used was to develop emi~sion profiles based on data from several sou..."'"Ces within a part;_cu. late source type. This involved: (l) ac~ring t.."le data, (2) determining the 
	-

	relative magnitudes of each source compared to the total emission from ~he sour::e type, and (3) forming a composite profile by factoring the data from each source by an appropriate weighJfg factor. In t."lis manner, emission profiles were developed for individual s°FFce types t.-iat in actuality represented t."le average emissions from sources of that category (SCC number) • 
	The approach used to assign p;t"ofile nUI!lbers (keys) to each source type (SCC number) was as follows: 
	emitting particulates intc the SCAB was generated from t.~e 
	most recent (April 1978) EIS . 
	suxro::ld.ry

	2. Each item on this list of source types was assigned .a four-digit nu::iber. 'these are listed in .-able 2-2. The number 0000 indicates t.'lat tb.ere was no dE.ta available to gene::ate the emission profile. '!'he num;1er 0099 indi­cates that the source type :is r>.ot classified. All ot.-ier nUI!lbers were assigned to a specific source type. 
	3•. Each of the profile numbers listed in Table 2-2 w~~e. matched with t.>ie appropriate sec :1u:ru:ier fr= t.":.e list generated from the current EIS file (l above). In many instances, an i."'ldividual profile was found to cover. several and SCC/SIC combinations. The profile data base ·o1as therefore for.:nil.ated and indexed by a profile nl.lll±er. · This is listed in Table 2-3 . 
	sec 
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	Figure
	TABLE 2-2. PROFILE KEY Im)EX 
	Profile Key Source Classification Reference 
	0000 Data not available for profile ClOOl Industrial boilers (crude a'ld residue) Sec. 4. 2.1 0002 Industrial boilers (diesel fuel) Sec. 4.2.2 0003 Internal combustion engines (diesel fuel) Sec. 4.2.5 0004 Internctl ~ombustion engines (gas fuel) Sec. 4.2.5· 
	Wood waste boiler Ref. 2-8, Sec. 4.2.4 0006 Utility boilers (residual ~uel) Ref. 2-9, Sec. 4. 2. 4 0007 Rice d.:yer 3ec. -. . 2. 13 0008 Coffee/Carob roasting Sec. 4.2.14 ·0009 Steei heat treating Sec. 4.2.15 Steel abrasive blasting Sec. 4.2.16 0011 Aluminum foundry . Sec. 4.2.17 00l2 Steel··sinter pla.,t Sec. 4.2.13 0013 Steel-open hearth furnace Ref. 2-lC, Sec. 1.2.13 0014 Calcination of gypsum Sec. 4.2. 7 Brick grinding and screening Sec. 4.2.8 0016 Cement production Sec. 4.2.6 0017 Glass :nelting fw:nac
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	1W■ -·1 '11:n•r•tlliit?liiiliUlillilWillilliii&"'-lt-■ ' ' ·l,illttllllii)a.illillliiliiiill' · ""'"*~----~·-,.. ~
	tilrtltiiltill•1t1t1:w1~1 ·1w11:n111:r:atillifiiitimllllltll:r•1111tillMMlllilll6tllllMllfllll '' W_Z_lll'tlillrtllf, '' · ----·· ""
	..; 
	Slillftifll 

	0026 0027 
	0028 
	0029 0030 0031 0032 0033 
	0035 J036 0037 0038 co..,J 'J040 0041 0042 0043 
	0044 
	0045 0046 0047 004a 0049 0099 
	TABLE 2-2. {Continued) 
	Wood operation (sanding) Petroleum heate=s (natural gas fuel) Pet=leum--FCC U~--hts/CO Boizers 
	Feed and gz:ai."l operati:::ins Limestone kilns Basic oxygen fur.iace (steel) Electric a=c fu=ac~ (steel) 
	Figure
	F:...:-epiaces 
	Ciga=ette so:,ke 
	Figure
	Brake li."ling wear l'....;.vestock dust =paved roads 
	r'orest fires 
	Lan~i::..l dust AgriC".l..ltaral tilling Industrial Soil.er (nat=:al gas Not classified 
	Section 4.2.23 
	Ref. 2-11 Section 4.2.25 
	Ref. 2-13 Ref. 2-10 Ref. 2-:!A Re!. 2-15 
	=uell 
	2-24 
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	tin u·uw iti rr ,_ ...,: ttr ·1w er j 
	h 

	·:..au: 2-3. ?S..:.:.. a~~:.z KEY ASSIGNMENT TO sec NUMBERS 
	Profile -sect
	!Cey 
	--

	l-Ol-004-Cl 0006 l-Ol-005-0l 0002 l~".' l-006-0l 0049 l-Ol-006-02 0049 ·1-02-004-0l 0006 l-02-004-03 0006 l-02-005-0l 0006 l-02-005-02 0006 l-02-005-03 00C6 .l-02-006-0l 0049 l-02-006-02 0049 l-02-006-03 0049 l-02-007-0l 0049 l-02-007-0]. 0049 l-02 '-'JO 7-07 0049 l-03-005-02 0002 
	l-03-006-02 0049 ·, 
	\ 
	l-03-007-03 0049 l-05-002-06 · 0049 2-0l-001-01 0002 2-0l-002-0l 0049 2-02-002-02 0049 2-06-013-0l OC99 3-0l-009-99 0099 3-0l-Cl7-01 0000 3-0l-999-99 0099 3-02-001-:99 0099 3-02-005-0l 0029 3-02-006-0l 0029 3-02-006-02 0029 
	'' 
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	Nn rrn ·er:trt# 
	-· 
	TABLE 2-3. (Continued) 
	3---02-:)07-30 0029 3-02-008-99 . 0029 3-02-999-98 0099 3-02-003-02 0.000 3-03-003-04 0000 3-0)-:)0]-:)6 0000 3-03-003-99 0099 3-03-008-02 0000 3-0 3-008-03 OC12 3-0 3-008-99 0099 
	' . 
	3-J3-·JC9-01 0013 3-03-009-03 0031 3-03-009-05 0032 3-04-001-01 0011 3-04-001-99 OC99 3-04-003-01 0000 3-04-003-50' 0000 3-04-004-03 0000 3-04-007-01 0032 3-04-007-09 0099 3-04-999-99 0099 3-05-001-1)4 0019 3-05-001-99 0019 3-05~02-0l-0020 3-05-002-99 0020 · 3..;.o5-003-02 0015 3-05-006-02 0016 3-05-006-99 0099 3-05-007-99 0016 
	r 
	'3-05-008-01 0015 3-:JS--008-02' 0015 3-05-008-99 0099 3-05-0ll-Ol 0016 3-05-012-04 0013 
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	':ABLE 2-3. (Con~inued) 
	3~5-0ll-99 0099 3-05-014-0l 0017 3-05-014-ll 0017
	f 
	3-05-0lS-02 0014 3-05-015-99 0014 3-05-016-99 0030 3-0S-Oi7-0l 0000 3-05-0l 7-99 0099 3-05-020-0l 0033 3-05-020-02 0033 3-05-020-05 0033 3-05-020-06 0034 3-05-020-80 0099 3-05-020-99 0099 3-05-025-0l 0033 3-05-025-99 0099
	I-

	( 
	3-05-999~88 0099 3-05-999-99 0099 3-06,-001-02 0027 . 3-06-001-03 0000 3-06-001-04 0027 3-o6-001-09 0099 3-06-002-01 0028 . 3-06-009-99 0099 3-06-0ll-99 0099 3-06-012-03 0000 3-06-999-97 0099 3-06-999-98 0099 . 3-07-004-99 0099 .3-07-020-99 0099 
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	TABU: 2-3. 
	3--09-001-88 3--09-001-99 3-09-030-04 3-09-030-99 3-09-999-99 3-63-009-0l 3-90-00 5--0 5 3-90-006-05 3-90-006--08 3-90-006-31 3-90-006-99 3-90-006-99 3-99-999-99 4-02-001-01 4-02-003-01 4-02-004-01 4-02-004-0 5 4-02-00 5-99 4-02-007-01 4-02-008-01 4-e02-008-03 4--04--001-99 4-90-999-99 5-03-002-01 9-12-071-00 9-13-081-00 9-l~-001-07 9-.14-034-00 9-24-089-95 9-27-€,19-50
	' 
	9-41-009-52 
	(Continued) 
	0099 0099 0000 0099 0099 0099 0000 0011 0000 0000 0099 0099 0099 0021 0022 0022 0022 0099 0000 0000 0000 0099 0099 0045 0043 0046 OG36 0037 0035 0039 
	0041 
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	\ 
	TABLE 
	9-47-239-00 9-47-307-42 9-47-549-0l 9-49-000-00 9-49-999-0l 9-49-999-98 9-49-999-99 
	2-3 (Continued) 
	0048 0044 0040 0047 0038 0042 0047 
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	c. Critical Profiles-
	-

	Due to the magnitude of t.'le sources which they represent, severaJ. emission profiles were recognized to have a signi~icant ~-ipact on the results of the final inventory. These include: {ll combustion of fuels for uti'lity and indust:.rial. boilers, (2) ce!.lent production.-(3) fugi:tive-dust from unpaved roads and construction, and (4) tire dust from wear. Detailed discussion of the development of t.'lese profiles ·are i;i.cluced in the followi:1g section. 
	1. Canbustion of fuels--The combustion of fuels constitutes about 50\-of the particulate emissions fro::l -poin'C sources in t.'le scr..s. This large aource of emission was broken down into t:~o ;roups: (1) emissions from utility boilers and (21 emis.sions f.:::-01:1 ir:.dustrial '!::loile.:::-s. 
	~ine field tests*, wit.'l two sampli~g trains for a total of 18 tests, were done on utility boilers burning low sulfu.r residual fuel. These were used to develop the emission profile for utility boilers burning residual fuel. The results fro:n these tests indicated that 85% by weight of the particles were less than li,un. Thirty-six percent of the total particulates were sulfates, 22\ were carbon, l0\ were calcium, S\ were nickel and 2\ were ir<'.ln. All ot."ler elements that were detected by the analysis w
	The results of two field tests* on industrial boilers bu=ing diesel fuel were used to develop the emission profile for industrial boilers. The results indicated that 96'\ by weight of the ,particulates were less ~an lum of ·.ihich 65% wer~ sulfates, 15% were carbon, and all other elements detected were in concentrations less than 1\. This profile (profile key 0002) is listed in the Appen.iix. 
	2. Cem@llt production-The results of two· field tests• and data f.:::-om Reference 2-16 were used to develop the emission profile for t.'le production of Portland Cement. These results indicated that 34\ by weight of the particles 
	• These f.ield tests are discussed in detail in Section 4 .O 
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	were less than llJ,m, 34\ between 3-lum, 24\ between l0-31J,m, and 8% greater t."lan 10\Jlll. Twenty five percent of the composite of the si:z:es were sulfa~s, 10\ silicon, 20\ calcium, 8\ carboh, and alL ot.~er elements detected were in concentrations 'less than l\. This profile (profile key J016) is listed in 
	the Appendix. 
	3. Fugitive dust--The ~~gitive dust emission constitutes a.bou~ 80\ of the particulate emission from ·.ne accountable area sources. dust e.nissions ~ broken int~ five grrups: (l) road and building construction, 55\, 
	Fugiti·.re 

	2) unpaved roads 18\, ~, agricultural tilling, 7\, 4) livestock feed lots, 1,, and 5 l refuse disposal si.tes; <l\. ·,Cnly road and building construction a.-id ur.paved. roads will be discussed here. From the literature, (Ref. 2-1·1 ,18), it: was deter.nined t.'lat 45\ by weight of the particles were greater than lOwn, 1.3\ between l0-31J,m, 12, between 3-l~m, and ~8\ less t."lan lwn, for constr~ction dust.. Twenty percent \ooe..--e silicon,, 8\ , 2\ calcium, 3\ iron, and '2\ potassi!.llll. All other elemen
	alumir.wn

	. 
	construction dust. From the literature (Ref. 2-17,18) it was determined that 55\ by weight of the particles were ·greater thah ·1oum, 15\ between 10-3\.Ull, 12\ between 3-11.ml, and 18\ ·less than lum~ Twenty percent were sil,icon, 8\ ali.mi.num, 2\ calcium, 3\ iron, and 2\ potassium. All other e:ements listed ~ere in concentrations less than l\. The· profile for fugitive dust from uhpaved roads (profile key 0043) is listed in the Appendix. 
	' 

	4. Tire Oust--Emissicns from tire attrition ·constitutes about 7\ of the particulate emissions from the c!l.ccountable area sources. · From the literature 
	' ' 
	(Ref. 2-17 ,18) it was determined that bre~own of the particle size di.stril:iution is as, follows: <lum Tire Dust 20% 
	Figure

	The dust is composed of about 90\ ca:!:>on, and 1, zinc. The remaining element is hydrogen. Fur+~~er infer.nation on tire dust is presented in the next section (Section 2.3.3 c.~) 
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	2.3.3 Area Sources 
	An illlpo.rtant aspect of the ICVB f.:.ne particulates emissior_ i'"lventory 
	was the identification of sources of fine particulate emissions !'l.O~ under 
	per.nit and generally not included or adequately c~aracterized in previous ·inventories. These were categ.:,rized into four l!l.ai.'"l groups: l) fugi­
	sou:.c-.es 

	ti~~ dust sources, 2) cx.mbustion sources, 3) autollXlbilc sources, and 1) sea salt 
	spray. Because these are diffuse and not. concentrated sources like industrial 
	point sources, they are referred to as area sources. Emission factors for 
	these sources• were therefore based on land az·ea, populatio:i, land use, or 
	other criteria characteristic of the area source. 
	Table 2-4 presents a summary ~f the area source suspended particu­late emission esti:nates for each of. t.~e sour~es consider~d. Precise en.is­sion rates were c.:.fficult to es~imate due to the co:::;,lex nature and non-avail­ability of applicable data for each ~ource type. 
	A second objectiv~ of the area source inventory was to identify the particle size and chemical composition of the r~ported partic-~late emissions from each source type. Again, precise particle sizing and chemical ~omposition ....ere difficult to obtain for many area source types due to the wid-. variation in materials associated with each area source. Specific source chemical ~sition analysis can be found under that section titled "Area Profiles." 
	A third ohjective of the study was to locate these area sources geographically in the South Coast Air Basin. To t.~is end, information was secured from ?arious governmental agencies on population distribution, land use, agricultural plantings, ~onstruction and road buildi.,g, etc. Maps corresponding to the approximate location of each source were devel~ped. Area sources based 0,1 population were distributed on a per capita basis based on information from the ARB. 
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	TABLE 2-4. ESTIMATED 1976 AREA SOURCE FINE PARTICLE EMISSIONS SUMMARY (a)
	-~--~-=-=----=------~T""T-t ~,C-&.;o...J..&,.
	=---------~--~-~--........ -· 

	;::.-,-:;t.
	--~...;..-..~.,;1;:~,,1;.;,. 
	Percent
	(b)
	South Coast Air Basin Cow1t.ics (c) of Estimated Los River-San Santa Emissions Grand Percent 
	OJ"~nqe Angeles side Bernardino Ventura Barbara TonsLir Total Accurac~ 
	Road, Building Con
	-

	struction 21,000 24,000 ?,100 11,000 6,400 1,000 71,000 20. 9 +so,-20 Agricultural Tilling 1,300 1,200 3,100 800 3,100 40 9,500 2.8 ±25 Refuse Disposal Sil:es 60 200 20 20 20 6 JOO <O. l ±25,-20 Livestock Feedlots 150 3 150 950 5 s 1,300 0.4 ±SO Unpaved Road Travel 2,000 14,000 2,000 1,800 2,600 230 23,000 6.8 ;t:40 Paved Road Travel (d) 33,000 140,000 7,600 12,000 8,800 3,100 200,000(d) 58,8 ±SO 
	Fugitive Oust--Subtotal 305,000 89.7 
	Forest Fires 120 700 600 430 530 50 2,400 0.7 +so,-20 Structural Fires (e) 40 160 10 15 10 s 200 <0.1 +100,-20 Firepl~ces 70 280 30 60 20 10 500 0.1 +100,-10 Residential Natural Gas 20 90 s 10 10 s 100 <0.1 ±25 
	tv .
	l., Cigarettes 130 520 30 50 30 .10 800 0.2 +.W,-50 ~ Agricultural Burning 20 so 30 400 10 500 0.1 ±25 
	Combustion--Subtotal 4,500 1.3 
	Tire Attrition 1,400 5,700 320 490 370 130 8,400 2,5 ±20 
	Brake Lining Attrition 530 2,100 120 _ 180 140 so 3,100 0.9 t20 
	Automotive--Subtotal 11,000 I 3.2 
	Sea Salt--4,000 6,700 3,500 5,800 20,000 5.9 +50,-20 
	~ ')Q\ 
	Grand Total 340,000 

	r ~~•-•......-=
	============================~ 
	-

	a) 
	a) 
	a) 
	Emisslon estimates are based c,n particles i 10 µm -KVB 5806.-783 

	b) 
	b) 
	Includes only that portion of County within SCAB 

	c) 
	c) 
	Rounded to thre& significant figures 

	d) 
	d) 
	A large (but -unknown) percentage of the 200 000 toi'1s/year is assignable to other area source. categories st!udied and not studied in this inventmy. For this reason (see .Section 2.3.3-A-6) it was ·not induded in the final inventory count as indicated in 'l'able 2-18. 
	1


	e) 
	e) 
	Includes property, contents and vehicle loss. 


	The following sections 9resent a .discussior-of the· methodologies and references used in maki."l.g t.-iese est.ii:iates. In general, the procedure invol,;ed the establishment of t-.ro crit~ria: 1) an factor ' coupled -,.,j_ t'1 
	ei:ti.ssl.on 

	2) an appropriate inven~ory. Using this fo=,at, improvements of either criteria can be r~aci1y employed to improve future estimates. 
	It must be pointed out that many of the emission factors .applied to the inventories pres~ted were d:?veloped spec:i.fically for this study of t.'i.e South Coast Air Basin and are not necessarily appropr.iate or applicable to other study are~. 
	Those emission factors based on studies conducted outsice t.'le air basi.-,. were ca:::-cfti lly reviewed and reevaluated when it was dee::ied r.ecessary in order to make the raw emission factor :nare applicable to t.'le study area. 
	A. Fugitive Dust-
	-

	Significant sow:ces of atmospheric dust a.;:ise from t.'i.e mechanical dis­turbance of granular material exposed to, the air. Dust generated from these open ::.ources is ter.ned "~ugitive" because it is not discharged to the at:!nos­phere in a confined flow stream. 
	In the 1976 i."l.,ventory (Table 2-41, fugiti-.e dust accounted for approxi­mately 75~ of t.'J.e 140,000 tons of suspended parti,culate matter (<lOi.im particles) estiL?:ated to be emanating from the area sources considere~ exc:uding pa~ed =ad travel. The ·six fugitive dust areas considered are: (ll road and buil ding cons~ruction, (2) agricultural tilling, (3) · refuse di~posal sites, (4) livestock feedlcts, (5) unpaved road travel, and (6) paved road travel. As can be seen in Table 2-4, road and building 
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	For the above categories of fugitive dust sources, the dusc generation process is caused by two basic physical. phenomena: 
	1. 
	1. 
	1. 
	Pulverizatio. and abrasion of surface materials by application of ·mechanical for.ce through implements (wheels, blades, etc.) 

	2. 
	2. 
	Entraµunent ·of dust particles bv t.'ie action of turbulent air currents gen~rated by winds, moving vehicles, etc. 


	The air pollution impact of a fugitive dust s.ource depends on the quantity and drift of the dust particles eir.itted into the atmosphere. In addition to. large· dust particles that settle out near the source (often creating a localized nuisance problem), considerable amounts of fine particles are also emi.tten a."ld dis9ersed over much greater distances f~om t.'ie source 
	(Ref. 2-19). ' 
	The quantities of dust reported as emissions in t:.'iis repor--= are 
	defi."led a,; being comprised of particles smaller t.'ian lOum and having a 
	' 3 particle density of 2.0 -2. S g/c:m. • Furt.'\er particle size b.:-eakdown into 
	~10\.UZI, <3um, and <lum intervals is included in each sub-category discussion. 
	The correlation between Ambient ·!ti-Volume Samples and. the Pasq,~ile-Gifford 
	' ' 
	Diffusion equation for ground level sources was employed by the referenced 
	studies (Refs. 2-17,18) as the basis for computing the or.igi."la!. emission 
	factors. 
	1. Road and building :::onstruction--Recent studies (Refs. 2-20,21) :1.a•;e 
	I 
	concludE,d that road and buil.ding constructior, activities are significa.;.,,t sour:::es of fugitive dust. Such emissions are a~sociated wit.'i land clea:ing, blasting, grcund excavations, cut and fill operations, · and the construction of t.'ie particular facility itself. As can be seen in Table 2-4,. construction activities accounted for the ~ingle largest source of ?ar.:;=ulate ~atter 
	(exclue!ng paved road travel). 
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	tfiif l tTI . ··r ... 
	Pedco-Enviror.:?Jeotal. Specialists (?..ef. 2-17) and !-'.idwe;;t ?.esear::::-: !(:tef. 2-13) have condutted investigations into t..~e enissions from const-'"<Xtion 09erations. ;.., u.,=ntrolled e!Jission fact:c.r of 1. 2 tons ;:er acre of =nstruction per :rent.~ of activicy ~or parti:::les <JO:.lm was ;:!.. :-:oweve::-, ?edco also cor.cl:1ded t..':at a 50'\ red:iction i:: e::t.i.ssions · is po,:;si.;:ile if adeq:.:ate ::!ust =ntrol such as wateri..-.g 1:-.ice daily .i.s practiced. ::lules ~2 and 403 on Fug
	nstitt:.te 
	eter.:-.i..r.ed

	Therefore an e::t.i.ssion factor of 0.5 tons per acre-
	Figure
	of :::ac't.:.vi-:::y a.-id ·ecuss.::.or-.s ;:er ::ou.,ty. An e:n.issio~ factor of 
	ons::r-.JC-:::i.on 

	\ 
	Figure
	Figure
	24 
	24 36 
	Figure
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	tor nz rc-crnn r::zrttcetterrrntr twe, , ·w:ctts rn:t:e-®ttttrffkn : rz ., .... 
	TABU: 2-5. ~AD & BUII.DI:SG CONSTRUCTION PAR'l'l:CULATE EMISSIONS SGMMARY 
	Acre-lOClnt.~s Constr~ction 
	Non-Emissions County Resident.ial Residential tons/vr
	~ 
	Orange Los Mgeles Riverside San Bernardino 
	Santa :aarbara Total 
	100 
	90 
	60 
	50 
	40 
	30 
	20 
	! ,;
	.. 
	"' 
	10 

	' 
	29.,894 25,627 8,078 1.2,501 9,787 1,172 
	a 6 5 Pa:n:icle Sia• Distribution IIO~, IIUilllio; Conatnction 
	6,004 13,304 1,236 l, 738 1,085 258 
	6,004 13,304 1,236 l, 738 1,085 258 
	11,832 20,184 9,860 14,384 3,828 l, 144 
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	2. Agricultural tillaqe--Approxunately 9500 tons per year of f-..igitive dust. 
	(particles <10\lm) were estimated to be coming from a.gr1cultural tilling operations within the basin as shown in Table 2-4. 
	The two universal opjectives o.f agricultltral tilli:ig are the creation of the desired soil st:ruct~e t:0 .be used as the crop seedbed and the eradica­tion of weeds. Plc-..;ing, the most common of. tillage, consists of some for.n of cutting loose, granulating, and inverting the soil and turning under the organic litter. I.nplements that loosen the soil and cut off t.11.e weeds but leave the surface trash in place, have recently become more popular for tilling in dryland far:n:ing areas. 
	met.b.od 

	Du:i.ng a tilling operatic~, dust pa..rticles from t.~e looseni.'lg ar.d pulverization of t."le soil are emit.~ed L'lto the at:::osphere GS tje soil is d:opped to the surface. Dust emissions are greatest when the soil is d=:,· and 
	Figure
	In developing an emissions· estimate, a threefold approa.c::. was takan: 
	l. 
	l. 
	l. 
	Es~blisi"'.ment of 
	a 
	1376 
	L'lventor-.r of tl1.e 
	harJested acreage of 
	field, 

	TR
	tl:Uck, 
	orchards,. 
	outdoor nursery, and 
	i.mprove<i ;;ast=e. 

	2. 
	2. 
	:Jeter.:ur.ation of t."le 
	passes per crop made 
	by 
	a 
	fa::::ung 

	TR
	i:nple::ient 
	that dist".l:bs 
	t.~e 
	soil significantly. 


	3. :Jevelo;:me.'lt of ::."le proper e.:iission factor to apply -;o faz::ii::g operations ..,.i~u:1 t."le Basin. 
	An i.:i•.rent.o:::-J of harvested ac:::-eage -.,.as compiled wit..'1 t."le aid of '.:.-:.e 1376 :ol.:lty Agr~c~lt.:;;:-al .Co=.ission's Cro~ Reports (?~fs. 2-24 'through :9). -:'he ?asses per ==op ·"II!! re deter::1:i."led ~'1:::-:::ugh lengthy communication ~ t.~ ~umerous Cniversicy ~f California Cooperative Ex~ension Service Fa.r:n .Adv~~crs (Refs. 2-JC -:..'lrough JJ). ~e est.i;Dated average nl.l!llber of passes ?er crop -:.ype are ?~5ented in Table 2~. 
	2-38 lCVB 5806-733 
	_____.....,.__________..........______
	~.... ... . 
	~•.J,H'.J.c;e ::>.&SS~ :,,e:-.::o: 
	i;s~.:.:.a:.eC 

	3•r:ey 
	t.J...:na Oe..ns aay. &.!.!c1l!a 0.5 HAy, :;:-... ~:, ) 
	!:nprovl!d ?&S~..;re 
	S.u;&r =-•u 
	llheAt 
	=or!i 
	~=ass 
	S•t!l0<0er l l'IJ.sc. S.•d 3 
	AA;:a=.t:~:i.i, 
	3"!.L~S, 
	a....~. 
	Oe=:ias--i~:awc•r~:es 
	ao,:-:-ies 
	9:-:ec=::i:.~
	=~·~· 
	:::..::-:,u :&i:l. ! ~ :over .:::irn 
	.:.a.c~•rs 
	~:;q i'l.Ant 
	r.,c;1,·.••
	~.r1~: 
	( 

	:..t.s:·..u:e . 
	:.Ant•!.oure 
	-:r..!'!s~•vs 
	?!oneydew 
	!11'...lSC.· ~l:>ns :..1aea~:!.ons 
	.)'1sc . 'le<;e~.i.bles ~kra 
	".ln~ona 
	?••· 
	?~"n)e:-s 
	?~~,1t,::,~5 
	?•.m;,1<~:,s 
	~~a:,es 
	~lMI ;tuu.t>•qa l iqw,st: l ~=>sat::.•5 ) 
	~-...."':lo?• 5 
	?us:ey l ?ars:,~?• 
	Figure
	cu~:!oor r~.1~ ~rown 
	Cat !lowers 
	:;ource: References 2-30 through 2-33. KVB 5306-783 2-39 
	11We1·1·1·liifn•rllilfii''Hill'iilltrlltsllli''filtllltldll-'"Yllliliil'•t•l•-·'"'""""'"d"'*'"'..............·.---------------~c.,..__;,,_:.......-.,,.......,,~-~--......-~.....-~.......,o I,, 
	Cu.rrent faJ::11.ing practices in orchards clisclosec t..'la.t only 10-20\ of the acreage presently al.otted to orchards is actually tilled. An inc::-eased use of herbicides is t.."le reason for t.."lis practice. 
	Figure
	concluded t..'iat t..-ie qua.."ltity of dust emitted ::::-om agri:::ultural tilling is propor-ional to the area of land bei."lg tilled. In addition, emissions depe::d on the following va.ria;:iles: soil texture, soil moisture,· ar.d uactor speed. Ava1lable test data indicate no substantial deper.d.ence of emissions on t."le type ot tillage implement being used when operating at a typical speed of· 6 ciph (~f. 2-18). 
	Figure
	is as follows: 
	1.4s (S/5.S) 
	e (':illing) = --------(C) :::15\ (PE/59) 2 
	2
	where: e emission factor (pounds per acre) 
	2 silt content {particles between 2~-SOu:n as defi~ed by t..-:ie U.S. Dept. of Agriculture) ·of th~ surface soil (Q-4 inches depth) per.:ent 
	s 

	2
	S implement speed (~iles per hour) 
	PE s Tho=thwaite's precipitation-evaperation index corrected for irrigation 
	C • particle sizing factor (e.g. 65\ wt. <lOµm diameter particles, see Figure 2-5) 
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	j 
	/
	/ 
	~
	The silt content of SCAB agricu.ltural lands generally range from 10-:~\. A mid-range value of 20, was chosen. Also, reports on t.'J.e :noist\.!re content of the top fo.ur inches of soil during tilling varied from a ?E !ndex of 17 to 56 
	(Refs. 2-39,32,34,35). A val;re of 41 was.chosen to be representative. !~ple­ment speed varied considtcrably so · a value of 5. S mph was chosen. 
	By inserting this infor=iati'.;,, into the f-rementioned tillage dust~: equation, an _emission factor of 27 l!:l per acre pass ~as deri ved. A pa~i l e size distribution plot is shown in Figure 2-5. On t.'J.e average, dust emissions cal~lated for agricult~al tilling have the followi.~g particle size characteristics (Ref: 2-18): 
	Particle Diameter Weight ?ercer.t 
	<lum 
	1-31,Jl!l 17' 
	3-lOum 22\ 
	>101,Jl!l 36\ 
	•
	A s\l:111114rization of the inventory and emission esti:nates by crop group a.~d cou::ty are presented in Table 2-7. Figure 2-6 -depicts t.'J.e maj or agriC'~ltural areas ta which t.'J.ese emission estimates were. assig;ned. The aid of County Agricultural Commissioners.' ~arm ~dvisors (Refs. 2-31, 36-38) and an ,\RB mel!'.o (Ref. 2-39) were solicited ,in estimating the percentage of crops contained within t."le Air Basin when a county such a·s Riverside extends outside the study area. 
	3. Refuse Disposal Sites--Over 15 million tons of liquid and solid waste were disposed of annually in the 45 major landfill si<;es located in the basin. This acc:o,mted for approximately 300 tons of fugitive· dust. Di~,posal inv9lves the collection, transportation, unloading, and soil covering of daily refuse. For our purposes, t."le dust associated with unloading and soil covering will 
	I 
	be considered t.:l constitute the major portion of the dust .generated from t.'"le 
	total disposal cycle. · 
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	A threefold approach was t-'lken in the establishment of the 300 tons per year esti.nate: 
	l. Review of County Solid Waste Management Plans to establish site location and annual r'?fuse disposal 
	2. 
	2. 
	2. 
	· Determination of the :;urface area worked based on the annual quanti..ies of refuse disposed 

	3. 
	3. 
	Establishment of an applicable e'lti.ssion factor 


	Coyote canyon landfill, site was chosen as a model refuse site. The surface area worked was estimated to be equal to 2/3 power of the volume of the · disposed refuse (Ref. 2-40). one cubic yard of ·compacted refuse was estimated 
	' 3 
	to weigh "'1200 pounds (density of O. 71 g/cm ) (Ref. 2-41). Review of numerous on fugitive .dust emissions fail.ed t.o reveal an emission factor specific-..ally designed for landfill sites. 
	art:ic!.es 

	Since the ~ctivities at a landfill site approximate those found at a construction site, the 0.5 ton r,er acre-mont':l of activity for construction was chosen. Investigation of dust control practices at orange County landfill si'tes (Ref~ 2-42) disclosed that continuous watering of the dirt roadway and active dump area is coimon practice. Also, continuous watering is practiced 
	•at a majoritY,,, if not all, municipal sites in the basin. Therefore, it was felt that the 0.5 ton per acre-month was indeed appropriate. 
	The specific site locations and ann~ refuse disposed can be found in Figure 2-7 and Table 2-8. 'Emissions were entered into the . final inventoey on the basis of site location. 
	Particle sizing inforination on fugitive dust from construction sites was also .~udged to be applicable to landfill sites. 
	4. Livestock dust~-An EPA sponsored study (Ref. 2-17) has ~een conducted to quar.tify the fugitive dust emissions from livestock feedlots. A total of 
	48. sa11t.,les '.,;,ere taken at ·24 different feedlot loca.tior.s. Emission factors of 8 tons/1000 hd/year for uncontrolled lots with less than 25,000 head, and 5 tons/1000 hd/year for feedlots with more than 25,000 head (particle ·<30µm) we1:e c'~rived. Additional particle sizing information was. not taken, however., 
	KVB 5806-783 
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	TABLE 2-8. EXISTIN,G MAJOR CLASS I AND II SANITARY I.A.'IDFI!.L S!TES IN THE SOUTH COAST AIR BASIN 
	(Reference -County Solid Waste Management Plans) 
	Mease Bes ■ 1vr4 4Silld i?Sf . -
	Figure
	Figure
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	Figure
	A particle sii distribution plo~ ~hewn in Figure 2-8 was generated based en the assumptions that -=he silt content of the soil contained within a feedlot pen is higher than that of construction and unpaved roads, ar-d t..-i.at t."'le m:,isture content of t.1-ie so::.l may be somewhat higher due to l.i..vestock excretions. 
	On the average therefore, it is estimated t.'lat dust particles from feedl..;ts would have ~e following particle s~ze characteristics: 
	Jarticle Diameter 
	Jarticle Diameter 
	Jarticle Diameter 
	Percent by Weight 

	<lµm 
	<lµm 
	4€. 

	l-3µm 
	l-3µm 
	16 

	-3-lOµm 
	-3-lOµm 
	13 

	>10µ.'n 
	>10µ.'n 
	25 


	A recent inventory of particulate emissions from feedlots located within the basin was conducted by the A.l..r ::.:lesources Board (Ref. 2-43) · E~issior.s of 1400 tons (particles <30-µm) were estimated. Basis for this· estimate was t.'1e above mentioned study and the Calif~rnia Li•,estock Statistics Report for 1976. A recent st'.li:.r (Ref. 2-44) on th.is same subject conducted by the SCAQMD was used 
	as a . tCJOl in evaluating tl.e ARB' s es.timate. The specific emission factors applied in the ARB est.i=te are {Ref. 2-39): 
	Cattle. 8 T/1000 hd/yr Sheep & Hogs .l.. 25 Goats 1.25 Turkeys 0.2 
	Emissiona totaling 13\)0 t;ons {particles <lOµm) were entered into the final inventory. locations, Figure 2-9, · were extracted from ::..''u'! California Livestock Statistics Report. 
	FeP.dl.ot 

	5. Unpaved road ~ravel--Studies {Refs. 2-17,18,45-48) have shown that significant quantities of fugitive dust are emitted during vehicular travel on unpaved roadways.· Oust ·p~.1.Jllles trailing behind vehicles traveling o!l W1paved roads are a familiar si~.r.t in rural areas. When a vehicle tra\·els over an unpaved road., the force of t.:1e wheels on the road surface cal.l5es pul~rizatiou 
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	.:iqure 2...;. L.i.·:es·txk feec.:ot ;;,ar":.:.=le size distribution. 
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	·,irleels while t."l.e roaC:: surface is. exposed to strong air cur::::ents in ::~•·::n~lent shear with .the . T!"le · t'.l...--bulent wa.ke !:lehind the ~hi=le conti.,ues u, act on the =ac! su.::-face af.ter t.'i.e vehicle has passed. ~e a::10\.::lt: o:: s~face fir:es on an Wlpav~d road is nor::ally close to a.'"l e<:;_'...:.ilibri um value. ~e fines w:ii=h are injected into the at:llCsphere cy vehic'.lla.::-traffic are re9laced in t:.~e same process by new fines ,which are generated by abrasion of surface
	su.rf.:>.ce

	A literature search of existing em~ssion fact:o:-s for unpaved road travel revealed t.'iat no one factor i .s appli=able to ·all conci::ions, ::iut that 
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	" .\ r,;,ce>1t study of •.inpaved road emissior.s., E:?A-600/ 2-78-•JSO, :-!arc!-:. 1373, recomoe~cs an e:nission factor of: 
	• 
	l!l/•.rehi.cle-?:U.le 

	-..ne.:-!! d • :1~er of d:::-1 ·lays / y'!ar, a.~d ii _~ ve:licle •o111eight. ( ~=-r:.s } ~ ?"or 
	;:article diameters <)Ot,;:n, Co above ·..iould ::ie J.61 (:'igi..r':! 2-lJ) and t:ie t-.,o expressions ·.roul.d be identical, except for t:ie veh.i=le ·-eigh': a..'"lc s:;;ee~ :::orrecti.or.s. 
	t Z?A no longer t:!Coim:iends usin-.1 t..'le silt ::;o;i.tent of ';.."1e ;i.a-::ive top soil ·.:nless s _'.;15\; if s >1s,, use 1s,. 
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	C ::s particle size range factor, see. Figure 2-10 [e .. g. to det.ertine 
	p 
	the emission factor for parti::les less t."lan 10;;.L.~, C is 0.46 
	p
	(or 46% from Pig,.ire 2-10)]. 
	On the average. dust e.oissi-:ins from unpaved road travel have the following pa._-ticle size : 
	characteristi.cs

	Particle Size Wei,;ht Percent 
	<l!..;.::n 
	1-3].!::1 12 3-lOJ.;m 16 >lOµm 54 
	A summary of t~e individual =ad types, miles per hour speed ~estrictions, and emission rates per county are presented in Table 2-9. Per ::oi.:nty L·wentories of t..'le vehicle ::tiles traveled p·er yea·~. (VMT) per road type were obtained f=:n the Air Resources Board (Ref. 2-49). Table 2-10 ·presents a· SU!!mar-J of t.~e estimated ~ for each county ;,iit.i,,..in the study area. 
	AFplyi.~g t."le emission factors presented in Table 2-9 to the inventory i:1 Table 2-10 resulted in a total emissions rate from t."1.ese sources o: a:.;p::-oxi:nate.:.y 23,J00 tons per year. T!'lis is eq~l to ap9rox:.=.atelJ 16 ~ of al:. · area sources. ac::our.ted for in :-ab le 2-4. 
	§ 3ased on the assumption ~"1.at "u.,=ntrollec." speed is t7?ically ~ :::;:;h. :aec-..-een 30:-5C :::ph e:niss:.ons are l.L~~a:rly ;:iro90r-:.ioned to vehi::le s?eed. Bc?lOlif 30 :npil, !lowe~r, emissions appea.: t.o :Je ?~opor~icr:ed 'to t..:,.e SCi::.a:-e a: t..'le vehicle spe~d. 
	• T:i.e '::aI:lpOrary reduc~i::m :.n e!!!issions beca~:Se of :::-:,.in:all is ac::01.l."":ted :o:: neglecti.~g emissions on "·.,et" days, i.e., days wit.:i. more t..'..an :J.Gl :.:i.ches of rainfall. 
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	W)/\U I.OCA'l'ION 'l''t'PES 
	Cow\ty-SCAB Oran!Je 
	Cow\ty-SCAB Oran!Je 
	Cow\ty-SCAB Oran!Je 

	Los 
	Los 
	Ange le!i 

	N I UI .t> 
	N I UI .t> 
	Riven; i.de San Bernardino 
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	TR
	Santa 
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	TR
	(1) 
	Mean 
	annual 


	U.S. t·onrnt 'l'iruc r City & COlUl t_y_ & P,uk~ l'ro d. ULM 
	-
	-
	--

	3.65 llrn/VM'l' l. 14 11.JH/Wi'r ---30 Ml'II 20 Ml'II 
	-

	.3. 65 lbs/VM'l' l. 14 llis/VM'l' ---JO M.1'11 20 Ml:'ll 
	-

	3. 9 3 llis/VM'l' 1.22 llis;VM'l' ---30 MPII 20 MPII 
	-

	3. 93 lbs/VM'l' 1. 22 . llis/\Hl' ---JO M.Pil 20 Ml'II 
	-

	3. 6 5 lbs/VM'l' l. 14 llii;/VM'l' 0.57 llis/VM'l' L.4'J lbs/I/MT 30 Ml'll 20 MPII 20 Ml'll •10 MPII 
	3.65 ll.i~/ VM'l' 1. i4 lbs/VM'l' ---30 M1'11 20 Ml'II 
	-

	-l----.£.--• -· -__, __: . -· J.. • ~ 
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	numlle r of dctys wi.th 0.01 in. or more ot: ra i nf.d I. 
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	2. 40 25 
	2. 2 3 25 
	2. 23 
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	W ~l)
	~riculture 
	lbs/VHT 40 MPII 
	lbs/VM'r 40 M.1'11 
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	lbs/VM'l' 15 
	MPII 
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	SUMMARY 
	OF VMT 
	PER 
	UUPAVJ::O 
	ROM) 
	WCA'l'll>N 
	IN 
	l BASIN 

	l f 
	l f 
	County-SCAB Orange Los Angeles P.iverside San Bernardino 
	City ii CoWlty 807 5647 555 504 
	U.S. Forest & P<1rks 651 6135 .813 1236 
	3YH'l' x 10 Timber Production 
	DLM 
	A•1riculture 159 240 309 66 
	TotAls Emissions3VMTxl0 T[j_r . 1600 2,000 14,000 2,000 1,800 


	I\J I U1 U1 
	I\J I U1 U1 
	I\J I U1 U1 
	Ventura 2Santa Barl.>ara 
	142 60 
	1983 160 
	467 
	174 
	497 20 
	-
	240 
	2,600 230 

	TR
	3Total 
	23,000 
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	Source (Ref. 2-49) 
	2 
	Original VMT estimates for entire county Assume 5\ in SCAB area 
	3 
	Carried to two significant figures 
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	6. Particulate emission$ from paved roadways--The action of vehicular traffic on a dust laden paved roadway causes some of the material to be emitted into the acoosphere. The larger particles (>100µ.m.) emitted will normally settle out within 20 to 30 feet from the edge of the roadway ar:d, t:herefore, are not included in t..~e area source emission profile. Particles -:,f less t."la."l 100µ.m. dia.m:!ter will ..Je dispersed depending i.:pon thei.r diameter and extent of a,txrospheric .turbulence. 
	An equilibrium roadway dust loading will result when a balance is achieved between the material deposition and reIICval rates. The fo=er ra~e includes: tire and brake lining wear; pavement wear; atmospheric dust fallout; mud and dust carryout from unpaved areas; vehicle engine p<'t!'.'ticulate e::-J.ssior.s; et:::. Material is removed f1=om t.Se read.way under the a'ct:ion o::: entrainment by tire motion and vehicle-generated turbule.'1ce; wi.::. · erosion 
	(::or wind speeds excee_ding 13 mi/hr); rainfall washing; street sweeping; etc. Measurements of airborne particulates emanating from paveq roadways were reported in References 2-113 and 2-114. Bot.~ studies addressed dust entra.i=ent from dry streets in ti].e Kansas City area. These data were the oasis of the AP-42 reco=ended emission factor of 0.012 lb/vehicle-mile. However, this single value must be modified to account for dust reIICval by rain, tire and brake lining emissions, and high-speed, high-volume
	Dust removal by rain was accou.."lted for by assuming that rainfall in excess of 0.01 in./day ·...ould completely inhibit particulate emissions of any kind from the roadway. This is t..~e same criterion utilized in the analysis of '.lrlpaved roads. Thus, the basic emissi-:,n .:actc-r was rwdified by a te=: 
	Figure
	where Wis the number of days/year with rainfalls exceeding 0.01 in./day. 
	Reference 2-114 perfo:nned microscopic analyses of collected par~iculate samples and found traces of rubber tire particles. Other'sections in th1s report estimated particulate emissions from tire and brake wear, therefore, t..'lese totals were subtracted from. the paved road emissio::is in order to prevent double .counting. 
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	Figure
	j 
	The equilibrium dust content on high-speed, high-volwr.e roadways was expected to be less than on residential, comnercial or industri.1~ surfaces. This is due to the high traffic volwre pro,ducing a high rem:>val ;:-ate, i.e: 
	lb li vehicle lb
	Mass rat:e of removal 
	s ------­
	"' 
	vehicle/mile hour e This removal' rate would be partially offset by engine-generated partic,ulates, pavement wear and dirt CaJ:'.rJOUt (directly proportional to traffic vol.Jire). However,· other deposition sources (ba.:kground c.ust fallcut, etc.) would be, to a first approximation-, independent of traffic volume. 
	hour-mil

	No quantified data was found des=ribing particulate emissions from high-speed, high-volwne paved roadways and it was assumed that these conditions would produce one-half the emission factor recommended in AP-42, i.e. 0.006 lb/vehicle-~~le, basec. on the considerations previously discussed. 
	The particle size distribution from paved roads was taken as t'1e mean of th? appropriate tests reported in Ref. 2-113 and is shown in Figure 2-11. This distribution has. t!1e following characteristics: 
	Particle Size Weight Percent <lµm 13 l-3µm 25 34 >lOµm 28 
	3-10\.UD. 

	Freeway and highway travel represents soi of the total vehicle-miles traveled (VMT) in the Sout, Coast Air Basin, according to Ref. 2-115. Total vehicular travel on paved roads in the SCAB, excluding towed trailers, amounts 
	10
	to ~n estimated 7.2xlo ~T/year (cf. ;able 2-15) and, with the emission factors developed, represents a gross particulate emission rate of 330,000 tons/year. 
	This amount was reduced by r.hose corresponding r..o tire wear (3400 tons/ year) and brake wear ( 3100 tons/year) in order not to double co1.mt these sources. The resultants were further· reduced by the average number of r.;,iny days (>0.010 in~/day) in the SCAB (32 days/year) to achieve an estimated total particulate emission rate of 290,000 tons/yea1:. 
	Reference 2-113 produced the particle size distribution shown 3bove which allow~j the specification of the total emission rate associated wit., particl~s <lOµm in diameter, i.e. 72\ by weight. Thus, the total emissions in 
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	Figure 2-11. Paved road particle size dist=ibution (Sr,urce: Ref. 2-113). 
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	ti1is size range WdS 210,000 ton/year (70,000 ton/yea= from freeways/highways and 140,000 tons/year fr~m surface streets). 
	Table 2-ll presents the emissions from paved roadways in the SCAB (for d<l0~l, by roadway category and particulate type. These figures must b~ viewed with caution since, ac~ording to AP-42, 40% by weight of samples collected were analyzed to be engine combustion generated particulates. These particles woul.d have been included in a 11Cbile source inventory and it ~ould be incorrect to include them again in a new category--paved road t..:ave~--
	-

	Vehicular tr.ave.:. on .paved roads produces particu:Late ~missions categcri:z:ed as (AP-42) : engine exhaust particles (40% by wei;:::tl : minera.i.. 
	_matter (59% by weight): and biological and ~ire dust (1% by weight). :iowev:er, the engine exhaust particles have already been included as a mobile source cortribution and, therefore, should not be counted again by this study. Mineral matter eoissions result from r~-e·ntrainment of background dust depositing on the roadway and from dirt and mud carried out from unpaved areas. Thus, a large percentage of tt.e roadway dust emissions actually originated from a.~ area source not considered in the present work,
	Strictly speaking, t.~e only particulate emissions directly attributable to roadway traffic would be paveil!ent degradation, tire and brake linin-; attrition, and engine combustion particles. The first item was not quanti­fied by t.'lis study, w.:.le the second has been separately estimated. The last item has already been discussed. Thus, a large, but unknown, fraction of the particulate emission rate~ shown in Tabla 2-ll have been considered'elsewhere. 
	a. Combustion-Fugitive co'mbustion related sources accounted for '\J3\ ::>f t!'le '~otal estimated area source emissions computed in the final 1976 inventory. The· area sources and their respective emissions covered under co;nbustion in the 
	-

	final inventory are: ll Forest Fires 2400 T/yr 
	2) Structural 200 " 
	3) Fireplaces 500 " 2-59 lCVB 5806-783 
	( 
	\ 
	TABLE 2-11. PAVED BOADWAY PARTICULATE EMISSIONS IN SCAB* d<lO\,J.m, 32 rainy days/yeaI 
	Roadi.lay Category Freeway/Highway 
	Roadi.lay Category Freeway/Highway 
	Roadi.lay Category Freeway/Highway 
	Particulate Tvoe, Tons/Year Exhaust M.in,,ral 28,000 42,000 
	Total, Tons/Year 70 ,coo 

	Surface Street 
	Surface Street 
	56,000 
	84,000 
	140,000 

	TR
	84,000 
	126,000 
	210,000 


	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
	Note: · Particulate emissions from tire and brake separately estimated. • See text. 
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	4) Residential natural gas consumption 100 " 
	..
	S) 'Cigarettes aro 
	6) Ag1:icul.tural burning 500 " TOTAL 4500 T/yr 
	l. Forest fires--Forest fires consumed over. 23-,000 acres of forest and p~ivately owned lands within the SCAB in 1976. An estimated ~70,000 eons ·of combustihle material (fuel) was consumed in the process shown in Table 2-12. 
	The m:,s~ apparent atm:Jspheric contaminant from forest burning is particulate ell'.i.ssions. 'the size and intensity (or even the occurrlince) of a wildfire is directly dependent on such variables as the local metecrological conditions, the species of t~ees and their moistur~ content, ~d th•, weight of consi.m:able fuel per acre (fu~l loading) • Once a fire begins, the d.:y combustible material (usually small undergrowm and forest floor litter) is conswned first, and if 'Che energy release is large and of 
	The complete ~ombustion of a forest fuel requires.a heat f~ux (eemperature gradient), an adequate oxygen supply, and sufficient burning time. The size and quantity of forest fuels, the meteotological conditions, · and the topographic features interact to modify and ,change the burning benavior as the fire spreads; thus, a wildfire will attain different degrees of combustion during its lifeti:ne (Ref. 2-50). 
	Knowledge of the chemical nature of forese fuels, combined wi~ what is 1'.nown about pyrolysis and combustion, suggests that particulates formed by forest fi;-es will ·consist primarily ·of a comple·. mixture of soot, tars, ar.d volatile organic substances. The majority of particles found in fire . smoke are formed from the gaseous organic compounds produced ~y pyrolysis and combustion. The proc:esses of nucleation, condensation, and coagulation combine i:1 a continuous chain of rapid events to form both li
	Research on forest fire emissions conducted by the USDA Fo=est Service southeastern Forest E~erimental Station (Ref. 2-51) concl~ded tha~: ( KVB 5806-783 
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	Figure
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	'rABLE 2-12. 
	County-SCAB Oran<Je Los Angeles Riverside Ban :,emardino Ven•_ura 
	Iv 
	I Santa Barb.:,ra 
	(J\ 

	N 
	TO'l'AL 
	g 
	U1 
	cc 
	0 (J\ 
	I -..J 
	0) 
	w 
	FOREST ACREAGE, FUF.L ESTIHATES, AND EMISSIONS 
	Acres Tons Coni;1uned Emissions, Tons/yr 2800 16,000 120 3400 05,000 700 5100 78,000 600 1600 52,000 430 9800 68,000 530 
	4 30 6,900 . 50 
	23,330 368,ooo · 2,400 
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	.,1~. 
	't4t 
	l) 
	l) 
	l) 
	"nle median diameter of particles in forest fire smoke is approximately 0.2 micron, i.e. =O\ of the particulate weight occurs at th.is size. · 

	2) 
	2) 
	Approximately 80\ of the mass of all ~articulates is below 1 mi.c;::on (see Figure 2-12) 

	3) 
	3) 
	Regardless of ·fuel' type, average particle size remains essentially constant.* 


	A high level of confidence in these indications was reached by the Southeaster~ Forest Service when coupled with the result! of othe~ investigations. However, these conclusio11s apply mainly to forest acreage located in the Southeastern portion of the United States.· Although differences in· fuel type do exist between Southern California -forests and forests of the southeastern part of the united States, the effects of these differences on particulate size and mass loading are not known at thi's time. Imp~c
	The emission rate of particulates depends heavily upon the fire type and fuel moisture content, and, to a lesser extent, upon fuel type and ar­rangement. Heading fires generally produce a.bout three times more particulates 
	•than backing fires, everything else being equal. Also, for a given fire, emission rates during the smoldering J?ha.se can be eight times higher than in the flaring phase (Ref. 2-51). 
	Studies (Refs. 2-50,54) have estimated that from 16-17 pounds· of 
	,particulate matter·are released per ton of fuel bw:ned. The acreage of· f.orest and privately owned lands b•.;.:med in 1976 and their associated fuel lo~ding values were obtained from National Forest Ser.•ices (Resf. 2-55,56) and the Air Resources Board (Ref. 2-57). The acres burned, material consumed, and estimated emissions are presented in Table 2-12. Figure 2-13 presents the lo­cation of the major forest acreage in the South Coast Air Basin. 
	0£ four fuel types test:?d are: Deridder, LA; New Born, NC; Ft. Laude.rdale, FL; Ro1,U1d Oak, GA. 
	*Location 

	tDouglas fir comprises approx. 10\ of t,he total SCAB forest acreage and ~26\ of the forest acreage occupied by trees (Ref. 2-53). 
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	Figure 2~12. Forest fire particle size distribution. 
	Source: Ref. 2-51 
	Average of four fuel types from locations at: a) Derrider, 
	LA . 

	b) New Bom, NC 
	c} Ft. Laud~rdale, FL 
	d} Round Oak, GA 
	Note: P~rticle sizing data on fuel types native to Southern california r.ot available; assume difference·s at this time to be negligible. 
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	LOCATION OF HAJOA FOREST ACREAGE IN THE ~UTH (OAS{ AIR BASIN, 
	· 5h -Santa Ana 
	SB -San Bernardino Figure 2-13-. 
	LA -Los Angeles 
	LB -Long Beach 

	P -Pomona 
	P -Pomona 
	R -Riverside 
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	C -Corona 
	\ 
	2. Structural fire--A recent study (Refs~ 2-53, 59) conducted by the ARB 
	.and SCAQMD was employecl in estimating the quantity of particulate matter emitted to the atmosphere during a structural or vehicular fire. Emissions o: 500 tons/y1: or O. 24 tons'yr per 10,000 people were reported for the entire state of California. The SCAB estimate of 500 tc!"'.s per year was derived by multiplying the O. 24 tons per 10,000 people per year by the 1976 SCAB population (Ref. :?-60}. 
	The approach taken in the above mentioned. study was, 
	l} 
	l} 
	l} 
	Using CFD. Reports (Ref. 2-61), E'!Stablish a of prcipe..-ty, contents, and vehicle loss due 
	aJnetary value to fire in 1976. 

	2) 
	2) 
	Establish the mont!ta~ v~1ue equivalent of one house, car, and ·contents. 
	to 
	the combustion 

	3) 
	3) 
	Establish fuel loa.dir.g ·factors per category. 

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

	5) 
	5) 
	Convert the derived emission rate into a population based emission factor to better distribute the calculated emissions. 


	Table 2-13 presents the above discussed approach, values assigned and emission es-timates. Due to the diversity of material consumed within a structural fire, a particle size distribution plot w~ not available. It was assumed to be similar to the particle size distribution for forest fires. 
	1. Fireplaces--As shown in Table 2-4, approximately 500 tons of particulate matter (particle <lQµm) were estimated to be emanating from the combustion of firewood in residential fireplaces. 
	A study (Ref; 2-62) conducted on fireplace emissions for the EPA estimated t.11.e total average particulate mass emission rate to be 21 pounds per ton wood burned.* Differences in emissions existing between the wood bunted in the SCAB (mainly _£jine, orange and aucalyptus) and of that burned in.the above mentioned st~dy {alder, fir, locust, and pine) are assumed to be negligible · fo.r this study. A literature search failed to disclose, any other: applicable data. 
	* Average soft wood rooisture content 12. Sl!l by wt. Average soft wood density. 0.43 g/cc One cord or wood contains 90 cf wood (Ref. 2-6]) 
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	1 
	l 
	j l 
	t 
	i 
	TABLE 2-:-13. STRUCTURAi. FIRES (a) 
	{ 
	J 
	Static 
	. (b) "· 
	j 

	Dollar Value Unit F.quhalency Fuel Loading Emission £missions I J C.ste~. lost -1976 . Factor Factor _ _ Factor Tons I 
	J l 
	;

	(C) (d) 4j2 
	j 

	Property 133,018,066 $50,000 per house 20 tona wood 340 lbs/house 
	Contents 80,644,958 ·$10 per lb. 16 lbs/ton (d) 32 
	(e)
	Vehicles 15,906,917 $5000 per vehicle 8.4 lbs/vehicle 
	13 

	Sub-Total 500 
	======~======"-"=========-============--=========--=-=-=====-=======-==-==-
	-

	Iv 
	J
	-

	-..J Population based e111ission factor -994,000 lbs particulates x , ,~people= 0.047 lbs/person 
	21 
	224 
	00 

	('76 state pop) 
	Ton
	SCAB Emissinns: 0.04·1 lbs/person x 10,334,~2~ people x "'~40 tons
	2000 lbs 
	(a) Source (Refs. 2-37, 38) · (b) Ref. 2-61 (c) Ref. 2-64 (d) Ref. 2-65 (e) Ref. 2-66 
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	Particle sizing data from the above m':!ntioned s·t~dy is prese:1ted i:1 Figure 2-14. Since soft woods are mainly bt:...'":'led in the SC.ll.B, only so::t wood particl-e sizing data was considered. On the average, p,'lrticulat'e ei:r..issions from residential fireplaces have the following particle size characteristics. 
	Particle Size 
	Particle Size 
	Particle Size 
	Weight Perc~:1t 

	TR
	36 

	1-3]..lm 
	1-3]..lm 
	12 

	3-lOµm 
	3-lOµm 
	14 

	>1oum 
	>1oum 
	38 


	"n-.e mec.iiln particle size was found to be about 3 microns; 66. 3% of the particulate was condensibles caught in the back half of the sar::pling train. 
	In establis~iLg an inventory of active wood burning residential fire­places in the SCAB, local government agencies were contacted as to the ~u.,~er of existing fireplaces. It was soon discovered that such information per se wa~ not available. A second approach of obtaining infoT!Ilation on ~'"le number of single family and/or dwelling uni~s in a county was taken. County assessor's offices (Refs. 2-67 to 2-70) were co~tacted. 
	To this inventory, two assumptions were made due. to the lack of avai..!.­a.ble data to characterize the fireplace units located within the inventory: 
	l. Ten percent of all. reported existing dwellir.g -.mits possess and '.lSe their wood burning fireplaces annually 
	2. Each dwelling unit inciuded in the_10% estimate burns 1/4 cord of wood pE:r burning season. 
	A census o! KVB personnel and ~eir fireplace burning l.abits was solicited in arriving at the 10~ estimate. 
	An. emission factor of 0.45 tons per 10,000 people ~as entered into the· final inventory. A population based emission factor was chosen to best reflect··the location of the emissior.s. 
	4. Res,idential natural gas coml::.ustion--Tl,e Southern California Gas Company (SCGC) (Ref. 2-71) reported that 286 billion cubic fe,et of nci.tural gas was sold to its residenrial customers in 1976. The population servad was 
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	Figure
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	Figure 2-14• .Residential fireplace ~missions particle size distribution; sof': woods .• 
	Source: Ref. 2-62. 
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	approximately 11,300,000 people exi:ludinq the city of Long Beach. '.:'he SG"\B popul.ation in 1976 was approximately lC,300,COO people (Ref. 2-60). Realizi~g that t.'1e bulk of its =st=ers do reside in t."le Pasin, the ~ntir~ 286 billion cubic f~et was applied to the SCAB. Also, according to a SCGC fact sheet 
	(Ref. 2-71), space he~ti~g accounted for 65% and t. ~ter heating 21% of the average househo:d appliance operating costs per year on a comparative cost basis. 
	Studies (Refs. 2.:.73_74) conducted on natural gas··fired warm air heating 6
	systems 'concluded emission factors of 0.00084 lb/10Btu and 0.00071 lb/10 Btu for front half catc~es only. Back hal.f were not available. Particle size Wa.S considered to be 100% less th.,..~ 1 micron (Ret. 2-741. The 0.00084 lb/10Btu value was selected to represent e:r.issions from war.n air heating units ~ypical of the st~dy area since this study was bas~d on tests run in the Los Angeles area and the other study was not. Gas-fired hot water or steam 3ys~ems were also found to be similar to warm air heatin
	6 
	resul.ts 
	6 

	Based on the above inventory and emission ~actor~, 100 tons per year of part~culate matter ·...ras estimated to he emanati."lg from residential natural gas cc:nbustion in t."ie Basin-An emission factor of 0.13 tons per 10 ,'ooo people/ year was entered into the final inventory. A pcpulation based emission factor was judged to reflec": tile loc·atior. of t."1.e dwelling units using natural gas. n-"e Southern Cali:fornia Gas Colllpany esti=tes that greater than 95% of 
	dle single family dwelling units it serves use natural gaz for space heating. 
	Although some correction factor grea-:er t.'i.a., one shoulQ ha,,e been applied 'to this emi~sion factor· to account for the impinger catch, it was i~­nored because the basic emission of 100 T/yr is so small that it would not be cost;..effective to develop a correction fac-:or. 
	5. Cigarette smoke-It was estimated that approximately 800 tons per year of particulate matter was generated by the combustion of approximately 30 biliion cigarettes in the Basin. Nationwide, 610 billion cigarettes (Ref. 2-75) were consUlllC!d by an estimated 150 million adult (ove.r 18) Americans (Ref. 2-75) in 1976. Based on these 1976 statistics, it was estimated ~at 4100 ciga
	-
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	Figure
	rettes were consumed per adult. Applying this factor to the reported 7. 4 million adults (Ref. 2-76) residing !n the SCAB in 1976, it was estimated that 30 billion cigarettes were consumed in 1976. 
	A pa. t study (Refs. 2-77, 78} experimentally deter.tined that 1000 cigarettes without filters produced l.O pound of smoke--gaseous and particulate matter. Measurements were not made on the quantity of smoke that was contri­buted by sidestream smoke, howev~r. Sidestream smoke i~ defined as ~hat smoke 
	· which emnates. frot:1. the burning tip of a cigarette .:ind goes direct..ly into the atmosphere. Researchers (Ref. 2-79) have calculated that even when a smoker inhales, two-t."lirds of the snrke f"":om a burning cigarette stilt goes into the environment.. 
	Various studi~s (Refs. 2• ·80, 81) done on smoking have classified side-steam smoke as consisti of 90\ gaseous and ·1oi matter. Side-s~ream Sl!l:)ke has 3.3 times the particulate matter coni:a.i~ed in exhaled siroke. ~ smoker's lungs act as a veri effective filtering igent and remov~ nearly all of the particulate matter in mainstre~ smoke (Ref. 2-a2). l-1.ainstream 
	par~icula.re 

	particulates being exh~led were therefore C011.$idered negligible. 
	( 
	\ 

	The conclusion from ·the' above informa.ticn and from personal observa­tion i:;; that approximately SO\ of the one pound of smoke/1000 cigarettes"' is sidestream Sl!l:)ke. Ten percent of this sidestream smoke was assumed to be ~articulate matter. Particle sizing data i;:ere not avaiLl.ble, but it is assumed _that all particles being emitted are <lo microns in diameter. 
	A particulate emission factor of 0.05 lb per 1000 cigarettes siroked was calculated. This accounts for approximately 2.5\ of the total weight of 1000 cigarettes without filters. A number o.f filterless cigarettes were weiqhed in KVB's lab to arrive at an average cigarette, without filter weight of 0.9 gr~. 
	Based on the above information, an emission factor for the final inven­tory was. developed as follows: 
	l.O lb smoke 0.5 ib sic~stream smoke 0.1 lb particulates 1000 cigarettes x I:o-u;--;;,ke lb of sidestream smoke 
	x·

	410C cigarettes x 3 acults _to_n__ .0.00008 ton 0.08 ton 
	= or -------
	-

	x adult 4 persons x 2000 lb person 10,000 persons 
	:..: J.O, 000 persons in the SCAB "' 800 tons/yr 
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	6. Agricultural bu.rning--The particulate emissions from th·e burning of agricultural wastes in Cal.ifornia have b~en recognized for several years (Ref. 2-83). The ARB and .the EPA have sponsored several studies (Refs. 2-84,85, 
	86) witt\ t.'le intent of developing ~ission factors for surh operations.. 
	The ARB and local districts have also ir.1pleme.'lted regulations that 
	severely restrict the open burning of waste materials. Existing 're,;ulati.ons (Ref. 2-87) require' burn permits to be issued by local government control agen­cies prior to the burning of farm ~,a:-tes, burns conducted for range improve.:. ment, forest m.~agement, and pest control or the improvement of wild life or. game habit.~ts. Such burns could only be conducted luring "permissive bi:.rn" · days as determined by local meteorological conditions. Burn per.nits recorded the .·. and quantity of material to 
	locar.io
	Califo:rn.ia 

	conclusions 
	conclusions 
	conclusions 
	~eached 
	were: 

	ll 
	ll 
	As 
	a 
	::lass, 
	field crops and weeds produce considerably 
	more 

	TR
	pollutants (Part., CO, 
	HC) 
	than did or::hard and vine crops. 

	2). 
	2). 
	Back firing field crops 
	resulted in lower einissions of particulates 

	TR
	but not CO 
	and HC when' 
	compared with head firing. 
	The use 
	of · 

	TR
	back fir~s signi!icantly reduces· particle ·size, 
	tiie averages 
	. 

	TR
	being 0.11 and· 0.22 microns, 
	respectively. 

	3) 
	3) 
	For all 
	_fuels 
	(crops) 
	except avocado, 
	it appears 
	that dzying down 

	TR
	to 
	at least 35% 
	moisture would mini mize particulate emissions. 

	4), 
	4), 
	'Th.e 
	vast majority of particles from burning agricultural waste 

	TR
	are .submicron in size. 
	The 
	mass 
	median diameter 
	(MMD) 
	of 

	TR
	UX)St particles is below 0.3 microns. . Orchard fuels te.~d 
	to yiald 

	TR
	small.er particles than do 
	field crop fuels. 
	The particle size 

	TR
	distribution_can be altered by manipulating the firing p~actice. 

	TR
	Examples 
	of 
	Darley' s 
	,size distribution plots for various crops 

	TR
	are 
	shown in Figures 
	2:-15 
	~o 
	2-19. 

	5) 
	5) 
	The average emi.ssions of all plant mate.rial tested at the 

	TR
	indicated average 
	fuel m:iisture 
	(dry weight basis) 
	is sh".:".-m 

	TR
	on 
	page 2-78 
	as 
	follows: 
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	Figure 2-15. Wheat waste burning size distribution. 
	a Hand B: head and back fires, respectively; 15 or 25 refers to percent of slope used. dwb: dry. weight basis MMD: Mass Median DiaICaters, microns. Source: Ref. 2-84 
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	Figure 2-16. Alfalfa waste burning particle size clistri­:l:::ution. 
	Source: Ref. 2-84 
	2-74 KVB 5806-733 
	'i I 
	Figure
	llbll-b U.l civb 0.1....._._......._"--~----"'--'--'-...L.........L...L....L...L.-L......L.....I.....I.--.L...I..-J.J 0.01 0.1 0.S l l 5 10 l0 30 40 S060 70 80 90 95 98 99 · 99.8 ~9.99 
	10 I 
	• 
	5 
	4 
	J 
	l 
	! 
	oi 
	N
	... 
	"' 
	l 

	o.s t 0.6
	g

	,c
	o.s 
	( 
	/ 
	"' 

	0.4 0.3 
	0.2 
	111:Ic:irt, P!:RCE1ff LKSS T!QN STA'n!!) SIZE 
	Figure 2-17. Apricot waste burning particle size distribution. 
	Fuel was ignited at the bottom of the pile with a large propane torch without t.."le aid of hot coals or pre-existing fire. 
	a 

	b Fuel was ignited ·by rolling the pile onto the glowing embers of a -pre-existing fire. 
	Source: Ref. 2-84 
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	Figure 2-18. Peach waste bU+Iling particle size distribution. Source: Ref. 2-84 
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	Avg. _·Fuel Moisture 
	Avg. _·Fuel Moisture 
	Avg. _·Fuel Moisture 
	Avg. 
	Part. 
	Emissions 

	(dry wt basis) 
	(dry wt basis) 
	lb:-;/ton Fuel Buried 

	Field Crops 
	Field Crops 
	(incl. weeds) 
	12. 3 
	18.3 


	Orchard Crops (incl. vines) 40.3 (Test Cond. 1) 
	a.1 
	23.7 (Tes~ Cond. 2) 5.4 
	A detailed summary of emission . factor ranges per crop type is presented in 
	Table 2-14. The factor range selected is b.:i.sed on-the assUil!Ption that burning 
	would be conducted under those conditions where lower emissions could be 
	expected. 
	Annual reports by the ARB were issued with estimates of t.;e air pollution impact of these burns utilizing this inventory and ~l1e emissions factors refe ~red to above. It was estimated by the ARB that 500 tons of particulate matter were emitted in the SCAB due to ·agricult.ural bur.1ing ir. 1976 
	(Ref, 2-88). These emissions were distributec:. into the agricultural regions as 
	sh~ in Figure 2-6. 
	C. . Autoi:ootive-
	-

	Only two areas of·autoiootive type particulate emissions were cons1dered in t.'1e final 1976 inventory. The areas; considered and their respective emissions are: tire tread attrit:ion--8400 tor:is, and brake lir.ing attrition-3100 tons. Combined, they accounted ·for'approximately 8% of the total. 140,000 tons of parti=late matter attributed to area sources. 
	-

	l. Tire tread attrition--EverJ year, cr.s. 1110torists wear off nearly 
	1.1 million tor.s of tire tread through the dri·..ring of a reported 63 trillion 
	miles (Refs. 2-89,90). Tires provide the sole contact between the vehicle and the roadway surface and must transmit the inte~active forces required for prcpulsion and control. In doing this, tire traad material is worn away by a variety of proc@sses. Many of t.'1e factors· affecting tread wear -are · presented in Figure 2-20. 
	Two schools of thought amorig sc::...entists exist on t.1-ie fundamental 
	mechanis'tllS of wear. The first :nechanism, cal.led "thermal activated molecular 
	stick slip," results from the extreme heat developed due to the relative 
	motion of t."le tire at t.'ie road surface which breaks down the chemical com­
	position of the rubber causing a loss at the surface of a cer.:ain number of 
	molecules. The second mechanism is based on abrasior:. between the tire and the 
	KV3 5806-733
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	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 
	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 
	TABLE 2-14. AGRICULTURAL WASTE BURNING EMISSIO~ 

	/! \ 
	/! \ 
	<5 5-10 Field and Weeds tule barley .cotton rice mixed weeds 
	Particulates, lb/ton of Fue!. 10-15 10-20 bean hay . corn safflower peas sorgh1Jm. wheat ditch · bank weeds 
	Burned >20 alfalfa asparagus oats 

	TR
	Orchard and vines apple almond apricot cherry boysendate berry ·fig grape peach nectarin~ pear prune walnut 
	-

	olive 
	avocado 

	TR
	Source: 
	Ref. 
	2-84 
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	road surface causing mechanical removal of small rubb~r pieces. A combination of these factors is likely to occur under normal driving conditions. 
	Nl,llllerous studies (Refs. 2-89,92-96) have been conducted to charac­terue ti~e tread emissions as to mass loss, particle ::-;_ze, and gaseous emis­sions. The two most significant studies involving dynamometer and actual road driving tests sited a:re ones conducted by General Motors (Refs. 2~95,96) and by J. P. Subramani, Ph.D. thesis, ·University of Cincinnati (Ref. 2-94). 
	General Motors estimates a tire wear r~ce of 0.048 g/tire·mile for travel on the San Gabriel Freeway. Eighty percent or 0.036 g,'':.ire•mile was estimated to settle out within a few ir.eters of the road' .s edge. Tests conducted for· ~ubber content on roadside soil and dust samples proved this to be true. The rema.L~ing 20, is believed to consist of gaseous and airborne (<7 micron) particles. . This line of reasoning falls into line with General Motors (Ref. 2-96) overall tire tread wear conclusion that the
	Particle sizing data taken on GM dynamometer tests conclude~ that 24\ of '=he airborne mass under dynamic sampling conditions was compos-1;~ of particles <O. 43 microns and th.at tires ·emit particles into basically two size fractions, large partic,les >7 microns and small particles <O .4 microns. 
	In the J.P. :Subramani thesis project, actual road wear rates as. well as dynamometer wear rates were measured. To establish an actual road wear rat.e, 43 cars were driven under winter and summer conditions in the Ci.ty of Cincinnati. Wear rates of 0.146 g/tire mile and 0.0873 g/tire•mile respectively were measured. 
	Oynamometer tests involving two· automobiles reported wear rates of 
	0.05 g/tire·mile and 0.0431 g/tire·mile. Further testing to correlate dynamometer. and road tests was advised•. 
	Particle sizing data was obtained during the dynamometer tests • . Particle measurem!!nts were made in three sizes. of fractions: >10 micron, ~2 microns, and those caught in a millipore filter. Conclusions drawn were 
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	{ 

	that SO\ by weight of the parti.c:es were in the >10 micron size fraction, with tile remai.mier consisting of particles ~2 micron in size. This conclusion is similar in size classification to that of Gene~al Motors. 
	E.ased on the foregoing discussion,. an automobilo tire wea;: rate of 
	0.070 g/tire mile was derived. Oi thi.s, 30%, or o.o:u g/tire mile was estimated <.:.o consist of particles <10 :nicrons in size, 5-10% wt. to be gaseous, and the rema.ining 60\ to consist of p::::i:x,arily sedimentary type pdrticles.-­particles which settle out within a few 1I1eters of the road's edge. 
	T"n"" basis. for the 0.070 g/tire·mile was the fact that Southern Californians do a lot of freeway as well as city type driving. An average value composed of General Motor's freeway es~imate of 0.048 g/tire·mile arid 
	J.P. Subramani's city summer estimate of 0.087 g/tire-mile was therefore concluded to be applicable to Southern Californi~. The particle size distribution was derived thro~gh the averaging of the dynamomete= test results conducted by J,-P. Subramani and General Mctors. 
	Taking into account the semi-quantitative particle size distribution expressed by General. Motors 'and Subramani, the following particle size distri­bution for the non-ga~eous factor of worn tire tread was prepared for use un this ·invento:ry_·. 
	Particle size: >lO]Jm 10-3 ]Jm 3-l]Jm <l].lln i?ercent: 60 5 15 20 
	Tire attrition rates of 0.203 g/tire•mile arid 0.161 g/tire-mile for medium (5,000-10,000 lb curb wt~) and heavy duty {>10,000 lb =urb wt.) vehicles, respectively,were also calculated. o·iff~rences ex.isting in wear rates ,and total tread loss {Ref. 2-97; are the criteria for the above wear rates. The particle size distril:>ution is ass.umed to be similar to that of automobile 
	ti:t.!S. 
	Once vehicular tire wear rates were established a ·vehicle inventory for 1976 needed to be developed. Infer.nation from a recent 1976 vehicle inventory fer the SCAR, developed by the SCAQMD {Ref. 2-97), and an ARB document entitled "Data Base & Documentation for Esti".lating Emissions from Motor Vehicles in Califo:rnia" (Ref. 2-98) was solicited for this purpose. Vehicles were grouped into basically three weight groups: 
	l) 
	l) 
	l) 
	Autoinobil.1? and commercial two axle; <5000 lb =rb wt. 

	2) 
	2) 
	Medium duty; 5 ,C00-10 ,000 lb curb wt. 

	3) 
	3) 
	Heavy duty;>l0,000 lb ~b wt. 2-82 
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	In addition, annual mileage estimates were assigned to each class based on the above mentioned sources. Table 2-15 presents the results of the for1;;going discussion. Emissions. totaling 28,000 tons were estiuated. uf this, 8100 tons are· estimated .to consist of particles <10 microns in size with a majority in the respirable size range. Also, infrared and pyrolysis analysis of airborne part:.culates indicated that the tirborne particulate_is r.ot s:Lillply composed of smal.l pieces of rubber, but that some
	-

	That portion of the toi:.al particulate loss labeled a:s s,?dimentary is believed to settle out within a few tteters of the roadway's edge. Tes ts 
	. . 
	(Ref. 2-95) conducted al.Ong a stretch of the San Gabriel Freeway proved this 
	to be partially true. 
	:Roadway tread rubber re1?0val mechanisms such as che:nical. degradation, and to a lesser extent in Southem California, rain runoff, were also cited. Information on partic~e re-entrainment which is probably significant was not available_, hc-.;ev~r. 
	2. Brake lini:,g attrition--Brake li.ning attrition from vehicles operaung within the SCAB in 1976 accounted for an estimated 3100 tons of asbestos material.. A literature search for information on emissions fro~ brake lining attrition failed to dj,sclose any information on the subject. The Environmental Protection Agency is planning to·conduct research into this area in the future, however. 
	The approach t.aken in establishing an emissions •estimate was one of coupling a vehicle bi:t.ke lining attrition factor to a ·vehicle annual mileage estimate. Information from a recent SCA9MT"I inventory (Ref. 2-97) on brake lining emissions was solicited for tb,._ purpose of deve,loping an attrition factor. Discussions with brake lining manufacturers and actual physical l!leasurements by SCAQMD were made to determine the quantity of lining material available per brake shoe, per weight class and ave:c:age 
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	TABLEl 
	TABLEl 
	TABLEl 
	2-15_. 
	SUMMARY 
	OF 
	'fl;IB 
	AT'rRI'!'IOI~ 
	EMISSIONS 

	1-c · 11s:::,; 
	1-c · 11s:::,; 
	-..., 
	· s:::s -:::::r · 
	z -
	a;;z;s 
	-

	-.-
	-

	-z -· 
	--· r 
	· ~--~-~ -=-==-===~=-~=~==~==-===--=--~ 
	-


	TR
	l'atlMUd Anmul HUM•1Je 
	llo . of Tiru 
	ll•hlclu In SCAii 
	Tot•l AttUllUO 
	Airborne <10 ■ lcion 10\ wt. 
	i:ai1t ■ lon1 tonsftr Totd Urt,o,.,_ 


	Llojlt PutV Vel1icha 
	Llojlt PutV Vel1icha 
	Llojlt PutV Vel1icha 

	Aut-,1,llu 
	Aut-,1,llu 
	U,000 
	4,9~0,066 
	40.010
	0.024 
	18, Jl1 
	5,05 

	Co.a' l 
	Co.a' l 
	l 
	ula •$0001 curb wt. 
	13,000 
	llll,00 
	1,009 
	901 

	Tuller 1 Ad• l Ade 
	Tuller 1 Ad• l Ade 
	l • !)00 1,000 
	' 
	19$, 119 3'>,H6 
	lO 11 
	9 l 

	l Uh 
	l Uh 
	1,000 
	6 
	121 
	___s_ ll,400 
	__<_I_ ~.400 

	Modlua Dutv V•hlclu 
	Modlua Dutv V•hlclu 

	c.-•1 l 
	c.-•1 l 
	ul• >=-10,0001 c:urb wt. 
	88,000 
	' 
	116,162 
	o. ,Oji, 
	o.ou 
	600 

	l 
	l 
	• 
	0,100 
	10 
	_64i 
	50 

	·N I OC' ,I>, 
	·N I OC' ,I>, 
	trulu I hi• . l l • 
	1;~00 u,ooo u.ooo 1.~00 
	2 8 6 8 
	29, l~~ 28,240 ll ◄ :u, 
	41 2, 2611 19 ~ l,lOO 
	~ 

	TR
	H•_•vy Duty llahlclu 

	TR
	co-• I J HI• > 10,000 I · cu,b wt. l • • • Tullar l ul•· 2 • 
	118,000 49,100 8, IIOO 7,900 44,000 
	6 10 u • II 
	22,6)0 H,llO lU l ,li!)O 19,61~
	-

	O. l~lc 
	0,051> 
	lll l,118 y l0 1. 226 

	TR
	l • ' . 
	1,900 1,900 
	n 16 
	<l ),600 
	'T.Too-
	-



	_!!~ 
	•. :,:..:,;.__;.....-.T'-:;. .----. :...·:-.::-.==-=--=-• =c=~ ~.;;;.-==-~---::r··= -· • -~--·-·· ....... =---·;r;::--.~ ;~.Z-~~~~ 
	a) 
	a) 
	a) 
	Source; 
	KVB 
	Attrition Study 
	c) 
	Proportional SCAQMD' s 
	heavy 
	to 
	light 

	b) 
	b) 
	Proportional SCAQMD' s 
	medium to 
	light 
	emission factors 
	-2.3 correction 
	factor 

	TR
	emission 
	factors--2.9 correction factor 
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	l) 
	l) 
	l) 
	3Density of brake lining materia1 is lSO lbs/ft

	2) 
	2) 
	Brake lining on the averuge contains 80\wt asbestos materia1 

	3) 
	3) 
	25\ o.f the lining material remains 
	on 
	the sh.oe or pad 


	Due to the proprietary nature of brake lining material, accurate infor.:1.ation on lining composition was not available. Table 2-16 presents the emic~~~n factors calculated per weight .class. 
	In the develo¢ent of a vehicle inventory, information from an ARB Document on motor ~ehicle emissions (Ref. 2-98) and a SCAQMD vehicle inventory (Ref.2-97) were solicited. Results are presented ir-Table 2-1]. Particle sizing data was not available, but it is assumed that all particles would be less than lOµm 
	D. Sea Salt Sp%ay-
	-

	Presently there is no preci.-,e estimate as to the mass of sea salt spray particles emitted into the atmosphere at the surf zone due to wave action. Concentrations of saa salt in ambient air, however, have been measured at several locations in the basin (Refs. 2-9S, 100\ • Results f.-:om the California Aerosol C.'laracterization Ex;,eriment (ACHEX) were used to estimat.e the sea salt emissions occurring along the SCAB coastline. Two approaches 
	were tak~ using this information. The first approach was to use the results from a. study (Ref~2~l0l) concerned with'strategies for approaching and achieving the National Ambient Air Quality Standards for particulates in the Los Angeles Region. Conclusions contained in this report were based. on the data contained within the ACH.EX study. Sea salt concentrations of 6-io µg/mwere measured in the coastal areas, e.g., Lelll1ox, Dominguez Hills. In addition, to arrive at an emissions estimate, the .air flow thr
	3 

	1) Average height of the inversion layer is 2000 ft (0.61 Km)--wincow height. 
	2) Window length is 190 miles (300 Km), the projected length of coast­line in the Bas.'.n~ 
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	TABLE 
	TABLE 
	TABLE 
	2-16. 
	BRAKE 
	LINING 
	ATTRITION 
	EMISSIOII! 
	PAC'l'OR 
	CAJ,CULArIONS 

	::r:::::c,;;;z-Assumptions, 
	::r:::::c,;;;z-Assumptions, 
	=n::x-zi:a 2 -· -r· -= ==--c ::r:=:r:z==z · ::r · -::z:: -·-:x ==n:::r::z · cc:r :r:::;;s;; -,-· Density of all brake lining material is 150 lbs/c.t. · Brake lining contains 80\ wt. asbestos niateria: Attrition consun~s 75\ of lining material during lining lifetime 
	-

	:x:::zz::e---r;:;g , . 
	<-<~ 

	Light Duty Vehicles 
	Light Duty Vehicles 

	Automobile 
	Automobile 
	& 
	commercial 2 
	axle1<5,006 
	lbs. curb wt. 

	N I 00 (J\ 
	N I 00 (J\ 
	3Without Disc: 1) Average New Lining · 6. 25 in /shoe ·2, iverage Llning Life 30,000 miles 3) Drake Shoe per axle 4 3 4 shoes l c .f,Lining expended per ·".<le: 6.25 in /shoe x axle _x 1728 in3 X 6shoe life x !._0x a.75 attrition x 30,000 mi. 610 
	150 lbs x o.a asbestos c.f. mi._ 43.4 lbs/106 VMT .m.1.. 
	content 

	TR
	With Disc: 
	1) 2) 3) 
	Average New Lining · Average ~ining Life Brake pads per axle 
	32.81 in /pad 40,000 miles 4 

	TR
	Lining expended per axle: 
	2.81 
	in3/pad 
	x 
	4 padsaxle 
	X 
	l c. f. 1728 in3 
	X 
	150 lbs X c. f. 
	0.0 x 0.75 

	TR
	X 
	pad life 40,000 mi. 
	-

	x 
	610 610 
	mi. . ml• 
	_ 
	14.~ 
	6lhs/10 
	VHT 


	Source: Ref. 2-97 
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	,,.--'"'·· 
	,,.--'"'·· 
	,,.--'"'·· 
	-

	r: 
	,,..-., 
	-
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	TABLE 
	2-16. 
	Continued 

	\ \ 
	\ \ 
	Medium Dutt Vehicles Collllllercial Vehicles,5,000-10,000 lbs. curb wt. • .\) Average New Lining 30 '1n3/shoe 2) Average Lining Life 50,000 miles 3) Brake shoes per axle 4 6Lining expended per axle; 125 lbs/10VMT 

	TR
	· 1v I 0) --.I 
	Heavy Duty Vehicles Commercial Vehicles >10,000 lbs. curb wt. l) Average New Lining 1 & 2 axles ~3 axles 
	-2 pads front rear
	-

	-
	84 30 84 
	3 w /shoe 3 m /shoe 3 -m /shoe 

	TR
	2) Avera~e Lining Life 50,000 miles 3) Brake shoes per axle 4 6Lining expended per axle: ~3 axle front--83 lbs/10VMT 6Rear or trailer--233 lbs/10VMl' . 61 & 2 axle-~233 lbs/10 VMT 

	TR
	====n: 
	-:x 
	·== 
	= 
	=-___.._,.... 
	·= 
	-
	= 
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	,j 
	a 
	co 
	w b So urce: (Ref. 2-97) 
	\ 
	3) 
	3) 
	3) 
	3Sea salt concentration of e µg/m 
	is u.~iform throughout the 

	TR
	·window 

	4) 
	4) 
	An.m1al average on-shore wind velocity is 6 
	mph 
	(or 10 kr,b.) 

	TR
	(Ref. 
	2-102) 

	5) 
	5) 
	On-shore 
	sea breeze b:ows "-3€\ of tr.e 
	time 
	\Ref. 
	2-103) 

	6) 
	6) 
	75.\ 
	by wt of t!1e 
	sea 
	salt parti.:les are 
	<10 microns in size 

	TR
	(Ref. 
	2-l00) 


	Using this approach, 3·9, 000 tons (particles <l0i,.m) of sea salt was estimated to originate from the SCAB surf zone each year. 
	The second approach involved using measured concentrations of sea salt at SO ft above the sl.lrf and SC.C ft above the surf and establi;:;hing a linear concentration gradient as shown in Fi;ure 2-21-Ac; discussed below t....,_e measured concentrations were taken at periods of wino vel"lcity higher 
	~~an t."1.e average wi~d Of 6 rrph. Therefore, an adjust:ne:1t. was made co the 3 
	average concentration of 17 µg/m to account for cor.ditions under average winds. 
	3
	A value of 12 µg/m was selected. To calculate the emissions, it was assumed that all the salt spray was generat1:;d over the height of the gradient which extrapolates to zero concentration at a height of 600 ft. Using this approach and the other assumptions shown in Figure 2-21, a value of 20,000 tons/year of sea salt emissicns less than l0 i..m in size were calculated. 
	The follow.ing is an explanation of th~ data used to develop thil;l estimate. 
	The ambient,, sea salt aerosol concentrations were measured at two ~nshore sites--Pt. Reyes and Pt. Arguello. Source of this information was the ACHEX study. 
	-

	The sampling station at Pt. Reye~ Lighthouse.was on a cliff 500' 
	(0.18 Km) above sea level and well exposed to t.'le winds. The data collected here is presumed to be representative of background marine coastal conditions along t.'le Central Pacifi.: Coast of th·e United Statesi, however, this data may not ·be applicable along the Southern California coastline. 
	f 
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	Other assunp·cions: 
	Other assunp·cions: 
	Other assunp·cions: 
	a. 
	Leng-ch of coastline including curvature 
	220 miles 

	TR
	b. 
	76% by weight of 
	sea 
	salt particles are 
	(350 K;.t) 

	TR
	less 
	t.~an 
	10].llll in size 
	(Ref. 
	2-100) 


	Figure ·2-21. Salt spray emission cal.culation model. Source: Ref. 2-100} 
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	\ 
	Ii 
	r 
	Dat:a were collected over a ten day per:· od. During the first •,1eek of 3
	testing, concentrations of 9.5 µg/m with 4-ll mph (6-18 lcmh) onshore winds were measured. During· the second week of testing, concentrations of 4.4 ug/mwith. a 22-34 mph (35-55 la.lh) on-shore wines were measured. Winds were higher during this period, but surface trajec~ories we~e generally off-shore. 
	3 

	At Pt. Arguello the air was by ~he ocean breeze. The sampling site .was located within· 100 yds of the sea and about 50' abo·.1e the surf zone. The atmosphere was d::..atur.,ed during the pariod of sampling by a weak s~o:z:m front passing through Central Southern California. This peri~d was also chuacterized by a wide range of conditions from weak winds ~4 mph 
	dominar.ed 

	Sea salt concentrations during this period ranged from 1-100 Ug/m. 
	(6 kmh) 
	(6 kmh) 
	(6 kmh) 
	to rather high winds of 12 mph 
	(19 kmh). 
	Winds in this area generally 

	blow 
	blow 
	from the ncrth at 6-10 mph 
	(10-16 kmh). 

	TR
	' 
	3 


	Based on the available in.formation extracted from t.~e ACHEX study, a value of JOµg/mwas chosen to represent -the average 'sea salt.concentration at Pt. Arguello. Particle sizing data were also takan. Figure 2-22 presents the 
	3 

	results of the partic•le sizi.-,,g test. Based on these data, the 20,000 trm/~ of sea salt emissions were estilnated to have the following particle size distribution: 
	Particle Size 
	Particle Size 
	Particle Size 
	Weight Percent 

	TR
	2 

	TR
	20 

	3-lOµn: 
	3-lOµn: 
	54 

	>10).llll 
	>10).llll 
	24 


	For the final inventory, the second approach was selected because it appeared to follow the more reasonable approach considering the available da~a. It was also evident that regardless of the approach taken, the quantity of salt particles being emitted from the surf zone into the atmosphere is appreciable, th~t is, 39,000 ton/yr or 20,000 ton/yr. 
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	Figure 2-22. Sea spray particle size distribution. Source: Ref. 2-100 
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	2.4 INVENTORY RESUL'l'S 
	The fi~ TSP emission inventory was produced in August 1978 using EIS data tapes received from the ARB. The tape from SCAQMD was produced in February 1978 and_ the tape frcm Ventura APCD WclS produced in December 1977. Placing a baseline date on the inventory is difficult. TL.: EIS efforts at SC11QMD and VAPCD were initiated in 1975 but data processing, correcting and updating continued from that time ur.til the tapes used on this inv.entory were finally produced. Conside$g the span of ti.me involved in i'nc
	The emission .factors, area source data and emission profiles used in the inventory are discussed in the previous sections. In this secti~n, +:he results of the inventory will be discussed. 
	2.4.l Physical Description and Use Instructions 
	The inventory was delivered to _the ARB in the form of one bound volume of computer printouts, one printed volume of em.i~sion profiles, plus th::'ee reels of computer tape~ The following is a description of these reports to help facilitate their use. 
	A. Computer Printouts-
	-

	The computer report includes a plarit index, an inventory by 10 kilometer grid squares, an ·inventory by ARB application categories and a sec report. 
	The plant index is arranged by county and plant ID number. Because of a continuing problem with the EIS software, it was not possible to sort the plant file to arrange it in alphabetical order. Fortunately, this is not a large inconvenience since for a large part of the listing the plant ID numbers were assigned alphabetically. The index contains (in ad.dition to county and ID) the 'plant name and address and its Universal Transverse. Mercator (UTM) coordinates. Once a plant has been found in the index. the
	/ 
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	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 
	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 
	T!:l.e 10 kilometer grid report ccntains t.he :following info.tma.tion: 

	a. 
	a. 
	The OTM coordinates of the grid 

	b~ 
	b~ 
	The .najox city ~.at the gr.id includes 

	c. 
	c. 
	The population of that grid 

	d. 
	d. 
	A 
	listing of each plant in the gird contained in the 

	TR
	EI$ files and emitting particulates. 
	For each plant, 

	TR
	it contains: 

	TR
	(l) 
	The cou.:ty in which the pla.,t is located 

	TR
	(2) 
	The plant ...:i Nm:mer 

	TR
	(3) 
	The plant sec a.-id 
	SIC 
	codes 

	TR
	(4) 
	SUIDiner and winter, week-day and week-end emissions 

	TR
	plus the total annual emissions 

	TR
	(5) 
	A .profile k:ey which relates 
	those TSP 
	emissions 
	to 
	a 

	TR
	compositional 
	(size and chemical) 
	breakdown contained 

	TR
	in the Emission Profile Report 

	e. 
	e. 
	A 
	summary of area 
	source 
	emissions by applications category 


	The application category report co~tains the identical info:rmativn; however, the so=-ces are arranged in application categories and the emis~ions for each category are by point area and total emissions. The terminology "Minor Sources" seen in the summary is obsolete a.'ld was not used in t.'lis inventoi-y. All entries are zero. All point source emissions are listed under "Major sou.rce:S" and area sources are correctly reported as i.,dicated. 
	summazi.:.ad 

	The sec report lists the profile keys, application categories and emission factor corrections for all sec numbers encou.,tered in the source file. This report is sorted in two orders--by sec number and by profile k~y. Tbe latter provides all SCC's covered by a single profile. 
	B. Emission Profile Report-
	-

	The emission profiles are bound. in a separate volume. It contains 49 different profiles.· Each profile i.,dicate3· t.-ie distribution of TSP emissions into size ranges: >lOµm, 3. to lOµm, 1 to 3 wm, and <lµm. For each of these size ranges, a chemical composition of the emissions is provided. · Instr-ictions for using the data are included in the volume. 
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	Figure
	c. Magnetic Tape Files-The files submitted on magnetic tape include t.~e EIS point source file, the area source file and the sec file. The EIS tape file contains, for eac:i. point source emitting TSP, all of the info.Illlat.ion in the EI.S files of the SCAQMD, SBAPCD, and VCAPCJ. The data are . in the EIS fcr:nat. The file layouts are identical to those for the hydro
	-
	-

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

	The area source tape file contains the area source data. File layouts were also contained in the H/C final report (Ref. 2-53). The sec file captains for each sec numb~r the applicable profile key, application category and emission fa1.ctor corr.ection. 
	2.4.2 Total Susnended Particulate (TSP) Emissions 
	The TSP emissions in the Basin plus Ventura ·county are 174,000 tons/ year which accounts· for 3900 point sources and the area s~urces presented in Section 2.3.3. A breakdown of these emissions acc~rding to application cate­gories is presente:d. in Table 2-18. Also presented in these tables are the data from 1975 inventories obtained from t.~e loca1.l control districts (Refs. 2-105 -110 ) , the ARB (Ref. 2-lllJ ar.d the Air Quality ~agement Plan pro;.;. duced jointly by the South California Association of G
	3.0 lb TSP/1000 gal '!Dade by ICVB as a result of field tests. as discussed earlier in Section 2. 3. l. Th~ ·.'\QMP has a similar number for utility boilers. The EIS/ KVB inventory has larger "Mineral" em:.ssions primarily from two large sources in Ventura County, a sand and gravel plant and a t~ick plant whic;h account for over 80% of the reported emissions. Again, the AQMP is in agreement showing an even higher emission. 
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	'l'ABLE 2-18. COMPARISON Of' EIS/KVD AND ormrn PAH'!'ICULA'l'E EMISSION INVENTORIES 
	AM,lU:,i1llu11 C111h:~01y 
	AM,lU:,i1llu11 C111h:~01y 
	AM,lU:,i1llu11 C111h:~01y 

	till~~ froducttoc, 
	till~~ froducttoc, 

	Mut 1.nln'al 
	Mut 1.nln'al 

	M.&.l'k.11,L.ifl'j 
	M.&.l'k.11,L.ifl'j 

	Uttj.snh: 
	Uttj.snh: 
	~ulv11nt 
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	The ICVB area so\U'Ces were discussed in Section 2.2.3. The area sources accounted for in the A:RB and AQMP inventories compared to the KVB inventory a.re as follows: 
	Area Source ARB, Ton/Y AQMl?, Ton/Y KVB, Ton/Y 
	Wild fire 
	Wild fire 
	Wild fire 
	22,000 
	Not indicated 
	2,400 

	Structural fire 
	Structural fire 
	5,.000 
	Not indicated 
	200 

	Fa:cming 
	Fa:cming 
	3,000 
	6,800 
	10,000 

	construction & 
	construction & 
	4,000 
	84,000 
	71,000 

	demolition , 
	demolition , 

	Unpaved roads 
	Unpaved roads 
	2,000 
	Not indicated 
	23,000 

	Equipnent (1110vers, etc.) 200 
	Equipnent (1110vers, etc.) 200 
	260 
	Neglected 


	Since the detailed basis for the various estimates .(other than for the KVB estimates discussed previously) is not available, t.~ere is little to be said regarding the differences in values. Before preparing t..~e final inventory, KVB coordinated their area source estimate with the ARB s'2ff. 
	2.4.3 Spatial Distribution A map showing the spatial distribution .of the TSP emission in the 
	Basin. and Ventura County is shown in Figure 2-23. Table 2-19 identifies the grids witil'TSP emissions greater _than 5 ton/day. 
	TABI.E 2-19. MAJOR 10-KM GR.ID EMITTERS 
	( 
	OTM Coor. · Principal E/W N/S Nearest CitI Emissions (Ton/Da:,::) Source ~e 
	280 
	280 
	280 
	3790 
	w. 
	Ventura 
	10.8 
	Ceramic manufacturing 

	300 
	300 
	3770 
	Pt. 
	Mugu 
	7.4 
	Elect. 
	gen•. & 
	area. 

	320 
	320 
	3800 
	Fillmore 
	19.l 
	Sand and gravel 

	360 
	360 
	3750 
	LA Airport 
	5.3 
	area 

	370· 
	370· 
	3740 
	Torrance 
	9.4 
	Elect. 
	gen. 
	& 
	area 

	380 
	380 
	3740 
	Paramount 
	6.4 
	280 Pt. 
	sources 
	& 
	area 

	380 
	380 
	3730 
	LA Harbor 
	5.9 
	250 Pt. 
	sources 
	& 
	area 

	390 
	390 
	3730 
	~ng Beach 
	11.5 
	Elect. 
	gen. 
	& 
	area 

	450 
	450 
	3770 
	Fontana 
	11.1 
	Steel manufacturing 
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	w 
	2.4.4 Fine Particle Summary 
	The _objc~i.;.ive of the program was to assess not only t.~e total susp.:mded particulate emissions but aico ti.e fine particle emission, i".e., the fraction with 1,1article size less than 10 microns. 
	Sine'! it was outside of the scope of this contract to program the emission profiles, it was not possible to .?erform a rigorou=' c.om.:,1utation of the mass of fine particle emissions. Instead, a close approximation ~as made by estimating the ~article size distribution for each application cate­gory. This estimate was made by inspection of the (!mission profile.· in the Appendix and establishing a percentage of the ·emissions with particle sizes less than lO)Jm. 
	Table 2-20 presen~s these results. Note that an estimate of the per­cent _of TSP <lOJJm wa~ made for the point sources in each appl~cation category. The area source emissions reported in thi£ inventory (i.e., 't'able 2-lR\ were already adjusted so that they only inc:L•· ?d the <lOµm porti:>n. 
	In summary c,i: the 174,000 to.1/:•ear TSP inventoried in this study,
	( 
	\ 161,oqo ton/year or over 90\ are less than lOµm. Of the 34,000 ton/year TSP from ~oint sources shown in Table 2-18, 31,000 ton/year or 9oi are ·fine par­ticles. 
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	Figure
	' 
	\ of TSP TSP Ton/yr AJ2j2lication Cat~orv <.lOi!m (Table 2-17) Ton/:;i::r Ton/ da:;i:: 
	Fine Particl~ E::nissions 

	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	TABLE 2-20. FINE PAR.r!CLE INVENTORY S!lMMARY ' 
	~ 


	Petrole\llll 
	Petrole\llll 
	60 
	750 
	450 
	1.2 

	Organic Solvent Use 
	Organic Solvent Use 
	70 
	1160 
	8dp 
	·. 
	2.1 

	Chemical 
	Chemical 
	90 
	540 
	l.4 

	TR
	~ 

	Metalurgical 
	Metalurgical 
	90 
	4200 
	5380 
	, 
	10.4 

	Mineral 
	Mineral 
	20 
	12600 
	2500 
	6 •. 8 

	Waste Burning 
	Waste Burning 
	70 
	600 
	400 
	1.1 

	Combustion of Fuel 
	Combustion of Fuel 

	Utility Eoiler 
	Utility Eoiler 
	97 
	9100 
	8800 
	24 

	Other 
	Other 
	90 
	4800 
	4300 
	11.a 

	Wood Processing 
	Wood Processing 
	60 
	130 
	70 
	0.2 

	Food & Agriculture 
	Food & Agriculture 
	80 
	11000 
	8800 
	24 

	Misc. 
	Misc. 
	Industrial 
	so 
	450 
	200 
	0.5 

	Area S6urces 
	Area S6urces 

	Aqricultural Tillinq 
	Aqricultural Tillinq 
	100* 
	9900 
	9900 
	27 

	Road &.Buildin~ Con-
	Road &.Buildin~ Con-

	st.ruction 
	st.ruction 
	100* 
	71000 
	71000 
	195 

	.Livestock F~edlots 
	.Livestock F~edlots 
	100* 
	1300 
	1300 
	3.6 

	Unpaved Roa,ls 
	Unpaved Roa,ls 
	100* 
	23000 
	23000 
	63 

	Forest Fires 
	Forest Fires 
	100* 
	2400 
	2400 
	6.6 

	Structural. Fires 
	Structural. Fires 
	:i.00* 
	200 
	200 
	o.s. 

	Ctr,~r Combustion 
	Ctr,~r Combustion 
	100* 
	1900 
	1900 
	5.2 

	Tire & Brake Attrition 
	Tire & Brake Attrition 
	100* 
	11000 
	11000 
	30 

	Sea Sal.t 
	Sea Sal.t 
	100* 
	20000 
	20000 
	55 

	TR
	TOTAL 
	171000 
	467 


	* The emissions calculated for area sources only included that ~rtion of TSP <l0J.IIll. 
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	SECTION 3.0 FIELD TESTING 
	·rhe field tests conducted on this program provi_ded a realistic assess­mer.'c of the ~ticuli:lte emissions from stationary sourc:e·s in the Basin.. From the outset the experimental plans and procedures w~e coordinated with ::.umerous government, industry, and research consultants to benefit from t.'ne advice of otiler experts in the field, avoid _duplication, identify cepresenta­tive sources and insure high data quality. 
	The following secti9ns present the experi.'llental methods emplo:_,e<!. 
	3.l APPROACH 
	The number of stationary sources of pa=ticulate emissi-:ns in the :aas_in is h·.:.;e. The objective of. the test program was to provide as much infor.:iation as P?ssible to characterize the particulate emissions from these sources. ·An initial goal of 45-50 !lOurces was r!Stablished. 
	( 

	The EPA has categorized _pollution sources using a system of source Classification Codes (SCC). The sources in the Basin acco·.i.-,,t for ~pproxi­mately l5o ·scc numbers. For each of these an emission factor and an .emission profile was desired. In l.1.'.lny cases emission factor data were available. Very little data were ~ on which to base emission profiles. There­fore, the major emphasis was given to obtaining emission profile data. 
	availa.bl

	From the preliminary i.n7entory it was determined that fuel combustion accounted for 54\ of the emissions in the Basin and r.i.2tallurgical and minerals accounted for 241. Major pl_ants were identified in each source type such as power plant, cement pla.~t, glass furnaces, and.~sphalt bat=h plants. Special sources like a steel mill, chemical plant, etc. were also listed. 
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	Industry was found to be cautious and concerned about t..'lis testing. They often requested a full technical briefing. The glass industry used the Glass Packagi.~g Institute GPI and the petroleum industry used the Western Oil and Gas Association (WOGA) as agents to moru.tor a~d control their participation. As a result of this concen:. a grent deal of engineering ti.me was required ~o gain er.~ to plants for testing. Even after tests were completed, there were return visits to review data. In the case of GPI
	To minimize the amount of coordi.~ation work, 1CVB took the approach of trying to conduct as many of t.~e planned tests at one plant site as possible. 
	n-.e test crew consisted of two ~ngineers and two technicians. On all tests, c1:l.!. four worked toget.>ier. :2ach test required t.me working day at t.11.1:: plant site plus two days for equipment ,tu.rnaround a.~d sample processing. 
	3. 2 METHODOLOGY 
	Sampling and analysis methodology described in this section was evaluated during the Phase I period of the program. This is discussed in 
	' ' 
	Section 4.2.l. The objectives were to (l) determine the particulate emission 
	rate from ducted ::;ources, {2) collect and preserve representative samples of 
	these emissions and (3) analyze the samples for their chemical composition. 
	The general approach to emission rate determination was to either measure the, 
	emission rate or to determine it by calculations from process data. 
	Presented in the •,following sections are a detailed d~scri:-,tion of the field test and laboratory equipment, some explanation for cheir selection, and a detailed description of test procedures and da~ reduction techniques followed during the program. 
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	3.2.l Sampling 
	Two sair:.pling trains were used in the prog.cam, an EPA. Source Assessment Sampling System (SA.SSi and a modified Methcd 5 train. Both tr~ins consisted of heated probe; three calibrated cyclones with nominal cut sizes of 10, 3 a.~d l :.;.m contained in an oven capable of being heated to 40C • a millipore filter also in the ove~; t....o iJ:ipingers containing distilled water; one dry impinger; on~ impinger containing desiccant; vacuum pump(s); and a drygas meter. T~e primary difference in the two trains i5 
	0

	1.0 SCFM (l.65 ACfM at 400°F). The 3,'\.i.S requires two vacuum pumps. Both systems are essentially standard. commercially-available equip,ner.t except that tb.e dard SASS has an organic sampling module between the filter and the i.mpingers which was not used on these tests and a special cyclone set was designed and fabricated especially for use with the Method 5 tra.i.n. 
	s-:::.an­

	The purposes for ~sing two trains were to: 
	a. 
	a. 
	a. 
	Simultaneously sample upstream and downstream of control devices to measure efficiency. 

	b. 
	b. 
	Simultaneously sample ment accuracy. 
	at the 
	same 
	location to determine 
	measure~ 

	c. 
	c. 
	Provide flexibility in equipment size using the physically smaller Method 5 train in locations ~her~ the SASS.was too large_ 


	The smaller trai.~ was used upstream of all controlled devices and the faster sampling ·sASS was.used downstream where the grain loading was substantially lighter. 
	Both the small arid large cyclone sets were calibrated at the program outset. Pitot tubes, gauges·, meter, thermo-couples and pyrometers were cali­brated periodically throughout the p.cogram. 
	A. Equipment Description--. 
	l. Source'assessment samolin~ system (SASS) Ref. 1-1--The flow diagram for the SASS is shown in Figure 3-T~ SASS is available as a standard product of the Acurex Corporation, Mountain View, california. A description of the components =~llows. 
	1 
	-
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	HEATED PROBE 
	The SASS probe ex~..=dc·c~ gas/particulate samples from the so;.irce being tested,. monitors the temperature and gas velocity of t.."ie source, and maintains sample temperatu.::es al::>ove t.he condensation poi."l't of water/so mix­
	3 tures. Fig,.ire 3-2 shows d1e internal arrangement of the ~ssembled ~robe. The important fp~tures of the probe are the Type 316 stainless steel sampling tube; the fiberglass-insulate~ strip heater (incorporating~ ther.nocouple for feed­b4ck temperature control) wrapped around the sampling tube; a ·round probe body ~o allow sealing of t.."ie sampling port and rotation of the probe as necessary; strain relief for all electrical, thermocouple, and pitot line connections; a calib-:ated s-type pitot; and eas~)
	COLI.ECTION SYSTEM 
	l?ARTICUL.\.TE 

	The ~pose of the particulate collection system is to maintain the sample gas stream at 400°F while collecting the particulate in three cyclones and a backup absolute filter. Figure 3-3 shows the systeJt installed in th~ oven. Figure 3-4 schematically illustrates the three SASS cyclones and shows key dimensions of each. The cyclones were developed by the Southern Research Institute and Acurex's Aerotherm Division. The cyclone assembly is fabricated of 316 stainless steel. In order to be lightweight. and comp
	The geal-between the top 'and body secti~ns of the cyclones were origin­ally made of Teflon. These Teflon seals proved to be. tro ..blesome because of their lack of fle:xil,i lity and tendency to cold-flow, leading tp difficulty in getting satisfactory leak tests•.. After a few tests, the Teflon was replaced with Vi~on wh: ch has beell adopted by the EPA as an acceptabl'e material for the sys~em. 
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	The filter holder (Figure 3-3') houses and supports an absolute bc!ckup filter for the series cyclones. Because of pseudo particulate problems ~x­perienced with other filters (Ref. 3-:9), only Reeve Angel 934AH filters were employed in the filter holders of beth trains. These filters are made of borosilicate glass fibers and have an. ~stimated porosity of 0.3 -0.5 :.irn. The filters were obtained in 150 mm diameters and were •individually cut to 141 mm diameters to fit the hol~er. 
	The oven provides a constant temp~rature environment for the cyclones and filter, as well as mi=chanical protection. It also supports the probe by means of a collar attached to the side of the oven, which securely clamps the probe. The probe and oven collar are so designed that the probe can be rotated to any angular position. 
	IMPINGER ASSEMBLY 
	The impinger assembly collects any remaining ccn~ensibles in the gas stream and dries the sample gas stream to avoid damaging the gas pumps and flow monitoring instrumentation. The _impinger assembly, pictured in Figure 3-6 con~ists of four heavy wall glass bot~les· 316 stainless steel and Teflon tubi:1.g directs gas flow. The first· t'-";) impi:i.g,er bottles contained 400 ml of disti.iled water. :fo each of· these botiles, a straight section of tubing ducts the sample gas below the liquid level. The sampl
	.
	,

	gas below the liquid level. The sample gas :'.)'..lbb:;.23 'c:1rou.c:ru t::i: ...~-.._:tl ... {.;. allowing
	' 
	~ 

	I 
	the ·.·arious pollutant specie•~ to be scrubb~d out. The third bottle was empty. 
	The fourth. impinger bottle contained gra~ular silica gel to dry the gas. In 
	this bottle also, the gas is ducted to the bottom of the bottle by a stainless 
	steel tube and flows upward through the silica gel granules. 
	The remaining components· of the impinger assembly ' (shown in Figure 3-6) 
	include a thermocouple. to monitor temperature· of the gas exiti'ng t ::e silica 
	gel, a small pump to agitate the ice/water slurry surrounding the bottles and 
	carrying tray so the enti:i::e impinger asembly can be lifted out o= its ice ba~:-: 
	when required. 
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	Fi.;-,.ire 3-5. Filter :.ousing asser:ibly (Re.2'. 3-::.:. 
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	VACUUM PUMPS 
	-r,.,o vacuum pumps connected in series are used with the SAS.5. Thes(.. v..11~ -t.y:r;:'? pumps (Gast, Model io221 are modified by Acurex with a special shaft seal to reduce the leak rate to better than !'-~~hod 5 standards. E..:.::h pump has a 3/4-hp motor, a flowrate of 10 ACFM at zero pressure drop, and weighs 59 lbs including all fittings. Each pump requires ;.o VAC. 
	carbon 
	amps/\.15 

	CONTROL UNIT 
	The control unit contains all of the for measuring stack 
	instrumen.ts 

	velocity, sampling flowrate and cumulative Clow, and temperatures at virious 
	points in the sampling system (Figure 3~8). All cf the .controls fer the sar.i
	-

	pling sy~ten, are located in the control unit except the valves for controlling 
	sar.t~le f!.owr~te. T!i.e •.;alves are rnountec.i on the vacuum pump, which is 
	pla::.ed 

	adjacent to the control unit when using the sampling system. Thus all of the 
	controls and measurement displays are centered about the control unit. 
	The various switches, ga1.1 :5,.,s; and connections seen on face of the con.,:-. . tro'l unit are described below: 
	Switches 
	There are five electrical swi ::.:::es .with the following functions: 
	Main power (with ·pilot light~·,.: J-ampere, :. :.5-VAC circuit 
	~reaker) 
	Probe heater (with pilot light and 15-ampere, ;.15-VAC c~ccuit 
	breaker) 
	oven heater (with pilot ligh:t and 'S-ampere, -~-5-VAC circuit 
	breaker) 
	Fan power 
	Elapsed time indi.:ator start;..stop switch 
	The oven circulation fa.~ is connected so that during heating, the fan is in operation regardless of the position of the fan ~antral switch. When the oven heater is "off,'' the fan may be turned ''on" with the oven door open to hasten cooling of the oven, cyclones, and filter. 
	Elapsed Ti~e Indicator 
	An elapsed time indicator is •.1sed to deter.nir.e when to move from one 
	traverse point to the next, when pe~for:ning ~ethod 5 !::amp ling. It is als_o 3-13 i<VB 5806-783 
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	useful for SASS samplL~g to monitor i.:npinge= zolution cha:.ge intervals, data logging intervals, and total sampiL"lg time. The inc.i.cator has a resolution of 1/"!..0 of a minute. The indicator cat·. be reset to zero,. and started or stopped with a pushbutton located near the indicator. 
	Oven and ?robe Heater Temperat~e Controls 
	Power to the oven and probe heating ~lements is modulated with adjust­able temperature controllers. These controllers use chromel-alumel ther.no­couples for temperature sensing~ Each controller has the following features: 
	Actu.a.°l temperati..re continuously displ,ayed 
	Maximum set-point is limited to S00°F by a mechanical stop 
	Power cycling is indicated by red and green lights 
	The controllers provided with the unit used on this prograci ..ere c: low quality and required continual adjust:nent to keep them in calibration. After several replacements, the test crew leaned to use manual procedures to bring the temperatures to the desired level (i.e., 400°F for the probe ana oven) 
	after which the controller would generally hold the temperature, although the indicator might be as much as l00°F off the., 1;1roper settL"lg.. Al.so, if the con­toller was turned to the upper limit of temperature (not bey9nd the scale), the control w~uld . lock, requiring disassembly. 
	( 

	TE;S?erature Disolay 
	A digital temperature indicator is used together wit.~ an eight-point selector switch. The selector switch permits monitoring the temperature at each of the following locations: 
	Staclt Probe oven 
	Impinger train outlet Gas meter inlet . Gas meter outlet 
	Two "spare" locatic~s 
	The temperature range is 0°F to 1500°F with a.~ accuracy of !4°F. 
	( 
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	Gas Flow 
	The cumulative sample gas flow is ~easured by a Rcck-~ell ~odel 415 gas meter, a high accuracy u:ete:;:-us. 1 for testing. The :neasure.men t is displayed by a digital counter and pointer wit.'1. a resolution of 0.005 cu. ft. 
	Pressure Gauges 
	Three Magnehelic pressure gauges can be .seen on tne -·3.ce of t...':.e ~antral unit. One is used for monito'ring the pressure drop across the orifice me-:er (see following discussion on orifice meter). The other two gages are cor:.nec­ted ir:. parallel and indicate the pressure differential of the pitot tube used for measuring stack velocity. One of t.'1.e gages has a f.::-om O to O. 5 inches of wat:er; t.'1e ot.'1er, usually O to 4 inches of water. Thus t~e pitot t'.:t:e pressu.::-e differential can be de
	ra.'1.ge 

	Umbilical Line Connectior.s 
	The 1.;.ci,ilical line between the control unit, oven, and probe makes t::ie connect:ior.s wit.'1. t.':t:! control u.'1.it as follows: Multipoint cc:;nnecto~" wit.'. AC power leads to ove.'1., fan, and probe Dual-pin the:tnDcouple connectors for the stack, probe, and ililpinger t.'1.ermocouples. 
	The separate 25-::oot sa:r:ple hose con."l.ects to the vacuum pumps .. · The exhaust hose of t.'1.e pump is con.'1.ected to t.11e '"inlet"' fitting located on t."i.e · control unit. The sample gas then passes through the gas and orifice meters int.he manne.r of the typical Method 5 sampling train. 
	A q~c!c-disconnect fitting is prov.:.ded at. the sample "exhaust" outlet on the control unit. 
	2. Met:1od 5 saI11pLng , system (Joy '1.'rainl--The Methoci. 5 sampling system is a standard Joy ~Company unit shown schematically iri Figure 3-9. A special particulate samplL"lg system was designed and fabricated to :it inside the standard oven. A description of the system canponents is presented below. 
	ufacturi.ng 

	c..:CLONE SET 
	In designL"lg the cyclone set for the Jo~ traL~, KVB visited Southern Research Institute (SoRI), where under E?A sponsorship they were developin; a 3-16 KVB 5806-783 
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	Figure 3-9. Particulate sampling train (modified Joy train). 
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	Figure 3-11. Cyclone 1. 
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	Figure 3-12. cyclone 2. 
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	Figure 3-13. Cyclone 3. 
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	Figure 3-i4. Filter holder. 
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	Figure 3-15. 
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	Figure 3-16 A drawing of ':he front view of the cyclones and :il.te.:holder assecbled in t..."le Joy oven. Figure 3-17 A drawing of the tcp view. Figure 3-18 Drawing of Cyclone 1.· Figure 3-19 Drawing of reverse exit t-.ibe for Cyclone 1. Figure 3-20 Drawing cf Cyclone 2. Figure 3-21 · Drawing of Cyclone 3. 
	-

	Pigu=e 3-22 Drawing of stainless steel ball and socket :o~nts used to connect the cyclones to each ot.~er and to t.~e probe. Note that grccves for "O" rings have been cut in ball joints to assure a positive seal when "O" ring is in place. 
	The U."lits were fabricated from 316 stainless ste.el with high quality 
	Figure
	the cut points would be as follows: 400°F D_O 
	c,.-i?Oi.."lt {:l.ef 3-10) 

	cyclone I 9.1 u::n Cyclo.-:.e II 4.1 
	~ 
	Cyclone III l. 3 ',;;II 
	Throughout the test program t!'I!! small. cyclc.1es ?erfor.:ied ,,erfectl:.,. The ball joi."lts provided no sealing ?roblecs and are recommended ~ighly for futw:-e design.i. 
	After the i"litial trial runs with the small train it ~as fou."ld that the original filters on the Joy train were becoming clogged within a short d=­ation. To alleviate this condition, a larger filter holder was fabri::ated and successfully installed in the unit. Where the original filters were only 47:nm in diamater, the new filters were 14.1mm, the same size as t.~e ones in t~e SASS train. This improved the Sa::ti,;>li."lg ·routine substantially, reducing t.~e number of filter changes. Figures 3-15 and 3-
	SAMPU~G UNIT The sampling unit, Figure 3-24, consists of a stainless steel cabinet divided into t"10 sections. The first section is a heated com~aF~ent contain­ing provisions for a filter assembly and cyclones; the second section is -a compart::ient containing the impi."lger train. Openings in t~e a.~d clamping devices are provided for attachment of the probe in horizontal positions . San­pling trai."l components in the oven are made of stainless steel, joined ::y ball and socket joints and provided with cl
	cabi:.et 

	Figure
	Fro~-----r:r. ~ LJ\ Filt.er :::.yclone I 
	Cyclone r::: 
	Su;_:,port. 
	F:::ont Vie•.: Fig-.ire 3-16. Joy t:::ain cyclone assembly schematic. 
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	Figure
	Figure
	Figure
	Ass.ar..1::le--.i Top view 
	Figure 3-17. 
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	Figure 3-19. tesign sketch, reverse exit tuba for Cyclone l. 
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	Figure · 3-n. Stainless steel ball & socket connectors. 
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	Figure
	Fiqure 3~23. Joy Manufacturing Co. control unit. 
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	Figure 3-24. KVB modified Joy Manufacturing Co. sampling case. 
	Figure
	Figur~ 3-25. Joy Manufacturing Co. probe. 
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	PROBE 
	The standard probe, Figure 3-25, has an effective length of five feet and a sampling tube, a t~~peraLure probe, and a pitot tube. The sampling tube is a length of stainless steel tubing rur.ning through t~e ce~t.er of an exterior stainless steel ~ube and ter.ninating in a stainles~ st~el Joi~t a short distance beyond the end of the stainless tube: The stai~less steel tubing is heated by a resistance element. Provision is made for use of a variety of sampling nozzles. The pitot tube consists of a pair cf sta
	consists.of 

	Il1PINGERS 
	Four impingers are connected in series with glass ball joint fittings. T!.'le first, thi:rd, and fourth i:np ingers are of t:~e Gree:1bur,g-3:".1.i.. t:1 ies i.:p, .nodified by replacing t:i.e tip witi""l a 1/ 2" I:l glass tu;Je extendinq to 1/ 2" from the bot~~m of the flask. The second impinger is of the Greenburg-S~ith design with the standard tip. 
	METERING SYSTEM 
	A vacuum gauge, leak-free pump, thermometers capable of measuring temperature to within 5°F, dry gas meter with 2% accuracy, and related equip­ment are provided to maintain the app_ropriate sampling rate and .to determine Sa!!!ple volume. 
	B. Sa~pling Procedures--. 
	This section will present the procedures that were employed at the test site, i.ncluding preparation, sampling, disassembly and sample recovery. Ana-­ly,tical procedures that were employed r.o. determine the quantity and of the particulate samples are discussed in Section 3.2.2. These procedures apply to both the SASS and Joy sampling trains. '!'he sampling and laboratory procedu~es ·cutlined below illustrate the detailed preparations and pre­cautions that were taken to insure quality control. 
	composiL.on 

	1. Preliminary· evaluation of the test site--An important aspect of the s.:i.:r:1pl:ing procedures was the preliminary assessmer,t of th1;; sa'llpling test site. For a given industri2l operation, a sampling location was select~d based ·on accessibility and exhaust flow characteristics. A minimum of a 3 -inch sampling port was required to accorr.modate the pitot and sampling nozzle and probe. 
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	Ideally, the exhaust flow at this location should be fully mixed from the process or combustion zone and will be steady and uniform, ·not disturbed 
	·by elllows or dampers. This generally was~ the case. A pitot tube traverse and temperature measurement was made in accordance with the procedures outlined in the Federal Register (Ref. 3-3). ~ata was recorded on the sheet illustrated
	. 
	' 
	in Form 5804-4 (Sect. 3.4). Based on the results of this traverse, sampling locations within the flow stream were selected to ·provide a spacially integrated sample. 
	2. Sample flow and isokinetic conditions--To preserve the cyclone "cut­off" points, the sampling flow rate was adjusted to maintain 4.0 SCFM at the required 400°F cyclone oven tem?erature conditions. Isokinetic sampling was also desired and was achieved ~o the degree possible by _selecting the proper probe nozzle dia~ter. Isokinetic is a condition wr:ere the velocity, V, of the sample through the nozzle is the same as tne velocity, V , of t~e 
	sar:t9li.ng 

	~ s 
	stack gas. The nozzle velocity Vn is related ·to the nozzle diameter, d, and to the ireter flow rate Q by tl-,e foll_owing equations:
	' :n 
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	for the isokinetic· sampling the stack vel~ity equals the nozzle velocity: 
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	• A.ll p:.:epared data sheets used· in these tests are presented in Section 3. 4 
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	,a
	T stack temperature, OR 
	s T =· dry gas m~ter temperature, OR 
	m V =-stack velocity, ft/sec.
	s V velocity at nozzle, ft/sec
	=t 
	n 
	3 
	=t 
	gas flow rate at meter, ft /min
	~ 
	,:: 3/ .
	=-gas flow rate at nozzle, -1. t l~l.n
	Qn 
	d :::a diameter of nozzle, in. 
	p = meter pressure, psia
	m 
	p stack p=cs::uxc, r~itJ..
	"" 
	5 
	% B'.20 "'stack gas w~tcr content 
	Figure
	Stack Velocity V 
	s 
	Velo~ity th=ough nozzle, V 
	n 
	The sa::ipling 'flow rate o was maintained at 4. O SCFM for the SASS and 1. O SCFM 
	7n for the Joy to preserve the cyclone cut-off points. The nozzle was chosen to have the closest diameter to the calculated diameter. For the ~ethod 5 proce­dure,~ could be adjusted to acco~nt for the nozzle difference. 
	After t.~e stack velocities and temperature levels have been est=li~hed by the preliminary s+:ack t:::avers.e, the nomogram illustrated in Figure 3-36 was used to select the proper nozzle diameter and for the required sampling rate. If stack conditions were encountered that were not covered by the nomogram, the above equations ~ere used. 
	· 3_ Preparation of the samoling trains-
	-

	a. Cleaning--Prior to sampling, all sampling train components and sample containers were cleaned first with distilled water, and then with ace­tone. The distilled water was dispensed L~ plastic wash bottles; t~e acetone was dispensed using Teflon or glass wash bott'les. After each part was washed with acetor.e, it was dried in a filtered s~ream of dry air or nitrogen. 
	An;i solid residues adhering to the internal surfaces were removed with tap water and a plastic scouring pad before proceeding with the solvent cleaning procedure. 
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	Figure
	Figure
	Figure
	}.!ter. cleaning, the cyclone assemblies were assembled and capped off. The other sections of the train, the probe, .filter housing, i:npinger t.rains, and intercon..'lecting hoses, were capped off. 
	incluai.ng 

	b. Filter oreoaration--Using stainless steel tweezers, e'ach filter was ~laced in a clean, numbered 150 gl3.SS petri dish.· They were at 2:?0°F for at least three hours in a drying oven, then immediately transfered to a desicca­tor to cool. 
	ba.i(.ed 

	The filters were weighed once and t.~en a second time several hours later, to confirm the initial weighing. This was the weight .used. to dete.:1nine the mass particulate .catch on the filter. Several filte!'.'S were prepared to be :.sed in the event ~at partic-~lat.e grain loading -as high. 
	Figure
	for i.J:lpi."1ger sample bottles: 
	SASS Joy Reagent :;2uantity :;2uantity 
	( 
	·I::1::>ins.er 

	,H ao 400 :nl 100 
	2 ~2 400 ::'11 100
	:120 *3 empty 
	•4 (Ca.SO l • 750 g 200 g
	4 
	Figure
	It was scceti31es neces~ary to replace the Dr1erite several ti:ies d':l.:i."lg a tas-: r-..n. A :narked decrease l.."1 ;:::ipinger :i4 out·let te:ncerat~e ,::iois­t:.i::-e a.\)sorption by Drierite produces heat) was fo~d to indicate Drier~te depletion .men -:he Drierite color change was d~fficult to detect. 
	T~ spent Drierite was uot kept for analysis. . Howeve::, t:ie ·.iei.;:-:.t ;ain due to added -.,at.er was recorded and used to deter.nine moisture of the stack gas. 
	4. Sa::iol.i."lg -:::ains asse.'l\bly ~d ?reheati:ig--Each ::ompone:i.t. of the t::ai:i.s was transferred as• a separate unit to the test site with al.1 sealing caps in place. Car!! was taken ,.,hen removing caps for correc~ion of component so as tc.. make certain that no foreign matter entered the ::o:nponents. A leak chec.~ was conducted with the probe capped befor~ installing the probe nozzle. The leak
	( 
	rate was less than 0.05 CTM at 20"Hg pump c;ucticn. The proper nozzle selected 
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	Figure
	on t..~e basis of the isoki.,etic re(iUi=e.~ents above was asse:nbled a.,d t~e sa=:pl~~g e:ain was then ready for use. The cyclone oven and probe were preheated to 400°:' =iefore sa=:'e)ling ·..as sta..-ted. 
	clone tha~ ::nay .!n~e.!'::~~e ·111it.:l. sample collec't..:..or... 
	Figure
	fashl,;n as eoployed for EPA ~et~oc! 5. ':'he nozzle/probe asse.."r.:011 was i.nse:--:ec L'ltO t:i.e st:ack i.-i th.e p:-oper orientation to th€:: i.,itial sampli.~.g locat.:.,;:n i., 
	Figure
	Figure
	for sa.::ple recovery. 
	Figure
	described above. 
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	Stu11 11 Ol•connect ui•1>er 110rtion1 ut .:yclol\• And rlnutt th,,,. and tho cup Into all'k,er 9l.ua container, Slup 11 01,en up tiller houslri<J,_ rumovu tlltur uwln<J .t st4l1•h•• utcul twuezor ■ "nd pldcll liltur (p4rtJcul1te wlJo down) In a cuvu,ttJ tutt.t l~O n•n •JI"•• petri ,ll•h. An'( approclaldu ti<>lld• 41lhured unlu th• filter houslH'J o.iy btt tap1•od Into lhtt ·j.>ctrl dish {I.e. lltt ed<Jo of thu flllur, lap ~ulJdij 1.nto bottum {Jf pet.11 di!.il1 u1 ul thun t:uv1.u ovtu: wllh fJ)tcc). 
	Sll:p 21 Hineu both hiJ!Vt:U. of piJI Lf.culdli: huu!.iny (i11t: lud)lltJ 
	l11tt!·c,:ou11e cl lu.bi,llJ ot t,tdu.!ll) 
	l11l11 1111-J,u1 lJldu:J C\.J11l.t1J11:, 
	Figure J-2'/ (cent.) S/\SS AND JOY ·r11.Arn SAHl!LE JU,;COVEH¥-­I 1-'ll.'l'l-:H 
	l'ROUi~. C'iCUlNES 

	lttu1ove <.:up •a1:1c.•1~,I';, dluJ -t~•nl1u· t:ontenta ol t:up
	~ 
	Into a t•rad yl••• vLaL . 
	llur,ove cuv ,u ac1nb Iy, c1.11d I tra,11tftir cunltrnt21 of cup I lnlu aml,~r glas~ .:ontal11c1 j 
	.,_........ l)&t;COIHIUCt cu,, ~•hf lra,1stcc cuutunto Into d la1ud nc1lgono c9utai11cr, 
	1, Use distilled water tor all iln• e~. 
	L ·t14ndlu dll tdL"d cnni:'1lner1 with tJluVcti, 
	l, Transtur of 1ollds ~•Yb~ •salsked t,y the uau of •talalu•• st~el a11d 110\,.llh.?r tunnolw. Hylan brlsllc lJrushu,; '"•Y also lJe uud if IIOL't!~Hary. 
	t.pcttul.ss 

	KV!t ',lll)b -7BJ 
	, 
	,, 
	l 

	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 
	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 
	TABLE 3-1. SA..'1P!.E S~ORAGE/SHI??ING CONTAINERS 

	TR
	·Tra.i:1 Compor:.ent 
	Sam::,le Tv-::ie e 
	Container RE:!quired* 

	TR
	?robe and :1ozzle 
	solid t.appings solvent wash 
	Tared 4 d.ra.'ll vial 250 ml az:ibe.r glass 

	TR
	lGµ cyclone 
	cup solids solvent wash 
	Tared 4 dram vial 250 ml amber ·glass 

	TR
	3u cyclone 
	cup solids ~olvent wash 
	Tared 4 dram vial 250 ml amber glass 

	TR
	lU cyclone 
	cup solids 
	Tared 4 dra..-n vial 250 :nl ar..ber glass 

	TR
	Filter holder and filter 
	solid tappings and filter solvent wash 
	Tared 150 :n:n glass petri dish Ad:i to i:apinger 

	I \. 
	I \. 
	I:npinger in Impinger 1'2 ' 
	contents~ rinses contents & rinses 
	l liter L?E l li.te: LPE 

	TR
	I:npi:lger ;U 
	contents & rinses 
	1 liter LPE 


	*All glass containers must have .Teflon cap· liners. 
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	Figure
	I /
	I 
	7. Sample processing and analysis--: 
	a. Cvclones-Each cyclone solid catch was transferred to a trans­
	porting·container, desiccated for one hour, and weighed. The3e samples were sent to A...'":Ilament systems Corporation for predom.ina..'lt compos~tion analysis by X-ray fluorescence, then to rtackwell Air Monitoring Cen~er for 
	elemen::.al 

	/trl:h, e proce. dures for these ana. lyses. are discussed L~ Section 3.2.2. 
	sulfate,. nitrate, and ca.::::.bon analysis. 

	::acb. cyclone was rinsed w,ith dis~illed water and the rinsed material col:ected separately. The water was evaporat_ed and the remaining sample baked for one hour at 250°~, desiccated, and weig~ed on an Ainsworth torsional balance. T~is weight was included in each oft.he cyclone's solid wei~ht catches. 
	Figure
	for one hour, and weighed. The filter and parti~ulate were sent to Arma.~en~ Systems for predominar.t ele~ental composition analysis, then to Roc~well for sulfate,· nitrate, and car~on analysi~. The filter housing was rinsed with distilled water and collected wit.~ t.~e i~pinger rinses. 
	c. Impingers--The of wateI. in each impinger 1-1as measured. The water from the first three il:l_Pingers was co~bined along wit.~ the water rinse from these impingers. 'The combined solution was extracted five t.imes wit.~ 25 ml portio~s of reagent grade methyl chloroform for each 500 ml of solution to deter.nine t.~e organic content of the Dnpinger catch. The methyl chlorofor.n was transferred to a tared iial and evaForated at =om ter::perature in a d.::::y air stream. This sample was desiccated f~r one ho
	volur.ie 

	The water remaining from the above extraction was transferred to a tc1.red beaker, evaporated to dryness, desiccated for one hour, and weighed. This sample was sent. to Armament .Systems .for predominant elemental composi­tion analysis by x-ray -fluorescence, then to Rockwell A.~C for sulfate, carbon and nitrate ana.:!.ysis. 
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