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CONTRDL OF ASPHALTIC CONCRﬂTE

PLANTS IN LOS ANGELES COUNTI
by .

Ray M. Ingels, Norman R. Shaffer and John A. Danielson
\

ABSTRACT

Dust emissions from asphaltlc concrete: plants in Los Angeles

County are controlled by the use of one or more dry.

centrifugal separators in series followed by a water S L e
scrubber.. This paper discusses these air pollution control
devices and basic plant variables affecting dust emissions. "
Included in the study are the design features of several
scrubbers, the importance of an adequate scrubbing water : 4
to effluent gas ratio, critical points of hooding and
ventilation, characteristics of the aggrepate charged to

the drier; type of fuel fired, operational factors, and T U
the need for a strict malntenance prouram.

are sumnarized showing C%haa b ondw
\ru.l.u.mco, Eraiia .s.uauuxob, cusiection eflicienclies ul . . [
scrubbers and other dala, - Particle sizes and quantltles R L SR
of dust enterlng and leaving the scrubber are shown. I A S IR

The total air pollution from these plants in Los Angeles R G
County is graphically depicted from 1948 through 1958 with

the general trend indicating a deecrease in the weight of 7 1 .
dust emissions and &n 1ncrease 1n materlals produced and
volume of gases hand:ed.
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: ~Introduction |

. “The phenomenal grmrth of popula‘hion in Southern Galifornia during the L
last two decades has resulted in large demands for asphaltic concrete, - caE

" To meet these demands, in Los Angeles County alone, 48 asphaltic ’
concrete plants have been built which produce an average of 1,000 'hons c
per day. _ _ _

Prior to the installation of well—designed air pollution control

equipment, dust losses from asphaltic concrete plants were nearly 25 tona .

‘per day. In 1949, the Air Pollution Control District of Los Angeles

. Comty adopted a rule which limited the dl..-,charge of dust from each of
these plants to LO pounds per hourt , To meet this prohibition, it
became necessary to install dust collection equipment capable of high
eollection efficiencies, This was accouplished by the use of centrifugal --.°
or Lupingement ype scrubuers wnich provided collection efficiencies,
in most cases, of $0 per cent or greater. The design of these control
devices has :unproved over the years, and as described later in this..

" . paper, total emissions have decr eased substa.ntlally 2.n sp:.'te of
increased product:.on. :

Description of Basic. Equipment

Generally, an asphal‘b:lc concrete plant consists of a rotary dryer, sepeene "

ing and c¢lassifying equ:xpment an aggregate weighing system, a mixer,.

-, Storage bins and conveying equipment. Sand and aggregate are charged

.‘i'rom bins into a rotary dryer. _'-'lhe dr:.ed aggregate at the lower end oi‘

. % Presented at the 52nd Anual Meeting of the Alr Pollut:ton Control Assocn.-
", ation, Los Angeles, June 25, 1959..
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.o uhe dryer is mechm:.cally cc'weyed by a ‘nuchet elevator to the screen-

" /inz equipment where it-is classified and dumped into storage bins. Weighed = U .

'quant:.u:ms of the sized products are then dropped into. the mixer slong SR

with asphalt where the batch is mixed and dumped into awaiting trucks for . .

transportation to the paving site. Tne combustion gases and finoc dust .

. from the rotary drier are exhausted through a precleaner which is usually

A smgle cyclone, but twin or multiple cyclones and other devices are elso R T
used. The precleaner catch is then discharged back into the bucket - o\ ./ =~ !

.~ ¢levator where i% conbinues in process withn the main Dulk of the dried T e
- aggregate, The air outlet of the precleaner ia vented"’to a:Lr pollution I

_ control equ.lpment. .l T ‘ R . SR

Air Pollution Control Equipment -

In Tos Angeles County two principal typos of control equipment have
evolved from many types employed over the years--the multiple

L centrifugal type spray chamber and the baffled type spray tower. Of

these two types, the muliiple centrifugal typo spray chamber (Figure l)

has proven to be the nore efficient., It consists of two or more

internzlly fluted coylindrical spray chambers in which the dust-laden

. gases are adiaitted t:rg’“..r.""’v =t high veloecities. Bach of these chambers.

is identical in size and has dimensions approximately 6' dia.. x 15' long. " .
Usually 5 to 10 spray nozzles are located evenly spaced within each ch'"'nber. '

. Vater rates to the nozsles arce usually in the range of 70 to 250 grn at .:.". .
. 50 %o 100 psi-and the water generally is not recirculated.” In the baffled -

.~ type spray tower (Figure 2) » there have been meny variations in designs,

T bub 1undmc.ntc.lly, each consists of a chauber which is baffled to force . -~ ..
... the gases To travel in an S-shaped patter-l, encouraging impingement of, the "‘ S
dust particles against the sides of the chomber and the baffles. Water * - ... . .+
spray nozzles are located bebtween the bafiles and water rates through the R

spray heads usually vary between 100 to 300 gpa at 50 to 100 psi. - : Lo .

In add::blon to venting the dryer, the dust collection system also . - T T
ventilates several other dust sources which include: (1) the lower en epe
of the dryer vhere the stationary burner box attaches to the rotary. .

. dryer; (2) %he aggrezate sereening and classifying system; (3) the . ..

‘ ibucket'eleva‘tol‘,. (L) the aggregate storage bins; and (5) the weigh '~ . i.:
hoppel-.' . . R e ' . : RN

-As'phaltlc concrete plants vary in size with the majority capable of .

. producing 100 to 150 tons per hour. - However, in the last two or three
" years, several plants have been installed in Los Angeles County which
. are c1a351i‘ied as 6000-pound plants,. capable of producing 200 to 2>0 tons
. per hour,

The major source-of dust originates from the rotary dryer. Very little

work has been done in _the study of dust emissions from rotary dryers.

* Fricdman and Mapshall? obtained data showing that dryer dust emissions,

exprossed as per cent of feed, increase with air mass velocity, incresse
th increasing rate of rotation, are independent of dryer slope, and .




. In the- p*ocess of granting pernits to operate, many ‘stack tests were -

-".closed that the water scrubber.efficiency varied with the scrubber dnlebt -
" dust loading as shown in Figure 3. Hipher dust collection efficiencies

-3~

z
i

deer éasp wi.th incrcasiﬁw feed rate.- The absolute amount of dryer duut

'ln weight per unit time, increases with feed rate. Dust emigsions depend '
.%o a large extent on the particle. size distribution of|the dryer feed. ‘

¥hile the dust from the rotary dryer is undoubiedly the groatest soulce, L“ff"

 the dust collected from the vibrating screens, the bucket elevator, the "'
" bins and the weigh hopper is also considerable in quantlty. .In one plant,

20C0 pounds per hour of particulate matter containing 39,7 per ¢ nt L
0 to 10 micron materlal was produced by thesa aecondary sources - 0"'1.2"1‘:

- ————

7&;§?§§udy oflStack Tost Daba

conducted by the Dist¥ict to insure that ecach plant was operating in

~.'-cmpl:.ance with air pollution laws. ‘As these data became available, &
. study was made to determine which variables were most significant in

affecting emissions o the atmosphera. A preliminary observation dis— -

vere obtalncd at. the higher inlet dust loadings. Yiants with less

effective cyc;one precleaning had, on the average, larger-parvicles R
entering the wvater scrubber, and consequeantly bevier scruober coilection = -7
efficiecncies were obtained. In fact, scrubrer efficiency was so depende

;{ent vpon the degree of precleaning that the effect of other variables on S

.- collection efficlency was completely masked in the availakle data. However, = : <" -
" %he Iractional collection efficicney of particles larger than 10 microns '

in dizmeter proved to be 99,7 per cenbt. Consequently, the yariables and R

“Toperating conditions wnich afiect the amount ana collection efficiency R

... 'of the Ofte 10 micron iraction should be reflected in the absolute stack -~ -~ .. . -

© .- emissions. This was found to be tho case.. The magnitude of the stack Ll

;. enissions were found 1o depend mainly unon the scrubber water-gas ratio, - - . - [
-‘the type of fuecl used in the rotary dryer, the type of scrubber, and the -

'1; quentity of minus 200-mesh material (minus 74 microns) processed in the . . -7 .7 )
. dryer » It would b3d expacted thal the particle size disiribution of the. minus._:"

200-mesh fraction of the dryer feed would have a large effect on stack

losses, but sufficiet data were not available to investigate it, - j;‘_;;”i{gfgiff:;

:lznwenty-flve source hests of: -asphaltie ‘concrete plants were avallable
.. (from some 115 tesis which have been performed since 1949) which had
.. sufficient data to siliempt to correlate the major variables affecting

stack losses., Aggregate feed rates, scirecen size analyses, scrubber
vater and gas rates, as well as particulate matter emissions to the ., -
atmosphere were obizined during each of these tests.’ The data are

~tebulated in Tables I and II. The aggregate dryers wore fired with S
o . P5 300 or heavier oils during nineteen of the tests and natural gas -

fired during six. Soventeen of these tests were performed on multiple S
centrifugal type scrubbers with spiral baffles and tangetial entrancés. - . °* .

_The other eight tests were performed on simple baffled tower scrubbers, . .




" A curvilipear meltiple corpelation was required to represént the data

satisfactorily. Eazekiel's ‘graphical procedure of successive approad.- :

.methods). R

. Bffect '.of-vmables on Scrubber Enissions .

.. 'The ei‘i‘ect of scrubber water--gas ratio on stack emissions” :sshown in Soeelan g
.. Figure L, for multiple centrifugal type scrubbers and baffled tower. serube: 0
.. bers, with the aggregate fines rate (the minus 200-mesh fraction) held. L

... constant at the average. Low Scrubber water-gas ratios are more than '

proportionately less effective than higher ratiocs. Possibly, the water N

rate was 1nsui‘i‘:|.c:.ent ?or good spray coverage for ratios 1n the lorwer
ranges. . ,

~The effect of aggreg'ate fines rate c_in stack emissions at constant watere .

gas ratio is showm in Figure 5 for multiple centrifugal type scrubbers

. and baffled tower scrubbers, Stack emissions increase linearly m.th an-

' 1ncrease in the amount of minus 200-nesh material processed

. Stack eruss:.ons were 5.1 pound:‘ per hour higher when the dryer was oil l

fired, rather than gas fired. The difference is believed to represent

par u:\.culate matter in or formed by tho fuel oil, rather than additional
,dust from the dryer and mixer. It has been olmla.rly observed that -
‘ burning heavy fuel oils in other kinds of combustion eguipment results

in higher emissions of particulate matter. For exzample, glass furnaces -
discharge significantly more particulate matter when fired by PS 300 or

.. heavier fuel oils than when natural gas or llght fue]_ oils are used®,

' As expected, centr:.fugal type water scrubbers were more effectlve than PN
. simple baffled tower water scrubbers. The difference averaged 5.0 pounds-«

per hour at constant aggregate Iines rate and constant water-gas ratio. . - N

" The data, even when corrected for the variables studied, tend to scatter ' . LT
" rather badly. However, the results do represent average trends of plants . @ -

operating in the Los Angeles area., Curves are presented in Figures 6-

ratios and aggregate f:.nes rates,

During the course of conducting several particle size analyses of scrube -
ber inlet and outlet dust,” an unusual observation was mades In all of -~ -

these tests as shown in Table II, the fractional collection efficiency
of the i+ micron material was less than for the 10-20 and the 20-L) -
rnicron fractions, which of course is opposite to what would normally be

. expected. However, microscopic examination of the samples-indicated

that the particles in the scrubber-outlet were agglomerated.  Apparently,

r .- mations was used 'to fit the curves (see Append.xx for correla.'ta.on S |

"and 7 from which the most likely. stack emissions can be predicied for oili . o
- and’ gas fired plants with either muiditiple centrifugal or baffled tower 7. " - ..
~ scrubbérs. These curves present emissions i‘or various scrubber water-gas UG )

the fine particles agglomerate within the scrubbexr, but part of the result- -

ing agglomerates escmve to the atmosphere. This potentially recoverable




jnaterlal constltutes 5 to 10 per cent of the ‘scrubber emissions. However,.

these emissions are minor and eyen perfect collection of this materlal

-+ would not reduce total emissions over 3.5 pounds per hour, -

4

Survey of Tust Emissions.in Los'Angeles County

: In Grder to evaluate the effect of the control Program on dust emissions . -

- from the asphaltic concrete industry, it was necessary to acquire informae -

tion concerning the number of plants in operation, emissions of dust to -.

" the atmosphere, amount of asphaltdc concrete produced and volume of air "
~ handled, '

To obtain the data on productlon, nurber of plants, types of controls and

operating schedulés, a questionnaire was devised and sent to each company:

operating an asphalidc concrete plant. The data obtained from this survey -
indicated that in 1957 there were 19 companies operating L8 plants in

' .'_ Los Angcies County.  These plants produced a total of 14,000 tons per day.

.The data also indicated that asphaltic concrete was produced over a lB-hour - ;3‘:;"T
| day with a maximum hourly oubput of 1200 tons. ' AR

' To augment the data obtained from this survey and to make comparisons w1th i

data obtained from previous surveys, the analytical test data in the

- District's files on asphaltic concrete planits were studied, From these = il .
~ studies, average yearly dust emissions to the atmosphere were determined... .
- During the early stages of the development of the control program, many atl )
" . stack tests disclosed emissions of dust in excess of the weight per hour. .. .

allowed. As the design of conurol equipment improved, violations became-;f

. less frequent, During recent yeare, excessive emissions could be traced
" to elther poor experimental scrubber designs, or more frequently to poor

- ‘maintenance, It was observed that even well-designed scrubbers would

emit excessive dust if a sound maintenance program was not being enforced,"

l“Figure 8 illustrates the effect of the increasing efficiency of the cone

trol equipment from 1948 to 1958, Prior to the development of the control.

.program, little or no control devices were installed and an average of
-5 pounds of dust were emitied per ton of asphaliic concrete produced,

As the confrol program progressed and the efficiency of control equiprent

. was. increzsed, dust emissions were roduced until todsy only 0.15 pound is

emitted per ton of asphaltic concrete produced. The major reduction of
dust was accomplished between 1948 and 1950,. During this period, an

"average recduction of 150 pounds per hour per plant was achieved, From
. 1950 to the present time, an average reduction of 12 pounds per hour per
. plant has been accomplished due. to improvements in controls and better

nan.ntengnce programs, -

The 1ncre“sed efficiency of the control equloment was accompllshed even
though the average volume of gases handled per plant has increased from

. 13,000 standard cubic feet per minute in 1951 to 21,000 standard cubic.
lfeet per mlnute in 1958 Elgure 9. lllustrates‘thls increase in volume.




i

A reduction in volume betvecn 19L8 hnd 1951 is bEllcVOd to be partially
“.due to conservation-of gas volume to allow smaller control devices to :
[ be ins talled. OSubsequent to 1951, better control of dust emi.ssions from -
. sources other than the dryer required an increase in. gﬂo vvluma. Moreover,n
. plants have increased in size in receno years. . j / : '

The data obtained from surveys conducted perlodlcally on the ‘asphaltic _"i7;};1”"

: concreue industry show that production has increased gince 1948 from.an -
average of 10,000 tons per day to more than 1li;000 tons/per dzy in 1957 _
. '(Fioure 10), an increase-of L0 per cent.. During the’ same period, dust o .-
~* emissions decreased from 25 tons per day to 1 ton per day, & decrease
of 96 per cent overall. - T _

Conclusions

e - In conclusmon, it is emphasmzed that the variables studled only represent
average trends of asphalitic concrete plants in Los Angeles County. With
this point in min<d, it can be concluded thais:

Multiple centrllug;l scrubue45 have pr:?i: tn be mbre? el
eff:c1ent than baffled towers. :

. .Scrubber water-gas ratio is equally 1rnortent in both
.- types of scrubbers. The best utilization of water is-
“"achieved up to a ratio of 6 gallons per 1000 stanaard
cubic feet of gas. Above this ratio, efficiency still -
increases W1th1n the bounds stadied, but at a lesser
’ rateo

 Scrubber stack emissions increase linearly with an e ;'5\’:;;f
. increase in the amount of minus 200-mesh material B -
: charged to the dryer.

. Tne burning of PS 300 or heavier fuel oils rather -than - -

- naturel gas results in higher stack emissions. Under
constant conditions, an increase of approximately .
5 pounds per hour was cbserved. Although the availabdle
data are not conclusive, it appears that dust emissions
are significantly decreased when PS 200 oil is substl-
tuted for PS 300 oil. -

. Throuzh the use of scrubbers, dust ‘emissions from asphaltic concrete plants -
. have been reduced from a total of 25 tons per day to 1 ton per day. If o
. this is related to the increase in production over the 10-yeaxr period, " o
' then the control program: is responsible for a net removal of 3L tons per
-day of dust from the Los An"elea CouuLy anmosPhere. .
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Los Angeles County Air Pollutlon Control Dlstrlct, Test Report
VQ'Serxes C-372 unpubl1shed report. .
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‘Rule 54, Rules and Resulations of the Los, Angeles County Air
. Pollution Control District. In essence, this rule llmlts the

anount of dust and fumes discharged to the atmosphere in any

one hour frem eny source based upon the process weights For .
-example, if 100 tons per hour of sand and aggregate ‘arp charged
to the dryer of an asnhaltlc concrete plant, the process weighv -
is thea 200,000 pounds per hour. The rule states thatj for proc-
" ess wely htsof 60,000 pounds per hour or more, the maximum R
weignt of dust and fumes dlscbarged to the aunosphere shall not_ o
exceed LO pounds per hour. Cel

Friedman, S.J., and Marshall, W. R., Jr., “Studies in Rotary -

" Drying", Chem. Eng i~ Prog. , hS, 8, p. 182 (August 19L9).

Los Angeles County Air Pollution Control District, Test Report s
Series C~L20, unpubllshed reports. ' :

Inucls, R Jdte, and. Rlchards, G.S., Los Angeles County Alr '¥1f};’.f
,Pollution Control Dlstrlct unpubllshed report s
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.. Figure 4. Effect of scrubber water-gas ratio on stack Sl e
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. GCRUBNER WATER-GAS RATIO =~ GAL/SCE X107 T

© . emissiens at average agaregate fines rate in the dryer feed.
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DUST EMISSION == LES/TON OF ASPHALTIC CONCRETE
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" - Figlre 8. Reduction of dust emissions from asphaltic concrete

 plants in Los Angeles County during the period 1948 to 1958, - 3
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APPENDIX

" Caleulation Procedures

Lvokiol‘° raphical method of successive approximations was used to -

orralate uh@ data., The independent variables were log scrubber
Iﬂuc¢—cas ratlo, eggregate fines rates, and the non-gueniitative

" :factors of type of scrubber and kind of fuel. The absolute stack =

emission was the dependent veriable. The log water-gas ratio was
chosen to n1n1n1zc the dev1atlon from ‘a llnear relatlonshlp.

In the procoaure erd a llnear bl 1ple reg*ess;on equatlcn 1s
calculated by the leaqt Squares method and this is’ adjusted by _ N
successive approximations to an up‘orop*ic.uc curvilinear. relatlonshlp.

S Lhe linear regrossmon equatlon obt alned hgs as follows'-

(a) Al' = 3h 34 1, 5 - 19.5 log 53

'f The constants in equatlon (A) were calculated by standard statlsulcal

"-;jproccuures. The followlng two equatlons wers solved 51multaneously.l_r'f” g

(B) ~ }C22 b2 + - (}.2 10g .JCB) 03 == .’11\2 .
(C)-H x2 log x3°D, 2 1= (1oc xs) b =i (xl log x3)

;-substltutlng in the equations (see 1ab1e III) and solv1ng.ﬁ i

Regressmon equatlon- f"**'“

“.(B) 211.23 02 > 2149 b3-=-27h 52
(c) 2,19 oz + 1. 11 93 = -17 92

_:Hﬁ:‘b &= -19°) qui_' BT
Cas 26.70 - (1.53) cs ) 4 419 19) (o as>
a= - 33 e

BTN

' xl' =a + b2 x2 + b3 log xs |
xil o 3h 3 + 1 5 xé - 19 S log x3
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pqLat¢0ﬁ \A) was used to calculate the estimated stack eml sion ‘for each

test point and the results were tabulated in colurm five of Table IV. ' .:;fi_:._:‘

The differences between the actual and the estimatad otacL emizsion are

. tabulatcd in column six. These values were averaged for each type of

scrubber and the averages subtracted from the eoidualo!in colwmn six’
to obtain revised residuals which are tabulated in coluwm seven, The
procedure was repeated for averages of residuals in column seven for the

_uwo types of fuel, resultlng in the values tabulated in cplumm elght

ln Table ive -

rlgures 11 and 12 were plotted as follows: Average values of %, and log

"%a were substituted in equation A and the resuliting straight lines were - -

- plotted. Then the corrected residuals Ifirom colurm eight, Table IV, were

plotted as deviations from the straight lines. Tho resulting plots were

cexamined for linearity. It appeared that a curve would better represent

the . data of Figure 1jxand a first approximation curve was drawn using

' averages values as a guide. No change was made in the linear relationship

of aggregate fines rate versus stack Cﬁ1551ons at constant water-gas ratio
(Figure 12) :

)

. The proccdure was repeated using the first approximation curves to caleulate

estimated stack emissions, and corrected raesicdunls wemo plotted as devia-

tions from the new corves. The second approxdimation to'the aggrepate fines
wats surre tras oclozer to the linaaw -.-,-.1-,-'--, .-m-t--m thon +he firsth ﬂonro:{“,na- '

- W WAL T W N Wk

- tion in Figure 12. It was Judged tha additional adjustment of either . .

-curve was not requlred. L L,

[ . - e
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Cem—eoo . NOTATION . S

Constant in linear regression equation . '  ST "‘l‘

Constant in linear regression equation T QJ]

Constent in linear regression equation '
Mean of'the stack emissioﬁjflbs./hr. ‘ .
Nean of the agﬂregate flnes rate; 1lbs./hr. x ZLO"3 .

¥ean of the log scrubber water-gas ratlo . _f-‘ e i 'f'bf-- - f:{':_ .

- PR DU

Nunbea of observations ;ﬂ" C

le;erence between gctual and esolmated stack emmssxons, xl - xl

= Estimated stack emlssion by the 11near regressnon equatlon, 1bs. /hr.f

Stack emmsmn, 1os./nr.. P

Scrubberiwater-gas.rétio;.gai./IOOO'SCF o .i;  ""' -: fﬂjffyiiff’

Re31dua1 Suack em1551on corrected for type of scrubber, lbs./hr..-

Re51dual stack emnsslon corrected for type of and klnd of fuel lbs /hr.-uzhf-
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TABLE III

CALCUIATIO“ Or LINE -\" IF'S

SQUARES RIGRESS ION EQUA’I‘IOII

FROM ASVHALTIC CO‘JCR.::,J.L PLA]JT "‘E.ST DATA

TEST ¥0,.

- (x)2 L'.3vs(1og xa)??;"islxl)(x§)3

() {20g %)

} 33Q5;19g'g3)gf;{;;f;;

v ENoVIEwWNH ||

910008 |

o 16,1075 .

-], 13.9129
1 204.0L00

'3'87 1225

“o. 572& L
10,3600 -7
L Op686LT L
0 | 0.6889 .

5,2l T rL.0816

8.0656 . 1. 2,1025 -1
22, 5625 4. 10,5329 .. |
CULLLESL
QL6201 T
L LB
LG TR o
©1.0816 T
10,5929 0
1.0z |
S 0.7396
L 05776 -
L0.792L. 0 ..
T 0.2209 .
©0.3969 1 -
os6r2l
204356 .

_o.828L",

© 04761
0.230L .~ -

. 0. 9025 A &

1 19.8916 -
. 69.?225“”
196.0000 -

158,776
. 309.765 ¢

Yo -h3.968
S eBlheo
115,900
ﬁ;lOB.QhSI‘
S 1TT.086
v 111,186
27h4350 -
251,920 ¢
.196.950 ..
3h,136
. 78.703
. -260,3100
S 1oL.695 -
95,081,
168,065
85,575
© 65,860
- 189.92h
1230580 S
'28?.980

i L0, 5769
L o7,2LARL
78320
56,5504
© h2.25C0
U 6,3001 -

. 6.h009”f:

L 9.3025

©8.3521

- 43,4281

T 23.9121
35,5216 .
50.9796
11,1556

997,685 |

: {30,051 7
. 658,000 x| e
. 10.500 i
:"29-052-~.ﬂ .
Too2L.962

Bhosho jl s
23,331 o
5 18.1k6
S 16,3220

20,727 o L)

110,010

“ 16,97&'?3“““#'

“213%0 00|

£39.010 - .

1 ere

© ET el )
- L0.610. Lo

18,753

11,550, -+

18,35
29.260 .

? 8}10 L e
2.67€0 . B
e
. _J.l.6200- e
T 2;38]‘6':_ .t‘ S
S 2,9020% L]
Ce3.0675 0

- .5,0323

6. 7336 -0 L.
11,5935 . o
. 7.8208 LR
[ B.0050° L.
. 3.2078 -
T 1.92208 :
_"19.0780
S 14335 0
Ll L.8207 0
. 5.ho38 5 7
3227
. B.23s

1,.9266

1.6032-":

8.8825

Totals

1075, 7673 | 19 e "i 155,585

~ZEi sl

12?,8h6h.1.'

30rrection
factor

63,5375 18,2000 ] 922 L33 |

TE69.L5T

1253607 .-

Jums of
dquares

md Prod- |

wcts

211.2300° ,.”1}11h3 '27h:5227

" l17.9217

Z”g;h85§

¢ Correctlon Factor = (n)(Ni)Q’

. (25)(26,6960)2

- & (n)(x3)2 {25)(0.8532)2"

- = 863.5375-
"= 18,2000
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y PABLE IV o

. CALCULATION OF FIRST APPROXTATION CURVES' " " . *
S we U PROM ASFHALTIC CORCRETE. . - » - 7.
', PDANT, TEST DATA .w.onom 7

e

STEST | OTYPE. LoTYRECL ol oo

., Mo. | OF - | OF - SRR - .
© .| sorUBBERM| FUEL | L | wps b gt Zg o | -Bplooel
@ @) @) @)y 8) o @)==(8) (T (e

T T T

=

1031 |7 20,7 )0 32.96 L f . - 12,26 0 | =10.87 |0 «l2.43 T ;
‘e 011 | 35.6° | "29.h7 f - v 63 . 7,52 | 5,96 . - D
Joooix | 37,1 F 31,32 pc 5,78 | 7.7 | -5.6L -
L 031 | 7.0 | 3957 -1 7.3 | B.82 0 L T7.260 0T g
©0AY ] 19.2 . 8 U 17.57 0 F 7 - L63 0 | 3,02 . L6 T
. Gas | 10.0 | 18.22 1 ¢ Sy ‘
] - OiL y-2hlkc | 27437
01 .26.9 0 | 19.48
.01 | 21.3 | 17.18 |
"Il 31.0 ] 22.3h o
S iGas | 30030 29027
1. 0i1f 13.6 I arer b -
- Gast ] 2101 123,20 ¢ -
‘Gas ] 2l.2 .- 23.39 L=
041 [§-25.5 | 32,59 - S
C0iL | 039.9 .| 29.84 © 10,05 - |- 11,
0il | 32,9 f 28,48 | - 62 | 7 -
C. 041 1175 28,95 o &LWbS ) =10.06 | a1.62 )
Gas p 13,0 b 25072 o} Sal.72 ] -13.33 ) - 8.L0
101t | 26,6 T 31.81 D= 5.2l | =382 1 -5.038 0
©0il 1} 37.0 .30.09 Co 6.9 . | B.30 |, 6.Th -
- 0il. ] 30.8 30,12 .| 0.68 . | « 2,27 | = 3.83 .
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G = lultiple centrifugal, spiral baffled serubber .. il .
T = Baffled tower scrubber . . T S

ssidual Averages

Centrifugal Scrubber 5 =23,57
affled Tower Scrubber =.. 23,56

Cas-Fired Dryer - . .= =29.55
0il-Fired Dryer § .. . .= . 28.57

A7 e 39
B= 2,95,
19 =256 T |
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