FOOD AND AGRICULTURAL

4.2.13 Rice Drxving Process

A. Process Description--

Rice drving is a seasonal process that must be perfofmed as soon as
the raw rice is.harvésted. The rice must be taken to 1-2% moisture content
to preserve it until it is consumed. Figure 4-50 shows the flow of rice
through the dryer. The raw rice is conveyed to the top of hollow, double-
wall cylindrical coiumns which are constructed of screen. The rice slowly
moves down between the screen walls as warm air (“v120°F) passes from the
center of the column through the rice to a large surrounding building.

This uulld-ng has six large, screnn-cove ed, circular openings whicn vent
the air back to the atmespnera. The openings are eq nipped with wvacuum wands

wn;ch rotate over the lnterxor of the screen to remove chaff build-up.

The raw rice has 18-20% moisture initially. If it is dried too fast
the rice will crack. Therefore after each pass through the dryer, the rice
is stored until it reaches an equilibrium temperature and moisture contant.

The cycle is repeated until the rice reaches 1-2% moisture.
B. . Particulate Test Set-up--

As shown in Figure 4-51, each of the six vent screens has the

following features:

1. An area 18" in diameter at the center is solid sheet metal.
2. A 1" wide pand 124" diameter is used for support.

3. Sixteen 1" wide bands used for support are evenly spaced over
the circle to form pie shapec sections.

4. There is a large supporting screen with 1" hole space and
5/16" wire.
Taking the features into consideration, the flow area for each of the
, ) q ;
screens was calculated to be 118.4 £2°. The .velocity was measured by
anemometer on each of the 32 section: of the screen as shown in Figure 4-51

for each of the six screens. One otner problem complicated the calculation.
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124"

162"

Center with no flow - = 1.78 ft2
15 pie sections @ 5.13 ft° ' = @2.1 £t?
16 trapezoid sections @ 3.81 ft2 S = 61.0 ft2
‘ Sub-total ‘ = 143.1 ft2
16 strips 1" wide x 64" long - a  -7.1 £t°
1 strip 125" diameter ‘ = =2.7 ft2
Large screen 1" squared (5/16" width '

wire) at 16.1 in’/fe? - ‘ = -14.9 ft°
Total area for flow for each screen = 118.4 ftz

Figure 4-51. 3chematic of screen sections Zor rice dryer (Test 4).
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Part of the screenc had becaome clogged with chaff. For each section an

estimate of the unclogged area was made. Thus to cbtain the flow, in CFH,
from the screens, the product of measured velocity X unclogged area (total
area X estimated fraction unclogged) was summed for each of the 32 sections

of the six screens.

. The 'total flow £rom the screens was calculated to be 128,000 SCrM.
The sample point was chosen where the flow was 11 ft/sec. A 1" nozzle was
used with the larger SASS train and a 1/2" nozzle was used with the smaller

Joy train.
c. Test Results—--

The results of the tests {(Test 4S$ and 4J) . discussed in this section

are listed in Table 4-1. Major elemental compesiticn, sulfaze, nitrate

and carbon analysis were determined for all fractions of particulate catches
which contained weight in excess of 107 mc. The details for these procsdures
are discussed in Section 3.2.2. Table 4-58 lists the resalts from this

analysis:

- D. Discussion of Results--

1. Particle size distribution--Figure 4=52 is a plot of particle size

(um) vs. accumulated weight percent, the latter plotted on a p:cbébility scale

as explained in Section 3.2.3 B. Two answers are presen‘ed, one.includin

‘the impinger catch, and the other ignoring it. Considering the natura of

the exit air, it would seem that the effects of pseudo particulates would not
be precent. Therefore, the impinger catch was believed to be properly

included in the measurements of the suspended particulates. The breakdown

. of the particle size distribution including the irpinger catches is as

follows:
Percent of Particles
1£9E£L 10-3um EZEEEL <lum
Test 4S 46 12 L 12 Efo}
Test 4J 85 2 2 : 3
4-168
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Figure 4-52. Particle size distribution (Test 4).
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Since neither train could be sampled isokinetically, it is difficult to say
which of the results are more correct. For developing emission profiles,

the two distributions including the impinger were averaged.

2. Chemical comosition--Table 4-58 lists the results from the chemical

analysis of the particulate fraction for the tests (4J and 4S) discussed in
this secticn. Silicon is the most abundant element, most likely in the form

of sio, from the field dust'(approximatély 70% SiOZ). XRF analysis for silicon

2
is not as accurataz as for other elements (see Section 3.2.2 B).

3. Emissions and emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these

emissions and factors.

Test 1S Test aJ
gr/DSCF ’ 0.00935 0.0154
T/yr 3.5 : 5.8
1b/bhr 10.03 : 16.5
1b/ton produced 0.1 . 0.16
1bh/ton produced (Ref. 4-22) 0.5 0.3
4-170 KVB 5806-783



~

TABLE 4-58.

CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR RICE DRY“';R (TEST 4).

v
4

Jay SASS
10um 10um 3um
Cyclone Cyclone Cyclone Impi..ger
SAMPLF. # 04J-2S 04s8-28 045-38 04s-1IC
WT. PERCENT OF CUT 74 56 o1 9
XRF ANALYSIS '

Ccalcium t t 1.1 1.3

Cnlorine £ ' t 5.2

Chromium - t t t t

Iron t Tt 3.7 5.1

Manganese t t t L

Nickel £ t t t

Potassium v t 3.4 t

Silicon ' 10 12 _

(Sulfur) (<10) (7.7)

Vanadium t

Zine t.
TOTAL' 4 4 10 14
Sulfates, H,0 sol? t t t 13

- = ' . .

(sulfur, from $O,) “ l (e) (t) (v (4)
Nitrate (H20 sol}? . t t
Total Carbon’ 11 14 31 21

(Volatile Carbon)? (1) (13) (29) (21)

(Carbonates) 3 t
TOTAL ANALYZED 14 18 41 46
BALANCE 86 82 59 54

100% 100% 100% 100%
t detected in concantration of <1
b analyzed by x-ray fluorsscencs--Section 3.2.2 8
2 analyzed by wet chemistry—sSection 3.2.2 A .
3 analyzed by Oceanography carbon analyzer--Section 3.2.§ A
4 caiculated from sulfates (sulfuresulfate/3) to compare with sulfur
from XRF ' .
5 for valuas shown as X/Y, X is % of the elemont present and Y is the
error (i.e. Xv = Y ) ' . ) .
() not included in to=al—sulfur and sulfates are accounted for in sulfur
XRP analysis and volatile carbon and carbonata ars accountad for in
total carbon :
VB 3806~783
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4.2.14 Carob Roasting

a. Process Description--

Carob roasting is a process very similar to coffee roasting. aroh,

' which is imported in the form of pods, must be cleaned, roasted, milied,

and packaged before being sold. In a typical carob roasting operation (see
Figure 4-53). the pods are freed ~f dust and chaff by d;opping the pods

into a2 current of air. The cleaned pods are then sent to a batch‘o: Tontin-
ucus roaster. During the roasting, moisture is driven. off, the pods swell,

and chemical changes take place that give the roasted pods their color and
flavor. When the poés have reached a certain celor, they are quenched, cpoled,

and storad until they are ground in preparation for making carcb caadies.
B. Farticulate Test Set-up--

Due to high temperatures encountered in sampling the stack gases from
the after burner, there are no particulate data for the outlet of the after
burner. The smaller sample train was used to sample the exhaust gas from the

roaster to the after burner. The velocity profile in this duct is listad in

Table 4-59. A 5/16" nozzle was used at Velocity Point #3.
c. Test Results-—

The results of the test discussed in this section are listed in
Table ' Elemental composition, sul fate, nitrate,‘and carbon analysis
were determined for all fractions of particulate catches which contained
weights in excess of 100 mg. The details for these procedures are discussea

in Section 3.2.2. Table 4-50 lists the results from this analysisz.

o. ' Discussion of Results—-

1l. Par+ticle size distribution—-Figure. 4-36 1is a plot of particle size
(um) vs. accumulated weight peréent, the latter plotted on a Probability scale
as explained in Section 3.2.3 B. Two zurves are Presented, one including.
the impinger catch, and the other ignoring it. Considering the nature of the

process, the material captured in the impinger is mostly condensibles from the

4-172 , KVB 5806-783
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TABLE 4-39.

VELCCITY PROFILE-~CAROB ROASTING

(TEsT 373

After Burmer Inlet

14 15 16

wn

3/16" nozzle
= 1z2r
Temcerature: 86°F
Statif Pressure: -1.9" HZO
. Distance from Velocity
Edge oi Duct Point # ft/sec Point # ft/sec
0.4" 1 4.8 9 420.86
1.25 2 38.9 10 38.9
2.3 3 39.3 11 35.8
3.8 4 38.3 13 38.9
6. R 38.9 P 38.9
8 5 40.6 13 39.5
9.7 5 41.7 14 38.3
10.7 7 41.7 15 iC.5
11.6 8 41.7 16 41.7

Average 39.5 ft/sac
1773 SCTM
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distillation what is occurring during the roasting. Therefore, the impinger
catch was believed to be properly not included in the measurements of the
suspended particulates. The breakdown of the particle size distribution
with and without including the impinger catch is as follows:

' Percent of Particles

‘>loum 10-3um 3-1lum : <1

Without 97 ' < 0.5 0.5 C2

wWith 38 1.0 1.0 80

'

However, due to the small amount of materiél collected in the threze
and one inm cyclones, it is fglt that this distribution méy not be represen-
tative and, also due to the high operating temperature of the sampling train
oven (400°F), the sample may have been chemically changed or cocked in the

svolone.  This weould also account 2o

L4}

the large welgne in the imping2r catin.

2. Chemical comcosition~-Table 4-50 lists the results from the

chemizal analysis of. the particulate fraction for the test discussed in this

e

section. Carbon was found to be the most abundant elemental. All cther

elementals detected were in concentrations of less than one percent.

3. Emissicns ar2 emission factors--Emissions '‘and enission factors can

be listed with several different wnits. The following lists some of these

emissions and factors.

‘ . Uncontrolled
gr/DSCF : © o 0.0711 ,
T/yr 2.0
1b/nr ' ‘ . 2.0
1b/ton produced ‘ . 6.0
1b/ton produced (Ref. 25) 7.6

XV3 5806-783
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TABLE 4-50. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR CAROB ROASTING OPERATION {(TEST 37)

Joy Joy

10um Cyclone Impinger
SAMPLE # ' 37J3-28 377-IC
WT. PEECENT CF CUT 36 46
XRT ANALYSIS
Calcium R
Iron t
Potassoun ‘ t
(Sulfur) ' (<4 (<2)
ToTaL* _ 2
Sulfates, H,0 scl® (t)
{(Sulfur, from soz)“ o ‘ £
Nitrate (HZO solﬂz e t
Total Carbon’ 34 24
(Volatile Carbon)? (33) (22)
(Carbonates)3
TOTAL ANALYZED : 6 . 24
BALANCE ' ' 64 : 76
10C% - 100%

detacted in concentraticn of <lw

T

1 analyzed by x-ray fluorescance-—Section 3.2.2 3

2 analyzad by wat chemistry——Section 3.2.2% A

3 analyzed Ly Oceanography carbon analyser--Sectian 3.2.2 A

4 calculated from sulfatss (sulfur=sulZats/3) to compare with sulfur
from IRF i . .

H for values shown as X/Y, X is 8 ¢f the slemen= present and Y is the
error {(i.e. XV =2 Y 1}

[ Q] not included in total--sulfur and sulfates are acsounted for ia sulfux

XRF analysis and volatile cardbon and carbouatas are accownted Zor in
total carbon

4-176 ' XVB 58C6-783
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METAL FABRICATION

4.2.15 Steel Heat Treating

A. Process Description (Ref. 4-26)--

- Heat treating involves the carefully controlled heating 2nd ‘cooling
of solid metals and alloys for effecting certain desired changes in their
physical properties. . In genera’ the methods used %o heat treat.both ferrous
aﬂd nonferrous metals are fundamentally similar. These methods inplude
hardeniné, quenching, annealing, tempering, normalizing ferrous metals, and
refining grain of non-ferrous metals. Also' included in the catagory of
heat freating are the various methods of case hardening steels by carburizing,
eyaniding, nitriding, flame hardening, induction hardening, carbeonitriding and

siliconizing.

Figure 4-35 éhcws the type of heat treating sguigment tested in
this study. The steel to be treated is dipped into a tank of liguid salt at
1620°F until heat treatment is complete. Then it is gquenched in water and
éried in a natural gas flame. Particulate emissions from this type of heat

treater are mostly caused by molten salt spray.

_B. Particulate Test Set-up--

Two sampling trains were used simultanecusly to'sample the inlet and

‘ exit'of the bagheouse as shown in Figure 4-55. Table 4-61 llStS the

velocity profile in the inlet and outlet‘dutt. A 3/8" nozzle was used at
Velocity Foint #3 with the smaller (Joy} sample train on the inlet duct and .
a‘9/16" nozzle was used at Velccity Point #3 with the larger (35ASS) sampl

train on the rectangular (42"x57") outlet duct. Due to one section of the

'baghousc being open to the atnnsphere du:lng the test, a hlgﬁer flow was

observed for the outlst hhan for the inlet duct.
c. Test Result3s--

The results of the tests discussed in this section are listed in Table
Elemental composition, sulfate, nitrate, and carbon analysis
were determined for all fractions of pa.zticullate catches which contained
weights in excess of 100 mg. The details for these procsdures are discussed

in Section 3.2.2.

4-178 KVB 5806-783
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TABLE 4-81.

Sample point
ey oo
OUTLET g/16" nozzle

T T /
7 y
1 2 3 3 UP
wP T O
14
42- -*— 5 6 7 8
Sarple point 13 .
3/3" nozzle ‘ v
‘%‘ 9 10 S 11 T 12
L 7
L2 A
50" ——— 57 , X
Temperature: 1v75°é‘_ Teniperav.ure: 126°F
Static Pressure: =0.25 Static Presscre: +0.27 H2
f ' I quw - 3 e
Distance velocity Distance velocity
from end Point £/ Point £t/ from end Point £t/
of port & 2T # sec of port & sec
4" 1 22.0 9 21.2 9 1 . 65.5
4-3/8 2 'IZ.7 10 21.2 23-1/4 . 2 59.2
13-5/8 3 22.0 11 22.0 37-1/2 3 63.2
21-1/4 4 S 2.12 2 21.2 51-3/4 4 80.0
32 R 23.7 R 22.9 9 S 64.7
42-374 5 21.2 13 21.2 23-1/4 3] 52.5
50-3/8 6 22.9 14  22.9 37-1/2 7 56.5
55=-5/8 7 21.2 15 21.2 Sl—3/§ 3 70.2
60 8 21.2 16 19.3 9 9 51.6
- 22-1/4 10 35.3
Average: 21.8 ft/sec 37-1/2 11 56,2
20994 SCEM 51-3/4 12 53.3
Average: 51.8 It/sec
45791 SCT™
. 4~=180
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D. Discussion of Results--

1. Bacghouse efficiency~-The efficiency of a control device is defined as

efficiency = [{mass out - mass in)/mass in] x 100%

ﬁsing the emission mass rate in lb/hr for inlet and outlet,
efficiency = [(10.5 =-1.1)/10.5] x 100% = 390%

2. Particle size distribution--Figure 4-56 is a plat of particle size

(um) vs accumulated weight percent, the latter plotted on a probability scale
as explained in Section 3.2.3 B. Two sets of curves are presented, one
including the impinger’catch.and the other ignoring it.  Considering that
almost all the particulate material is caused from salt splash, it is believed
that the impinger catch should be included in the measurements of the suspended
particulates for size distribuﬁion. The breakdown of the garticle size distri-

bution including the impinger catch is as follows:

Percent of Particles
>101m 10-3um 3-lum <lum
'Test 147 inlet : a 8 14 74
Test 14S outlet 5 7 10 76

The mean particle size based on the curves in Figurg 4-56 is a 0.15um
for the inlét and about 0.25um for the outlet. These are aéssentially the
same values, considering the accuracy of the‘data. Normally the mean
particle size should be higher for a baghouse inlet than the outlet. If
‘tean particle size is the same, as in this case, it might indicate that there
was a bag leak which might also explain the relatively low collection

efficiency (90%) for a baghouse.

P
s

3. Chemical Composition--Table 4-62 lists the results from the chemical

analysis of the patticulate’ftaction‘for each of the tests discussed in this
section. As would be expected, chlorine is the most abundant element in each
particulate fraction. Potassium, sulfur, carbon, and barium are next abun-

dant. Sulfates concentration dominated the impinger catch. Iron, nickel,

molybdenum ard manganese seemed a little high in the impinger catch. This

KVB 35C¢-733
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Figure 4-56. Particle size distribution for steel heat
treating operation (Test 14)
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‘" TABLE 4-52. CHEMICAL COMPCSITION OF PARTICULATE SAMPLES
IN PERCENT FOR STEZL HEAT TREATING (TEST 14;
Ihlet Qutlet
1okm 3um l4um
Cyclone Cyclone Cyclone Impinger
SAMPLE # _ 143-25  143-3s 14J-4S .148-1IC
WT. PERCENT OF CUT 14 11 . 38 S5
XRF ANALYSIS .
" Barium 2/0.3 t <
Calcium t
Chlorine 30/10 38/i0 30/10, 8.9/3
Chromium . t 1.7/0.2
Cobalt t
Zron T T o4 9.3/1
Manganese t
Molybdenunm t
Nickel 2.2/0.3
Potassium 10/3 14/5 - 13/3 t
(Sulfur) - (<8) (<4) (<2) (15/5)
TOTAL .42 52 43 22
Sulfates, H,0 sol? A t Tt 32
(Sulfur, from so:)" (e (t) (t) (10.7)
Nitrate (H0 sol)? t t 3.8
Total Carbon® C 5 5 2.7 8.1
' (Velatile Carbon)? (5) . (3 (1.37) (6.6)
(Carbonates) ’ : €.
TOTAL ANALYZED 47 - 57 46 - 66
BALANCE , : . 52 42 53 34
100% "100% 100% 100%
Y detected in concentration of <ls
1 qulyzad by x-riy fluorescance--Section 3.2.2 B
2 anslyzed by wet chemistry--Section 3.2.2 A
3 analyred by Oceanography carbon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfurwsulfate/l) to compare wizh suifur
from XRF
5 for values shown as X/Y, X is b of the element present and Y
error (i.e. Xv = Y
() not included in total-—sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accountasd
total carbon

KVB 5806-783



could be frem stainless steel contamination, caused from sulfuric acid and
hydrochloric acid attack. Potassium and barium tended to favor the larger

particles. Nitrates in smaller sizes showed up mainly in the impinger catch.

4. Enissions and emission factors--Emissions and emission factors can

be listed with several different units. The following lists some of these

emissions and factors.

Units Test 147 (inlet) Test 1l4S{outlat)
gz /DSCF | 0.0593 ' 0.0028
T/yT . : : 21.6 ' C2.2
1b/hr ) 10.58 . . 1.1
1b/ton processed ‘ 0.14 “ 0.01

4-184 ‘KV'B 5806-783



4.2.16 abrasive Blasting

© AL Process Description (Ref. 4~17)--

Abrasive blast cleaning is the operation of?cleaning,or preparing a
surface by forcibly propelling a stream of abrasive material against the
surface. Blast cleaning operaticons may be classified aécording,to: (lf the
abrasive material used, (2) the method of propelling the'abrasive, and
{3) the equipment used to control the abrasive stream or move the articles

being cleaned into the abrasive stream.

The oldest and most widely used device to confine and control the
blast is the blasting rocm (Fiéﬁre' 4--57) which conéists of an enclosure with-
the operator inéide manipulating che blast from a hosé. Blasting rooms
vary widely in their construction. Orie popular design is the all-stael, pra-
fabricated room with floor grat;ng ahd a completely automatic abrasive re-
covery system. These systems usually use specialized or othexr abrasives
such as carbide and walnut shells and often have monorail conveyots, rail
cars, or rotating tables to aid the operatbr in handling the objects, which
are usually large and peavy. Figure 4-57 shows the blasting room setup
tested on this program. The grit used was aluminum oxide (Ali 03) and the

metal being blasted was heat treated stainless steel.

B. Particulate Test Setwup-- S

Tﬁo sampling trains were used simultaheousiy co sample the inlat
ana outlet of the baghouse. The inlet station Qas located on the horizontal
duct (36" diameter) approximately five ft. froﬁ the baghouse. The recﬁanqular
outlet stasion (35" x 39") was located about 3 ft. above the blower. The
velocity profile in both inlet and outlet ducts are listed in Table 4-53
The larger sample train was used on the outlet duct at veloci;y point #7
with a 5/8“ nozzle, and the smaller sample train was used on the inlsc duct

at velocity point #3 with a 5/16" nozzle.

C. . Test Results--

The results of the tests (Test 34J and 348) discussed in this section

are listec in Table 41, Elemental composition, sulfate, nitrate, and car-

"bon ahalysis were determined for all fractions of particulate catches which

contained weights in excess of 100 mg. The details for. these procedures are

discuésed in Section 3.2.2. Table 4~64 lists the results of this analysis.

4-155 ' KVB 5806-783
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TABLE 4-63.

VELOCITY PROFILE FOR ABRASIVE BLASTING (TEST 34)

QUTLET

Sample point

/5/8" nozzle

/
4 8 12 1%
. / , .
3 (é 11 135
35"
2 6 10 14
Sample point
'S§/16" nozzle
1 5 9 13
X ‘ v
%" ) -t *+‘ -~ A
4-7/8 9-3/4 9-3/4' 3-3/4 4-7,3
Temperature: 66°F L 39" —
Static Pressure: -0.5" Hzo ' Temperaturs: 72°F o
Static Pressure: +2.1" H.D
Distance frbm veloci Diﬁtaﬁce from Velocity
Edge of Duct Soooity Edge of Duct | Point Point
{inches) Point# | ft/sec (in®hes) 4 ft/sec # ft/sec
1-1/8 1 | 23.0 4-3/8 1 35.4 9 24.1
3-3/4 2 25.8 13~1/8 2 35.4 10 15.0
7 3 26.6 21-7/8 3 44.4 11 20.1
11 4 27.4 30-5/8 a 66.9 12 63.5
18 R 27.4 4-3/8 S 20.1 13 6.7
24-1/2 5 28.2 12-1/8 6 16.4 14 14.9
29 2] 28.0 21-7/8 7 31.5 15 14.9
32-1/4 7 29.7 30-5/8 8 65.5 16 0
34-7/8 8 26.6.
Average: 27.1 ft/sec Average: 29.6 ft/sec

11635 sSCM

16509 SCF4
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TABLE 4-64.

CHEMICAL COMPCSITION OF PARTICULATE SAMPLES

IN PERCENT POR ABRASIVE BLASTING (Test 34)

10um C3um lum
Cyclone Cyclone yclone
SAMPLE # 345-28 345-33 34J-45
WT. PERCENT QF CUT 37 1.3 c.2¢
XRF ANALYSIS
Chromium t t ot
Copper ‘ <0.1 <0.1
Iron £ 1872 15/2
Manganese bt t ‘t
Molybdenunm T *
(Sulfur) (<35 (<3 ey
Titanium t 2.3/2.3 6/2.3
Zirceniuz t t =
roTaL’ 1.8 22 20
Sulfates, H,0 sol® Tt
(Sulfur, from SCZ) (t)
Nitrate (HZO sol)? t t t
Total Carbton® 1.0
(Volatile Carbon)?
(Carbonates) ’ t
VTC‘I'AL ANALYZZED 3 22 25
BAZANCE (Primarily ALZOB) Co97 78 3C
100y 13Cx 13C3%

"

& w oW

detscted in concenctraticn of <lb

analyzed by x-ray fluorsscance-—Section 3.2.2 8

analyzed Dy wet chemistry—Seczion 3.2.2 A

analyzad by Ocsancgraphy carbon andalyIer--Secz:iomn 3.2.2 A

calculated from sulfatas (sulfluswsulface,/3) o compare wizh sulfur

from XRF

for values shown as X/Y, X 13 8 of the elasent present and ¥ 13 the
erTor (i.e. XV 2 Y )

not inciuded 1n total-—sulf:r and sulfates are accowmntad for in sulfur
IRF analysis and wolazilae carbon and carSonate are accountad 2or in
zo~al carbon

4-138 - XUVB 58C6-783



D. Discussion of Resultg--

1. Baghouse efficiency--Using the mass loading (lb/hr) for bo+h inlet
and. outlet to the lLaghouse, the efficiency was calculated to be 93.3% from

the equation: efficiency = [(mass out - mass in)/mass in | x 100%.

2. Particle size distribdtion—-Figu:e 4-58 is a plot of particle size

(um) vs accimulated weight percent, the latter plotted on a‘probability scale
as explained in Section 3.2.3B. . Two sets of curves are presented, one including
the impinger catch, and the other ignoring it. ‘Considering that nearliy all

the particulate material in the ducts are aluminum .oxide (Al 0O , it would

2 3)
seem that the effaces of pseudo particulates would not be pressat. Therefore,
the impinger 'catch was believed to be properly included in the measurements of
the suspenged parti:ulates.b The breaxkdown of ths particle size distribution
including the impinger catch is as. follows:

, Percent of Particles

>10km . 10-3um 3-1um <lum
Test 34J (inlet) 93 . 3.5 1.7 1.8
Test 345 (outlet) 14 6 6 74

The mean particle size for the inlet is “100um and the mean size for the

‘outlet is O.6um.

3. Chemical composition--Table 4-54 lists the results from the chemical

analysis.of the particulate fraction for the tests discussed in this section.
Unfortunately, the most abundantlspecies; aluminum oxide A1203' was not

le to be detected by XRF analysis. ron (iron oxide)‘found in the cyclones
was significant in quantity (15-18%). Apprpximately 2% titanium and 3%
sulfur was detected. The titanium is attributed to residual materiais from

parts being grit blasted in that facility previously.

KVB 5806=-783
4-189
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Figure 4-58. Particle size distribution for abrasive blasting

(Test 34)
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4. Emissions and emission factors--Zmissions and emission factors can

be listed with several different units.

emissions and factors.

gxr/DSCF
T/vr
lb/hr

1:/ton processed

Test 34J
(uncontrolled)
1.922

99.4
191.2
1530

4-131

The following lists some of these

Test 34S
{controlled)

. 0.0009
0.07
5.125
1.0

KVB £3C6-733
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4.2.17 Al'minum Fovndrv (Reverberatorv Furnace)
A. Process Description—-

Secondary aluminum cperctions involve making lightweiéht metal allovs
for industrial castings and ingots. Copper, magnesium, and silicen are the
most common alloying constituents. Aluminum alloys Hor castingsna:e melzed
in small crucible furnaces charged by hand with pigs|ané foundary returns.
Larger melting operaticns use open-hearth :everberat‘fy £urnaces with the same

vﬁype of materials but by mechanical penas. Small operations sometimes use

sweating furnaces to treat dirty scrap in preparation for smelting.

Reverberatory furnaces, as shown in Figure 4-59, cf 20-30 ton heolding

cagacity are zcrmmon. Usually cne heat is groduced in a 24-hour perisd; howsver,

the time par heat in different shops variss Zrom fcur Douwrs oo oas Tush as
nours. This type of furnace is ccrmmenly used to melt a variecy of scrop. The

materials charged, method ©I charging, size and design of the furnace, nea:

2]
g
i
o
I
o
[
',4
3

input, and fluxing, refining, and alloying pro have some iniluence
on the time regquired to complete a heat. After the charge is coﬁpletely malted,
alloying ingredients are added to adijust the composition to required specificatics
Large quan+tities of fluxes are added when scrap of small size and low grade is
melted. The flux in scme cases may amcunt to as much as 30s of the weight of
scrap charged for the older type furnaces (Ref. 4-28). However, fsr the newer
type of furnace tésted here vefy little flux is used. The reverkeratory Iur-
nace tested on this program is shown in Figure 4~59. It was producing aluminum
for casting billet for extruding. The furnace had no emission controls.
Premixed gas and air enter the furnace and produce a long rotating flame which
melts the‘charged material. The combustion products (stack gas) are d:awn‘up
the stack by natural draft. Part way up the stack is an opening which allows
airto be pulled in the gases. This partially cocls‘the 1,500 °F stack gas.

Alsc in this cpen section is an air damper which reduces the natural draft

forces and thus help hold the heat in the furnace.
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Figure 4-59; Thirty-five ton aluminum reverberatory

‘melting furnace.
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B. Particulate Test Setup-—

m™.0 sampling trains were used simalita_.eocusly to sazmple the stack gases
at the same location to obtain an accuracy assessment of the two trains and o
have more reliable data.. The location of the test station was cn the cpen
{air dilution) section of the stack just below the air damper as shown in
‘Figure 4 59 A 1-1/4" nozzle was used with the larger SASS train and a
3/4" nozzle was used with the smaller Joy train. The velocity rcrofile in the
stack for high firing and for low firing is listed in Table‘4—65. Theze
seemed to be some turbulence in this region. However, this was the only possible
locatior for the test. The turbulence was caused from the flow of dilution
collingair entering the stack. The air &amper was not used during this test

o

macausa i= would have groduced a more severe turbulence croblenm.
c. Test Results—-

The results of the tests (Test 13S ana 15G) Aiscussed in this ssction,
are listed in Table 4-1. Major elemental composition, sulfate, nitrate, and
carbon aralvsis were Jdetermined for all fractions of particulate catches which
contained weights in excess of 100 mg. The details for these procedures are

discussed in Section 3.2.2. Table 4-65 lists the results Zrom these analyses.
D. Discussion ox Reéults~—‘

1. Particle size distribution--Figure 4-60 is a plot.of particle size (um)

versus accurulated weight percent, the latter plotted on a probability scale as
explained in Section 3.2.3.B. Two sets of curves are presented, one including
he impinger catch and the other ignoring it. Censidering that about half the
material collected was in the impinger, it would seem that the effect of pseudo
particulates would be small. Therefore, the impinger catch was believed to he
properly included in the measurements of the suspended‘particulates for particle
size distribution. The breakdown of thé particle size distribution, including

the impinger catch, is as follows:

Percent of Particles

- 210 gm 10-3 um 3=-1 um <1l .m
Test 108 S 4 S 86
Test 10J 9.5 3 2 86
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TABLE 4-65.

VELOCITY PROFILE FQR ALUMINGM REVERBERATCRY FURNACE (TEST 1C)

Sample Point

SASS: 1.357
Joy: 0.7S"
Nozzle

\\\\\\\\

\\\\

A.——A>|f°:4

\

S

: 3

1 12 19 [NJ

N

S

N

AN

N

'Q

s R
NN

N \\\ N

Stazic Pressure:

‘9.03" H,O

o

|
40"

L

Distance T

ron

Zdge of Duct

Velocitwy

High Firing

Low Firing

(inches) Point #  Ft/Sec (1456 °F) Fe/Sec (1092 °F)
13 1 25.3 12.16
23 . 2 29.8 8.63
33 3 32.6 19.75
a3 4 0 37.7 0
13 5 20.8 13.60
23 "6 22.1 -7.81
33 7 29.8 0 -
43 8 '26.9 18.04
13 9 17.9 14.59
23 10 21.3 -26.08
33 11 13.3 -18.38
43 12 18.8 0
13 13 19.7 13.00
23 14 20.0 16.70
33 15 0 121.80
43 16 13.3 25.50
13 17 16.6 22.30
23 18 1z.0 18.38
33 19 0 21.05
43 20 0 21.05

Average: 18.9 8.34°
3518 SCFM 2207 SCFM
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TABLE 4-66.

CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR ALUMINCM FOUNDRY

SASS SASS
Imninger Filtexr
SAMPLE i 10s-IC. 10s-5s
WT. PERCENT QF CUT 38 23
XRF ANALYSIS
Calcium 3/1 2.6
~Chlorine 11/4
Chromium t
Copper 6.2
Iron 6/.7
Manganese T
Nickel b=t t
Potassium t t
{Sulfur) (6/2) t
Zinc i £
TOTAL 23 10
Sulfates, H,0 sol® 7 t
Suﬁm,ﬁmnwD“ (5.8) (t)
Nitrate (H,0 sol)? t
Total carbon? .13 t
(Volatile Carbon)’? (13
(Carbonates) ? t
TOTAL ANALYZEID 33 i0
BALANCE 47 20
1008 100%
t detectad in concentration of <l
1 analyted by x-ray flmrcscanul—smicn Jj.2.2 s
2 analyzad by wet chemistry-—-Sectica 3.3.2 A
3 miyz.d by Ccaanography carbon analyzer--Sectiom 3.2.2 A
4 calculated from sulfates (lulfur-iulzlulfl) o compare with sulfur,
from XRF . '
S for values shown as X/Y, X is & of_ the slement present and ¥ is the

)

erzor {i.e. X% 2 Y )

not included in total--sulfur and sulfates ars accounted for in sulfur
XAF analysis and volatile zarbon and carbonate are accountad for in
total carbon

4-196
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|
Figure 4--60. Particle size distribution for aluminum

foundry’ (Test 10)
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'The mean particle size is <.l um for aluminum melting furnaces. In spite of
the highly irregular flow conditions measured in the duct the particle size

distribution measurement with the two different trains were surprisingly similo..

2. Chemical composition--Table 4-66 1lists the results from the chemical

analysis of the particulate fraction for each of the tests discussed in this
section. Sulfates concentration is much higher in the impinger than on the

filter. Carbon, iron, and chlorine were higher in the impinger than on the

filter.

3. Emissions and emission factors-~Emissions and emission factors can be

listed with several different units. The following lists some of these emis-

sions and factors:

Uncontrolled Emission

{New type surface) _ ‘ Test 10S Test 10J
gr/DSCF - " 0.0026 0.0021
T/vx ‘ c.17 0.14
1b/hr 0.072 0.058

1b/ton 0.02 0.02

(014 type surface) ‘

lb/ton (Ref. 4-29) 4.30 4,30
The new type of furnace is a method .f control (process and equipment improve-
ments) . Thg’data shows a 99% feduction of emissions with the new furnace. The
emission factor used for thé‘inventory was taken from AP-42 because'nearly all

of the furnaces in the Basin were of the older type.

4.2.18 Steel Production--Sinter Plant

A. Process Description--

The sinter operation is only a small part (about 5% of the emission)
of the total production of steel. Figure 4-61 (Ref. 4-30) shows the basic
flow diagram of iron and steel processes. Each of these operations can be done

- at the same location or done separately at different lccations.

306-7
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Figure 4-61. Basic flow diagram of iron and steel processes,
(P) denotes a major source of particulate emissions.

4-199

KVB 5806-783



Sinter is an agglomerate made from small particles of iron-bearing
materials fused or fritted together at high temperature. In the sintering
Process this high temphrature is achieved by burning carbon in the form of
fineiy crushed coke in the_sintering—machine’feed‘mix. Flux can be added in
the feed mix to eliminate flux charging partially or completcly in the subse-
Quent irommaking operations. The flexibility of the précess‘permits convexr-
sion of a variety of materials, including naturally fine ores; ore fines from
screening operaticns, flue dust, and ore concentrates; and other iron-bearing
materials of very small partic:ie sizé into a granula:; relatively'coarse form
well suited for the blast furnace. A continuous sintering process is shown
in Figure 4-62 (Ref. 4-31). A traveling grate convéys a bed ¢f ore fines,
or otzer Iinely diyided i:on;bearing material, intimately mixed with ap;rcxi¥
mately 3% of a finely divided coke. Near the head or feed end of the gratef
the bed is ignited on the surface by gas burmers, and as the mixture moves

along the traveling grate, air is pulled down through the mixture to burn the

fruel by downdraft combustion. As the grate moves coatinucusly over the wind

.boxes toward the discharge end of the strand, the combustion front in the bed
: -]

moves progressively downward. This creates sufficient heat and temperature
(1313-1480 °C, 2400-2700 °F) to sinter the finc ore particles together into
porous, coherent'lumps. Sinter plants with production capacity of about 20,000
tons/day can be constructed. The unit tested on this program had production

capacity of 50C0O tons/day.
B. Particulate Test Set-up-—

Two sampliing trains were used simultaneously to sample the inlet and
exit of the baghouse as shown in Figure 4-62. The inlet station was located
on the horizontal underground section of the duct leading to the baghouse. A
section &" widevand 4' long was provided to sample the flue gases. Table
4-67 lists the velocity profile in the inlet and outlet dﬁcts.. The outlet
duct was on the vertical section leading down %o the fan. The inlet sample
was taken at velocity point 6 (Table 4-67) with a 1/4" nozzle and the ocutlet
sample was taken at Qelocity point R with a 1/2" nozzle. Note that the inlet

low is about 83% of the ocutlet flow.
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Continuous iron ore sintering process.
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as follows:

The reason for this was that another sinterinq plant which usually
feeds into the baghouse was down for repair. The duct from that other plant
was disconnected from the baghouse andvthe opening in the kaghouse wall was
only partially closed. Therefore same fresh air was drawn in through the

pacstially open duct.
C; Test Results--

The results of the tests (Test 26J and Test 263) discussed in this
section are listed in Table 4-1. Elemental composition, sulfate, nitrate,
and carbonanalysis were determined for all fractions of particulate catches

which contained weights in excess of 100 mg. The Zetails for these procedures

are diséussed in Section 3.2.2. Table 4-58 lists the rasulss from these analyses.

1. Baghouse 2fficiencv~-The calculated efficiency fcr the baghousé based
on the total par=iculate catch is 72.5%. Neglecting the impinger zZatch on
both trains the efficiency ié 97.8%. The EPA Method 5 ignores thé impinger
zatch therefore the higher efficiency would apply -- whereas.the SCATMD

includes the in.inger catch and this method wculd indicate the lower value for

efficiency.

2. Particle size distributicn--figure 4-53 is a plot of particle size

(:m) vs. accumulated weight percent, the latter plotted on a probability scale
as exzlained in Sectidn 3.2;33. Two sets of curves are presented, one includ-
ing the impinger catch, and the other ignoring it. Considering the large amount
ofma:érial collected in the impingers, it would seem that pseudo partigulates
would not significant.y add to the tctal weight. Thereiore, the.inpingez catch
Qas believed to be properly included in the measurements of the suspended
particulates from sinter plants for particle size distribution. The break-

down of the particle size distribution, not ineluding the imginger catch, is

Percent of Particles

. , : >101m 19-3 m 3-1m  <ium
Test 26J inlet 6 1.0 1.0 92
Test 265 outlet 2 1.2 1.4 95

The mean particle size for the inlet as well as the outlet is less than 0.1 .m.
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TABLE 4-53. CEEMICAL COMPOSITICN OF PARTICULATE SAMPLES
IN PERCENT FOR TEST 26
SASS Joy . :oy . Joy SAss Sass Joy
icu 10u Inlet 3X 1Inlet Exit Exit Inlet
. Cv:lone Cyclone Cyclone Pilter Filter Ixzinger Impiager

SAMPLE # 265-25 26J-25 26J7-~45 265-55 | 265-55 258-IC" 265-1IC

Wi, PERCINT IF IUT 3.2 5.2 12 43 , 3.5 gl 12

XRF ANALYSIS '

Arsenic 14 T
Sromine . e LI t
Cadmium t t T
Talcium 9.3/2 2/3 1.1/0.4 t
Chlorine 4.9/2' as3 l4/5 22/10 30/10 17/4 16/5
Chromim t 3.4/0.4
Zopper 3 * 1.6/G.4  1.2/9.2 1.8/9.2
= t v t
202 2z L 7.2 = = i3
< 2, 3.2 i3.°2 2/2 L2
1.3/0.3
St 52 5/4 18/5 /7 . € t
z 3 £ 5
HETNEL5 (175 (18/9) S (15/5) [SLVE-N
Titanioz <
eilC t < t '

SCTALC a0 45 4‘3 S5 &5 24 7

Sucfazes. 4.3 sort .23 6.21 .12 1.a2 7.46 22.31 25.49
3alfur, from "‘i" (2.74) ‘.'2.5) I =z 14 (2.39) (7.60) (3.53;

Nitzate H:- 30%; " € t }

Tital Zarson’ 15 7 t z 11 6
‘“Vzlatile Zazzes ] (12 N (103 s
‘Carscrates | = 157

TOTAL ANALYIID - 63 " 83 : 52 56 72 58 438

2alaxce ’ 37 47 43 44 8 42 52

120w peelel 1CCy 12Cs joels] ) 1%0s 13C»

&3 detected i3 concentration of <A

b ana vzed by x-ray fluorescence--3ection 3.21.2 3 ,

2 wnalyzed Ty wat chemistry—sectian 3.2.2 A

3 analvzed &y Cc.Wy Sarbon analyzsr-—-Seccion 3.2.2 A

1 caloulazed from sulfates (sulfur=sulate/1) o compars wizh salfuc

Irom IXY
5 for valuss shown as XY, X is § of the slamans Presment and Y 5 <hae
4£ror (i.a. X% 2 Y ) ,
[ 2ot included in total--sulfur and sulfatas are accounzed %or in sulfur
IRP acalysis and. wolatila sarSon and carbonate are accouncted f2r in
total carbon :
4-273 X3 38Ce-792
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Figure 4-63. Pparticle size distribution for sinter plant (Test 26)
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3. Chemical composition--Table 4-58 1lists the results from the chemical

analysiS of the particulate fraction for each of the tests discussed in *his
section. Sulfates are most aburdant in the impingeré. Chiorine was detected
in large concentration, 5-30% in ail size fractions and had the largest concen-
tration on the filters. Calcium was found primarily in the first cyclone.

This indicates that the calcium is concentrated in large prrticles. Lead

tends to concentrate in the 0.5 um size range. Iron is in the form of larger
particles, >10 um. Potassium seems to follow the pattérn of chlorine. ‘

Possibly the cocmpound is KC1.

4. Emissicns and emission factors—--Emissions and emission factors can be

listed with several different units. The following lists some of these emis-

sions and facters.

Uncontrolled Contrclled
Units Test 257 Test 2¢3
gz/DSCF 0.205 . C 0.0459
T/yx 709 ' : 185
5/hr ' 170.4 - 46.32
1b/*onr produced 3.4 ‘ 1.0
1b/ton produced-AP-42 (Réf. 4-34)22 - , 0.67

4.2.19 Steel Production--Open Hear+h Furnace

Al Process Description (Ref. 4-35 and 4-36)

In the open hearth process, a mixture of scrap iron, steel and pig
iron is melzed in a shallow rectangular basin. or "hearth," for which various
liquid gaseous fuels provide the heat. Impurities are removed in a slag

(see Figure 4-64).

Emissions from open hearths consist of particulates and small amounts
of fluorides when fluoride-bearing ore, fluorspar, 1is uéed in the charge. The
particulates are composed primarily of iron oxides, with a large portion
in the 0 to 5 ﬁicrcmeter size range. The guantity of dust in the off-gas

increases considerably when oxygen lancing is used.

The devices most commonly used to control the iron oxide and fluoride

particulates are electrostatic precipitators which effectively remove

4-208 KVB 5806-753
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3. Particulate Test Set-up—

Two sampling trains were used simultaneously to sample the inlet and
outlet of the eiectrostatic precipiiator. The inlet station was located on
the vertical duct leading upward to the ESP. The outlet station was located
cn the vertical duct leading down to the fan. ~Tﬁe velocity rrofiles in the
inlet and outlet ducts are listed in Table 4-59. Velocity coints 8 ardé 18
on the inlet were not able to be measured due Lo the geometry of the port and
pitot tube. A 1/2" nozzle was used at velocity point 12 on the inlet and a 9/18"™

nozzle was used at velocity point R on the outlet.

C. . Particulate Test Results——

which contained welghts in excess of 100 mG. The details Zor these trocedurss

are discussed in Sectien 3.2.2. Takle 4-72 lists the results from these aralyses.
D. Discussion of Test Results-——

1. El2ctrostatic precipitator efficiencv--The calculated efficiency for

the ES? based on the tbfal particulate catch is 84.2%. Neglecting the impinger
catch on both trains the efficiency is 90.3%. The EPA Method 5 ignores th
impinger catch; therefore, the higher efficiency would apcly. Whereas, the
SCAGMD includes the impinger catch method andiindicates the lower value for

the efficiency.

as explained in Sec*tion 3.2.3B. Two sets of.cu:ves are presented, one includ-
ing the impinger catch, and the other ignoring it. Considering the large
amount of material collected in the impinger, it would seem that the effects
of pseudo particulates would be insignificant. Therefore, the impinger catch
was believed to be progerly included in the measurements of the suspended

particulates frcm open hearth steel producing furnaces. The kreakdown of the

XVE 5306-783
4-208 >
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TABLE

4-69. VELOCITY PROFILE FOR OPEN HEARTH FURNACE (TEST 37)

e

Inlet Qutlet
—_— E
3 .6
7 15
6 14
> 13, Sample point
4z 4 @-"""—1/2" nozzle
> H | Sampl
ample point
2 10 9/16" nozzle
1 9
|- 36 " -
Temperature: 467 °F
Static Pressure: -4,2% H20
42"
Temperature: 415 e
‘Static Pressure: -4.2" HZO
Distance Velocity Distance Velocity
from end ‘ from end ‘
of port Point, Point of port Point Point
{inches) # ft/sec. # ft/sec. (inches) i ft/sec " ft/sec.
5-5/8 1 27.3 9 25.3 4-3/8 1 5.3 . 9 50.5
10-7/8 2 127.3 10 25.3 7-3/8 2 59.7 10 63.8
16-1/8 3 28.3 11 25.3 12-1/4. 3 61.8 11 69.6
21-3/8 4 24.3 12 "23.1 "16-1/2 4 63.8 12 639.6
26~5/8 5 23.1 13 23.1 24 R 63.8 R 67.7
31-7/8 6 - 24.3 14 14.86 31-5/8 5 63.8 13. 22.5
. 37-1/8 7 23.1 _15‘ 14.6 36~3/4 6 63.8 14 22.5
43~-3/8 8 20.7 16 14.6 40~-5/8 7 63.8 15 22.5
Average: 22.68 ft/sec. Average: 54.2 ft/sec.

21,539 SCFM

18,584 SCFM

4-209
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particle size distribution for the inout and outlet to the ESP including the

impinger catch is as follows:
Percent of Particles

slopm 10-3 m 3-1pm <lim
Test 36J (inlet) 8.0 5.0 4 83.0
Test 365 (outlet) 2.2 3.8 7 87.5

The mean particle size for the ESP i~ <0.1 m for the inlet and outlet. This

agrees with AP-42 as menticned above in the Process Descriptien.

3. Chemical composition of particulates-—Table lists the results

from the chemical ahalysis of the particulate fraction for the tests discussed
in this section. Sulfates were found to be most abundant in each size cut.
Carbon was detected in the high_conéentrations in the impinger fractions.
Iron, zotassium, anéd zinc were also found to havs sign;ficént quan:i:iés

in each size fraction.

4. Emissions and emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these

emissicns and factors for these tests:

Controlled Uncontrolled
Units . ._Test 26AS Test 260
gr/oscF | . .+ 0.0366 | 0.206
T/yr ‘ | : 22.3 141.4
1b/hr - 5.53 o 35.1
1b/ton produced ‘ 0.67 ‘ . » 4.2
1b/ton produced (Ref. 4~37). ‘ 0.35 . _ 17.4

XVB 5806-783
4-211 .
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TABIE 4-70. CHEMICAL COMPCSITICN OF PARTICULATE SAMPLES
' IN PERCENT FOR TEST 36

SASS : Soy Joy

1um SASS SASS 10um lim Joy Jovy

, . Cyclone ?Filter Impinger Cyclone Cyclone Filter Imp
SAMPLE 3 : . 365-4S  365-5S 385-18 363=-2S 36J-45 365-38 35°

WT. PERCENT QF CUT o 9.7 5 44 12 26 19

XRF ANALYSIS

Calcium T 1.2/0.5 t 2.2/0.4 t t’
Chromium . 1.1/0.2 1.2/0.3 2.2/0.4 t 3 1.3/C.3
Czoper T . . t z t A4 b4
Iron . is5/2 11/2 8.2/1 18/3 13/2 8.2/1
Lead ' . . t € t t t

T L 1.1/0.2 T t

Manganese 1.0/0/2

~
t

it

1.2/3.2 = 14 <

4.5/1 5.3/1 3.1, 3.3 3.3/1 6.1 1
(27/10) (33/10)  (18/6) (25/10)  (28/8) (3371} (&
|4 T ‘ T o <
11/2 3.9/1 9.0/1 9.3/1  7.4/0.3
25 3 13 24 3 28
Sulfazes, H)D soi®’ 38 41 k] S 32 41 a3
{Sulfur, from soZ)‘ (12.8) (13,8 (12.8 {(12.9) (13.7)  (l4.3) (1
Sifraze (1,0 sol)’ t * £ * z t
+acal Carbon’ - ' 21 23
{Volatile Carbon)’ (21.82, {20
(Carbonates) ! .
TOTAL ANALYZED 84 72 74 ' 66 72 70’
3ALANCT 16 28 26 34 28 30
1508 100% 100% 100 100 100%

“

d.:tc{nd in comcentration of <1M

anaiyzed by'x~::y fluorescence—-3ection 3.2.2
analyzead by wet chemistry——Secticn 3.2.2 A
analyzad by Ocsanography carbon analyzar--3ection 3.2.2 A

Wt

calculated from sulfares '‘sulfuresulfate/3) to compare with sulfur
from XRF ’

5 for values slown as X/Y, X i3 v of the eledant prasent and Y is the
error (i.e. X% = ¥Y)

[ G not included in total--sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accountad for in
total carxbon

4-212 : KVB 5806-783




CHEMICAL PROCESS

4.2.20 Boric Acid Production
A. Process Descriéticn (Ref. 4-38) -~

Sulfuric acid is reacted with borax to producé boric acid and Glauber

salt, (hydrated sodium sulfate, Na,SO,-10 HZO)' These products are then separated

2774
on a vacuum filter. The boric acid cake is redissolved, filtered, crystalized,

4

centrifuged, dried, and screened. The Glauber salt follows a similar circguit

except for an additiocnal step of conversion to sodium sulfate. Figure 4-66 is

a flow diagram of the process.
B. Particulate Test Setup--

Two sampling tains were used simultaneously to sampls the inlé:‘ani
outlet of the baghouse which contxols the dust lcad from the boric acid drvers.
The inlet station was located on the vertical section of the rectangular duct
leading to the bagﬁouse. The dry train was used on this étacion which was at

least eight feet from the nearest bend or obstruction. The outlet station was

‘located on the horizontal section of the duct abeut five feet ahead of the

‘blcwer.and 15 feet from the old baghouse. As shown in Figure 4-66, the flow

from the dryers was spit into two parts which went to two baghouses operating
in éarallel. The outlet from‘the older of the two baghouses was tested with
the SASS$ ﬁrain. The velocity profile in the inlet duct to both units and in
the outle£ duct from the older baghouse is listed in Table "4-71. If.it was
assumed that the volumetric fiow through both baghouses were the same, then
the total flow from the baghouses would be 22,000 SCFM. This would compare
17,000 SCFM for the inlet and 22,000 SCFM for the outlet. This difference is

due to leaks because the system is under negative pressure.

cC. Test Results--

' The results of the tests (Test 175 and Test 17J) discussed in this
section are listed in Table 4-1. Eleﬁental composition, sulfate, nitfate

and carbon analysis were determined for all fractions of particulate catches
which contained weights in excess of 100 mg. The details for these procedures

are discussed in Section 3.2.2. Table 4-72 lists the results from this analy-

sis.

KVB 5806-7S3
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TABLE 4-71.

VELCCITY PRCFILE FCR BORIC

ACID PLANT (TEST 17)

9 8 7t XN 3 2 1+ Top
36" 6 5 CJ;\Q' 1 277 18 3 C}Z“Sample Point
32 1y e 9 8 7+ 5/8" Nozzle
40" 1/4" Nozzle e"
Temperature - .50 °F Temceraturs - 130 °r
Static Pressurs - L3" 2.0 Static Pressurs - 15" Z-E:
Distange From , Velocity Jlstance Trom Velocit .

End of Duct Point No. f£t/sec Znd of Duct Point No.  f</sec
13-1/4 1 6.4 6 1 30.1
19-3/4 2 44.5 18 2 32.3
33 3 33.9 30 3 30.5
13-1/4 < 38.9° 3] 4 32.3
13-3/4 5 38.1 18 5 3..2
33 6 37.9 30 5 33.3
13-1/4 7 28.1 8 7 23.3
19-3/4 3 14.7 18 2 34.4
33 9 38.9 39 | 9 3.2

Average 34.8 £t/sec|| Average 31.2 £+,
177.99 SCTM | 11387 sCTm

KVB 58C6-783



TABLE $-72. CE=EMICAL CCOMPCOSITION CF PARTICZULATE SAMPLES
IN PERCENT

FCR BCRIC ACID (TEST 17)

Imgpinger BREN..d
Inlet Cutlet Inletx Tut
SAMPLE # 172-IC 175-IC 173-25 p

A%
-

WT. PERCENT OF CU 29. 84
XRE ANALYSIS
Chlorine t t

Chromium,

Iron * '

(Scifoxy ' (<2.3) t =
TOTAL” - ks *
Sulfaras, H,D sc;:_ 1.9% - -

. 2

(Sulfus, frem sO)° : t S
Nitrate (I'ZC sol)? t t 1.38
Total Carben 3.0

{(Volatile Carbon)’ 303

(Carborates)’ -

TCT: AIALYIED '

L]
e
[\

SALANCE Prohacivy #2230 3

a
[
(9]

w
.
0
O O
0
03]
@

]
(]

b4

>

s
()
O
™
Fa
[
(@]
e

, 12 dmteczed in concentrazisi of <ia L N

i analyzed by x-ryy fluorescance-—-Section 3.2.2 3

2 analyzed &+ wat Chemstry-—-Section 3.2.1 A

3 analyzed by Oceanograghy carbon: analyzer--ection 1.1.2 A :

4 calsuiated from sulfazas (sulfurwsulfaze/3) o osopaTw with osul fur
Irom X3P

5 T‘:r valies shown as XY, X 13 % of the slament Cresent and 7 i3 tue
arTor (L.e. XV T Y )

€ not iscluded in total——sulfur and sulfates ase acscimied for

b S
IRF analys:s and Olatilae carhon and CaArbonata ars acomunted for
Total carbon

4-21¢% ‘XV3 33Ce-7
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mainly sulfates. ' '

D. Discussion of Results--

1. Baghouse efficiency--Using the total weight data (including the impinger -
b} S 3

catch) from both samplingtrains for. the inlet and exit to %he baghouse, and
assuming that the inlet stream was equally divided between the two baghouses
(cne baghouse was tested), the efficiency was calculated to be 98.7%. If onlvy
the solidlweights (£ront hélf of sampling tain as used by‘EPA Methced No. 3) are

used, then the efficiency is calculated to be 99.6%

2. Particle size distribution--Figure 4-67 is a plot of particle size

(um) wversus accumulated weight percent, the latter plotted on a probability
scale as explained in Section 3.2.3B. Two sets of curves are presented, one
including the impinger catch and the other ignoring it. Considering the laxge

amount of matarial collacted ia the impinger, it would seem thaz the effazt of
pseudo partlculates was insignificant. Therafore, the impinger catch was ze-
lieved to be properly included in the measurements of the suspended particulates

for size distrikbution, including the impinger catch, as follows:

PEZRCENT OF PARTICLES

>i0um ‘ 10-3um 3-1tm <lum
Uncontrolled (Test 17J) 15 0.1 o] 84
_Controlled (Test 175) 10 0.5 0.5 89

The mean particle size for particles in the inlet and outlet ducts of the

of the baghouse is <C.lum including the impinger catch. If the impinger catch

is not included. (ZPA method), then the mean particle for the inlet and cutlet

i

(]

f

is >1C0Lm. P . .

3. Chemical zemoositicn--Table 4-72 lists the results from the chemical

analysis of the particulate fraction for sach of the tests discussed in <his

section. The most abundant species is other - boric acid. Boric acid, HBO,, is
-

nct detected by XRF. The three percent of the elements =hat were detacted ara

4. Emissisn and emission factors--Zmissisn and emission factcrs can be

listed

with several different units. The following lists some of *hese emissions and

emission factors:

4-217 KVB 5806-733

S Ly oens




Hm

PAIITCLE STZ2E,

(@] o O

10

SN B O

)
.

[

[

B

T1T 1 1.1 11 iliiTIIllll I

- 95 . & _
,- o | 9

N E/I:/ - | -
i ‘ , .
3 . ‘ -—
2l | 0 —_
N 0N O N T S I A O O O A I L1 P 1
.01 0.1 ¢C.5 ; 2 3 12 27 39 20 30480 73 83 90 35 25 39 SI.s3 33,323

Oefu

Scy Mfg. Sampling Train wWithout Imoinger

SASS

SASS

Train With Impinger

Train Without Imginger



>

Controlled Uncecntrolled
Units Test 17S : Test 173
- gr/DSCF : 0.0237 _ 0.6105
T/¥yr . 9.74 387.0
Ib/hr 2.23 88.7
1b/T 0.21 ' 8.3

4.2.21 Chemical Fertilizer Plan+s

A. Process Description

Raw material is weighed, placed in a holding hopper, crushed in a

Rarmer mill, then mixed and pressed ints granules. The farsilizer is then
dry2d in a rotacing drum-nyge driar and soolad in a Ths

finished precduct is %taken at this peint and the smaller product is returned to
tie 'inclined mixers. The sources of particulaczes ars =n cyclone 2xits from the
dryer, and the second bag house exit from the cooler, and the first baghouse

exit from the weighing hcpper. The iniet agd exit of the second baghouse from

the dryer was tested in this study. See Figure 4-68.

B. Particulate Tezt Setup--—

Two sampling trains were
exit of the baghouse. The inlet

(17 inch diamter) lsading £o the

used simultaneously to

station was located on

baghouse. This sation w

sample the inlet and

the

horizontal duct

abcus eight Zf=aet

Table

before the baghouse and at least four duct diameters to the nearest bend.‘
4-73 lists the vélocity srofile in the inlet and outlet ducts.. The outlet
station was located on‘thg vertical section of the duct leading %o the atmosphere
of at least six duct diameters from‘the nearest bend or obstructioﬁ. The par-
ticulate sample was taken through a 7/16 inch rozzle on the inlet duct using the

Soy train and through a 5/3 inch nozzle on the outlet duct ﬁsing the SASS train.

cC. Test Results~—-—

The results of the test (Test 137 and Tesf 198) discussed in this sec-
tion are listed in Table'4-l. Elemental composition, sﬁlfate, ni:ra;e, and
carbon analysis were determiped f~r all fractions of particulate catches which
containgd weights in excess of 100 mg. The details for éhese procedures ‘are

discussed in Section 3.2.2., Table 4-74 lists the results from this analysis.

4-219 KVB 5806-783
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Coe ! TABLE 4-73. VELOCITY PROFILE FOR CHEMICAL FERTILIZER (TEST 19}

2" Por=
st 3" Diameter

Tamperature - 86 °F Tzmperature - 101 °F .
Static Pressure - -0.16" Hzo Static Pressure - +0.53%6
( | :
’ Distance From Velocity Distance From Velocity
End of Port " Point No. ft/sec End of Port Point No. fe/sec
2.8 St 22.4 3 S . 43.4.
4.5 2 22.4 5 2 40.2
7.0 3 23.8 , .8 3 38.6
10.5 R 22.4 ' . 12-1/2 R 37.2
'14.0 4 20.9. 17 4 37.2
16.5 5 22.4 20 5 37.2
18.2 6 25.9 22 6 37.2
Average | 23.0 ft/sec||. - Average 8.6 fﬁ/sec
- 2021 SCFM 4758 scrM

' KV3 5806-783
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TABLE 4-74 CHEMICAL CCMPOSITICN OF PARTICULATE
SAMPLES IN PERCENT
FOR CHEMICAL FERTILIZER PLANTS

Iopingers

. Inlet outlet 10um~Cyzlone
SANLE # - : 193-1IC 19s-1IC 193-25
WT. PERCENT OF CUT - T 92 S99
XRF ANALYSIS
Calcium - t 2.2/0.4
Chlorine ‘ 4.5/1 - 11/3 . | 5/2
Cobalts t
ron ' : : t
Potassium t . t 5.2/1
(5ulfur) " (2.1/0.8  (<2) (8.1/3)
Zinc v T
TOTAL® ' 6 13 37
Sulfates, H,0 sol? _ ' 5.0 - 2.9 8.1
{Sulfur (from 50,01 (1.68) (1.0) (2.7)
Nitrate (H,0 sol)? t 1.0 - t
Total Carbon® C 24 . 11.3 - 10.3
. (Volatile Carbon)’ T3l 10.7 9.2
(Carbonates)av - t L
TOTAL ANALYZED C 45 _ 27 55
BALANCE | 55 73 <45
© 100% 100% 100%

detected in concentration of <l1%

analy;-.nd by x-ray tlucrs:c;nci—smim 3.2.2 3

analyzed by wet chemistry—Secticn 3.2.2 A

analyzad by Oceanccoraphy carbon aﬁalyzc:w-S-ctian 3.2.2 A

b w o

calculated from sulfates (sulfuresulfate/3) to —ompars with sulfur
from XRF

5 for values shown as X/Y, X i3 v of the elemenc present and ¥ is the
error (i.e. Xx = Y ) '

(9 not included in total—sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and casbonate are accounted for in
total carhbon : '

4-222 KVB 5806-
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D. . Discussion of' Results--

1. Baghouse efficiency--Using the total weight data (includes impinger

catch) from both sampling trains for the inlet and outlet to the Daghouse, the

efficiency was calculated to be 99.1%

2. Particle size distribution4—Figure 4-°9 is a plot of particle size
(um)} versus accumula :d welght peicent, the latter plotted on a probability
scale as explained injSection 3.2.3B. Two sets of curves are presented, one
including the impinge‘fcatch,'and the other igneoring it. Considering tkhe nature
of the gas stréam. it would seem that the material collected in the imgpinger
would be attributed to'very fine particles and not to pseudo particulates. There-
fore, the impinger catch was believed'to be properly inéluded in the measure-
ments ¢ the suspended particulates frem chemical far=ilicer
size distributiﬁn. The breakdown of the parvicle size distributicn, includin

the impinger catch, is as follows:

© PERCENT OF PARTICLES

>10um 10~3um 3-1un <lum
Baghouse Inlet (Test 19J) - 98.6 0.2 0 1.2
Baghouse Outlet (Test 195} = 4.0 -~ 1.0 1.0 94.0
Uncontrolled (Ref. 4-39 4-40) 95 3.0 1.0 1.0

The mean partitle size for the particles enteringthe baghousewas greater than

10um and the mean size leaving the baghousewas less than O0.lum. This shows.

that the baghouse is very efficient for removing large particles.

3. Chemical compositionﬁ—fable 4-74 lists the results from the chemical

analysis of the particulate fraction for each of the tests discussed in this
section. Ureau and Phosporus were primarily the most abundant, although not
detected by XRF. Sulfates and carbon were next in abundance, followed by potas-

sium and chlorine.

4. Emissions and 'emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these emissions

and emission factors:

KVB 5806-783
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Figure 4-69. Particle size distribution for chemical fertilizer
plants. (Test 19) S
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Uniss Controlled Uncontrolled

gr/DSCF , 0.0028 0.72
T/yY 0.1 12.2
1b/hr 0.11 12.6
1b/ton produced 0.02 . 2.0

Ib/ton produded (Ref.3-37) 0.4 80.0

4.2.22' Faint Spray Booths - Automobile

A. ~ Process Description

In spraying operations, a coating from a supply tank is forced,
usuyally by compressed air, through a "gun" which is used to dirsct the coating
a3 a spray upon the article £o be coatad. Yany spraying operations ara
conducted in a booth or enclosure vented by a fan to protect the health and

safety of the spray gquan operator by ensu:inq that explosive and toxic concen-

., tration levals of solvent vapors do not develop.

Figure 4-70 shows a typical type of pairt 5pray booth commonly used.

'

B. Particulate Test Setup

1. Test 27 - water base enamels-- Two sampling trains were used simultan-

© eously on the same stack to sample one of six stacks exhausting the paint spray

booth from an.automotive assembiy plant. The samplihg station was located on
the vertical section of the'étack at leastleight duct diameters from the nearast
bend or obstruction. The velocity proﬁile in the duct is listad in Table 4j75.
Also listed in Tablé'4-75, is the avéraqe flow, SCFM, for each of the six stack
exhausting the spray booth. The total flow for the spray booth exhaust is
95,000 SCFM. A 5/2 inch nozzle was used with the larger SASS train at Velocity

Point R and a 5/16 inch nozzle was used with the smaller Joy train, also at
Velocity Point R.

2. Test 31 - 0il base enamel-- Two sampling trains were used simultaneously

on the same stack to sample one of four stacks exhaﬁsting the paint spray booth
from the automotive assembly plant. The sampling station was located on the
vertical section of the stack at least four duct diameters from the neares:t

ktend or obstruction.

42225 KVB 5806-783
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TABLE 4-75. VELOCITY PROFILE FOR SPRAY BOOTH, TEST'27 (WATER BASE)

Sample Point

SASS 5/8 inch

Nozzle

JOY 5/16 inch

Nozzle

———————— 43" ————
Temperature - 67 °PF \ Stock No. 1
Static Pressure - +0.1" HZO One of. six Stacks
Distance From Velocity ' Stack 'Average
Edge of Duct Point No. ft/sec ‘No.  ft/sec Flow SCFM

2.7 . 1 23.2 1 25.3 15215 =
10.75 2 30.5 2 20.0 11805
21.5 R 29.4 3 33.5 . 19920
32.25 3 24.9 3 25.1 . 14925
40.3 4 20.8 5 27.9 16570

Stack No. 1 ‘Average 25.3 ft/sec & 26.4 13975

: : 52
12215 scrm Total 95000
Co | - 91400 DSCF/min
4-227 XVB 5306-783




TAELE 4-76. VELOCITY PROFILE FOR PAINT SPRAY EXHAUST, TEST 31 (OiL BASE)

5 10 . 15 20 East

\ Sample Point h
2 7 12 1

7T+~32S3 1/2" Nozzle
JOY 1/4" Nozzle

Temperatura - 70 °7 Stack lo. 1 of Sour s-acks
Stazic Prassure - +2.2" i23
Distance From Velocity
Edge of Duct . Point No. ft/sec Point No. fr/sec
86" 1 52.0 11 52.5%
18 2 51.0 12 - 46.4
30 3 54.9 13 43.7
42 4 40.0 14 43.0
54 5 49.6 . 15 42.3
e" <) 55.5 16 0.8
i3 7 530.8 - 17 49.5
30 8 48.4 13 42.3
42 9 42.3 ‘ 19 40.3
54 10 41.5 20 49.0
Averagse 48.5 ft/cec
79,992 SCZM
Stack No. Flow A
1 830,00¢
2 69,000
3 42,200
4 49,000

Average 240,200 SCTM,/235,400 DsSCTM

KVB 3806-783
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The velccity profile in the duct is listed in Table 4-76. Also listed

in Table 4-76';s'the average flow, SCFM, for each of the four stacks exhausting

the spray boo '. The total flow for the spray bootl exhaust is 240,000 SCFM. A

1/2 inch nozzle was used with the larger SASS train at velocity point No. 8
and a 1/4 inch|nozzle was used with the smaller Joy' train, also at Velocity
Point No. 8.

c. Test Results

The‘results of the tests (Test 278, 27J, 318, 31J) discussed in this
section are listed in Table 4-l1. Elemental composition, sulfate, nitrate
and carbon analysis were determined for all fraction of particulate catches
which contained weiéhts in excess of 100 mg. The details for these procedures
are discussed in Section 3.2.2. Table 4-77 lists the results from this analy-
Sis. Because of the small, partlele loading in the exhaust stream, both tests
failed to vxeld sufficient sample for chemical analysis. See Section

D. Discussion of Results .

1. Particle size distribution-- Figure 4-~71 and 4-72 are plots of particle

size (um) versus accumulated weight percent, the latter plotted on a proba-

bility scale as expleined in Section 3.2.3B. Two sets of curves are presented

for each test, one including the impinger catch and the other ignoring it.

Considering that about 50% of the material was in the impinger catches, it

would seem that it should be counted in the particle size distribution.

However, most of the material is from condensed solvent. ThlS is indicated

by the large fraction of organic matter, between 25% and 50%, found in the

impinger. Therefore, the impinger catch was belleved to be properly nct
included in the Measurements of the suspended particulates from paint spray

I booths for particle size distribution. The breakdown of the particle size

dlstr;butlon taken fzom Figure 4-71 and 4-72, not lncludlng the impinger catch,
is as follows-

if , ' XV 5806-783
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PERCENT CF PARTICLES

>10um 10-3um 3-1um <1l.xm
Test 27s 60 8 ) 24
' Test 277 _l. 6 21 72
Test 31s 22 - 13 15 50
Test 31J 5 23 36 36
Average 22 16 17 45

The nean particle size is about 1ym. -

2. Chemical comrmeosition-- Table

analysis of the particulate fraction

sectien.

was the 10 im cyclone cut on Test 27S.
for carbon analysis.

titanium and iron were next.

4-77 lists the results from the
for each of the tasts Z&is

However, the only sample with sufficient mass for chemi~al

chemical
cusszed in %
analysis

£3 -

Even this sample had insufficient mass

Cf the elements detected, sulfur was most abundant;

It is believed that about 30 to 60% of the

material is carbon and most of the remaining is oxygen.

3. &Smissions and emission factors-- Emissions and emission factors can be

listed with several different units.

"The following lists some of these. emis-

sions and factors based on the total flow from the sum of the stacks in each

test.

Test 31S (~m)

Units Test 27S (¥8) Test 27Ji7B) Test 31J (om)
gz/DSCF .0037 .0033 . .0025 .0028

T/yr 5.8 5.1 6.9 7.8

1b/hr’ 2.9 2.6 5.0 5.7

4.2.23 Wood Processing

_Millihg, molding, resaw (cross cut and ripping) and éanding are the

most common types of
types were tested by

sanding operation of

wood processing cperations in the Basin.

XVB and are discussed in this section.

Two of these

These are (1)

veneer section for door manufacturing, and (2) resaw

operation where large beams and planks are reduced to boards for sale at

various building supply facilities.

+ 4=232
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TABLE 4-77. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT
FOR PAINT SPRAY BOOTHS

10um - Cyclone (Water Base)
SAMPLE # - , 275-28

WT. PERCENT OF CUT . " 22
XRF ANALYSIS

" Calecium t
Iron ’ t
iSulfur) - . A (<4)
Titanium 2.7/0.3
TOTAL' ‘ , 4
Sulfates (H,0 sol)?. . 1.88
(sulfur (from SOZ)“ ' t
Nitrate (H20 sol)? ‘ o t
Total Carbon?® ' ' -~ Not, Enocugh
(Volatile Carbon) ? - -- Sample for Analysis
(Carbonates)3 ‘ ‘ -
TOTAL ANALYZED 6
BALANCE _ S o 94
100%
3 detected in concantration of <1%
1 analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzed by wet chemistry—-Secwion 3.2.2 A
3‘ analyzad by Ocsanography carbon analyzer--Section 3.2.2 A
4 calculated from sulfatas (sulfuresulfate/3) to compars with sulfur
from XRF ' .

S for valuas shown as X/Y, X is b of the element present and Y is the
srror (i.e. Xv 2 Y . '

() not included in total——sulfur and sulfates ars accounted for in sulfur
' XRF analysis and volatile carbon and carbonate ara accounted for in
total zarbon
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Al Process Description-=-

1. Sanding operation (Test 30)-- Figure 4-73 is a schematic drawing of e

sanding operation's particulate control system tested. Sawdust is picked ur in
the'hooded section over the belt sander where the veneer section is being siénded.
The sawdust 1s transported f£rom the hood t5 a cyclone which removes large p. r-
ticles, then to a baghouse which removes the finer particles to prevent them from

entering the atmosphere.

2. Resawing operation (Test 39)-- Figure 4-74 shows the flow of sawdust

from a typical resaw operation. The sawdust generated from the rapping plank
is pneumatically conveyed to a cyclone where the wocd particles are collected

and the air returned to the atmosphere. .
3. Particulate Tast Setup-—-

1. Sanding operation--Three sampling trains {(Methed 5, Joy Train and SASS

Train) were used simultaneocusly to sample the inlet and exit of the cyclone
baghouse. The inlet station %o the cyclone was located about eight.feet rom
the inlet. The cyclone ocutlet/baghouse inlet staticn was located about three
feet from the‘the baghouse inlet. The baghous. ocutlet station was located at
the top of the duct leading to the atmosphere. The velocity profiles of each
of these are listed in Table 4-78. The velocity in the baghouse exit was
determined using an anemcmeter because of .the low velocity distributed over

both exits.

2. Resaw operations--Two sampling trains (Joy Trazin and SASS Train) werse

simultanecusly to sample the inlet and exit of the cyclore. The inlet station
Qas located on the horizontal duct about nine feet freom the inlet to the cyclone.
The outlet station was located on top of the cyclone at its exit. The velocity .
in the center of the cyclone outlet is listed in Table 4-7%2. Note that the
vélocity in the center of thé cyclone outlet is negative (i.e., the flow is
reversed) and the velccity at the edges is the highest. This is normal for

cyclonés.
c. Test Results--

The results of the tests (Tests 30s, 30J, 30 No. S, 39S, and 39J) dis-
cussed in this section are listed in Table 4-1, Major slemental composition

sulfate, nitrate, and carbon analysis were determined for all fractions of

4-234 , XKVB 5R06-782
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TABLE 4-78. VELOCITY PROFILE fOR WOOD SANDING OPERATICN (TEST 20)

Cyclene Inlet

Cyclone OQutlet
Baghouse Inlet

Bacghouse Outlet

One of Two

" ———»X
up
: Sample PoNnt Point
. 3/1€" Nozzl Nozzle
: 12(3)4 5678 W
N A
e ] 3 VT e 15" -
Temperature - 73 °F Temperature - 78 °F
Static Prassure - +5.3" HZO Static Pressuxe - +2.1" d,0 Ambisnt
Distance Diétance Distance
. From Velocity : From Velocity From Velocity
Edge Point ft/ . Edge Pecint ft/ Edge Point ft/
of Duct No. sec of Duct No. sec of Duct No. sec
0.4" 1 61.4 5/8" 1 38.0 0.1" 1 15
1.4" 2 63.2 2-1/4 2 30.1 3.0" 2 © 15
2.5" 3 70.2 © o 4-3/8 3 31.6 6~1/8" 3 15
4.5" 4 76.3 7-1/2 E 33.6 10.5" R 15
6.5" R 73.2 ©10=-1/2 4 52.5° 14.88" 4 15
9.0" 5 73.3 12-3/4 5 51.7 18.0" 5 15
10.5" 6 67.0 ' 14-3/3 6 45.86 20.0" [ 15
11.8" 7 63.5 5/8 7 27.7 0.2" 7 15
12.5" 8 56.8 2-1/4 8 36.8 3.0" 8 15
Average . 70.0 4-3/8 9 36.8 6~1/8" 9 15
4384 sScrm 7-1/2 R 33.6 10-5" R 15
10-1/2 10 23.3 14.88" 10 15
12-3/4' 11 24.2 . 18.0" - 11 15
14-3/8 12 32.9 20.0" 12 15
Average 58.6 Average 15
4180 SCFM 4206 SCFM
XKVB 5806-783
4-237
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TABLE 4-79. VELOCITY PROFILE FOR WOOD RESAW OPERATION (TEST 39)

Cyclone Inlet

N

N,

3 Sample Point \
1/4" Nozzle

&

— 17 —

Temperature “ - &8 °F
Static Pressure - +0.2" HZO
Distance From Velocity
Edge of Duct Point No. fi/sec
1.5 1 66.6
4.25 2 69.9
8.5 R 69.9
12.75 3 73.0
15.5 4 76.0
Average 71.8.
. 6703 SCFM

Cyclone Cutlet

g

P 2

Temperature

;
|
|
J
42" — )-.]

- 68 °F

Static Pressure - 0.1" HZO

Distance From . Veloeity
Bdge of Duct Point No. fe/sec
1.4 I 53.7
4.4 2 42.1
8.0 3. 13.3
13.5 4 0
21.0 R -23.2
28.5 5 T
33.8 6 13.3
37.6 7 14.2
41.4 8 70.4"
Average 26.2
6546 SCrM

4~238
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particulate catches which contained weights in excess of 100 mg. The details

 for these procedures are discussed in Seetion 3.2.2. Table 4-80 lists tre

results from this analysis for Tests 30 and 39.

D. Discussion of Results

1. Efficiency of particulate control equipment

a. Sanding operation

Using the solid weight data (does not include impinger catch) from
both inlet and outlet of the cyclone and inlet and outlet to the baghouse,
the efficien;y was calcglated to be 98.4% for the cyclone and 96.3§ fo; the
baghouse. Therefore, the overall efficiency of the sSystem is 99.94s. Using
the total catch including the impingér catch the efficiency is 98.2% for the
cyclone, 86.%% for the baghcouse and for overall efficiency of 99.8%.

b. Resaw operation

Using the solid weight data, the efficiency of the cyclone.was calcu-

+ lated to be 99.2%, and using the total catch the efficiency is 99.1s.

2. Particle size distribution

Figures 4-75 and 4-76 are plots of particle size (uUm) versus
accumulated weight percent, the latter plotted on a probability scale as

explained in Section 3.2.3B. 1Two sets of curves are presented, one including

" the impincar catch and the other ignoring it. Considering the nature of the

gas stream, it would seem that the effectslof pseudo particulates would be
present. Therefore; the impinger catch was believed to be properly included
in the measurements of the suspended particulaces. The breakdown of the

particle size distribution, inciuding the impinger catch, is as Follows:

PERCENT OF PARTICLES

>10um 10-3um 3-1lum <lum
Sanding:
Test 30S (Baghouse ocutlet) 8 3 3 86
Test 30J Baghouse inlet , |
Cyglone outlet) .42 ‘ 10 12 : 38
Test 30 No. 5 (cyclone inlet) 87 13
Resaw:
Test 395 (Cyclone outlet) ‘60 11 9 20
Test 39J (Cyclonc inlet) 99 a 0.3 ' 0.3 0.7
4-239
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TABLE 4-80. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
' IN PERCENT ‘
FOR WOOD PROCESSING

SASS JoY -
10um 10um Method 3
Cyclone Cyclone Cyclone
SAMPLE # 39s-25 393-25 30~5-2$
WT. PERCENT OF CUT 55 68 87
XRF ANALYSIS
Calcium t t t
(Sulfur) ' (<2) | (<3) (<2)
rotan . + t ' £
Sulfates, (HZO sol) % t ' - -
(Sulfur (from so:)“ N S - -
Nitrate (H,0 sol)? t t -
Total Carbon® - 61 42 4£
(Volatile Carbom)? =~ (58) (39) (35)
R (Carbonates)3, - - t
TOTAL ANALYZED 61 42 .41
BALANCE ' 39 58 59

100% 100% 100%

datectad in conceantration of <1%

analyzed by x-ray fluworsscence——Saction 3.2.2 B
‘analyzed by wet chemistry——Section 3.2.2 A

analyzed hy Ocsanography carbon analyzer--Section 3.2.2 A

calculatad from sulfatas (sulfuresalfate/3) to compars with sulfur
from XR¥

5 for values shown as X/Y, X is % of the element pr;scnt and Y is the
error (i.e. X% 2 Y ) .

& W K

() not included in total--sulfur and sulfates ares accountad for in sulfur
IRF analysis and volatile carbon and carhonate are accowntad for in
total carbon

4-249 ‘ . KVB 58C6-783



ey

10

S S SN B I BRI A SRV BN N BRI
5 - —
4 —

E N —

a

)

3

@
1

‘g oI SN —

4

£

5 Q.6 -
0.5 pm ]
0.4} —
0.3k —
0.2} -

0.1 111 11 | S I A I L1 L1 il |
0.01 0.1 0.51 2 5 10 '20 30 40 5060 70 80 90 95 98 99 99.8 99.99
' WEIGHT, PERCENT LESS THAN STATED SIZE

B Joy Mfg. Sampling Train With Im§inger
D Joy Mfg. Sampling Train Without Impinger
e SASS Train With Impinger

: O.SASS Train Without Impinger
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Figqure 4-76 is the‘size distfibution’plot for the resaw operation. Note:

fhe particle size for uncontrolled wood operaticns is 85 te 99% >10um, and
for that controlled with cyc.one is 20 to 36% <lpm, and baghouse control is |
868 <lum. |

3. Chemical composition-- Table 4-80 lists the rasults from the chemical

anaiysis of the particulate fraction for each of the tests dis;ussed in this
section. The chemical composition for both resaw and sanding operations is very
simiiar.‘ As expected the most abundant species is carbon in the form of vola-
tile carbon. A few other eleﬁents were detected in trace quanitities only. The

small amount of detected is attributed to the chemical bound sulfur in the wood.

4.  Emissions and emission factors-- Emissions and emission fastors can
be listad with several different units. The following lists some cf these

emissions and factors.

Unconttolled Cyclone Controlled : Baghouse Controlled
Units: ' 30-5 393 303 39s 308
gr/DSCF 0.931  0.366 ~  0.0168  0.003 . 0.002
T/yr 36.5 21.0 0.6 0.2 . 0.1
1b/hr 5.1 20.0 0.6 0.2 o 0.08
1b/br (Ref. - - 0.2/30 0.03/24 9.2/30

4-42)

4.2.24  Refinery Process Heaters

A. Process Descriotion (Ref. 4-43) ‘ v

Refinery oil heaters usually are likely to be fixed with a wvariety of
refiner?_by—product fuels, b&th gaseous and liquid. A typical vertical,
cylindrical refinery heatef'similax to that tested for particulates in this
study is shown in Figure 4-77. The unit tested was used for heating and
was fueled with natural gas. ‘

4-243 KVB 5806-783
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B. Particulate Test Setup=--

Due to the accessability of the test station, only the larger SASS
train was used at this test site. The sampling station was located on the
Vertical section of the exhaust stack about five feet akove the preheat air
section. The sampling port was approximately eight feet above the steel
catwalk which was about 70 feet above ground levél. The velocity profile
in the stack at this location is listed in Table 4-81. The particulate
sample was taken at Velocity Point 2 with a 1-1/4 inch nozzlie. The fuel
for the process heater was natural gas.
cC. Test Re;ults--

The results of the test {(Test 40S) discussed in this ssction are

listed in Table 4~1. Elemental compcsition,‘sulfaté, nitrate, and carbon

.analysis were determined for all fraction of particulate catches which con-

tained weights in excess of 100 mg. The details fcr these procedures are

discussed.in Section 3.2.2. Table 4-82 lists the results from this analysis.

b. Discussion of ResultS--

1. Particle size distribution-- Figure 4-78 is a plot of particle size

(um) versus accumulated weight percent, the latter plotted on a probability
scale as explained in Sectioﬁ 3.2.3B. Two curves are presented, one including
the impinger catch, and the other‘ignoring it. Considering the large amdunt
of material (over 80%) colleéted in the impinger it would seem that the effect
of pseudo parti.ilates would be insignificant. Therefore, the impinger catch
was believed to be properly included in the measurements of the suspended
particulates from refinery process heaters. Thelbreakdown of the particle size

distribution taken from Figure 4-78, including the impinger catch, is as

follows: ~
PERCENT OF PARTICLES
>10um 10-3um 3=1lum <lym .

Test 40s 4.5 2 1.5 91

: XVB 5806-783
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TABLE 4-8l. VELOCITY PROFILE FOR PRCOCESS HEATER (TEST 40S)

East

%ASS Sampling
Point 1l-1/4" Nozzle

g 2—1/2" Nirple

. 102" e
Temperature - 480 °F :
Static Pressure - -0.95" HZO
Distance From Velocityl
End of Port Foint No. +/sec
4-5/8 .1 16.5
10-7/8 2 12.7
L 17-1/4 3 12.7
25-5/8 4 10.4
37-5/8 3 10.4 ' N
53-1/2 R 7.4
69-3/8 6 7.4
81-3/8 7 lG.é
' 83-3/4 8 16.5
96-1/8 9 16.5
102-1/4 10 15.2
Average 13.4.ft/sec

18900 sSCrM

4-245 KVB 5806-783
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2. Chemical composition-- Table 4-82 lists the results from the chemical

analysis of the particulate fraction for the test discussed in this section.-

The only fraction with.enough'sample»for chemical analysis was the impinger

 Catch. Sulfates are most abundant in this sample. Carbon and calcium are

next and all other elements are in trace {<1%) amounts.

3. Emissions and emission factors—- Emissions and emission factors can

be listed with_several different units. The following lists some of these

emissions and factors:

Test 40S
gr,/DSCF 0.00424
/YT, | 2.6
1b/hr ' 0.59
1b/MMBtu | 0.0066
1b/Million ft3 Burned 9.0
lb/Million,fté,Burned 20 -

(Ref. 4-44)

4.2.25 cCatalytic Cfacking
A. Process Description (Ref. 4-45)—

In the cracking operation, large molecules are decompcsed by heat,

preséure, and catalysis into smaller, lower-poiling molecules. Simultaneously,

some of the molecules combine (polymerize) te form larger molecules. Products

of cracking are gaseous hydrocarbons, gasoline, gas oil, fuel 0il, and coke.

In fluidized bed catalytic cracker, fiﬁely powdérea catalyst is
lifted into the reactor by the iﬁcoming heated oil charge, which vaporizes
upon contact with the hot catalyst.. Spent catélyst settles out in the
reactor, is drawn off at a controlied rate, purged with steam, and lifted by

an air stream into the regenerator where the deposited coke is burned cff.

particulate emission from these units are in the combustiaon gases
ard from catalyst fines that may be discharged by vents on the catalyst
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TABLE 4-82. CHEMICAL COMPOSITION OF PARTICULATE ‘SAMPLES IN PERCENT
FOR REFINERY PROCESS HEATERS

(Natural Gas Fuel)

SASS Impinger

SAMPLE # . 40s8~-IC i
WT. PERCENT OF CUT 81
XRF ANALYSIS ‘
Calcium 5.2/1
Chromium S t
Cobalt -t
Iron ‘ t
Nickel t
Selenium t
(Sulfur) (20/7)
Z2inc l - c
ToTAL* _ 9
Sulfates, HZO sol? 47
(Sulfur, from SO,) * o 16
Nitrate (HZO sol)? t
Total Carbon® ' 7
(Volatile Carbon)® ‘ A7)
(Carbonates) 3 ‘ ‘ ‘ -
‘TOTAL ANALYZED 62
BALANCE ' 38
100%
t dstectad in cnncuhtn:ibn of <1%
1 analyzed by x-ray fluorescence-—Section 3.2.2 B
2 analyzad by wet chemistry-—-Section 3.2.2 A
3 analyzed by Oceanography carbon analyzer--Sectica 3.2.2 A
4 ‘calculated from sulfates (sulfurwsulfats/l) to compars vif.h‘sulzu:
from XRF. }
L) . for valuas shown as X/Y, X is % of the element present and Y is the
error (i.e. X8 2 Y )’
() not included in total--sulfur and sulfatas are accowntad for in sulfur

XRF analysis and volatils carbon and carbonate are accounted for in
total carbon
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ﬁ
handling system on the FCC Units. Control measures commonrly used on regen-
rators consist of cyclohes and electrostatic precipitatoré to remove pa:ti;
culates and energy—recoverylcombustors to reduce carbon monoxide emissions.
The latter process, called a CO boiier, recovers the heat of combustion of
the CO to produce refinery process steam. The exhaust of a CO boiler was

sampled for fine particulates on £his program.

B. Particulate Test Setup

The oqu available sémpling ports were located downstream of the CO
boiie:. The sampling station wasﬁlécated in a2 vertical section of the
tapered stack at a diametér of 96 in. The sampling port was 30 ff. downstream
of the exhaust gas inleﬁ to the ESP stack and 30 ft. bélow the stack exist.
The velocity prpfile in the stack is listed in Table <-83. The particulate

sample was taken at traverse point four with a one inch nozzle.
C. Test Results

The fesﬁlts of the test (Test 41S) discussed in this section are
listed in Table 4-1. Eiemental compositicm, sulfate, nitrate, and carbon
analysis were determined for ali fractions of particulate catches which
contained weights in excess 6f 100 mg. The details for these procedures are

discussed in Section 3.2.2. Table 4-84 lists the results from this aralysis.

D. Discussion of Results——

1. Particle size distribution-~Figure 4-79 is a plot of particle size’

{ym) versus accumulated weight percent, the latter plétted on a probability
scale as explained in Section 3.2.3 B. Two curves are presented, one
including the impinger catch, and the other ignoring it. Considering that
about 25% of the total catch was in the ;mpinger and the nature of the flue

' gases, it would seem that the effect of pseudo particulates was present.
Therefore, the impinger catch was believed to. be properly not inciuded in
the measurements of the suspended particulates from CO boilers - FCC units
for 'particle size distribution. The breakdown of the particie size dis-

" tribution taken from Figure 4-79, not including the impinger catch, is

as follows.

4=~250 XVB 5806-783



TABLE 4-83.., VELCCITY PROFILE FOR CO BOILER EXHAUST (TEST 41S)

SASS sampling;

Point 1" Nozzje

L 2 3(4)s

20
19

18

17
16

R 6 7 8 9 10

15

—— 2

g 96" 3=
Temperatura - sés °oP
Static Pressure - +0.5" HZO
Distance From Velocity
Edge of Port Point No. ft/sec 'Point No. ft/sec
lo-1/8 1l 13.5 11 21.8
15-7/8 2 13.5 12 . 29.9
21-7/8 3 11.0 13 27.9
29-3/4 4 27.0 14 24.4
a1 5 27.0 15 25.6
56 R . 28.0 R 27.9
71 6 27.0 16 25.6
82-1/4 7 22.0 ‘17 18.9
90-1/8 8 22.0 18 15.5
96-1/8 9 11.0 19 13.4
101-7/8 10 11.0 20 10.9
‘ 'Average' 20.4 ft/sec
31399 scrM
4-251 KVB 5806-783
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TRELE 4-84.

CHEMTCAL COMPOSITIION OF PARTICULATE

SAMPLES IN PERCENT

FOR CO BOILER - FCC UNIT

arror (i.s. X 2 Y )

. 10um Cyclone 1 wn Cyclone Filter Impinger
SAMPLE # 4i5-25 415-4S 415-58 418-IC
WT. PERCENT OF CGT 25 4.3 1.7 24
XRF ANALYSIS
Lanthanum t t t
Cesium 1.1/0.2 1.1/0.2 1.6/0.4
Arsenic &
E;aseodymium‘ t
Neodymium t t t
Calcium 15/6
Iron t " 1.1/0.2 1.3/0.3 t
Silicon 20 20
(Sulfur) ( 8) ( 3 { 8) 19/7
Titanium t t t

. TOTAL! 24 24 20 t

Sulfates, 8,0 soi’ 6.8 1.6 5.1 . 54.4
(Sulfur (from sO)*  (2.2) £ (1.7) (15.0)

Nitrate (HZO sol)?

Total Carbor® 4.59
(Volatile Carben)? (3.41)
(Carbonates) ? |

TOTAL ANALYZED 31 26 25 59

BALANCE 69 : 74 75 . 41

100% 100% 1008 100%

t ,davectad in concantzation of <1 ,

1 analyzed by x~ray fluorescanca~Secticm 3.2.2 B

z analyzed by wet chewistry—Secticn 3.2.2 A

3 analyzed by Oceanccraphy carbon analyzer--Section 3.2.2 A

4 calculated from sulfates (sulfur=sulfate/3) to covpars with sulfur

from XR¥ : ‘
5 for valuss shown ax X/Y, X i3 % of the elemant presant and Y is the

() Dot included in total——sulfur and sulfates are accountsd for in sulfur
XRF analysis and volatile carbon and carbonata &re accountsd for in

total carhon
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PERCENT OF PARTICLES

>10um 10-3um 3-1pm <1

i

Test 41S . 63 1z s 16

The mean particle size, rot including the impinger catch, was about:

30um. If the impinger catch is included, the mean size was about l.or.

2. Chemical composition--Table 4-84 lists the resulis from the

chemical analysis of the particulate fraction for each of the tests dis-
cussed in this section. Sulfates dominated in the impinger catch and was
about ten fold lesé in the other fracfion of the particulate catch.

Sili:on was high: 20% in the cyclcne catches, Calcium was thes most aﬁundaﬁt
element on the filﬁer. Scme unusual elements (lanthanum, cexium, praseudymium,
neodymium) were detected in concentrations betwyeen 0.5 to one perceat Ior

the solid fraction 2f the catch.

3. Emissions and emission factors—--Emissions and emission factors can

be listed with several different units. The féllowing chart lists some

of these emissions and factors:

Units Test 413
gr/DSCF 0.055
T/vr ’ : 62.33
1b/hr 14.84
1b/1000 bkls .

fresh feed. 32
1b/1000 bbls

fresh feed :

(Ref. 4-45) 45

KVEB . 5806-783
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< :  4.2.26 Alfalfa Dehydration

An alfalfa déhydrating plaﬁt produces an animal feed from‘alfalfa.

" (Ref. 4-46)- The dehydration and grinding cf alfala that preduces alfalfa'

‘| meal is>a dusty operation most commonly carried out in rural areas. ‘
' . Wet, chopped alfalfa is fed into a direct-fired rotary drier. The
dried alfalfa particles‘are conveyed to a primary cyclone aﬁd sometimes a
secondary cfcléne in series to settle out the product from air flow and
products of combustion. Tha settled material isldischarged to the grinding
equipmen#, whiéh is usually a hammer mill. The ground material is collfctgd
in an air-meal separator and is either conveyed directly to bagging or storage,

or blended with cther ingredients.

Sources 2f dust emissicns are the grimary cyclene, the grinders, and
‘the air-meal separator. Ove:ail dust losses have been reporied as high as
7% (Ref. 4-47), but average losses are around 3% by weight of the meal produced
'(Ref. 4-48). The use of a baghoure as a secondary collection system cah

Y greatl; reduce emissions. KVB attempted to conduct alfalfa dehydrator tests

-

for -several months during the Phase II test program. Sevéral scheduled tests
were cancelled due to equipment failure. Therefore the data presented in this
section are those taken by the Imperial County Air Pollution Control office.

. The results of the tests are listed in Table 4-85. The EPA Method #S was
ased to obtain TSP data and an Andersen impactér waé usad to determine the
particle size distribution. Figure 4-80 is a plot of particle size (um) vs
accumulated weight percent, the latter plotted on a probability scale as

. explained in Section 3.2.3 B. The breakdown of the‘pa:ticle size distribution

taken from Figure 4-80 ' which does not include the impinger catch, is as

follows.
' ) Percent of Particle
Alfalfa Dehvdration >10um 10=3um 3-1lum <lum
 Test 1 68 6 . 6 20
Test 2 76 6 4 14

The mean perticle size is about 60um.

_KVB 5806-783
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TABLE 4-85. ALFALFA DEHYDRATION TEST RESULTS

Measured Emissions
Tast No. . 1 2, Average
Date of Test © 11-18-76 11-18-76
Duration of Test, minutes i 80 ’ 60 ~ 80
Process Weight Rate, lbs/hr ) 20,000 20,000 20,000
Gas Flow Rate, SCFM (DRY) 9508 9616 9762
Stack Gas Temp., o7 185 i 133 - 134
co, % by vol. 1 1 1
O2 3 by vol. 20 20 20
O % by vol. 0 0 0
¥,0 % by vol. | | 20 17 18.5
Particulate Concentration, gr/scf 0.11 0.11 0.1
Particulate We.ght, los/hr 9:02 | 9.78 ' C 9.4

XV3 58C6&-783
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Piqure 4-80. Particle size distribution for alfalfa dehydration.
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4.2.27 Cotton Ginning Operatiens

The primary funciion of a cottonigin is to take raw seed cotton and
sepafaté the seed and the lint. A large amount of trash is féund in the seed
cotton, and it ﬁust also be removed. Tﬁe problem of collecting and disposin
of gin trash is two-fold.. The first problem consists of collecting the coarse,
heavier trash such as burfs, sticks, stems, leaves, sand, and dirt. The
second problem consists of collecting the finer dust, small leaf particles,
and fly lint that are discharged fram the lint after the fibers are removed
from the seed. From 1 ton (0.907 MT) of seed cotton, approximately one

500-pound (226-kilogram) balz of cotton can be made. (Ref. 4-60Q).

KVB attempted to cconduct cotton gin tests for several months during the
Phase II test program. Several scheduled tests were cancellad due to eguipment
failure. Therefore the data presented in this section are those taken by EPA -

Region 9.

Several sources of particulate were sampled on the same gin by the

EPA. The results of these tests are presented in Table 4-86.

4-253 . KVB 5806-783
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4.3 PARTICULATE CONTROL EQUIPME&T EFFICIENCIES

. Eleven simultaneous tests were done using the larger SASS traian.on
the control egquipment exit and the smaller train cn the inlet, to evaluate
the efficiency of tre contrpl equipment. Eight of these were baghous=2s, two

were electrostatic pre<ipitators, and one was a cyclone. The percentage

-

efficiency for each of these was calculated from the following zquation:
Wtin B wtout

T X 100

Table 4-87. summarizes the efficiency of the control egquipment tested by XVB

efficiency =

in this study. Two values are listed for the efficiency, one of which includes
the weight from impinger catch in the calculation (SCAQMD method), and the

~other which igrores it (EPA method).

An interesting way to evaluate efficiency is to determine thé
efficiency as a function.of particle size. Using the particlé size distribution
curves and the grain loading for the inlet and outlet for each test with control
équipment, the efficiency can be calculated at each particle size from the

following equatiocn:

-

[(wt in) (% of particle between size A and B) - (wt out)

efficiency (size) é (% of particle between size A and B)ix 100

(wt in) (% of particle between Size A and B)

The results of this calculation for each of the céntrol equipment tests are
listed in Table 4-88. Figure 4-81 1is a plot of the efficiency vsvpa:ticle
size for baghouses. Note that the efficiency increases as the size increases.
This is in agreement with the literature {Ref. 4=-49 to 4-52). Figure 4-32

;s a plot of the efficiency vs particlé size for ESP and a cyclone. The
efficiency o? the cyclone decreases as particle size increase (Ref. 4-53 to

4-58). The efficiency of ESP's goes through a minimum between 0.1 and 2um
{Ref. 4-59).
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TABLE 4-87.

-

CONTROL EQUIPMENT EFFICIENCY

Efficiency
Impinger Impir.‘ger.
Control Catch Catch
Tast # Process Type Type Included Not Included

30 Wood sSanding Baghéﬁse 86.9 96,3 -
29 Asphalt Batch . 99.9 99.9
34 Abrasive Blasting " 99.9 99.9
s 26 Sintering " 77.6 97.8
\ 19 Chemical Fertilizer " 99.6 99.1
17 Boric Acid " 9.1 98.7
14 _Steel Heat Treating " 95.2 90.0
8 Brick Grinding " 99.5 99.8
20 Glass Mfg. | ESP 83.0 98.2
36 Steel Open Eearth Furm. " 82.2 90.3
39 Wood Resawing ' . Cyclone 99.1 99.2

5 ! 4-261 KB 5805-783
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TABLE 4-88. SIZE EFFICIENCY CALCULATION RESULTS

T T —— =

Parcent of Particlaes

Contrel Isduserial
Tes:s 10-3u=m  3-ium 1-0.lumn  gr/DSCT Type Tyoe
387 ia a.s 0.3 0.3 0.366  Cyclone  Wood Rasaw
395 . cut 10 - 11.5 0.00317
Efficiency 82.7 74 66.0
‘303‘ 4 12 20 g.0l68 Baghouse wood Sanding
308, 3 3 7 0,0022 :
sficiency  90.2 36.7 95.4 ’
297 19 18 26 11.485 Baghouse  Asphalt Batch
295 5 s 7 0.00776 Plane
Efficiency  99.98  99.98  99.93
343 3.3 1.7 1.5 1.922 Baghouse Steel Sand-
us - . 6 5 12 0.00083 blaszing
Sfficiency 99.32 99.8 33.7
265" 1 1 2 3.2058 Saghouse  Sinter Plant
26S : 1.2 1.4 3 0.2453
Zfficiency 73.1 68.6 66.4
203 0.4 0.5 1.¢ 0.0364 z5p Glass Mf5.
208 G.6 1 2 0.00617
Efficiency . 74.6 66.1 82.2 N
193 0.2 0.01 0.2 O.‘7154 Baghcuse Chemical
1ss 1 1 2 - o.0028 Ferzilizes
Efficiency 98 €0.8 96.1 » )
173 1 . 0.01 1 0.6105 Baghouse Soris Acid
178 "a.5 0.5 1 0.0237 ' ueg.
Efficiency 98.1 .94.1 96.12 '
143 . 7 10 3C 0.0593 Baghouse Steel Heats
145 8 14 a1 0.00283 Treating
f2iciency  94.55  93.3 93.5
a3 0.85 0.3 0.14 1.169 Bachouse  Brick Mfg.
as 4 4 8 0.00641
Efficiency 97.4 92.7 68.7 ‘
363 3 4 11 0.206 ESP Steel Open
365 3.8 7 23 0.0366 HBearzh Furn.
Efficiency 77.5 63.9 .64.1
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SECTION 5.0

PARTICULATE EMISSION CONTROL TECHNOLOGY

INTRODUCTION

The removal of pérticulate matter from gas streams to reduce emissions
to environmentally acceptable levels can be accomplished in a wide variety of
ways. This section describes various types of particulate control equipment
and ineludes suggested areas of applications as well as estimates of their '

performance and costs.

_ _The selecticn of the most appropriate particuléte céntrol device 1is
usually based on the size of the particulate matter which must be removed
from the gas stream., P-gure 5-1 illustrates the normal areas of application

“from a particle size standpoint, relative to parFicle size, for,;he following

types of particul.te control devices:

« Settling chambers

. Momentum Sepérators

. Cyélones

. Spray Towers

. Trayland Packed Towers

. Venturi Scrubber o . '
. Fabric Filters

. Electrostatic Precipitators

1
Table 5-1 is a generalized rating of these devices for various applications

in the opinion of the authors.

- An analysis of Figure 5-1 indicates that successful control of
virtually all particulate emissions can be achieved by selecting the

appropriate emission control device.

It is important to note that accurate information regarding the size
distribution, grain loading, physical properties and removal requirements is

essential to selecting the proper control device.
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TABLE S-1. APPLICATION TABLE

L]
» * H H a
< 2 » @
o " G - »
c 9 - L] 1 2] - 3 a3 <
-t 3] b~ R 1) 2
Ld -§ g hed L g o a3 g a L
Py ] - - o L] a3 - Q
« Q - U - [~ - g Ca F=1
. 'g = - - q 0 Qy Q0 -~ @ QN -
Industry Type ol O x O | @ > @ [ wl 3]
COMBUSTION OF ‘
FUELS
Uetility Boilers| P NU* | G N G NB/B NB B
Industrial '
Boilers P NU* | G {54 G NB NB/B | B/NB
Wasta )
Incinerators | P No G NU G NG/B NU 8
MINTRALS f ,
) !
Cement Plant P < G Ny G NU B/NB ;B
Gypsum P - - - - - B/NB | B
Brick Grinder P [ G - - G B -
Glass Plants NU Nu - - - N/B B B
Asphalt P P G - - NB B NB
FOOR & AGR.
Cotton Gin - - B .- - - B
Alfalfa
Dehydrator -~ - G - - - B Incinerator )
Rice Dryer - - G . - - - : ) -
METALLURGICAL ‘
Steel b4 Nu G K NI G B/NB | NB/B
Alumingm - NU - - - G B/NB | B
Lead | ’ -4 NU G NU Nu{ G B NB
CHEMICAL
Fertilizer - {=- - - G B R -
Soap - - - - - - B -
ORGANIC SOLVEMT
USE
Spray Booth . NO | NU Nu a8 ! G NU NU Incineration
Wood Procass—
ing NU |wu NT 3 NB| G Nu NU
PETROLEUM
FCC Unit PG [ NU No| G NU G
Heaters : - - - - - - B/NB ' B
* « Not used as pPrimary pollutant removal devices
NG « No data available
. B '~ Bast '
NB - laxt to best
G = Good
P - Poor
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This section has bean prepared as a guide to introduce users to,
various types of control devices, to aid in understanding their capabilirties

and to serve as a general reference regarding their application.

There are many varlables like dispcsal methods, potential. for recycle,
and variability of part’culate characteristics to name but a few, which
influence the selection of particulate removal devices that are beyond th
scope of this report. Users must consider each application on an individual

basis in order to select the most appropriate particulate control device.

5.1 METHODS QOF CONTROL .

5.1.1 Settling Chambers and Momentum Separators

A. Settling Chambers—--—

l. Settling chambers represent the simplest device avaiiable for
particulate collecticon. They normally include nothing more than a low
velocity region in the gas handling system where'gravitional forces cause

larger particles to settle ocut from the movinq gas stream.

In these devices gravitational forces are scmetimes augmented by
directing the gas stream to impart a downward momentum to the particles to
improve particulate collection. Tigure 3-2 illustrates a typical settling

chamber.

2. Set:tling chambers rely on gravitaticnal forces for particulate
séparation. Sincg these forces are proporticnal to the weight of the
particle, larger high density particles will be acted on by the large
separating forces. The major force inhibiting_colléction is aercdynamics
drag. This force is proportional to the cross secticnal area of the particle
and its velocity relative to the‘gés stream. With the exception of large
particles which are readily collected, mest particles quickly attain terminal
veloclity in the settling chamber. This velocity is rsached when the
gravitaticnal forces are just balénced by the drag forces. It is chis
'velocity which determines whether a particle will be collected. If the
particle falls quickly enough while in the settling chamber to reach the
heopper before it reaches the chamber outlet it will be,coilected, if it deoes
net, it will pass through the chamber uncollected. ‘ )

5—34 : VB 5806j78}
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In theory particles as small as S5 microms, the size where suspensiocn
by Brownian motion takes on significance, could kB2 collected in settling
chambers. However, economic and space considerations limit efficient collec~

tion in'settling chamber sizes to particles above 80 microns.

3. oOther factors which also influence separation in settling chambers

lnclude chamber dimensions, gas density and gas viscosity.

The mostlimportant factors are gas velocity and chamber dimensions
since these can be selected for a given applica™ion whereas all of the others

are essentially fixed.

Fiqure 5-3 illustrates typical settling chamber collection efficiency

and shows the effect of oart-_le density on collection.

Maintaining a uniform velocity is critical to achieving good collec—
tion efficiency since eddies or areas of high velocity cause poor settling

and result in unnecessary carryover of particles.

-

addition, overall and local velocities must be maintained below
the reentrainment velocity for the partiéula: dust being collected to prevent
pickup from the hopgef. The ;eentrainment velocity is a function of the
particle size and density as well as the tendency of collectad particles to

' agqlomérate.

. 4. The main problems asscciated with the cperation of settling chambers
are maihtaining uniform gas velocity and avoiding plugging in “he hoppers.

The flrs; problem can be virtually eliminated by proper settling chamber design
coupled w1th good upstream and dowﬂstream duct layocuts. The second problam

can be centrolled by deszgnlng hoppers with adequate slope, adding insulation
and heat tracing to prevent condensation and adding hopper vibrators to aid

in discharging collected dust. Where agglomeration and”bridgiﬁg are severe,

the hopper should be discharged continuously.
B. ' Momentum Separators

1. Separators relying solely on momentum in which the gas stream impinges
on the surface of a collector cperate at substantially higher efficiencies
shan settling chambers. There are nume rous configurations using this

principle; one 1is illustrated in F3 gure S5=4.

5-6 ~ xvB 5806-783
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2. In momentum separators farticles which are carried along by the gas
Stream are separated when the gas stream is, forced to make sharp change in
direction. Factors which control separation are: (1) the weight and size

of the particles, 12) velocity of the particles, (3) geometry of the separator,

'(4) gas density and velocity, and (5) the drag forces acting on the particles

as the gas stream abruptly changes direction. High gas velocltles and
relatively high density pzrtlcles faver separation, small lower density
particles which tend to follow changes in gas flow patterns are not readily

collected.

3. Collection in momcntum séparators is controlled by particle size and

density, tha geometry of the separating device and gaé density and viscosity.

Ffigure 53-5 .illustrates typical momentun separators collection

efficiency as a function of particle size.

4. In momentum separatcrs high velocities can cause excessive wear if the
dust lS abirasive and reentrainment can occur if dust removal is not aoecuatp

The same precautions outlined above should be taken to avoid plugging

problems.

5.1.2 . Cyclones

A. Cyclones or centrifugal separators are devices which use centrifugal

forces to separate particles from gas streams.

All cyclones consist of a device to 'induce a spinning motion to the

gas and a means of removing the particles separated from the gas stream.

One of the most ccmmon’configuzations is the reverse flow cyclone
illustrated in Figure 5-6. In this confiquration gas which enters the
cyclone tangentially is spun through several revolutions as it flows down
the outer wall of the cyclone where the dust is separated before reversing
its flow path and traveling up the center of the cyclone and out the top.

The dust whlch was spun cut to the wall, drops to the bottom of the cyclone
where it is withdrawn.

5-9 o KVB 5806-783
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Figqure 5-6. Reverse flow cyclone (Research-Cottrell). '
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B. The éentrifugal forces created by spinning the gas stream in cyclones
are often many times greater than the gravitatioconal fiorces acting wn settling
chambers, therefore, cyclones can separate smaller particles than settling
chambers ;n much smaller sized equipment. There is a substantiél price 1

the form of pressure drop which must be paid for in the improvement in particle
collection. Most cyclones require a pressure drop of 1 to 5 in w.c. for

efficient operation.

The centrifugal force acting on a particle in the gas stream is
propertional to the square of the veleocity of the spinning gas and inversely
proportional to .the diameter of the cyclone.

5 ‘

A V ) :
T oA — ‘ . 1
~ 3 (1)
As in the other types of collectors, aercdynamic drag forces acting

on the particles counteract the separating forces and limit collection.

C. An examination of Equation (1) above reveals that high velocities
and small diameters increase separating forces thereby improving particle

collection.

dich eff;cxency collectors operate at high wvelocities angd buerefore
higher pressure drops. They an*tie a multlpll-ltv of small diameter cyclones

mounted in a common housing.

D. As in other collectors, particles which exhibit low aercdynamic drag

relative to their size are collectad more easily.

Figure 5-7 illustrates collection efficiency for a typical multi-
cyclone operating at approximately 2-3 in w.c. pressure drop. As indicated

in Figu:é 5-7, particles as small as S microns in diameter can be collected

‘efficiently in this type of cyclone.

E. The problems most often associated with cyclones are eros;on and
reentra;nment of dust due to high veleocities and plugqlng of the hopoers
where collected dust accumilates. The same precautlons to overcome plugging,

outlined previcusly for settling chambers, can be applied tc cyclones. The

5-12 ' 'KVB 5806~783
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abrasion associated with high velocities and abrasive dust can be overcome
by employing wear resistant materials and by using a precollector to remo

 coarse particles upstream from the cyclones.

5.1.3 Wet Scrubbers

Wet scrubbers can be divided into two basic categories: those
designed for gas absorption and those designed for particulate rezoval. As
convénient as these categories might be, they do not adequately depict actual
scrubber behavicr since all scrubbers remove some particulzte matter while
simultanecusly absorbing constituents freom the gas stream. When gas absorption
is the primary objective, chemical reagents are often added tc the scrukbing

liquor.
A. Spray Towers-—-

Spray towers are the simple.t type of wet scrubber; their primary

123

function is coarse particulate collection. Since these scrubbers operace

at relatively low gas velocities, éome particulate settling will occur. In
addition, in many scrubbers there is a sufficient differsnce in velocity
between'gaS'and scrubbing liguor droplets to collect some particles by
interception and inertial impacticn.* Finally, even submicron particles which
move about in the gas stream via Brownian diffusion are collected when they

contact droplets of scrubbihg liguor.

1. A typical spray tower as illustrated in Figure 5-8 includes a gas
inlet area where the wet-dry tower occurs, a quenching zone where gas cooling
begins, the main gas-scrubber liguor contacting zone, the ligquor spray

manifold or manifolds and a mist elimination zone.

Gas containing dust particles enters the bottom portion of the
scrubber where it makes contact with scrubbing liquor ceming from the spray

nozzles. The gas then passes through the mist eliminator on.to the gas outlet.

. *These concepts are discussed in more detail in Secticn 5.1.3(C) Venturi
Scrubbers.

5-14 KVB 580&-783

e el i L e




Gas outlet

Mist eliminator

Spray manifold

7\ ;1\ N
/ L)

AR
3 - //\\/‘ \l’\\ | céqtaCtingzone )

. Scrubbing liguor sucpiv

Quenching
* Zone

. inlet

EAMA_AA Scrubbing

outlet

Figure 5-8. Typical spray tower.
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The use of spray nozzles witvh aporopriate manifolds is the mosT
common method of creating droplets of scrubbing liguer in sp:a“tawers. The
seiection of spray nozzles is critical to successful operation. The scrubbing
ligquor must bevuniformly distributed throughout the scrubber and the drrgl=ts
which are produced must be .large enough for gravitational Zorces to prevent

aderodynamic drag forces from carrying *hem along with the gas.

Since all spray nozzles produce a range of different sized drogpiats,
there are always some small droplets which will be swept along with the 3as

stream. It is usually necessary to prevent these droplets from leaving the

scrubber, therefore, a mist eliminator is required.
Lead

There are many types of mist eliminators used in sprav fowers. The

NOSL cormion tyDes use the Trinciple
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Figure 5-9 illustrates a :typizal Chevron t¥ce aist eliminator. Cnce the oiist
droplets are collscted in the wmist eliminatcr, they coalesce and drop sif the

lower edges in droplets large encugh %o fall lown through the gas stream.

2. Investigations of particulate collection in spray towers has shicwn
that there is an optimum droglet size for collecting par+ticles {rcn gas
streams via inertial ispaction and interzeption. These inveé:i;a:ians have
also shown that this droclet size is essentially independent cI the size of
the dust particles to be collected. TFor droplets composed zmainly of water
in gases similar to air the optimm droplet is approxi#a:ely 30C =micrens

in diameter.

An 8C0 micron water droplet nas a terminal welocity in the air of
approximately 10 £t/sec. However, spray nozzlas designed to sroduce 3 @mean
droplet size of 800 microns produce substantial numbers of smallier droplets,
therefore a maximm wvelocity of 4 to f:/seé is usually selacted. The use
of larger d:opleté permits higher gas velocities, but the loss in zolleczicn
efficiency, at least above 1) microns, can be offset by incredsing scribber

ligquocr flow rates.
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Figure 5-9. Chevron type mist eliminator (Munters Corp.).
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3. The main factors which affect the particulate collection effici=ncy
of spray towers are particle size di§tribution, scrubber ligucr droplet size
distribution and scrubber liquor to gas ratio. Figure 5-1C illustrates the'
theoretic.l collection efficiency of different sized particlies for single
droplets falling through air. Curves for 800 and 2000 aicren droplets are

presented.

The ovérall collection efficiancy in a spray tower ls essentially
+he aggrégate of the collection of each of the droplets. Since this is so,
increasiig the number of droplets relative to the gas vcelume treated will
increase the overall cnliection. Figure 5-11 illustrates the effect of
increasing liquid rates on particulate removal in a typical spray tower.

i. The most common types of problems asscociated with spray towers ars

droplet carryover, wet-dry line solids buildup and corrosion, and spray

nozzle 2rosion and plugging. .

Droplet carryover can be controlled by the proper selection of
scrubber gas velocity, soray nozzles and mist eliminator. Selecting th
prover gas velccity and spray nozzle will minimize the amount of dropleté'
.carried upward by the gas stream and proper selectiocn of the mist eliminater

will resuls in a virtually droplet~free gas stream leaving the spray tower.

All scrubbers handling hot gas streams have a common potential source

of proclems in the area where the hot gas first contacts the scrubbing

The oroblems in this arsa are almost universally associated with
inadequate irrigation of the scrubber sihell in this area causing alcernate
wetting and drying and resulting ian accumulation of particulate mat:er and
corrosion of the scrubber shell. CUsually supplemental sgray nozzles to
irrigate this area and the selection of adequate materials of construction
will grevent difficultieé.

In most spray towers scribbing liguor is :ecirculaied. This often
results in the recirculation of substantial gquantities of solids through the
spray nozzles. If the particles are large or tend .to agglomerate, sgray

nozzles can become plugyed.
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to avoid

The selection of nozzles with sufficiently large corifices

plugging is usually not possible due to the fact that large nozzles produce
i 1 or gas

eening device iust be

large drops which may not produce adequate particulate collection
In this éituatlon; some type of coarse screenil
instalied in the scrubber liguor recirculation locp or a precollector to
)

cooling.
remove these particles must be installed upstream <f the scrubber.
The presence of solids in the recirculated liquor causes another
In +~ime this results in enlarged

z,

acrasive solids ars

nozzles, orxflces and larger liquor droplets which cause scrubber performance
abrasion and corrosxon resistant materxal WLII usually result in a satis-

problem, i. e., erosion of the nozzles.
Using impingent or swirl type spray nozzles made of an
TYas32n

to dete*;orate.
life. However,
nozzles should be opérated at low pressure drops (15 psig maxinmum, even Lo
nalty to minimize downtime and costs Zfor

ssrvice

; .
there 1S some scrubber afficiency

replacement of worn nozzles.

Tray and Packed Towers--

This class of equipment includes towers with a gas/ligquid contacting
sfer.

8.
medium which is centinuous, i.e., packing or is comprised of discrete con

i.e., trays.
This equipment is usually des;*ned for gas/liquid mass tran
semags-

tacting units,
general these designs operate at relatively high gas velocities and are
resistant to plugging. '
rent types of tray and packed tower scrubbers used succe
{1) the floating bed scrubber (a packed
(3) valve tray, and (4) sieve tray scrubbers.

ec
pae

1. The di
fully for particulate removal are:

(2) impingent plate,
The £flcating bed scrubber illustrated in Fxgure 5~12 uses a bed of

device),
llgbtv&;qnt spheres retained. between two g*lds for particulate collection.
This bed is suspended by the gas flow and particulate collection cccurs via

inertial impaction, interception, momentum separators, gravity and diffusion.
Scrubbing liquor which is sprayed in coarse droplets uniformly across the top
i -:- - - n

of the suspended spheres to irrigaté thie bed washes out the collected solids
XVB 5306-783

therepy aveiding nlugging in the bed.
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This type of scrubber normally operates at about 7 inches w.c.
pressure drop and has been used successfully in fly ash and other applica-

tions.

Impingement, valve and sieve tray towers illustrat;d in Figure 5-13
all rely on the creation of high velocity jets in the openings of the travs
to promote particulate collection. Each tray operates at a pressure'drop
of apprcximately 2 inches w.c.; they'a:e often used in groups of two or more
to increase overall collection efficiency. The hydraulic design of these
devices is critical to minimize the‘possibility of plugging. Adequate

'

irrigation of the plates is essential.

2. In essence, all of the packed and tray towers used for particulate
collaction rely primarily on insrvial izpaction and intercection whizh ars
described in Section 5.1.3(C) for particulate collaction. Haowever, other
mechanisms make significant contributions to 6verall ;afticulate removal.
Diffusion contributes substantially to collection of particles less than
0.5 microns in diameter and condensation effects, which increase the astual
size of particles prior to collection, are often very important factors
in these scrubbing processes. The differences among these‘scrubbe:s lie
in: (1) the methods used :o create ¢ oplets of scrupbing liquo;,‘(Z) the
relative velocity between these droplets and the dust particles in gas
streams, and (3) the means employedtxﬁhandle solids in the scrubbing liquer

to prevent plugging or excessive wear.

Since there are many types of packed and tray scrubbers, further
details regarding their principles of operation are beyond the scope of zhis

survey.

3. Since these scrubbers are designed primarily on the basis of colliec~

tion by inertial impaction, their performance is controlled by the gas

velocity throdugh the various spaces, holes, slots, etc. in the scrubber. As
a general rule, the higher the gas velocities, the higher the pressure 4rop

and the higher the overall collection efficiency.

5-23 ' XKVB 5806-7393
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4. In addition to the types of problems cutlined in Section 5.1.3(a)(4)
above on spray towers, these scrubbers, with the exception of the floating
bed device, must contend with the problem of solids settling in poorly
agitated areas on the trays. Here again the use of a screening device or a
prerollector will substantially reduce the likelihood of settling problems
Aue +o large particles. The trays aust be leveld and liguor distributicn
must be designed and controlled to maintain adequately high liquor velocities

over the entire tray with and without gas flow.
C. Venturi Scrubbers--

1. This category of scrubbers includes a wide varie-y of devices which
are often used to abscorb gaseous pollutants and cool gas streams in addition

to rexmoving particulate mattar.

The major components of a venturi scribker include a venturi wista a
conve:éinq secticn, a high wvelocity throat and a diverging section, a means of
lntrod :cing scrubbing liquor intso the throat area and a device (usually a
cyclonic mist eliminator) to collect the dronlets of scrubbing liguor and
collected particles from the gas stream. These components are illustrated

in Figure 5-14.

A venturi throat cross sectional area is usually adjustable‘to com—
pensate for gas flow variations or changes in particle size distribution.
This 1s necessary since a venturi felies almost totally on gas stre2am pressure
érop for atomizaticn of scrubbing liquor and the pressure drop is dependent

upen sas velocity in the throat.

2. Inercial impaction is the predominant mechanism for particulate

‘collection in venturi scrubbers.

In this mechanism collection occurs when dust particles whizh are
carrled along by the gas strﬂam impact on a droplet of scrubbing liguor.
This impact coccurs when the dust particles, because of their mass, have too
mich momentum to follow the gas stream as it diverges to flow around =he
droplets of scrubbing liguer. Figure 5-13 illust:ates the path of the dust

particles and the gas around a droplat of scrubbing liquor.
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Venturi scrubber and mist eliminator (Research-Cottrell),
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Figure 5-13. Path of dust particles (Rel. 5-1).
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The collection efficiency of a ventur"j’ scrubber for a given sized

particle is often estimated by using a model with the following form:

1 . .
Efficiency = 1 - exp [-K{L/G)(Y)°/2] (2)
where X is a system related parameter ,
L/G is 'the scrubbing liquor-to-gas ra io in galleons
. per 100 ACF of gas

ca p?v? K
—P B

¥ o= . ' , (3)
- T lsu D, \ o

where c is the Cunningham correction factor‘
D - is the particle dénsity '

d; is ;he particle diameter
is the throat velo;ity

v
u is the g&s viscosity
D

L is the scrubbing liquor drocplet diameter

The overall efficiency is estimated by summ;ng up the efflClenCleS

for each particle size in the inlet particle size dlstrlbutlon.

The normal range of liquid-to-gas ratios is 2 to 15 gallons per
1000 ACF; throat velocities are generally 200 to 400 ft per second. '

3. The factors that effect particulate collection efficiency in venturi
scrubbers includg liquid-to~gas ratio, venturi throat velocity, ?article size

distribution and partizle density.

In general, increasing the ligquid-to-gas ratioc increases collection
efficiency up to ratios of 10 to 12.° However, the venturi pressure drop

increases somewhat as this ratio is increased.

Gas velocity in the venturi throat is the most important factor
influencing collection efficiency. Even submicron particles can be collected
! i

at sufficiently high throat velocities. However, this ability to collect

submicron particles comes at a high price since the pressure drep and therefore

the power requirement increases as the square of the gas velocity.
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The effect of particle size distribution on performance is simply
this: efficient collection of small particles requires high throat velecci. 3.
If there are substantial amounts of submicron material which must.be collected,
very high throat velocities are required and pressure drops well over 3C in.
w.C. may be required. The application of venturi scrubbers to remove
paiticulate below 0.4 toe C.5 microns is generaily nct economical if the

removal efficiencies required for these small particles are above 90%.

The density of the particles, i.é., the effect of density or the
aerodynamic behavior of the particleé has a significant effect on collection
efficiency. High density, solid particles aﬁe relatively easy to collect
while low density or fluffy particles like scot require very high throat

velocities for efficient ceollection.

The collection efficiency for both mederate and high energyv venturi

scrubbers is illustrated in Figure 5-14%.

4. The main problems associated with venturi scrubbers include ercsion
in the venturi throat and diffuser, plugging of the scrubbing ligucr supply

liner and car:vover from the mist eliminator.

Since the throat wvelocity in a venturi scrubber is several hundred
feet per second and scrubbing ligquors often contain abrasive solids, erosic
is a common problem. In applications where very high pressure drops are
required, the throat and diffuser are often lined with a highly abrasion
resistant material like alumina or silicon caibide. In addition, coarse
particles can be removed from the scrubber liguer priorvto recirculating it
to the venturi throat fo reduce erosicn. This will also reduce the possibility
of plugging the scrubber licuor supwly liner. Maintaining the solids content
of the scrubber liquoxr beleow 10 t& 15% and maintaining uniform line velocities

will also help to avoid plugging problems.

Proper design of the mist eliminator downstream from the venturi

scrubber is essential to achiéving high particulate collection efficiency. IZv
the small droplets of scrubbing liquor from the venturi are not completely
removed in th2 mist eliminator, unacceptable particulate emissions will occur
because these droplets contain the particulate matter collected in the

venturi.
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Since there are meny different mist eliminators used, a detailed
discussion is beyond the scope of this report. Howevef, a cyclonic xist
gliminator is the most ‘common used in cembination with venturi scrukbbers.

In these mist eliminators good perfcrmance can be assured by using conser-
vative sgin velocities (70 f%/sec max.) or conservative spi: height,
superficial gas Qelcci;ies under 9 It/sec and adeguate samplellével CoOntrols
to prevent scrubber liguor from rising into the gas inlet.

5.1.4 Fabric Filters

Although fabric £ilters have been used for many years in a2 wide

99+3 particulate remcval 15 needed, fanric filters shoulld be considersd.
- ’

- The basic cc nents of a fabric f£ilzer or taghcuse, as zhay are

often called, include e suitable filser medium usually in the form of

cylindrical Tags, a 3as tight enclosure for the bags, a Techanisms for
cleaning accumulated dust from the Lags, and a means for removiag <he

aczumulated dust from the device. A typizal fabric fil-zer i3 illuswrarad

in Figure 5-17.
A gas stream containing partizulate matter enters the faoric filsar
housing and enters either tha inside or ocutsife af =ne Sil=ar zass. As <he

§as stream passes through thie filtar tag and tha dust laver ascumulating oo

its surface, the dust particles are rempved. A combination of collacting

Q

methods including inertial impaction, settling diffus:on and alec<rastac:

atiraction contribute %o particulate removal.

cllection possible in a fabric

4]
0

. There are <wo modes o
collection on the inside or outside o0f the Zag. when ccllectizn ccsurs

inside the bag, a wovern fabric is acrmally used at relavivelv low zas razes,
- 3 .. '

. - ) 2 L. e . . =
i.e., 1.5 to 3.5 ft7/min £t7. Woven fabriss are availatle in a wide range of

materials and coperation at temperatures up 2o 3279 9F ars cgssisle.
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Felt fabrics are generally used when collection pccurs on the outside
of the bag. Since the pressuze oucside the bag is greater than that iaside in
_this ﬁode of operaticn, a suppert is necessary te prevent the bag from
collapsing. Gas':ateé Setaeen 5 and 13 ¢ ft2 are ncrmal for outside

collection applicatiors.

Maximum gas tamperatures are generally limited to 37S °F due to the
types of felt materi&ls available. In addition to the above, the choice
between inside and gutside collection affects housing and hopéer design -as
well as the method chosen for cleaning. Mechanical shaking is suitable for
either inside or oﬁtside collection. Reverse alr cleaning, where a part of
‘the clean cas is recycled backwards through tbe bags,. iz used for inside
collection. Pu‘se jet cleaning, where a burst of high pressure clean gas is
sent through the bags is used for outside collection. Cleaning cycles are
initiated as needed to malﬁta‘n the p*essu:e drop =<ross the bags at an
accéptable level, usually in the rance of 2 ts 6 in. w.c. This minimization

of cleaning cycles nelps to. maximize bag life.

The dust dislodged from the bags during the cleaning cycle collects
in 4 hcpper bhefore removal via a rotary valve screw conveyor Cr othexr suitable

davice.

B. The selection of the best fabric ther nedium for a given apn;lﬂatlon

is governed by the temperature of the gas stream and the nature of the dust.

Exotic materials like metal or ceramic cloth which can operate at
temperatures above 550'°F are prohibitively <xpensive. Therefore as a matter

of practicality fabric f£ilters have an upper rtemperature limit of 330 °F.

t is important to note that gas temperatures above 550 °F do not
automatically preclude use of fabric filters. If the gas stream can be cooled
below this temperature by heat éxcﬁange, evaporative cooling or diluticn with

zo0ol air, a fabric filter can be used.

The other major factor influencing fabric selection is the abrasive

gualities of the dusc.
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Certain materials which are hard and have sharp angular shapes tend
to produce rapid wear of the fabric. Thi - tendency can be minimized by
iowering filtration rates and minirizing the number ~f cleaning gycles. It
is alsq.important to remember that coarse dusts te: -2 be more abrasive than
fine ones. The selaection of cloth is usually left zo tne supplier as is the
filtration rate. The manufacturer selaction can be checked by comparing it

with the normal fabric and filtration rate used in similar applications.

Table 5-2 lists common fabrics and some of their relevant character-
istics. Many of these fabrics can be knitted into seamless bags. This
eliminates leaking and breakage which often occurs ilong the long seam in

the bag.

~

cC. Fabric filters are basically simple devices whizsh taxe advan-age
of a number of partizulate collection mechanisms.  Particles are remcved as
the gas flows through the fabric filter medium by cne or more of the

following mechanisms:
1. Inertial impaction

2. Diffusion to the surface of an obstacle because of Brownian
diffusion

3. Direct interception because of finite particle size
4. Sedimentation
5. Electrpstatic phenomena

D. Parameters that are important in fabric filtration system design
include air-to-cloth ratio and pressure drop. Zach of these factors is

discussed bri £ly below.

A major factor in the design and operation of a fabric filter,
the air-to-cloth (A/C) ratio‘is the ratio, of the gquantity of gas entering
the filter (cfm) to the surface area of the fabric (ftz). The ratio is
therefore expressed as'cfm/ftz'pr sometimes also as £iltering velccity
(£2/min). In general, a lower ratioc is used for filterinq of gases containing
small particles or particles tﬁat may otherwise be difficuit to capture.
Selection of the ratio is generally based on industry practice or the recom-

mendation of the filter manufacturer.’
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Pressure drcop in a fabric filter is caused by the combined resistances

of the fabric and the accumulated dust layer. The resistance of the fabric

" alone is affected by the type of cloth and the weave; it varies directly with

the air flow. The permeability of various fabrics to clean air is usually
specified by the manufacturer as the air floy rate (cfm) through 1l 5;2 of
fabric when. the pressure differential is 0.5 in. H,0 in accordance with the
American Society for Testing and Materials (ASTM). At normal filtering

velocities the resistance of the clean fabric is usually less than 10 percent

. of the total resistance. The spaces between the fibers are usually larger

than the particles that are collected. Thus the efficiency and the pressure
drop of a new filter are initially low. ‘After a-coating of particles is
formed on the‘surface, the collection efficiency improves and the pressure
drep also increases. Zven after the firsi, cleaning and subsaguent cleaning

cycles, collection efficiency remains high because the accumulated dust is

not enti:elf ramoved.

The pressure drop through the accumulated dust layer has been found
to be directly proportional to the thickness of the layer.. Resistance also
increases with decreasing particle size. Maximua pressure drop on existing

utility fabric filters is 5 to 6 in. w.c.

Particulate collection in fabric filters even for submicron particles
i3 very gcod. Overall efficiencies well over 99% are possible for a wide
variety of particles. ' Figure 5-18 illustrates fabric filter collection

efficiency as a function of particle size.

E. Various cleaning methods are used to remove collected dust from

fabric filters to maintain a nominal pressure drop of 2 to 6 in. w.c.

‘HechanicaL shakihg or reversed air flow are generally used to force the

collected dust off the cloth.

Many mechanical shaking methods are in use. High-frequeney agitation

" can be very effective, especially with deposits of medium to large particles

adhering rather lnosely. In such cases, high filtering velocities can be
used and higher pressure dzops can 'be tolerated without danger of blinding

(blocking or clogging) the cloth.
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Figure 5-18. Fabric filter particulate collection efficiency (Ref. 5-4).
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In an alternative cleaning m2thod, an intermittent pulse jet of high-
préssuﬁe air (100 psi) is directed downward into the bag to remove the
_collected dust. In some designs the air is introduced at lower pressures,
bﬁt these systems may require a greater quantity of cleaning air. Felted
fabrics ars used in.conjunction with the purse-jet cleaning method. A

qualitative comparison of cleaning methods is given in Table 5-3.

A normal cleaning cycle is ac;uated bf a pressure transducer near

- the inlet to the induced-draft fan when the pressurevdrop across the bags
‘exceeds about 4 in. w.c. The use of compartménts, i.e., groups of bags with
individual sets of cleaning controls, permits continuoué operation and

particulate removal.

During operation each compartm:nt is cleaned in the Zollowing
manner;

1. The gas inlet damper to the compartment closes, shutting off the
flow of "dirty” flue gas to this compartment.

2. The collapse damper opens, allowing a reverse flow »f "clean”
flue gas from the outlet f£lue to be pulled through the bzgs,
partially collapsing and thus clean:.ng the bags.

3. ‘The collapse damper closes.

4. The gas‘inLet damper opens, returning the compartment to the

filtering mode. '

So that no sizable portion of the total fabric will be out of service
- for cleaning at any given time, the time required for cleaning éhould be a
sma;l:frac;ion of the time required for dust deposition. With shake cleaning
equipment, for example, a common cleaning-to-filtration time ratio is 0.1 ‘
or less.' With a ratio of ‘0.1, 10 percent of the compartments in the baqhouse
are out of service at ali timeé during operation. Therefofe, the frequency

of cleaning should be designed to minimize this ratio.
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F. The normal problems associated with fabric filters include poor
control of gas temperature resultlng in overheated bags which fail premituraly,
impingent of coarse particles on the bags which causes perforation, inadeguate
clearance between bags which results in excessive wear at contact points,
condensation on bags during startup, or'operation.which results . a sticky

cake which cannot be removed from the bags.

. The selection of a fabric which is chemically attacked by constitu-
ents in the gas or in the particles, excessive pressure during the cleaning
cycle which can cause the bags to tear or burst, and cleaning the bags too

frequently which substantially reduces bag life.

‘In addition to the above, the problems of hahdling the dust ccllected

in the hoppers must be considered.

5.1.5 Electrostatic Precipitators

A. Electrostatic precipitators (ESPs) are one of the simplast, most
reliable and economical devices available for partlculate removal. These
devzces operate at: very low pressure drops and require minimal amounts of

power for charglng, :applng and dust removal.

A typica; ESP incorporates an electrode arrangement consrsting of
positive grounded collectinq\plates and thin section negative’discharge
wires spaced approximately S5-6 inches apart. A high voltage (approximately
30 KV).DC charge is imposed on’the negative element and an electrical field

is set up between the two electrodes. The dust particles pass between the

‘elements and are charged and transported to the electrode of opoosmte

polarlty.‘ Periodically, the precipitated material must be removed from

the electrodes, this is accomplrshed by vibrating or rapping the plate to
dlslodge the dust. Flgure 5= 19 shows the basic comporents involved and
Figure 5-20 gives an idea of the arrangement of a typical full size

pPrecipitator.
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B. Historically, precipitator sizing has been based on use of tie

. Deutsch equation where
Efficiency = 1 - exp (— %-w) : . 14}

= Base of Natural Logarithms
= Collecting Electrode Area (square feet)

Gas Flow Rate (cubic feet/second)

£E < P o0
[

= Migraticn Velocity (feet/second)

The designer must solve for "A". The parémeter "w", migration velocity,
is derived from an equation which takes into account the electrical field ‘
strength at the collecting sufface and the discharge electrode, particle size
of the dust, and gas viscosity. Basically, selectiorn of this value reflects
the expertise of the designer and the company's experience in the particular
application. In essence, the following three values have been those considered

of primary importance in sizing a precipitator:

Face Velocity - expressed in feet per second (the speed at which the gas

travels through the precipitator). This determines the frontal area of the

box.

Migration Velocity = expressed in cm/seccnd or feet/second. This is the

speed at which the dust particle travels toward the plate under the influencs
of the electrical field. As mentioned, selection of this value has been

based on experience.

Asvect Ratio - the ratio of the length of the yrecipitator to its height.
(A unit with 30 foot high fields and 36 feet of treatment has an aspect
ratio of 1.2). For high (99+%) efficiercy, a minimum aspect ratio ¢f 1 is

considered necessarxy.

C. -There are many factors which affect ESP efficiency. The following
are the more important ones: gas distribution, rapping electrical sectionali-

zation, gas sneakage, dust removal and the stability of the high voltage

sytem.
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Gas Distribution - Careful a-tention st be givea to the flue arrangements

conveying gases to and frcm the Frecipitator as well as to the design of the

transitions. Nothing will dewngrade the performance of a un't as 2ffectively

as maldistriburion.

[P

Rapring - Cleanliness cf Frecipiczator collecting surfaces an
eisctrodes is essential %o Proper performance. The manufacturer muse srevile

adequa:e,:appxng @glipment o Xeep the systen clsan. as a Generzl rule, a=

b

lease one rapper per 2000 square fe

e
lineal feet of discharge wire should

lecericzal Secticralizasion - Thecretizally, the most efficiens precipltator

stratificaticn in temgerature, duss loadings, =tz.,

weuld be one in whigh each individual discharge electrode haz its dwn power

a nurber. of

isolated.

saction ci the precipitaszor vilneralze o extarnal malfuns*ians such as

=0

dust removal proclams,

Gas Sneakage - Loss of 2£fiziency can result from jas bv-passing the elecsra-
Jos Sieanage . ¥E

static Zone in a cracipitatsr. This can occur between thae anz platas and
the shell, over the top of the electrical fialds, aor 1n the hecgers. Cn

aigh efficiency uniss, design provisions are made =5 provide such petential

problems areas wish proper sealing'and taffliag.

Just Remcwval = Znadequately desigrned or under-sized dust ta2meval systems zan
== Seon Rl

tension framework, bowing discharge electrodes an

{L
Qa
w
[
"
o}
o
]
4}
0
m
b
1’
t
€]
1
(1
{2

failure. Moreover, ash build-up in +he hozgers Increases sossizilicy of

dust re-entrainmens and loss ci affiziansy, ‘
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Stabilitv of Hich Voltace System - The efficiency of a pracipitator is a

direct function of the power input. Any condition which affects power Lnput
adversely should be avoided in the basic design of the precipitatocr. Proper

alignment and stability of the high voltage system is essantial.

Todays high efficiency ESPs are very effective collection devices for
fine particles. Figure 5-21 illustrates typical collection efficiency as a

function of particle size.
D. =~  Rappers--

Removal of‘particulate matter collected on the plates in ESPs is
accomplished by rapping the plates to dislodge the dust. The wires can also

ke cleaned in this manner.

There are three types of rapping devices in general use roday:
drop hammers, magnetic Qr pneumatic‘impulse rappers, and electromagnetic
vikrators. Impulse rappers are used most often on the collecting ele:::c@es'
or plates because the freguency and intensity of rappiag can be adjusted O

optimize performance. Charging electrodes are mosth often cleaned wizh

vibrétors.

Plate rapping is performed in either of twolrodes, i.e., in.liné
yith the plate or across the plate. In general, rapping across the plate
produces higher levels of accelerations in ~he plates for a given energ:
inpus and results in more thorough cleaning of the plates. The inzerval
between rapping cperations is also an imporrtant factor in Z5F gerisrmance.
Papping too often results in unnecessary reentrainment and a decresase I

h

articulate ccllection efficiency, while overly long ragging cyslas resulit
n

L ¢]

the buildup of excessively thick layers of insulating dust which also
reduces particulate collection. .

The optimum ragping cycls2 in a given ESP instailaticn must ze
established for sach field in =2e cracipitator; finme tuning afzer starIup

is almost always required %o maximize particulate ceollection efficlency.
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E.. There ars sevaral problems that can arise which will substantialily
reduce ESP performance. The following are the mosT Common 2nccuntered Wwinn

el burning eguipment:

QEE_Vclume - A precipitator is a volumetric device. Any increase in bciie:
lcad which results in excessive flow through the precipi:a:af w1ll cause a
loss of efficiency. Tar example, a precipitator. designed fox 3 feet/seccnd
face velocity and an efficiency of 99% will drop 96.5% 1f the the

velocity increases to 4 feet/second (0.33% increase in load).

Temperature - A change in operating temperature may also have an effect on
precipitator efficiency. The resistivity of £ly ash (ability of the dust
‘particle to be charged) varies greatly in the temperature range 230-40 T

ITtrnoring the effscts of tamperature on Zas volume

(o

D

ty
it
I’}
2]
3
WD
ty
fu
(£

impact o

on efficiency would be (assum:ng 99% guarantee at 325 °F):

200 °F 99.9+%
325 °F 99%

: 400 °F 992.5%

Figure 5-22 is a wypical fly ash temperature vs. resistivity curve. 3earing
in mind that as resistivity increases efficiency decreases it can be seen
that there is benefit to be derived in operating below or above the 3006-

350°F level.

Fuel - Any significant change in ﬁhe tvpe 6f fuel being £ired will have an
efféct on the performance of a precipitator. .For example, a change Irom a
2% sulfur bitumincus coal to a £.5% sulfur suﬁbituminous western coal can
result in a design efficiency of 99.5% dropping to 30% (cx less). It nas
also been demonstrated that other chemical constituents (such as sodium
oxide) in the ash ca:: have an effect on performance by reducing bulk
resistivity. tlis, therefare, advisable that adequate attention be zpaild
to the fuel as related tc its impact on precipitator pezfor:ance; Asn
analysis $hould be submitted to the manufacturer, i1f it 1s available and

the unit designed for the worst expected fuel.
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Inlet Loading - The effact of increased dust loading is somewhat Obvicus.

Since a precipitator is desicned %o remove a certain percentage bV weight

of the entering matérial, all things being equal, an increase of 30% at the
inlet will result in the same increase at the outlet. . ThereZfore, i
change involves an incfease in percentage ash c¢ne ijn z2xpect a corcesgoniing

increase at the cutlet with greater ocpacity resulti

Carbon ~ Variations in firing practice or coal pulve}iz tion wnich affec: the
quantity of combustible materials in the £ly ash also have an impact on
pfecipitator performance. Carbonaceoﬁs materials are reacdily chaiged in a
precipitator, buft lose their charge quickly and. are readily reen::aihed. Neot
only is the carbon particle very conductive, it is large and light compared
©o the cther constituents maxing zp f£ly ash. Précipi:a:o:s on s=cusr Iirad
soilers, where combustible zontent may be 23 to 30 percent, are moora
conservatively sized and employ lower face velocity than a P.C. fired unit
firing the same £uel. ‘ .
The above are the major variables which impact precipitator perfcr-
~mance and should be considere% if a deterioration in performance 1s to be

avoided.

u

-2 COST OF PARTICULATE CONTROL

The cost of particulate control squipment is governed primarily Dby
the volume of gas to be treated, the size distributicn of the particlas to
be removed, and the overall removal efficiency required.

In addition, the chemical and physical characteristics of the gas

stream and the particulate matter may regquire special design featurss and

use of special corrosion, abrasion, or temperature resistant materials.

Where applicable the necessity for considering these extracrdinary

. - . - | . . .
measures will be noted znd their impact on system cost will be indicatsd.

The particle size indicated on the following cost curves is the size
that is collected at the 90% efficiency level. Exceptions to this are nnted

on the fiqure, :

5-48 ‘ KVB 5806-723




The installed costs used in this report are the costs that an owner
would pay to a contractor %o ins+tall that piece of equirment and all tvo_pa;
auxiliary equipment necessary for a tar“key ready to operata installaticn.
These costs include the equipment purchase price and the contractor's faes
for designing, supervising, and installing the ecuipment. But these';:e.not
the total costs to the owner. In addition to these direct costs are such
indirect costs as the en ineering and management tine necessi:y to recognize
the problem; £find alternative solutions; select equipment and contractor;
supervise the construction and integration with the pTant, company lost
revenues for the time the plant is inoperative while the equipment is being
iustalled; changes elsewhere in *he plant due to the new ccntrol equx:meq
and the company's genera1 and administrative expenses (nooxxenoxng, account-ng
lzgal, etz.) associated with thesa expenditu:es. Trhase indirsct

50% to 100% additional cos: +5 the owner.
5.2.1 Cost Basis

Each of the five major categories of particulate removal equipment has
a particular set of factors which dicrate performance capabilities and cost.
The factors for each catsgory are described below. ‘The cost factors are based
on a particular base sized module and a base particulate loading. The effects
of scaleup and variations in particle loading on costs are Gefined for each

category of equipment.

The cost figqures are based on equxpmenb and lakor. prlces escalated to
a 1978 basis and include, where appllcable, equipment supports, access ladders
and platforms, insulation, instrumentation, painting, wiring, licht ng, piping,
foundations and interconnecting ductwork, and appropriate onsite waste handling
equipment. Waste disposal costs are not incluéed. The éosf data were derived
ffom equipment offerings éqd estimates preparsd by Research-Cottrall* during
1977 and 1978.

There are many variables which affact the installed cost of thesa
types of systems. These include factors such as labor rates, productivity,

climatic conditions, weather patterns, local constriction code requirements,

*Research—Cott*ell Bound Brook, NJ is the ccuntry's largest manufacturer of
emission control equipment. .
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freight and site conditions. The range of the cost data presented in the
figures in the following sections in an attempt to define the affect of

these types of variables on installed costs.
5.2.2 Cost Data
aA. Settling Chamber and Momentum Separators——

Factors Dictating Cost: TFigure 5-23

1. Gas Volumne

2. Particle Size Distribution

Basic Size Module - 100,000 ACEM

Basic Particulate Loading - 5 gr per SCT

, .6
Scaleup: Cost x (Actual Gas Flew/100,000 ACFM)O
3.1

Particulate Loading Variation: Cost x (Actual Loading/3 gr per SCT)
The following example illustrates the use of the cost curves.

Se%tling Chamber:

Gas Velume: 250,000 ACFM

Particulate Loading: 8 gr/scCFf

Particle Size to be Collected: 40 microns and larger

Basic System Cost for 40 micron Particles from Figure 5-23: $27,000/39,C00
Gas Volume Multiplier: (250,0;)0/100,000)0'6 = 1.73

particulate Loading Multiplier: (8.0/5.000°% = 1.05

Actual System Cost: 1.05 x 1.73 x ($27,000/$39,000) = $49,000/$71,000

The selection »f a final actual system cost from the abeve range requires. that

a judgment be made on the basis of the site specific factors cited arcove.

Note 1. Since settling chambers and momentum separators are rarely
used as primary collection devices, the cost data for this
. category of particulate collection equipment is based on
their incremental cost assuming that onsite waste handling
equipment has been included in the cost for the primazy
collection device. i

Note 2.. Scaling of size and loading should not exceed a factor
© of 5 of the bases, e.g., 20,000 - 500,000 ACFM.

5-50 o XVB 5806-783




.

<.

IN

. - 3
3TALLED COST, 10U DOLLARS

100
20
80

70
60

50

. 40

30

20

10

-
—

| I T m
Base Year 1978 =
Basic Size 100,000 acrm —
Basic Loading S gr/scCr
— N . . —
See text for scal;ng eguations. |
] | | 1 1 |
20 30 40 S0 - 60 70 30

PARTICLE SIZE, MICRONS

Figure 5-23. Settling chariber and momentunm separator cost data.
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‘B. ‘ Cyclcnes—-—(Figure 5-24)

Pacteors Dictating Cost:

1. . Gas Volume
2. Particle Size Distribution

3. Abrasicn Requirements
Basic Size Mecdule: 100,000 ACTM

- Basic Particulate Loading: S gr SCF
' 3 0.9
Scaleup: Cost x- (Actual Gas Flow/100,000)

Particulate Loading Variation:

Cost x (Actual Loading/S5 ¢r per SCF)O'l

Abrasion Factor: TFor abrasive materials use higher end of cos*:
range.

Materials of Construction: Carbon Steel

Nominal pressure drop: 3 I.W.C.

., Note 1. Scaling of size and loading should not exceed a factor of
. 5 of the bases, e.g., 200,000 -~ 500,000 ACE:

Note Z. In cases where cyclones are used as the primarv collection
device, the upper range on Figure 5-24 should be used and
the following scaleup equation used:

Scaleup: Cost x {Actual Gas Flow/100,000) °* 72
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Figure 5-24. Cyclone and multi¥cyélone cost data.
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c. Wet.Scrubber--

1. Spray, Tray, and Packed Towers including auxiliary equipment.

Figure 5-25.

Factors Dictating Cost:

1. Gas Volume

2. Liquor-to-gas ratio

Basiclsize Mﬁdule: lO0,000‘ACFM

Basic Particu.ate Loading:. 5 gr/SCF

Basic Liquor-to-gas ratio: 30 gal. per l,;QO ACF

Scaleup: Cost x (Actual Gas Flow/100,000) "%

Particulate Loading Variation:

13

Cost x (Actual Loading/5 gr SCFJO'

Liguor~-to=-gas Ratio Variation:

Cost x [(Actual L/G)/30 gal. per 1,000 ACF]

0.25

Materials of Construction: 316 LSS (stainless steel)

Nominal Prassure Drop:

Spray‘Towers: .2 to 4 I.W.C.

Tray and Packed Towers: 8 to 12 I.W.C.

Note: Scaling of size and loading should not exceed a factor

of 53 of the bases, e.g., 20,000 - 500,000 ACFM
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Figure 35-25. Wet scrubber spray, tray and packed tower cost data.
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Venturi Scrubbers including auxiliary equipment, Figure 5-25

Factors Dictating Cost:

1. Gas Volume
Basiec Size Module: 100,000 ACFM

Sasic Particulate Loading: 5 gz per 3CF

_Basic Liquor-to-gas ratio: 6 gal. per 1,000 ACF

Scaleup: Cost x {Actual Gas Flow/lOO,OOO)O'6

Particulate Loading Variation:.

Cost x (Actual Loading/3 gr per SC:—“)O'15

Liquor-to-gas Ratio Variation:

‘ Q.
Cost x [(Actual L/G)/6 gal. per 1,000 ACF) 1

Materials of Construction: 316 LSS (stainless steel)

Nominal Pressure Drop

Low Efficiency: 8=-10 I.W.C. for cullection of particles above 1 um

Medium Efficiency: 25 I.W.C. for collectieon of particles between 2.3
and 1 um

High Efficiency: 30 I.W.C. for cnllection of particles below 0.5 ux

Note: Scaling of size and loading should not exceed a factor of 3
of the bases, e.g., 20,000 - 500,000 ACEFM
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Figqure 5-26. Venﬁuri scrubber cost data.
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D. Fabric Filters--(Figure S5-27)

Factors Dictating Cost:

l. Gas Volume
2. Gas Temperacire

3. Selecticn of A/C ratio

Basic Size Module: 100,000 ACFM

Basic Particulate Loading: 5 gr/SCF

Basic Gas Temperature: 350 °F

L. . w3 2

Basic Gress A/C Ratioc: 2 ft7/min ft

S

Scaleup: Cost x (Actual Gas Flow/100,000 ACFM)O’

Particulate Loading Variation:

Cost i‘(Actual Loading/% gr SCE')O'l

Gas Temperature Variation: .95 x cost + 0.05 x cost

(Relative Cost of Fabric/2.3)*

2 ft3/min £+
Ac¢tual A/C ratio

Y 2 0.9
' Gross A/C Ratio Variation: Cost x( )'

terials of Constxruction: Carbon shael

Nominal Pressure Drop: 4-6 I.W.C.

Nete: Scaling of 3ize and load should not exceed a factor of
5 of the bases, e.g., 20,000 -~ 500,000 ACFM

te

*See Table S5-1 in Section 5.1.4(B) for relative fabric cost data.
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Figure'5—27.‘ Fabric filter cost data. NOTE: 99+% overall col-.

lection efficiency.
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Electrostatic Precipitators——(Figure 5-28)

FPactors Dictating Cbsté

1. Gas Volume
2. Particulate Loading

3. Particulate Resistivity

' Basic Size Mciule: 10,000 ACFM

Basic Particuiate Loading: 5 gx/SCF

Basic Particulate Resistivity: up to 109 ohm-cm

Scaleup: Ccst x (Actual Gas Flow/100,000 ACFM)O'9

Particulate Loading Variaticn:

Cost x {Actual Loading/5 gr SCF)O'l

Particulate Resistivity Variation:

Cost x (Actual Resistivity/lo9 ohm-cm)o'lS

Note: Sczling of size and loading should not exceed a factor of 5

of the bases, e.g., 20,000 - 500,000 ACFM
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Figure 5-28. Electrostatic precipicator cost data. NOTE: 99% overall col-
lection efficiency.
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