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November 19, 1981. 

Mr. Clem Blackburn 
Tombigbee Lightweight Aggregate Corp. 
P. 0. Drawer V 
Livingston, A L  44101 

Dear Clem: 

The enclosed report presents the resu s of the  particulate emission source test 
conducted November 11, 1981 on the Fuller wet scrubber controlling emissions from the  
No. 2 rotary kiln. The test results indicate that the average particulate mass rate of the  
three test runs was 32.5 pounds per hour. The allowable emission rate  based on the 
Alabama Air Pollution Control Rules and Regulations is 43.1 pounds per hour. 

We again appreciate this opportunity t o  be of service to Tombigbee Lightweight 
Aggregate Corporation. Thank you for the  cooperation and assistance provided to  us 
during the course of our work. Should you require additional information or if we may be 
of further assistance, please let  us know. 

Sincerely, 

RESOURCE CONSULTANTS, INC. 

J."R. Reehl 

Dirkctor, Air Services Section 

JRR:BRN/jd 
enclosure 
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INTRODUCTION 

This report presents the results of the particulate emission source test conducted 
November 11, 1981, on the wet scrubber system controlling emissions from the No. 2 

rotary kiln at Tombigbee Lightweight Aggregate Corporation in Livingston, Alabama. 
Three isokinetic test runs were conducted to determine the amount of particulate matter 
being emitted into the atmosphere f rom the cyclonic separator stack. Test results ate 
to  be used to determine compliance with the Rules and Regulations of the  Alabama Air 
Pollution Control Commission. 

Exhaust gases from the processing of raw .... clay ..._.___._. in the rotary - kiln,,we_re-drafted directly I. 
from the kiln to a Fuller compIessed., a k a t o m i z i n g  I_ -..- scrubber-syst-em. Testing was 

conducted in the cyclonic separator stack, which included a rectangular grid of flow 
straightening vanes. Two sampling ports were located at a right angle from each other in 
the 70-inch diameter stack. The ports were situated at  a point 2.0 stack diameters 
downstream from the separator outlet and 0.5 stack diameters upstream from the stack 
outlet. During each test run, sampling was conducted over two traverses of the stack 
with each traverse having 24 sampling points. Sampling time at each point was two 
minutes for a'total sampling time of 96 minutes per test run. 

__-- I .. . . .. . . 

_-I' _- 

Mr. James Colbum of Tombigbee Lightweight Aggregate Corporation arranged testing 
facilities, programmed desired process operations and documented production records. 
For the Alabama Air Pollution Control Commission, Mr. Freddie Thomas observed the 
process operations and Mr. Timothy Owen observed source testing procedures. For 

Resource Consultants, Inc., Messrs. Larry Gamer, John M a r k  and Roger Reehl 
conducted the source test; Mr. Billy Nichols supervised the testing program. 

SOURCE 
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. .RESULTS 
c__ 

The results of the series of three test runs conducted November 11, 1981, on the NO. 2 

kiln wet scrubber are presented in the followhg table: 

Sampling Period 
( CST 1 

Gas sdream Temperature 
( F) 

Moisture Content 
(% by volume) 

Gas Stream Velocity 
( f t lsec)  

Volumetric Flow Rate 

Volumetric Flow Rate  
(acfm) 

(dscfm) 
Particulate Concentration 

Particulate Mass  Rate  

Process Weight Rate 

Allowable Emission Rate 

( grldscf ) 

(lb/hr) 

( tonslhr ) 

( Iblhr 1 
Isokinetic Rate  

(96) 

Run 1 - 
0838-1035 

136 

17.2 

42.3 

67,800 

49, aoo 

0.0779 

33.25 

-- 
-- 

97.2 

Run 2 - 
1350-1543 

138 

17.8 

43.1 

69,100 

50,300 

0.0690 

29.74 

-- 
-- 

95.5 

Run 3 - 
1648-1 834 

139 

18.4 

44.3 

71,100 

51,200 

0.0784 

34.43 

-- 
-- 
97.3 

Averane 

138 

17.8 

43.2 

69,300 

43.1 

-- 

The amount of particulate matter collected during each test run may be gravimetrically 
differentiated with respect to the point of collection within the sampling train as 
follows: 

., 

Total Particulate Particdate Collected Collected Particulate 
in Probe and Front Half on Filter Collected 

Run of Filter Holder Lmg 1 % of total)  rn 
No. (ma 1 % of total)  - 

1 75.9 I 25% 

2 76.0 1 29% 

3 100.9 1 32% 

225.6 1 75% 301.5 

189.1 1 7 1 %  265.1 

211.7 1 6 8 %  312.6 

-2- 



Because of the potential for the existence of cyclonic flow in the cyclonic separator 
stack, the pitot  tube rotational angles were determined at each point by the null 
technique of Method 1 to verify the extent  of cyclonic flow. As a result of the 

installation of a rectangular grid of flow straightening vanes, the rotational angles at all 
points were measured to  be less than 10 degrees from parallel flow relative to  the stack 
wall, indicating suitable conditions for conducting a source test, However, the short 

downstream length of stack from the vane outlet  to the sampling ports may not have 
allowed the flow profile to  stabilize resulting in a less than ideal sampling site. 

Because of the high moisture content of the gas stream, the  pitot lines were routinely 
purged to eliminate plugging from condensed moisture. 

During the testing program, the No. 2 kiln was operating at an average process weight 
ra te  of 42.6 tons per hour, As directed in Section 4.4.2 of the Alabama Air Pollution 
Control Commission Rules and Regulations, particulate mat ter  shall not be emitted from 
this source in excess of 43.1 pounds per hour based on the  indicated process weight rate 
as calculated by the equation: 

E = (55.0)P - 40, P E 3 0  tonshour  

where E = emissions in pounds per liour 
P = process. weight r a t e  in tons per hour. 

The test results indicate tha t  the average particulate emission ra te  during the wurce  
test was 32.5 pounds per hour. 

-3- 



SAMPLING AND ANALYTICAL PROCEDURES 

All testing was performed using procedures described in the Federal Register, Volume 42, 
Number 160, dated August 18, 1977, as ammended in Volume 43, Number 57, dated March 
23, 1978, and as approved by the Alabama Air Pollution Control Commission. 

Sampling s i tes  were selected using Method I; stack gas velocity and volumetric flow 
rates were determined by using Method 2. Determination of the gaseous components of 
the stack effluent was performed using t h e  Fyrite sampling technique described in 
Method 3. The determinations of particulate emissions and associated moisture content 
of the stack effluent were accomplished using Method 5. 

Gas flow rates  were calculated using the gas temperature, density, pressure, velocity, 
and the cross-sectional area of the stack. The gas velocity was calculated from velocity 
head measurements made with a Type S pitot tube and an inclined manometer using 
standard traverse procedures. 

Continuous gas samples were taken under isokinetic conditions during each test. The 
samples were passed through a heated probe and filter, and four Greenburg-Smith 
impingers (all, except No. 2, modified by removal of the impinger shield) charged in the 
following manner: 

Impinger No. I - 100 ml deionized water 
Impinger No. 2 - 100 ml deionized water 
Impinger No. 3 - Dry 
Impinger No. 4 - 250 grams silica gel 

A t  the end of each test, the volume of the  impinger solutions was measured t o  determine 
the amount of condensate collected. The amount of vapor in t h e  gas sample was 
calculated using the condensate measurement and data on the gases tha t  passed through 
the meter. 

The amount of particulate matter collected by the probe and front half of the filter 
holder was determined by placing washings from these components into crucibles tared t o  
a constant weight and evaporating to dryness. The fi l ter  and crucibles from each test 
run were then desiccated for a minimum of 24 hours, weighed to  a constant weight, and 
the results reported t o  the  nearest 0.1 milligram. 

RESOURCE 
CONSULTANTS *I R. -4- 
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NOMENCLATURE 

2 = Cross-sectional a rea  of stack or duct ,  f t  

= Cross-sectional area of the nozzle, f t  

= Water vapor in the gas s t ream,  proportion by volume 

= Water vapor in the gas stream at  saturation, proportion by volume 
= Pitot  tube assembly coefficient,  dimensionless 

= Particulate concentration, dry basis, standard conditions, g r / d x f  
= Particulate concentration including non-filterable condensable fraction, gr 
= Percent of isokinetic sampling, % 

= Pitot  tube constant,  85.49 ft/sec[(Ib/lb-mole)(in. Hg)/('R)(in. H20)]' 
= Maximum acceptable leakage rate for ei ther  a post-test leak check or 

for a leak check following a component change; equal to 0.02 Cfm 
or 4 percent of the average sampling rate, whichever is less. 

to the  l,k,' component change ( k l ,  2, 3 . . . n ) ,  cfm 

2 

= lndividua leakage rate observed during the leak check conducted prior 

= Leakage rate observed during the post-test leak check, c f m  
= Molecular weight of C02,  44.01 Ib/lb-mole 
= Molecular weight of gas stream, dry basis, Ib/lb-mole 
= Total weight of particulate collected,  mg 
= Particulate collected including non-filterable condensable fraction, mg 
= Molecular weight of N2 or CO, 28.01 Ib/lb-mole 
= Molecular weight of 02, 32.00 Ib/lb-rnole 
= Molecular weight of gas stream, wet  basis, ib/b-mole 
= Molecular weight of water ,  18.02 Ib/lb-mole 
= Barometric pressure at  t h e  sampling site, in. Hg 
= Sta t ic  pressure of gas stream, in. H20 
= Absolute pressure of gas stream, in. Hg 
= Standard absolute pressure, 29.92 in. Hg 
= Particulate mass rate, Ibhr 
I Particulate m a s  rate, including non-filterable condensable fraction, b/hr 

= Actual volumetric flow rate of gas stream, acfm 
= Dry volumetric flow rate of gas stream, standard conditions, dscfm 
= Ideal gas constant, 21.85 in. Hg-ft3PR-lb-moIe 

= Average dry gas meter temperature,  OF 
= Absolute average dry gas meter temperature ,  OR 
= Average gas stream temperature,  OF 

M ~ 2  or co 
M 

O2 
MS 

MW 

'bar 
P 
P 

'std 
PMR 
PMRi 

Qs(std) 
R 

S 

QS 

tm 

tS 

m 
T 

h 

R E S O U R C E  -6- su LTAN T 8 



TS 

Tstd 
"IC 

"m 
"m ( std) 

vS 
Y 
A H  

& 
%CO 

%Cot 

'lbN2 
%O2 
P" 
6 

'i 

e 
P 

N O M E N C L A T U R E  (Continued) 

= Absolute average gas s t ream temperature ,  OR 
= Standard absolute temperature,  527.7'R 
= Total volume of liquid collected in impingers and silica gel ,  rnl 
= Volume of gas sample as measured by the  dry gas meter ,  dcf 
= Volume of gas sample, corrected to standard conditions, dscf 
= Average gas s t ream velocity, ftlsec 
= Dry gas meter calibration fac tor ,  dimensionless 
= Average pressure differential  across t h e  orifice meter ,  in. H20 
= Velocity head of gas s t ream,  in. H20 
= Average of square roots  of gas s t ream velocity h e a d s , v q  
= Percent CO in gas s t ream by volume, dry basis, % 

= Percent C02 in gas s t ream by volume, dry basis, % 

= Percent N2 in gas stream by volume, dry basis, % 

I Percent O2 in gas s t ream by volume, dry basis, % 

= Density of water ,  b/ml 
= Total  sampling t ime ,  min 
= Sampling time interval, f rom beginning of run until t h e  f i rs t  component 

change, min 
= Sampling time interval, between two  successive component changes, 

beginning with the interval between the  f i r s t  and second changes, min 
= Sampling t ime interval,  f rom the  final (n 1 component change 

until t h e  end of the sampling run, min 

th  
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SUMMARY OF PARTICULATE EMISSIONS SOURCE TEST DATA 
Company -J&&,+eo L ; & ~ U  'At A,, c e d e  Test Date II /I&- 

2 

Source d- 2 K,ln LJtk <-robbe c Run No. 1 ' 

Determination of Dry Standard Cas  Sample Volume 
: Average pressure differential across the  orifice meter ,  in. H 2 0  A H  i4.0 

Barometric pressure at the  sampling s i te ,  in. Hg 'bar 30.02 

' Absolute average dry gas meter temperature ,  OR Tm 5 21.1 
' Dry gas meter  calibration factor,  dimensionless Y 1.00 

'm( std) 5973 

IC 12.42 

I 

Volume of gas sample as measured by the  dry gas meter ,  dcf V m 59.327 
Volume of gas  sample,  corrected to standard conditions, dscf 

Determination of Moisture Content of Cas Stream 
Total volume of liquid collected in impingers and silica gel, ml 
Volume of water vapor in gas sample, standard conditions, s c f  
Water vapor in t h e  gas stream, proportion by volume 
Water vapor in the gas  stream at saturation, proportion by volume 

Percent C02 in gas s t ream by volume, dry basis 

V 2d3.0 

*ws 0.172 
0. I16 

'w ( std)  

Bws(sat) 

SO2 

MS 

Determination of Cas St ream Molecular Weigh- 
%CO, 4. s 

IS. 5\ w+' Percent O2 in gas s t ream by volume, dry basis 
Molecular weight of gas st ream, wet  basis, Ib/lb-mole 

Determination of Cas S t ream Velocitv and Volumetric Flow Rates  
0,691 Average of square roots of gas s t ream velocity heads, d p -  

Stat ic  pressure of gas s t ream, in. H20 
Absolute average gas s t ream temperature,  OR 
Pitot tube assembly coefficient, dimensionless 
Cross-sectional area of stack or duct, f t  
Absolute pressure of gas stream, in. Hg 
Average gas s t ream velocity, f t lsec.  
Actual volumetric flow rate of gas stream, acfrn 
Dry volumetric flow rate of gas stream, standard conditions, dscfrn 

Total  weight of particulate mat ter  collected, mg 
Total sampling time, min. 
Cross-sectional area of the  nozzle, f t  

Part iculate  concentration, dry basis, standard conditions, g r l d x f  
Par t iculate  mass rate, b/hr 
Percent  of isokinetic sampling, % 

2 

Determination of Particulate Emission Data 

2 

m 

RESOURCE 
SULTANTS 

P -0 .50  
g 

*S - 
As 

C 0.84 
2b.73 

- 
29.98 

pS 

vS Lc2.3 

Qs( std) - Qs ,a 

"n 2 Q u i  
e A  
A O . o m 6  n 

0.07'79 
PMR 33.25 

I 47.2 



I 
i 

KunNo. 1 Source d o .  2 K ; I ~  G&t Sciubbef Test Date I t!t / 8 1  

- - vm y (  - Tstd Tm)( 'bar + (AH/13*6)  ) 
'std 

'rn(std) 

I 

% !  

= 59.73 d x f ,  volume of gas sample, corrected to standard conditions 
'm(std) 

1 = s o 2  in. Hg, barometric pressure at the  sampling site 1 'bar i 
= 29.92  in. Hg, standard absolute pressure . i  'std ! ,  OR, absolute average dry gas  meter temperature 521.1 - 

DETERMINATION OF MOISTURE CONTENT OF GAS STREAM 
(Method 5 )  

R = 21.85 in. Hg-ft3PR-lb-mole, ideal gas  constant 

PW = 0.002201 Ib/ml, density of water 

= 18.02 b / b - m o l e ,  molecular weight of water 

= 263.8 
MW 

"lC 
ml, total volume of liquid collected in imphgers  and silica gel 

"w(std) 

- - 12.4'2 scf ,  volume of water vapor in gas  sample, standard conditions 
'w(std) 

0 = 0.17 2 proportion by volume, water  vapor in the  gas s t ream 



DETERMINATION OF THEORETICAL MOISTURE CONTENT AT SATURATED CONDITIONS 
(Method 5 )  

In addition to the calculation of the moisture content of the gas s t ream from the 
irnpinger analysis, a second calculation from the assumption of saturated conditions is 
made whenever there  is the  probability tha t  the gas s t ream is saturated or laden with 
water droplets. 

A - - 6.691 , water vapor constant for Antoine's vapor pressure equation 
0 - - 3184 , water vapor constant for Antoine's vapor pressure equation 
C - - 68.84 , water vapor constant for Antoine's vapor pressure equation 

= 595.6 OR, absolute average gas s t ream temperature  
- - 0 . 5 0  in. HZO, static pressure of gas s t ream 

TS - 
g 

P 

antiloglO [. - ( B / ( T ~  - c))] - - 
+. (P./13.6) 

'bar a 'ws ( sat) 

- - 0.176 proportion by volume, water  vapor in gas s t ream at saturation Bws(sat) 

shall b e  considered correct if this value is less than the value calculated from 
the irnpinger analysis; accordingly, Bws(sat) and t h e  following values calculated for 
"w(std) and "lc, based'upm'Bws(at)* shall b e  used in all subsequent calculations. 

w s( sat) 

= d,/A xf, volume of water vapor in gas sample,  standard conditions, 
not exceeding saturated gas s t r eam conditions. 'w(std) 

vlC = ' d s td)  (%)( 'std ) 
Tstd 

5 d,/A rnl, Volume of liquid collected in impingers and silica gel, not 
exceeding saturated gas s t ream conditions. 
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Run No. Source do. 2 K : I a  -M*.t L o b b e  7 Test Date  I (  / , , / e ,  

DETERMINATION OF GAS STREAM MOLECULAR WEIGHTS 
(Method 3 )  

= 44.01 Ib/lb-mole, molecular weight of C02 

= 32.00 Ib/lb-mole, molecular weight of Ot 

= 28.01 Ib/Ib-mole, molecular weight of N2 or C O  

c02 

O2 

M 

M 

M ~ 2  or co 
% co2 = 4,s %, percent C 0 2  in gas stream by volume, dry basis 

%O2 = 15,s %, percent O2 in gas  stream by volume, dry basis 

%N2+%C02 = $30.0 %, percent N2 and CO in gas stream by volume, dry basis 

+ %CO = 44.01 %“2 - + 32.00 3 + 28.01 %N2 
Md 100 100 100 

= 29.3 Ib/lb-mole, molecular weight of gas stream, dry basis Md 

MS = Md ( I  - Bws) + MwBws 

- - 27.4 Ib/Ib-mole, molecular weight of gas s t r eam,  wet basis 
Ms 



DETERMINATION OF GAS STREAM VELOCITY AND VOLUMETRIC FLOW RATES 
(Method 2 )  

pg 

K P  

cP 
6 
TS 

A S  

pS 

pS 

S V 

V 
5 

QS 

QS 

Qs (std) 

Qs(std)  

R 

- - -0.50 in. H20, static pressure of gas s t ream 

= 85.49 ft/sec[(Ib/Ib-mole)(in. Hg)/(OR)(in. H20)] ', pitot  tube constant 

= 0.84 dimensionIess, pitot tube  assembly coefficient 

= 0.691 

= 595.6 OR, absolute average gas s t ream temperature  

= 2d.13 f t 2 ,  cross-sectional a r ea  of s tack or duct  

v v  average of square roots of gas  s t ream velocity heads 

P 
- - 13.6 + 'bar 

= 29.98 in. Hg, absolute gas s t ream pressure 
r r  

= KpCp 
5 s  

= 42.3 f t /sec,  average gas s t r eam velocity 

= (60 sec/rnin) AsVs 

= (.q,W acfm,  actual  volumetric flow rate of gas stream 

= &,.ROO d x f m ,  dry volumetric flow rate of gas s t r eam,  standard conditions 

RESOURCE 
LTA N T 8  



Test Date 11,/11/81 Run No. 1 Source l-4 0 .  2 l& U" t Scrubber 

Determination of Particulate Emission Data (Method 5 )  

= 3 1 . 5  mg, total  weight of particulate mat te r  collected 
"'n 
e = 9G, min, total  sampling t ime 

2 = o.O002& f t  , cross-sectional area of the  nozzle 

= 0.002669 in. Hg-ft /ml- R 
An 

K1 
3 0  

= 0.0719 gr/dscf, particulate concentration, dry basis, standard conditions 
CS 

PMR = (60 min/hr)(0.0001428 Ib/gr) cs Qs(std) 

PMR = 33.25 b/hr ,  particulate mass rate 

I = 100 T,[K~ VlC +(Vm Y/T,)(Pbar+ AH/13.6)] 
(60 sec/min) 8 vs PS.A, 

I = 97.2 %, percent of isokinetic sampling 



MOISTURE CONDENSATE 

/ 
r, ~ n g e r  No. 1 . b ; l r d  c(*o 2 . D u 0 " i d  H,o 3.  be4 

O' I  $s Volume, ml o r  g 355 lb3 
/- 

0 rare Volume, ml o r  g 100 ( 0 0  
/ 

4 S;I*ca Gel 

250.0 
2145 

24 5 

PARTICULATE COLLECTED 

Volume, rnl o r  g 

lesidue in  Ace tone  Rinse: (o.ooo9 g b lank)  ( 390 ml r in se )  = 
( 250 ml blank)  

'us 63  7 

Wowable Rinse Residue:(O.00001 of acetone weight)(0.7857 g h l  ) ( m m l  

Residue in  Impinger Condensate:  ( g b l a n k ) (  ml c o n d e n s a t e  
( ml blank)  

0.2238 R 2 r t i c u l a t e  C o l l e c t e d  (excluding impinger  c a t c h ) :  
5 r t i c u l a t e  C o l l e c t e d  ( including impinger  c a t c h ) :  R 

The p a r t i c u l a t e  c o l l e c t e d  in  e a c h  component  w a s  weighed to a c o n s t a n t  we igh t ,  meaning a 
jifference of n o  more t h a n  0.5 mg o r  1 p e r c e n t  of t o t a l  weight  less t a r e  we igh t ,  whichever  
if g r e a t e r ,  b e t w e e n  t w o  consecutive weighings,  w i th  no less t h a n  6 hours  of dess ica t ion  
lime b e t w e e n  weighings.  

Comments: 

Labora to ry  Analyst  



. 
Statement of Process Weight Rate Data 

On November 11, 1981, during the course of t h e  source testing program conducted on the  
No. 2 wet scrubber, the process weight rate data  .was recorded for the purpose of 
calculating the allowable particulate emission rate. The weights of coal fired and raw 
clay fed to the kiln were totalized over known periods encompassing the source test 
Coal was fired at  an average rate of 2.6 tons per hour; raw clay was fed at an average 
rate  of 40.0 tons per hour. The average total  process weight ra te  during the  testing 
period was 42.6 tons per hour. 

TOMBIGBEE LIGHTWEIGHT AGGREGATE CORP. 

Jamis  Colburn, Vice President 
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SAhlPLE CHAIN OF CUSTODY 

b C I M d t 8 A v l  /d o 2 KoIo W C ~  Cc<dbhrr 
I , /  I I  le1 -I 

CrO-blqLpe L,,htu, ets ht A,W<, 
Teit Number 

Plant 
Date Sampled- 

I 

I I 9 Run Nurnber(s) I 2 ;  3 

Sample Recovery 
Conrainer Code Description 

Less 20228 . ilun I 
20224 . R dn 2 

~ $ 1 0 2 3 0  I I .  ‘I RJn B 

F.Ik , ACPtme k.Ke . 1-4 lnsec C A  tp 
I I n  L 

J 

-I I 

Person Engaged in Sample Recovery 

Signature c\iL& 
Title 

Location at which Recovery was done 

Date and t ime of Recovery 

on- s I 

1 1  / I I  /81 
1 

Sarnple(s) Recipient, Upon Recovery if not Recovery Person 

Signature 

Tit l e  

Date  and Time of Receipt 

Laboratory Person Receiving 

Date  and Time of Receipt I I  I2 SI 7363 C5i 
I 

Sample Storage in ab 

Analysis 
Date  and Time Signature of 

Container Code Method of Analysis of Analysis 

h t L 4 S  . -&ZJ!&L 

flbAD.4 5 
-w--=- ++==- I 1  13-l? 81 

M d h d  5 t o s C  20270 
J 



DETERMINATION OF DRY STANDARD GAS SAMPLE VOLUME 
(Method 5 )  

AH 

'bar 

'srd 

Tm 

Tstd 
Y 

"m 

'm(std) 

'm ( std) 

R 

PW 

'lC 

W 
M 

'w(std) 

"w(std) 

B 
W.5 

ws B 

in. H 0, average pressure differential  across t h e  orifice meter 1.k 2 
- - 

= 30.02 in. Hg, barometric pressure a t  the  sampling site 

= 29.92 in. Hg, standard absolute pressure 

R ,  absolute average dry gas meter temperature  0 = 548.5 

= 527.7 OR, standard absolute temperature 

- - 1.00 dimensionless, dry gas meter calibration fac tor  

- - 6 1.209 dcf,  volume of gas sample as measured by the  dry gas meter 

= vm y (';td)( - 'bar + (AH'13.6) ) 
'std 

= 59.30 d x f ,  volume of gas sample,  corrected to standard conditions 

DETERMINATION OF MOISTURE CONTENT OF GAS STREAM 
(Method 5 )  

= 21.85 in. Hg-ft3PR-lb-mole, ideal gas constant 

= 0.002201 lb/ml, density of water  

= 18.02 Ib/lb-mole, molecukr  weight of water 

= 212.5 ml, total volume of liquid collected in impingers and silica gel 

= q ~ )  ( Tstd ) 
Pstd 

= 12.83 scf, volume of water  vapor in gas sample, standard conditions 

= 0.110 proportion by volume, water vapor in t h e  gas s t ream 

CON 6U ITA NTS 



- . R u n  No. Source d o .  2 d,In w et crdb e7 Test Date i 1 /11 /8L  

. DETERMINATION OF THEORETICAL MOISTURE CONTENT AT SATURATED CONDiTIONS 
(Method 5 )  

In addition to the calculation of the moisture content of the  gas s t ream from the 
impinger analysis, a second calculation from the  assumption of saturated conditions is 
made whenever there  is the  probability that the  gas stream is saturated or laden with 
water droplets. 

A 6.691 , water  vapor constant for Antoine's vapor pressure equation 

B - - 3144 , water  vapor constant for Antoine's vapor pressure equation 
C - - 68.84 , water  vapor constant for Antoine's vapor pressure equation 

P - - -0.50' in. HZO, static pressure of gas stream 

- - 

= 591.7 OR, absolute average gas s t ream temperature  TS 

g 

antiloglO [. - ( B / ( T ~  - c),] - - 
+ (P /13.6) 

'bar 8 
Bws(sat) 

Bwdsa t )  = O.IB6 proportion by volume, water vapor in gas s t ream at saturation 

- - Bws(sat)  'm(std1 
'w(std) - Bws(sat) 

. ~ .  
shall be used in all subsequent calculations. "w(std) and 'IC' based Won Bws(sat)' 

lard 

shall b e  considered correct if this value is less than the value calculated from 
the impinger analysis; accordingly, Bws(sat) -and the following values calculated for 
Bws(sat) 

nditio = d,/4 xf, vc-Ame of water vapor in gas sample,  sta 
not exceeding saturated gas s t ream conditions. 'w(Std) 

= 'w(std) (*)( 'std ') 
"IC Tstd 

= d,/A ml, Volume of liquid collected in impingers and silica gel, not  
exceeding saturated gas s t ream conditions. 'IC 

R 

RESOURCE 



.. 

DETERMINATION OF GAS STREAM MOLECULAR WEIGHTS 
(Method 3 )  

= 41r.01 Ib/lb-mole, m o l e p l a r  weight of C02 

= 32.00 Ib/lb-mole, molecular weight of O2 

= 28.01 Ib/lb-mole, molecular weight of N2 o r  CO 

c02 

O2 

M 

M 

M ~ 2  or co 
% co2 = 4.S %, percent CO 2 in gas s t ream by volume, dry basis 

%O2 .- - - (m %, percent O2 in gas  s t ream by volume, dry basis 

%N2+%C02 = 80.0 %, percent N2 and CO in gas s t ream by volume, dry basis 

%N2 + %CO %“2 + 32.00 3 + 28.01 
IO0 

= 44.01 - Md 100 100 

= 29.3 Ib/lb-mole, molecular weight of gas s t ream, dry basis Md 

MS = Md ( l  Bws) + M ~ B ~ S  

= 21.3 . Ib/lb-mole, molecular weight of gas stream, wet  basis 
MS 

CONS ULTAN T8 



DETERMINATION OF GAS STREAM VELOCITY AND VOLUMETRIC FLOW RATES 
(Method 2 )  

= -0.50 in. HZO, static pressure of gas s t ream 

- 85.49 ft/sec [(Ib/lb-mole)(h.  Hg) / (OR)(h .  H20)]’, pitot  tube constant 

= 0,8$ dimensionless, pitot  tube assembly coeff ic ient  

pg 

KP 
- 

6 = 0.103 v q  average of square roots of gas s t ream velocity heads 

= 591.7 OR, absolute average gas s t ream temperature  

= 2L.13 ft’, cross-sectional a rea  of stack or duct  
TS 

AS 

- 3- + Pbar 
pS - 13.6 

= 29.90 in. Hg, absolute gas st ream pressure 
pS 

= K C  
P P  

V 
‘ 5  

= @,L f t /sec,  average gas stream velocity “S 

= (60 sec/min) Asv, 

= 69,100 acfm,  actual volumetric flow rate of gas stream 

QS 

QS 

= 50;300 dscfm, dry volumetric flow rate of gas stream, standard conditions Qs (std) 



. 
Run No. 2 Source &,,2 p;\fi .t Sciubbec Test Date i1/11/8l 

Determination of Particulate Emission Data ( Method 5 )  

= 265.1 mg, total  weight of particulate mat ter  collected mn  
e = 91, min, total  sampling t ime 

2 = O . O O O N  f t  , cross-sectional area of t he  nozzle 

= 0.002669 in. Hg-ft /ml-'R 
An 

K1 
3 

= (0.01543 gr/mg)(mn/Vm(std) 1 
- - 0.0690 g r / d x f ,  particulate concentration, dry basis, standard conditions 

PMR = (60 min/hr)(0.0001428 Ib/gr) cs Qs(std) 

PMR = 29.76 Ib/hr, particulate mass rate 

CS 

I = 97.5 %, percent of isokinetic sampling 



f 

,Dinger No. 1. D&&cd &O 2. D&-;red I-!& 3.  [ku 
7 0 
p s s  Volume, ml o r  g 384 143 6 
/ 

are Volume, rnl o r  g loo (00 0 
/ 

PARTICULATE COLLECTED 

4. S;I:uGI 
212.7 
150.0 

tsidue in Ace tone  Rinse: Corn009 R b lank)  ( 365 ml r in se )  = 
( 250 ml b lank)  

,ct Volume, ml or R 264 43 6 22.7 

l 7  

s t i c u l a t e  C o l l e c t e d  (exc luding  impinger catch 1: 0.2543 g ,  

+ Labora tory  Analys t  







SUMMARY OF PARTICULATE EMISSIONS SOURCE TEST DATA 
Company -a Ce Test Date 1 1  / , I  81 

Source do. 2 K;ln LLk &sobbee Run No. 3 

Determination of Dry Standard Gas Sample Volume 
Average pressure different ia l  across the orifice meter ,  in. H 2 0  A H  I S 1  
Barometric pressure at the  sampling site,  in. Hg ’bar 30.0z 

Tm srcs.0 
- 

Absolute average dry gas meter  temperature, OR 
Dry gas meter calibration factor  , dimensionleu 
Volume of gas sample as measured by the dry gas meter ,  dcf 
Volume of gas sample,  corrected to  standard conditions, d x f  

Total voIume of liquid colle ted in impingers and silica gel ,  ml 
Volume of water vapor in gas sample, standard conditions, scf 

Water vapor in t h e  gas s t ream,  proportion by volume 

‘m 

vW 

Determination of Moisture Content of Gas S t ream 

Y 1.00 

61.50 
Vm a 
std) 

0.192 Bws(sat) 
. Water vapor in t h e  gas s t ream at saturation, proportion by volume 

Determination of Cas Stream Molecular Weights 
Percent C02 in gas s t r eam by volume, dry basis 
Percent O2 in gas s t r eam by volume, dry basis 
Molecular weight of gas s t ream,  wet  basis, Ib/lb-mole 

Average of square roots of gas s t ream velocity heads, q q  
Absolute average gas stream. temperature,  OR 
Pitot tube assembly c w f f  icient, dimensionless c 0.04 

%C02 4.5 
%O* @9 

T: 538.3 

27.3 

0.121 
-0.so 

MS 
Determination of Cas  Stream Velocity and Volumetric Flow Rates 

P Stat ic  pressure of gas s t r eam,  in. H20 

Cross-sectional area of s tack or duct, ft 2 AS 2b.73 
Absolute pressure of gas stream, in. Hg Ps 29.98 

Actual volumetric flow r a t e  of gas stream, acfm 
Dry volumetric flow late of gas stream, standard conditions, dscfm 

Total  weight of par t iculate  matter collected, mg mn 3 12.6 

Cross-sectional area of t h e  nozzle, f t  

Average gas s t r eam velocity, ft/sec. ” &  S 

Q, 3 , l S L  
Qs(std) 

Determination of Particulate Emission Data  

Total  sampling time, min. e 9 d  
An o.ooo3LGI 

Particulate concentration, dry basis, standard conditions, g r l d x f  & 

1 9 7 . 3  

2 

Particulate mass rate, Ibhr 
Percent of &kinetic sampling, % 

P 2  3443 

CONS ULTA N T8 



DETERMINATION OF DRY STANDARD GAS SAMPLE VOLUME 
(Method 5 )  

bU = 1.SL in. H20, average pressure differential across the  orifice meter 

= 30.02 in. Hg, barometric pressure at t h e  sampIing site 

= 29.92 in. Hg, standard absolute pressure 

= S a 0  OR, absolute average dry gas meter temperature  

= 527.7 OR, standard absolute temperature 

'bar 

'std 

Tm 

Tstd 
Y = 1.00 dimensionless, dry gas meter  calibration fac tor  

'm = 63.418 dcf ,  volume of gas sample as measured by t h e  dry gas meter 

- - 61.50 dscf,  volume of gas sample,  corrected to standard conditions 
'm(std) 

DETERMINATION OF MOISTURE CONTENT OF GAS STREAM 
(Method 5 )  

R = 21.85 in. Hg-ft3PR-lb-mole, ideal gas constant 

P W  = 0.002201 Ibiml, density of water  

= 18.02 Ib/lb-mole, molecular weight of water 

= 29!&5 
MW 

Vlc ml, to ta l  volume of liquid collected in impingers and silica gel 

'w(std) = 'IC(?) (" 'std ) 
'std 

= t3,& xf, volume of water  vapor in gas sample,  standard conditions 'w(std) 

= 0.184 proportion by volume, water vapor in t h e  gas stream Bws 

CONSULTANTS 



DETERMINATION OF THEORETICAL MOISTURE CONTENT AT SATURATED CONDITIONS 
(Method 5 )  

In addition to the calculation of the moisture content of the gas s t ream from the 
impinger analysis, a second calculation from the assumption of saturated conditions is 
made whenever there  is the probability that the  gas s t ream is saturated or laden with 
water droplets. 

A = 
B - 
C - 
T 
P 

6.691 , water vapor constant for Antoine's vapor pressure equation 
, water vapor constant for  Antoine's vapor pressure equation 
, water vapor constant for  Antoine's vapor pressure equation 

3144 
68.84 

- 
- 
= 598.9 OR, absolute average gas s t r eam temperature  
- - -0 .SO in. H20, static pressure of gas s t ream 

S 

g 

antiloglO [A - ( B / ( T ~  - c))] - - + (P /13.6) 
'bar g 

Bws( sat) 

Bws(sat1 = 0.192 proportion by volume, water vapor in gas s t r eam at saturation 

shall be considered correct  if this value is less than t h e  value calculated from 
the  impinger analysis; accordingly, Bws(sat) and the following values calculated for 

and Vlc, based upon Bws(sat), shall be used in  all subsequent calculations. 
'w(std) 

Bwdsat) 

= d /A  scf,  volume of water  vapor in gas sample, standard conditions, 
not exceeding saturated gas  stream conditions. 'w(std) 

= d/A ml, Volume of liquid collected in impingers and silica gel, not 
exceeding saturated gas s t ream conditions. VIC 



Run No. 3 Source do. 2 g i l w  we t Sccubbec Test Date t\ /t \ /8, 

DETERMINATION OF GAS STREAM MOLECULAR WEIGHTS 
(Method 3)  

c 44.01 Ib/lb-mole, molecular weight of C 0 2  

= 32.00 Ib/lb-mole, molecular weight of O2 

= 28.01 Ib/lb-mole, molecular weight of N2 or CO 

c02  

O2 

M 

M 

M ~ 2  or co 
% co2 = 4.5 %, percent C02 in gas s t ream by volume, dry basis 

%*2 = 

%N2+%C02 = 

15.5 
80.0 

%, percent O2 in gas s t ream by volume, dry basis 

%, percent  N2 and CO in gas s t ream by volume, dry basis 

Md 
%N2 + %CO = 44.01 %“2 - + 32.00 5 + 28.01 

100 100 IO0 

= 29,3 Ib/lb-mole, molecular weight of gas stream, dry basis Md 

= 2’7.3 . Wb-mole, molecular weight of gas stream, wet basis 
MS 

CONSULTANTS 

- 



DETERMINATION OF GAS STREAM VELOCITY AND VOLUMETRIC FLOW RATES 
(Method 2 )  

g 
P 

KP 

cP 
G 
TS 

A S  

ps 

ps 

vS 

vS 

Qs 

QS 

Qs ( st d)  

- - -0.50 in. HZO, static pressure of gas s t ream 

-1 85.49 ft/sec[(lb/lb-mole)(in. Hg)/(OR)(in. HZO)] !, pitot  tube constant 

= 0.84 dimensionless, pitot tube  assembly coefficient 

- - 6.721 v w  average of square roots of gas s t ream velocity heads 

= 598.9 OR, absolute average gas s t ream temperature  

= 26.13 f t 2 ,  cross-sectional area of stack or duc t  

P 
- - 13.6 + 'bar 

= 29.98 in. Hg, absolute gas  s t ream pressure 

/ . T  

= M.3 ftlsec, average gas s t r eam velocity 

= (60 sec/min) A,v, 

= IL,Loo acfm,  ac tua l  volumetric flow rate of gas  s t r eam 

= 51.200 dscfm, dry volumetric flow rate of gas s t r eam,  standard conditions 

RESOUmCE A, C 0 N SU ITA NTS 



R u n  No. 3 Source tJ6. 2 I A I ~  wit S C d k i  Test Date 1 1 / 1 1  /el 

Determination of Particulate Emission Data  (Method 5 )  

m 312.6 mg, total  weight of particulate mat ter  collected n 
e = 9(0 min, total  sampling t ime 

2 = 0.0003& f t  , cross-sectional a r ea  of the  nozzle 

= 0.002669 in. Hg-ft /ml-'R 

= (0.01543 gr/mg)(mn/Vm(Std) 

An 

K 1  
3 

= 0,0784 gr/dscf, particulate concentration, dry basis, standard conditions 

. PMR = (60 min/hr)(0.0001428 Ib/gr) cs Qs(std) 

PMR - - 34.43 b/hr,  particulate mass rate 

I = 97,3 %, percent of isokinetic sampling 



- .. , , , . . . , . . . . . . . . . . i 

Source * 1 U ;In Wet Stxebbcv 
3 sample Ror N O .  r( h 'Iirnt -7hmhgheeL 

. late I! 1 2  81 

' a r t i cu la te  C o l l e c t e d  (excluding impinger c a t c h ) :  0,2532 g- 

MOISTURE CONDENSATE 

c 

,otal Moisture  Condensa te  Col lected:  
c 

PARTICULATE COLLECTED 

blank)  ( 3% rnl r i n s e )  = (0.- g lesidue in Acetone  Rinse: 
( 23 ml blank)  

Wowable Rinse Residue:(O.00001 of a c e t o n e  weight)(0.7857 g/m1)(395 ml r in se )=  0.0031 g 

lesidue in Impinger Condensa te :  ( R b l a n k ) (  ml c o n d e n s a t e )  = , g 
( rnl blank)  

c ,omments: 

RESOURCE R. CONSULTANTS - Labora tory  Analyst  u 'O 



t l t L U  U H  I M LUU i 

c 



., 
FIELD DATA LOG 

3 / .  
pL.UT&&& L;*ht&,kl A94 ce d c SOURCE # 7 CCI, c3,t s,. -,icbr RUN NO 

4 u 
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EQUIPMENT CALIBRATIONS 

-37- 
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-I 

TYPE 5 PITOT TUBE ASSEhlBLY CALII IRATION I 

7- 1 C A L I B R A T E D  BY IDENTIF lCATION 
. D A T E  

L E N G T H  7 It. 

D =  0.315 in. P =  0.462 in. t O 

P .  0.4~2 in. Y =  0 B e =  1.0 P ~ + ~ =  0.924 in. 

a ,  = 
(I2 = 

A 1.0 

0.5 0(<10°) PI= 1.0 O (  C 5 O )  

0.5 O(CIOO) R2 = 0- 5 O (  ' 5 O )  

sin'f = 0.016 in. ( <  0.125 in.) = =  p ~ + ~  
s i n 8  = 0.016 in. (~0.031 in.) W z P ~ + ~  

1.05 Dt = 0.394 5 P 5 1.5 D t = 0.562 

0.188 in. 5 Dt 5 0.375 in. 

Distance between pitot tube and sampling nozzle 2 0.75 in. 
Distance between pitot tube and thermocouple 2 0.75 in. 

In accordance with 40 CFR Part 60, Appendix A, Method 2, Calibration Paragraph 4.1, 
t h e  pitot. tube assembly is assigned a coefficient of 0.84. 

A-SIGf  PLANL 
* 

8 - S I D E  ,PLANE 

- -- - - - - - _-- 
- -[Fz:+$: -- 

--- - - - - - - - - 

[TZ I 'I 
I t  
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1 

. 

. 

rem pe r atur e 
Gauge 

- 
Impinger 

Outlet 
(Pretest) 

Meter Inlet 
(Pretest) 

heter Outlet 
(Pretest 1 

Filter 
Heating 
System 

(Pretest) 

In-Stack 
(Post Test) 

Pretest Calibrations by 

Post Test Calibrations by 

Barometer Calibration by 
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STATEMENT OF PROCESS WEIGHT RATE DATA 
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Statement of Process Weight Rate Data 

On November 11, 1981, during the course of t h e  source testing program conducted on the 
No. 2 wet scrubber, the  process weight rate data  was recorded for the purpose of 
calculating the allowable particulate emission rate. The weights of coal fired and raw 
clay fed to  the kiln were totalized over known periods encompassing the source test. 
Coal was fired at an average rate of 2.6 tons per hour; raw clay was fed at an average 
ra te  of 40.0 tons per hour. The average total  process weight ra te  during the testing 
period was 42.6 tons per hour. 

TOMBIGBEE LIGHTWEIGHT AGGREGATE CORP. 
h 

l a m i s  Glburn ,  Vice President 
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APPENDIX D 
SAMPLE CHAIN OF CUSTODY 



Sample Recovery 
Container Code D e x r i p t  ion 

L q 4  2022% . 2,,n 1 C ; I + ~ C  . Aclt-e Ri-e . 14' inqer cm&y&E 

Person Engaged in Sample Recovery 

Location at which Recovery was done 

Date and t ime of Recovery 1 1  I N  81 

on-si , 

I 

Sample(s) Recipient, Upon Recovery if not Recovery Person 

Signature 

Title 

Date  and Time of Receipt 

laboratory Person Receiving 

Date  and Time of Receipt I I  I 2 SI 2360 CST 

Sample Storage in a 

Analysis 
Date and Time Signature of 



i 2 / m , v t :  8 
13 &+L) 

3 t. 7 1 DRAFT/WP 
d3006-4/971130 
03/30/92 1 &S L,-13 

Emission Test Report 
Review Checklist 

t 
\ 

! 

Reviewer : 7. /$@In swm 
Review Date: ////a/? 

A. Background Information 

1. 

2 .  

3. 

4 .  

5. 

6. 

7. Pollutants measured 
-1 

. -; 

3 .! 

, .^ 
'.* 

voc Pb @ PM-10 co so2 NO, 
Others (list) : 

8 .  Process overview: On an attached page provide a block 
diagram of the unit operations and associated air 
pollution control systems at the facility. Identify 
process tested with letters from the beginning of the 
alphabet (A, B, C, etc.) and APC systems with letters 
from end of alphabet (V, W, X, etc.) . Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from that sketch complete the table below that 
identifies processes or unit operations tested. 



DRAFT/WP 
d3006-4/971130 
03/30/92 2 

B. Process Information 

1. Provide a brief narrative description of the process. 
With as much detail as possible, (e.g., if a furnace or 
conveyor system is used, identify the type of unit) 
describe the equipment used for those operations tested. 
(Note: If process description provided in test report is 
adequate, attach copy or reproduce here.) 

Exhaust gases z from - __ the - processing .. . . of raw ... clay I in the rotary .. - k i h m - d r a f t e d  -__ ,. . 

from the kiln to a Fuller compIessed.. &atomizing - -_- scrubber-system. .--. . --  

conducted in the cyclonic separator stack, which included a rectangular grid of flow 
straightening vanes.,~' 

Product Collected 
Fine 
Material 



DRAFT/WP 
d3006-4/971130 
03/30/92 3 

2 .  For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product (P) rate. 

Basis for data: &/wA4e c 
(Indicate page/table Nos. in test report) 

3 .  For each process or operation tested and each test run 
note process capacity and operating rate during test. 

+ 2 . 6  7 ~ 4 M k 0 4 1 )  

/ I  

I /  

&&D/Y c Basis for data: 



DRAFT/WP 
d3006-4/971130 
03/30/92 4 

C. Air Pollution Control Systems Tested 

1. For each air pollution control system pollution control 
system identified in A.8, note the following 

Note: Be as specific as possible in identifying APCD. For 
example, indicate "pulse jet fabric filter" rather than simply 
"fabric filter." 

2 .  For each system identified above, provide a narrative 
description. For fugitive systems describe capture 
techniques as well as the removal techniques (use a 
separate page if necessary) 



’ DRAFT/WP 
d3006-4/971130 
03/30/92 5 

3. Using the attached parameter list for guidance complete 
the table below. (Use additional pages as needed.) 



DRAFT/WP 
d3006-4/971130 
03/30/92 6 

D. Sampling and Analysis Methods 

1. Complete the following table 

Test location Pollutant S & A method 

ir 4 

I P17 
method noted - 
(Yp 

N 

5 

Y/N I Y/N II 
YIN I Y M  11 

Y M  I Y/N II 
Y M  I Y M  II 



DRAFT/WP ., 
d3006-4/971130 
03/30/92 7 

2. If a method used was not a reference or conditional 
method, provide a narrative discussion including any data 
manipulation needed to make results correspond to 
reference or conditional method results. 

3. Describe any deviations identified above. 

Because of the potential for the existence of cyclonic flow in t h e  cyclonic separator 
I stack, the pitot  tube rotational angles were determined at each point by the null 

technique of Method 1 t o  verify the extent  of cyclonic flow. As a result of the 

installation of a rectangular grid of flow straightening vanes, the  rotational angles at all 
points were measured to be less than 10 degrees from parallel flow relative to the  stack 
wall, indicating suitable conditions for conducting a source test. However, the  short 

downstream length of stack from the vane outlet  to the  sampling ports may not have 

Because of the  high mokture content of the gas stream, the  pitot  lines were routinely 

t ,  

allowed the  flow profile t o  stabilize resulting in a less than ideal sampling site. 

purged t o  eliminate plugging from condensed moisture. 
... .. . . 

' ... - .. . . .. . . 
i_ .. 



DRAFT/WP 

03/30/92 a 
d3006-4/971130 

E. Emission Data Documentation 

1. Tabulate the following stack gas data from the test 
report. (Use additional pages as needed.) 



- . DRAFT/WP 
d3006-4/971130 
03/30/92 9 

2. Tabulate pollutant mass flux rates 



DRAFT/WP 

03/30/92 10 
d3006-4/971130 

3. Present example emission factor calculations below. 

33.25/40 = 0.53 

= 3.97 



' DRAFT/WP .I . 
d3006-4/971130 
0 3 / 3 0 / 9 2  11 

/ 4 .  Tabulate emission factors 

b3006-4/971130 



DRAFT/WP 
d3006-4/971130 
03/30/92 12 

ATTACHMENT A 
APCD PARAMETERS 

Fabric filter 

ESP 

Venturi (or other high 
energy) scrubber 

Packed-bed scrubber 

Carbon absorber 

-_ 

Parameters 

Cleaning mechanism 
Bag type 
Cleaning frequency 
Air to cloth ratio (NC) 
pressure drop 
Inlet temperature 

Type (wet or dry) 
Number of fields 
Rapping cycle (if dry) 
Specific Collection Area (SCA) 
Particulate resistivity (if known) 
Spark rate 
Current and mwer levels 

pressure drop 
Liquidgas (UG) ratio 
Mist eliminator type 
Packing depth 
U G  ratio 
Caustic use PIN) 
PH 
Mist eliminator type 
Bed depth 
Superficial gas velocity 
Bed temperature 
Desorption mechanism (media) 
Flue-gas moisture 
Cycle length 
Timeon-line after breakthrough 




