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mch 2 ,  1983 

Ms. Amy J. Nelson 
Miwt Research Ins t i t u t e  
4505 12eedmzore Road 
Raleigh, NC 27612 

DearMs. Nelson: 

hclosed are canplete par t iculate  anissions test reports of the No. 
1 an3. No. 2 kilns a t  Tunbigbee Lightweight Aggregate corporation i n  
Livingston, Alabama. 

This data d s t s  of tw3 50 page test reports. A charge of $25.00 
is assessed for duplication. 
Department of hvironmental Mandgmt-Air Program. 
t o  the following address: Alabma . Departnwt cf hvi romen+al  !&nagmt,  
S t a t e  Capitol, Montgcmery, Alabama 36130. 

The check should be made payable to 
It s h a l d  be sent 

If  I may k e  of further assistance, please write or call. 

Air Program 
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(11 Fan Curves 0 o m  

9. Provide a skelch 01 &vim, if it i s  01 unusual design. 

Attached 

,- 

10. List  below the importml operating parameters for the device. (For example: air/cloth ratio and fabric type, weight, md weave IOC a baghouse; 
throal velocity and walu use rate IOI a venturi sttubber; elc.) 

Water use rate = 8% gals. per 1000 c f m  

Compressed air pressure = 9 psi 
tic pressure drop through system = I 4  inches w .  - 

Compressed air capacity = 1 ,275  scfm 

. .  
11, gy.pass ( i f  any) is  lo be used !kkn: srruhher tint-? 

Ki ln  feed rate will be reduced to one-half the normal rate.  - 

- _  APT. 110-3 
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PARTICULATE EMISSION SOURCE TEST 
CONDUCTED ON 

NO. 1 KILN WET SCRUBBER 

AT 

TOMBIGBEE LIGHTWEIGHT AGGREGATE CORPORATION 
Livingston, Alabama 

November 12, 1981 



November 19, 1981 

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

Dear Clem: 

The enclosed report presents the results of the particulate emission source test 
conducted November 12, 1981 on the  Fuller wet  scrubber controlling emissions from the 
No. 1 rotary kiln. The test results indicate tha t  the  average particulate mass rate of the 
three test runs was 17.3 pounds per hour. The allowable emission rate  based on the 
Alabama Air Pollution Control Rules and Regulations is 40.7 pounds per hour. 

W e  again appreciate this opportunity to 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. 

W& 
Y R .  Reehl 
Pol tion Control Sp 'ali t 

& d A  
Billy R. dichots, P.E. 
Director, Air Services Section 

JRR:BRN/jd 
enclosure 

P.O. Box 498 * Two Merylsnd Farms - Suite 340 - Brentwood. Tennessee 37027 - 61 5-373-5040 
0-c- 
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INTRODUCTION 

This report presents the results of the particulate emission source test conducted 
November 12, 1981, on the  wet scrubber system controlling emissions from the No. 1 

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 from the cyclonic separator stack. Test results are  
to  be used to determine compliance with the  Rules and Regulations of the Alabama Air 
Pollution Control Commission. 

y in the rotary kiln were drafted through a 
primary multiclone collector and a Fuller comDressed air atomizinn scrubber system. 
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 56-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 t ime of 96 minutes per test run. 

Mr. James Colburn 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 Garner, John Marino and Roger Reehl 
conducted the  source test; Mr. Billy Nichols supervised the  testing program. 
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RESULTS 

The results of the  series of three test runs conducted November 12, 1981, on the No. 1 

kiln wet scrubber are presented in the following table: 

Sampling Period 
(CST) 

Gas SJream Temperature 
( F )  

Moisture Content 
(% by Volume) 

Gas Stream Velocity 

Volumetric Flow Rate 

Volumetric Flow Rate  

Particulate Concentration 

Particulate Mass Rate 

Process Weight Rate 

Allowable Emission Rate  

(ft/sec) 

( ac fm)  

(dscfm) 

(gr/dscf) 

( Iblhr ) 

( tonshr) 

( Iblhr ) 
Isokinetic R a t e  

(%I  

0845-1033 

138 

17.3 

56.6 

58,000 

42,400 

0.0440 

16.00 

-- 
-- 
96.7 

Run 2 

1128-1322 

138 

17.7 

56.0 

57,400 

41,700 

0.0508 

18.16 

-- 
-- 
97.5 

1430- 16 17 

138 

17.6 

56.9 

58,400 

42,500 

0.0487 

17.75 

-- 
-- 

98.6 

Averane 

138 

17.5 

56.5 

57,900 

( 3 2 0 9  - - 
.L _ _ -  

32.8 

40.7 

31.0 i p h r b  

-- 
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: 

/Particulate Collected 4 a r t  icula te J o t a l  
in Probe and Front Half Collected Particuk te 

RIM of Filter Holder on Filter Collected - No. (mg / % of total)  (mn / % of total)  htd 
1 35.6 1 16% 188.2 I 84% 223. a 
2 61.2 124% 195.1 1 7 6 %  256.3 ' 

3 62.1 1 2 5 %  191.1 1 75% 253.2 

RESOURCE 
CONSULTANTS m -2- R, 



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. I kiln was operating at an average process weight 
ra te  of 32.8 tons per hour. As directed in Section 4.4.2 of the  Alabama Air Pollution 
Control Commission Rules and Regulations, particulate matter shall not b e  emitted from 
this source in excess of 40.7 pounds per hour based on the  indicated process weight rate 
as calculated by the  equation: 

E = (55.0)P Oal '  - 40, P 1 30 t onshour  

where E = emissions in pounds per. hour 
P = process weight ra te  in tons per hour. 

The test results indicate that the average particulate emission r a t e  during the source 
test was 17.3 pounds per hour. 
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SAMPLING AND ANALYTICAL PROCEDURES 

Ail 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 Akbama Air Pollution Control Commission. 

Sampling sites were selected using Method 1; 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 the 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 kokinetic 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: 

lmpinger No. 1 - 100 ml deionized water 
Impinger No. 2 - 100 ml deionized water 
Imphger No. 3 - Dry 
Impinger No. 4 - 250 grams silica gel 

At 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 the  gas sample was 
calculated using the condensate measurement and data on t h e  gases that  passed through 
the meter. 

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

-4 - 



T 
A 

11 

12 

18.1 23 54.2 

22.3 24 55.0 - 

Stack Outlet 

Sampling Ports 

112" 
7-7-7 

1 sparator  Outlet 

Location of 

Section A-A 

Sampling Ports and Traverse Points 

No. 1 Klln Wet Scrubber System 
Tombigbee Lightweight Aggregate Corporation 

Livingston, Alabama 

-5- 



NOMENCLATURE 

AS 

Bws(sat) 
cP 

n A 

B ws 

C .  SI 
I 
K 

P 
'a 

'i 

L 
P 

M 

Md 
m n 
m ni 

c02 

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

= Cross-sectional a rea  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 
= Part iculate  concentration, dry basis, standard conditions, grldscf 

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

= Pitot  tube  constant,  85.49 ft/sec[(lb/lb-mole)(in. Hg)/(OR)(in. H20)]' 
= Maximum acceptable leakage r a t e  for  either 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. 

= lndividua\$akage r a t e  observed during the  leak check conducted prior 
to the  "i " component change (;=I,  2, 3.. .n),  c f m  

= Leakage rate observed during the post-test  leak check,  c f m  
= Molecular weight of COz, 44.01 lb/lb-mole 
= Molecular weight of gas stream, dry basis, Ibllb-mole 

= Total weight of particulate collected,  mg 
= Particulate collected including non-filterable condensable fraction, mg 

2 

= ,Molecular weight of N2 or CO, 28.01 lb/lb-mole 
= Molecular weight of 02, 32.00 Ib/lb-mole 
= Molecular weight of gas s t ream, wet  basis, lb/Ib-mole 
= Molecular weight of water, 18.02 lb/lb-mole 

= Barometric pressure at the  sampling site, in. Hg 
= Static pressure of gas stream, in. H20 
= Absolute pressure of gas stream, in. Hg 
= Standard absolute pressure, 29.92 in. Hg 
= Particulate mass rate, lblhr 
= Particulate mass rate, including non-filterable condensable fraction, lbhr 
= 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-mole 
= Average dry gas meter temperature,  OF 
= Absolute average dry gas meter temperature ,  OR 
= Average gas s t ream temperature, OF 

M ~ 2  or co 
M 

O2 
Ms 
MW 

'bar 
P 

g 
P 

'std 
PMR 
PMRi 

Qs(std) 
R 

S 

QS 

tm 
m T 
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5 
T 

Tstd 
"IC 

"m 
"m (s td)  
vS 
Y 
A H  

2 
%CO 
%C02 

%N2 

%O2 
P" 
e 

'i 

e P 

NOMENCLATURE (Continued) 

= Absolute average gas  stream temperature ,  OR 
= Standard absolute temperature,  527.7'R 
= Total volume of liquid collected in impingers and silica gel,  ml 

= Volume of gas  sample as measured by t h e  dry gas meter ,  dcf 
= Volume of gas sample, corrected to standard conditions, d x f  

= Average gas stream velocity, ft/sec 
= Dry gas meter calibration fac tor ,  dimensionless 
= Average pressure differential across the  orifice meter ,  in. H20 

= Velocity head of gas s t ream, in. H 2 0  
= Average of square roots o f ' g a s  stream velocity h e a d s , v w  
= 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 s t ream by volume, dry basis, % 

= Percent O2 in gas stream by volume, dry basis, % 

= Density of water ,  Ib/rnl 
= Total sampling time, rnin 
= Sampling t ime interval, f rom beginning of run until the  first component 

change, rnin 
= Sampling t ime interval, between two successive component changes, 

beginning with the  interval between the  first  and second changes, min 

= Sampling time interval, f rom- the  final ( n  
until the  end of t h e  sampling run, min 

th  ) component change 

-7 - 
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SUhlMAKY OF PARTICULATE EMISSIONS SOURCE TEST DATA 
company JL+h Le+ taht L n ~ ~ n a + . e .  Test Dare t t / ,Z  81 

Source 0 1  n Jet Suobber Run No. L 

Determination of Dry Standard Gas Sample Volume 
Average pressure differential across t h e  orifice meter ,  in. H20 AH 2-49 

29.91 Barometric pressure at the sampling site, in. Hg 
Absolute average dry gas meter  temperature,  OR 

'bar 
'm 543.0 

~ r y  gas meter calibration factor ,  dimensionless Y 1.01 

Volume of gas sample as measured by the dry gas me te r ,  dcf "m 7 9.343 

'IC 343.5 

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

Total volume of liquid collected in impingers and silica gel,  ml 
Volume of water vapor in gas sample, standard conditions, scf 

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

'rncstd) 
Determination of Moisture Content of Cas  Stream 

I b-4-5 
0.173 
6. I84 

"w(std) 
Water vapor in the  gas s t ream,  proportion by volume 

Percent C 0 2  in gas s t ream by volume, dry basis 

Percent O2 in gas  stream by volume, dry basis 

Bws 

Bws(sat) 

%C02 

%02 I5  .s 

- 

Determination of Gas Stream Molecular Weights 
J. 5 - 

- MS 27.4 Molecular weight of gas s t ream,  we t  basis, Ib/lb-mole 

Average of square roots of gas s t ream velocity heads, d w -  
Determination of Gas Stream Velocity and Volumetric Flow Rates  

0.923 
Static 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 s tack or duct, f t  
Absolute pressure of gas stream, in. Hg 

2 

Average gas stream velocity, ft/sec. 
Actual volumetric flow rate of gas stream, acfm 
Dry volumetric flow ra t e  of gas stream, standard conditions, d x f m  

Total weight of par t iculate  matter collected, mg 
Total sampling t ime, min. 
Cross-sectional area of the  nozzle, f t  

Particulate concentration, dry basis, standard conditions, grjdscf 
Particulate mass rate,  l b h r  
Percent of isokinetic sampling, % 
T-r 

Determination of Part iculate  Emission Data 

2 .  

RESOURCE 
CONSULTANTS 

P -0.55 
g 

Tc 597.2 - 
0.84 

17. LO 
pS 29.93 

5 C . b  

Qs 58.060 

% 
AS 

"S 

Qs(std) -w= 
223.8 

e 9 d  
A O . o o O ~ ~  

"n 

n 
0 . 0 ~  

CS 

I 96.7 
PMR lb.00 



DETERMINATION OF DRY STANDARD GAS SAMPLE VOLUME 
(Method 5 )  

AH 

'bar 

'std 

Tm 

Tstd 
Y 

'm 

'm(std) 

'm(std) 

R 

pw 

'IC 

W 
M 

'w(std) 

'w(std) 

0 
P I S  

ws B 

= 2-49 
= 29.97 in. Hg, barometric pressure at the  sampling s i t e  

= 29.92 in. Hg, standard absolute pressure 

= S43.0 R, absolute average dry gas meter  temperature  

= 527.7 OR, standard absolute temperature  

1.01 dimensionless, dry gas meter  calibration factor 

= 19.3M 

in. HZO, average pressure differential  across the  orifice meter 

0 

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

= 79.49 dscf, volume of gas sample,  corrected to standard conditions 

DETERMINATION OF MOISTURE CONTENT OF GAS STREAM 
(Method 5 )  -. 

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

= 0.002201 Ib/ml, density of water  

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

= 349.5 ml, total  volume of liquid collected in impingers and silica gel 

VIc(?) ( Tstd ) 
'std 

- - I b , k  scf, volume of water vapor in gas sample, standard conditions 

- - 'w ( s td)  
'rn(std) + 'w(std) 

= 0.173 proportion by volume, water  vapor in t h e  gas s t ream 

RESOURCE 
CONSULTANTS 



Run No. Source k . 1  RiI- W P t  sc rub Test Date ii/iZ/BI 

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

In addition to the calculation of the  moisture content  of the gas stream from the 
impinger 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 

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

- - 

- - 541.2 OR, absolute average gas s t ream temperature 
- - -0 .5s in. H20, static pressure of gas s t ream 

TS 
P 

g 

antiloglO [. - (O/(TS - C ) ) ]  , - - 
+ (P /13.6) 

'bar g 
Bws(sat) 

Bws(sat) 

Bws(sat) 

= 0.184 proportion by volume, water  vapor in g& s t ream at saturation 

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 

'w(std) and 'lc' based upon Bws(sat)l shall be used in all subsequent calculations 

= d!h scf, volume of water  vapor in gas sample, SI iard 
not exceeding saturated gas s t ream conditions. 'w(std) 

diti 

"IC = 'w(std) (2)( 'std ) 
, 'std 

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

ONSULTANTS 



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 O2 

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

c02 

O2 

M 

M 

M ~ 2  or co - 

%O2 

% co2 4 S %, percent C02 in gas s t ream by volume, dry basis 

- - 15.5 

%N2+%C02 = 84.0 

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

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

+ %CO 
= 44.01 %“2 - + 32.00 - %O2 + 28.01 %N2 

100 100 IO0 Md 

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

MS 

MS 

= Md (1 - Bws ) + MwBws 

- - 27.4 , Ib/lb-mole, molecular weight of gas stream, wet  basis 

0 N su LTAN T8 



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

pg 

KP 

cP G, 
Ts 

A, 

pS 

ps 

S V 

5 
V 

Qs 

Qs 

Qs( st d )  

Qs(std) 

- - -0.5,s in. H20, static pressure of gas s t ream 

= 85.49 f t /sec [(lb/lb-mole)(in. Hg)/(OR)(in. H20)] ', pitot  tube constant 

= a04 dimensionless, pitot  tube assembly coefficient 

= 

- - 591.2 OR, absolute average gas s t r eam temperature  

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

= 11.10 ft', cross-sectional a rea  of s tack or duct 

- - pg 13.6 + 'bar 

= 29.93 in. Hg, absolute gas s t ream pressure 

= K C  P P  

- - 56.6 ft/sec, average gas s t ream velocity 

= (60 sec/min) ASvs 

= 58,- acfm,  ac tua l  voiumetric flow rate of gas s t ream 

= &;&Q d x f m ,  dry volumetric flow rate of gas s t ream,  standard conditions 



Determination of Particulate Emission Data (Method 5 )  

*n 
e 

An 

K 1  

PMR 

PMR 

I 

I 

= ' 223.8 mg, total  weight of particulate matter collected 

= 96 min, total sampling t ime 

= o.ooo?& f t . ,  cross-sectional area of the  nozzle 

= 0.002669 in. Hg-ft /ml-OR 

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

= Qo4& grldscf,  particulate concentration, dry basis, standard conditions 

2 

3 

= (60  min/hr)(0.0001428 Iblgr) cs Qs(std) 

- - 16.00 Ib/hr, particulate m a s  r a t e  

= 100 Ts[KI Vlc +(V, Y/Tm)(Pbar+ AH/l3.6)] 
(60 seclmin) 0 vs PS-An 

= 96.7 %, percent of isokinetic sampling 

h 



Sourcc - * 2 K;In S crubber 

Sample Rox No. I 

PARTICULATE COLLECTED 

Residue in Acetone Rinse: (O.wO9g b l a n k )  ( 375 ml r i n s e )  = 
( 250 ml b lank)  'I 

i Allowable Rinse Residue:(O.00001 of a c e t o n e  weightI(0.7857 g/mt)(3?sml r i n s e ) =  0.0029 g 

; Residue in lmpinger Condensa te :  g b l a n k ) (  ml  c o n d e n s a t e )  = g ( 
( rnl b l ank)  

L 

a 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  ): a.30(5 f?, 

a r t i c u l a t e  Co l l ec t ed  ( inc luding  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 
f f e r e n c e  of no more  t h a n  0.5 mg o r  1 p e r c e n t  of total  w e i g h t  less tare w e i g h t ,  whichever  

g r e a t e r ,  be tween t w o  c o n s e c u t i v e  weighings,  w i th  n o  l e s s  t h a n  6 hours  of d e s s i c a t i o n  
me be tween  weighings.  

+ L a b o r a t o r y  Ana lys t  



F I E L D  DATA LOG 

8bROMETRlC PRESSURC.z9>2.. , 

S T b l l C  PRESSURE - o , q y  
AMBIENT TEMPERbTURE&f--- 

. C R O S S  SECTION 

 RUN NO NOYOGPIAPH VALUES 

OPERbTORS & c k  $ Gf&k. 
METER SOX NO L PRO0E LENGTH' &" 
SIMPLE BOX NO f; PROBE LINER s5 

IMPINGER GbUGE N O  - PORT DIAMETER 3. 
STACK GAUGE NO. 5-i METER SYSTEM LEbK.CHECK %, 
P I T 0 1  COEFFICIENT 9 . a f  

SAMPLE OAG LEAK-CHEFK b 

C FACTOR- 
AVG np- 

S * P  

F I L T E R , Y O . ~  PORT LENGTH '3' . SAMPLING 

(q -11 ORSbT LEAK-CHECK .. .PROBE HEATER SETTING 457. POR? LOCATION 
c 

SAMPLING STACU VELOCITY ORIFICE METER . GAS GAS SAMPLE l E M P  SAMPLE TEMP OF * PUMP 
SAMPLE AT DRY GAS METER BOX GASLEAVING VACUUM 
VOLUMS INLET OUlLEl TEMP LAST GAUGE . TIME TEMP HEAD inn1 In ti4 

11.1 'F  * F  . IMPINGER 'F in HQ C l O r K  SAMPLE I A PSI I ~ P I I  ACTUAL OESIREO lVml It  I lm~) 'Fi lm- ,I 'F  



STPCK VELDCllY ORIFICE M E l C R  GAS GAS SAMPLL l E M P  SAMPLL I E M P  DF PUMP 
TEMP n E m  I D H I  In H,O SAMPLE A 1  DRY G4S MLTIR BOX GASLE4VING VACUUM GAUGf ' 

Il.l,'F U S 7  VOLUME, lNLEl OUTLfT IEMP 
CLOCK *SPMPLE i a p s l  I WSI PCIUAL DESIRED tvmt II i ~ m , m i - F 1 7 m ~ , t ~ F  .F ~ W I N G E R . F  tn ng 



SUMMARY OF PARTICULATE EMISSIONS SOURCE TEST DATA 
Company T-hqhc~ L;sl-dd&cht Aqqveqate Test Date !I/I~/I?~ . .  

4" -I 

Source No. 1 kiln Wet sc fubbe 7 2 

Average pressure differential across the orifice meter ,  in. H 2 0  

Barometric pressure at  the sampling s i te ,  in. Hg ' 'bar 
Absolute average dry gas meter temperature, OR Tm 

Run No. 

Determination of Dry Standard Gas Sample Volume 
A H  2.48 

29.97 

Dry gas meter calibration factor, dimensionless 
Volume of gas  sample as measured by the dry gas meter ,  dcf 
Volume of gas sample, corrected to standard conditions, d x f  

'm 80.611 

'm(std) 77.89 

355.7 
16.74 

Determination of Moisture Content of Gas Stream 
Total volume of liquid collected in impingers and silica gel, 

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

ml 
Volume of water vapor in gas  sample, standard conditions, xf 

Water vapor in t h e  gas  stream at saturation, proportion by volume 

vlc 

BWS 0.117 

Bws(sat) 

%CO* 

%02 ( I%< 

'w(std) 

0.181 

Determination of Gas Stream Molecular Weights 
Percent C 0 2  in gas stream by volume, dry basis 
Percent O2 in gas stream by volume, dry basis \ 
Molecular weight of gas  stream, wet basis, Ib/lb-rnole M, %$ 

Average of square roots of gas st ream velocity heads, vw 

/- -- 

Determination of Gas Stream Velocity and Volumetric Flow Rates 

- 

Static pressure of gas stream, 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 r eam velocity, ft/sec. 
Actual volumetric flow rate of gas stream, acfm 
Dry volumetric flow rate of gas stream, standard conditions, d x f m  

Total weight of particulate matter collected, mg 
Total sampling time, min. 
Cross-sectional area of the nozzle, f t  
Particulate concentration, dry basis, standard conditions, grldscf 
particulate mass rate, lbhr 
Percent of isokinetic sampling, % 

2 

Determination of Particulate Emission Data  

2 

0.9t2 
- 0. q: 

597. 

17. IO 
AS 
P 29.93 

56.0 

g 
P 

2 0.e; 

:s .AwzL 

P 

5 

Qs(std) 41,qoo 

mn 
e 9 c  

0 . ~ 5 0 8  =S 

I 97.5 

A 0.00034I n 

PMR 18.lb 



DETERMINATION OF DRY STANDARD GAS SAMPLE VOLUME 
(Method 5 )  

D H  = 2.48 in. H20, average pressure differential across the  orifice meter 

= 23.97 in. Hg, barometric pressure a t  the sampling 'site 

= 29.92 in. Hg, standard absolute pressure 

= 55.5.9 OR, absolute average dry gas meter temperature  

= 527.7 OR, standard absolute temperature 

'bar 

'std 

'm 

Tstd 
Y = 1.01 dimensionless, dry gas meter calibration factor  

'm - - 80,611 dcf ,  volume of gas sample as measured by the  dry gas meter 

= 77.89 d x f ,  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  

PW = 0.002201 lbhnl, density of water 

= 18.02 lbllb-mole, molecular weight of water  

= 355.7 
MW 

'IC ml, total volume of liquid collected in imphger s  and silica gel 

'w(std) = 'I,-(%) (" Tstd ) 
'std 

= 16.74 

- - 'w(std) 

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

B ws 
"m(std) + 'w(std) 

= 0.171 proportion by volume, water vapor h the gas s t ream ws 0 

CONSULTANTS 



R u n  No. 2 Source &. 1 k i d  Sczubber Test Date I I  / I 1  /SI 

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

In addition to t h e  calculation of the moisture conten t  of the  gas s t ream from the 
impinger analysis, a second calculation from the  assumption of saturafed conditions is 
made whenever the re  is the probability that the  gas s t r eam 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 - - -0.55 in. H20, static pressure of gas s t r eam 
R, absolute average gas stream temperature  0 597.8 - - 

TS 

g 

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

0.187 

g 

proportion by volume, water  vapor in gas stream at saturation 

Bws(sat)  

Bws( sa t )  = 

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 

'w(std) and 'IC' based upon Bws(sat)J 

B w s w  

shall be used in all subsequent calculations. 

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

= d,/A ml, Volume of liquid col lected in irnphgers and silica gel, not 
exceeding saturated gas stream conditions. 

UESUURCE 
ULTA N f8 

~ 



DETERMINATION OF GAS STREAM MOLECULAR WEIGHTS 
(Method 3 )  

= 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 

M 

M 
O2 

M ~ 2  or co 
% co2 - - d.5 %, percent C02 in gas stream by volume, dry basis 

%O2 - - /5 .5  %, percent O2 in gas stream by volume, dry basis 

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

+ %CO = 44.01 %"2 - + 32.00 - " 2  + 28.01 %N2 
100 100 100 

Md 

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

MS 

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

h 

RESOURCE 
S ULTANT8 



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

P 
K 

cP 
6 
TS 

* S  

pS 

pS 

vS 

'vS 

QS 

QS 

- - -0.55 in. HZO, static pressure of gas  s t ream 

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

= 0.d dimensionless, pitot tube assembly coefficient 

= 0.312 

= 597.8 OR, absolute average gas s t ream temperature  

= 17.10 it', cross-sectional a rea  of s tack or duc t  

-1 - 13.6 

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

P 
+ 'bar 

= 29.93 in. Hg, absolute gas s t ream pressure 
- .  

= 56.0 f t /sec,  average gas s t ream velocity 

= (60 sec/min) Asvs 

= 57;rcoo acfm,  actual volumetric flow rate of gas s t r eam 

Qs(std) = (60 seclmin) (I-e,,,,) Asvs 

= 'h.700 d x f m ,  dry volumetric flow rate of gas stream, standard conditions 's(.std) 

RESOURCE 



Determination of Particulate Emission Data (Method 5 )  

mn 
e 

*n 

K1 

PMR 

PMR 

I 

I 

= 256.3 mg, total  weight of particulate matter collected 

- - 96 min, total sampling t ime 

= 0 . 0 0 0 ~ 1  f t  , cross-sectional a r e a  of the  nozzle 

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

2 

3 

= bo508 gr/dscf, particulate concentration, dry basis, standard conditions 

= (60 min/hr)(0.0001428 Ib/gr) cS Q,(std) 

= l & l L  Ib/hr, particulate mass rate 

100 T,[K1 Vlc + ( V m  Y/Tm)(Pbar+ AH/l3.6)] 
(60 sec/min) 0 vs Ps An 

- - 97.5 %, percent of isokinetic sampling 



I 
p i n g e r  No. 1 Dorarird r 1 t ~  2.ik;aute.d 1 4 x 0  3 .  Isr, 

0 
y o s s  Volume, ml o r  g 307 I42 
'are Volume, ml or  R 100 IO0 0 .  
/ 

/ 

Je t  Volume, rnl or g 201 Lt?. 4 
c 
;,,tal Moisture  Condensa te  Co l l ec t ed :  2'72.5 rnl I - 

SI:" Gel 

969.5 
'2 50.0 

19.5 

PARTICULATE COLLECTED 

let W e i g h t ,  g 1 0.1891 I hQ%O I I I 
lesidue in Acetone  Rinse: (aooO9 g blank)  ( 4s ml rinse) = 

( 250 ml blank)  
o.ooi5 g 

illowable Rinse Residue:(O.O0001 of a c e t o n e  weight l (0 .7857 g / m l ) ( J 2 S  ml r i n s e ) =  0.0031 g 

lesidue in lmpinger Condensa te :  ( g b lank) (  ml c o n d e n s a t e )  = , , g 
( ml b lank)  

- 
' a r t iculate  C o l l e c t e d  (exc luding  impinger catch): 0.26sI R 

' a r t iculate  C o l l e c t e d  ( inc luding  impinger ca t ch ) :  

he 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  was weighed  to a c o n s t a n t  we igh t ,  meaning a 
i f fe rence  of n o  m o r e  t h a n  0.5  mg o r  1 p e r c e n t  of t o t a l  we igh t  l e s s  tare w e i g h t ,  whichever  
1 g r e a t e r ,  b e t w e e n  t w o  consecu t ive  weighings,  w i th  no  l e s s  t h a n  6 hours  of dess ica t ion  
'me b e t w e e n  weighings.  

JXnmen ts: 

R 

Labora to ry  Analys t  



FIELD D A T A  LOG 

.e HETERSVSTEM 

. . .  
INITIAL VOLUME STACK GAUGE NO 5-1 

p m o i  CO~CF~CIEI(IT LC&-U"' ORSAT LEAK-CHECK 

PORT LbCATION . , PROBE HEATER SETTING .9B% 'SAIJPLEBAG LEAK-CHECK 
v. 

0 

VELOCITY ORIFICE 6fJER GAS GAS SAMPLE I E M P  SAMPLE TEMP OF PUMP 

GAUGE 
'f JMPINGER 'F In. HS 

( - . o  . 

SAMPLE 4T'DRY GAS METER BOX GASLEAVING VACUUM 
;RAVEUS\ SAMPLING STACK 

POINT TIME TEMP. I ~ C ( ~ K . ~ Q  HEAD 
VOLVMS INLET OUTLET TENP. LP? NUMBER 11.1 'i 

( A PSI ' (a1 ACTUAL DESIRED IYmJ. -,I? fTm,~j*F(Trn_,l'F, 



POINT 
NUMBER (1.1 ' f  

CLOCX SAMPLE 

. 1 .. I I 

I I I I 



SUMMARY OF PARTICULATE EMISSIONS SOURCE TEST DATA 
Company T - b k L -  L ; s l , C & G h w e s a t o  Test Date I! 12 E l  

a d .I d 

Source de. 1 kln wet 5 c v  Ubbr ' Run No. 3 

Determination of Dry Standard Gas Sample Volume 
Average pressure differential  across the  orifice meter ,  in. H 2 0  A H  2.58 - 
Barometric pressure at t h e  sampling site, in. Hg 
Absolute average dry gas  meter  temperature ,  OR 
Dry gas meter calibration factor, dimensionless 

'bar 2 9.97 

Y 1.Q I 

553.0  Tm 
- 

0 Volume of gas sample as measured by the  dry gas meter ,  dcf 
Volume of gas sample,  corrected t o  standard conditions, d x f  

Total volume of liquid collected in impingers and silica gel, ml 

Water vapor in the  gas s t r eam,  proportion by volume 
Water vapor in the  gas s t r eam at saturation, proportion by volume 

'm '2.59 

'rn(std) B 0 . d  

Vlc -3mL 
Determination of Moisture Content of Gas S t ream 

11.11 

.L16 
0.10b 

Volume of water vapor in gas sample, standard conditions, scf 'w ( s td)  
Bws O 

Bwdsat) 
Determination of Gas Stream Molecular Weights 

Percent C02 in gas stream by volume, dry basis %C02 . 4 5 

Molecular weight of gas s t ream,  we t  bask, Ib/lb-mole MS 5i4 
Percent O2 in gas s t r eam by volume, dry basis %02 ./rS.S> 

Determination of Cas  Stream Velocity and Volumetric Flow Rates  
Average of square roots of gas stream velocity heads, d w -  
Stat ic  pressure of gas s t r eam,  in. H 2 0  
Absolute average gas s t r eam temperature ,  OR 
Pitot tube assembly coefficient, dimensionless 
Cross-sectional a r ea  of s tack  or duct, f t  
Absolute pressure of gas s t ream, in. Hg 
Average gas s t ream velocity, ft/sec. 
Actual volumetric flow rate of gas stream, ac fm 
Dry volumetric flow rate of gas stream, standard conditions, d x f m  

Total  weight of part iculate  mat ter  collected, mg 
Total sampling time, min. 
Cross-sectional area of t h e  nozzle, f t  
Particulate concentration, dry basis, standard conditions, g r l d x f  
Particulate mass rate, Ibhr 
Percent of isokinetic sampling, % 
T 7  

2 

Determination of Particulate Emission Data  

2 

RESOURCE 

P -0.55 
Tg 597.7 
CD 6 . d  
S 

A; 17. LO 
pS 29.93 

VS sd.9 
Qs u 

Qs(std) 

mn LxL 

cS JdfE 

e 9 c  
*n 0.000341 

PMR 17.75 
I 98.6 



R u n  NO. 3 Source d. I L(,ln Wvt Scc c) bber Test Dare I i , / i 2 / k l  

DETERMINATION OF DRY STANDARD GAS SAMPLE VOLUhlE 
(Method 5 )  

A H  

'bar 

'std 

Tm 

Tstd 
Y 

'm 

'm(std) 

'm(std) 

R 

P W  
M W  

vlc 

'w(std) 

I 'w(std) 

j BWS 

. 
ws B 

= 2.58 

29.97 in. Hg, barometric pressure at t h e  sampling 's i te  

= 29.92 in. Hg, standard absolute pressure 

= 553.0 OR, absolute average dry gas meter  temperature  

= 527.7 OR , standard absolute temperature  

Le1 dimensionless, dry gas meter  calibration factor  

= 82.590 

in. H 0, average pressure differential  across the orifice meter 2 

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

- - - Vm Y (?td)( 'bar + (AH'13.6) ) 
'std 

= 80.2d dscf ,  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 Ib;/ml, density of water  

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

= 363.4 ml, total volume of liquid collected in impingers and silica gel 

= (" Tstd ) 
'std 

= 17.11 xf, volume of water  vapor in gas  sample, standard conditions 

= 0.176 proportion by volume, water  vapor in the gas s t ream 

RESOURCE 
S U LTA N TS 



R u n  No. 3 Source 0 .  1 k ';in 'K'?t '=,crabbe Test Date 1,,/,2/8, 

DETERMINATION OF THEORETICAL MOISTURE CONTENT AT SATURATED CONDITI,JYS 
(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 t h e  assumption Of sa turated Conditions is 
made whenever there  is the  probability that the gas s t ream 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 

597.7 R ,  absolute average gas  s t ream temperature 0 - - 
P - - -0.55 in. H 0, stat ic  pressure of gas stream 2 

TS 

E 

antiloglO [. - ( E ; ' ( T ~  - c))] 
(P /'l>.sj = 

Pbar + 

0.186 

g 

proportlor: by volume, water vapor in gas  stream at saturation 

Bws(sat) 

Bws(sat) = 

shall be considered correct if this value is less than the value calculated from 
and the following values calculated for 

Bws(sat) 
the  impinger analysis; accordipgly, B w s w  
Vw(std) and 'Ic# based upon shall be used in all subsequent calculations. 

= A,/A scf, vo.-me of water vapor in gas sample, Stan, 
not exceeding saturated gas st ream conditions. 'w(std) 

d i t ic  

z d,/A ml, Volume of liquid collected in impingers and silica gel, not 
exceeding saturated gas stream conditions. 



Run No. Source do. 1 K;In dct Sudbbcc Test Date 1\,/12/8, 

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 O2 

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

c02 

O2 

M 

M 

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

%O2 - - IS.5 %, percent O2 in gas s t ream by volume, dry basis 

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

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

100 100 100 

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

MS 

MS 

= Md (1 - BWS) + MwBws 

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

RESOURCE 
CONSULTANTS 



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

g 
P 

KP 

cP 
6 
TS 

*S 

pS 

pS 

vS 

vS 

QS 

QS 

Qs(std) 

Qs(std) 

I -0.55 in. H 0, static pressure of gas  s t ream 

- - 
2 

85.49 ft/sec [(Ib/lb-mole)(in. Hg)/('R)(in. H20)] ', pitot  tube Constant 

- - 0.84 dimensionless, pi tot  tube assembly coefficient 

= 0.928 v v  average of square roots of gas s t ream velocity heads 

R, absolute average gas s t ream temperature  
2 

0 = 597.7 
= jq.10 f t  , cross-sectional a r ea  of stack or duc t  

- pp: + Pbar - 13.6 

= 29.93 in. Hg, absolute gas s t ream pressure 
I T  

= 56.9 ft/sec, average gas s t r eam velocity 

= S 8 , h o  acfm,  actual volumetric flow rate of gas s t r eam 

= 'f%$OO dscfm, dry volumetric flow rate of gas s t ream,  standard conditions 

R 



' PMR I 

PMR 

I 

I 

Determination of Particulate Emission Data (Method 5 )  

= 253.2 mg, total weight of particulate matter collected 

= 94 min, total sampling time 

= 0 , O O o d l  

= 0.002669 in. Hg-ft /ml-OR 

ft', cross-sectional area of the nozzle 
3 

= 0.0487 g r / d x f ,  particulate concentration, dry basis, standard conditions 

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

= 17.75 lb/hr, particulate mass rate 

(60 s e c h i n )  0 vs P, An 

= 98.6 %, percent of irdtinetic sampling 



i 

. .  

. .  

/ 
p i n g e r  No. 1 ..sL;o&pA qz o 2.bk.,;>cd I.(, 0 3 . b -  
~ ~ o s s  Volume, ml o r  g 322 1.17 4 

* e t  Volume, ml or g 222 4-7 4 
/ 

I 
Tare Volume, ml o r  g I 00 1 0 0  0 

4 .s;l;u&l 
27r.5 
25ao 

21.5 

PARTICULATE COLLECTED 

t i c u l a t e  C o l l e c t e d  (excluding impinger  c a t c h ) :  6.32b pL 

Iesidue in Ace tone  Rinse: (O.&g b lank)  ( 460 ml r i n s e )  = 
( 254 rnl b l a n k )  

i$ t icu la te  C o l l e c t e d  ( including impinger  ca t ch ) :  R 

he 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  was weighed  to a c o n s t a n t  we igh t ,  meaning a 

Illlowable Rinse Residue:(O.OOOOl of a c e t o n e  weight)(0.7857 g/ml)( &ml r in se )=  6.00% g 

g R b lank) (  ml c o n d e n s a t e )  = , h i d u e  in  h p i n g e r  Condensate:  ( 
( rnl b lank)  

Labora to ry  Analys t  
RESOURCE A, CONSULTANTB n 



FIELD DATA LOG 

YOYOGnAPU VALUES 

C.FACTOR- 

, .wo 1. 
PEF RENCE 

i 

1- . 
RUN NO 

DATE 

METER BOXNO 1 
SAMPLE 801 NO 
FILTERNO 113 
IMPINGER GAUGE NO .L. 
STACK GAUGE NO 
PITOT COEFFICIENT 0 
PROBE HEATER SETTING 

+?-- 

0 
BAROMETOIC P R E S S U R E J ~ J L  

AMBIENT T E M P E R A T U L  

<STATIC PRESSURE <o;s- 

6WOBE LENGT% cb '' 
PROBE LINER 55 
PORTLENGTH 
PORT DIAMETER 3' 

ORSAT LEA%-CHECK A 
SAMPLE BAG LEAK-WECK 

METER SYSTEM L E A K . C H E C K ~ . ~  

SCHEMATIC OF SIACK . 

L 

. 
. PORT LOCATION 
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APPENDIX B 

EQUIPMENT CALIBRATIONS 

-37- 



I j  



J 



-I 

TYPE S PITOT TUBE ASSEMBLY CALIBRATION 
J 

IDENTIFICATION 5- 1 CALIBRATED BY 

LENGTH 5 f t .  DATE 

Dt = 0.375 in. 
PA = 0.544 in. 0 

ck2 = cl .O O ( 4  1 0°) Rz = 

2.5 
0 

P =  0. 544 in. Y =  
B e =  0.5 

P ~ + ~ =  

2.0  O(<1O0) PI  = a1 = 

1 . 0 8 8  in. 

O (  ' Io) 

O (  ' 5 O )  

L . 0  
0.5 

s inY = 0.047 in. ( 0.125 in . )  

sin 8 = d.ooq in. ( 0.031 in.) 

1.05 Dt = 0 . 3 9 4  ~p 5 1.5D t = 0.562 

z = P ~ + ~  

W = P ~ + ~  

0.188 in. S 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 Par t  60, Appendix A, Method 2, Calibration Paragraph 4.1, 
t h e  p i to t tube  assembly is assigned a coefficient of 0.84. 

. .  

A - S  I D f  PLANL 

. 



5 

Rcfcrcncc 
Reading 

(Cal ibrat ion)  
I 

c 

: .- 

8 2  

Temperature 
Gauge 
;y 
! 

75 75 
75 75 

lmpinger 
Outlet  

, (P re t e s t )  

2b5 
'265 

Meter Inlet 
( P r e t e s t )  

250 
250 
250 

Meter Outlet  
~ ( P r e t e s t )  

I 

5-1 1,2,3 138 

Fil ter  
Heating 
System 

( P r e t e s t  1 

l l c o  0 16 
- 

In-Stack 
(Post Tes t )  

TEMPERATURE GAUGE CALll5RATIONS 

- I 

No. 
- - 

1 
2 
3 
4 
5 - - 
I 
2 

3 - - 
I 
2 

3 
- 

Test 
Run(s)  

Used 

I 

A v e r  age 
Temperature 
During Test 

52 

Gauge 
Reading 

(Cal ibra t ion)  

75 
75 
75 

.7 5 
75 
75 
75 
75 

6 

I I 

250 
2- 
250 

Difference 

0 

0 
-1 
- 1  

0 
0 

0 

0 
0 

0 

0 
0 

0 
0 
4 



APPENDIX C 
STATEMENT OF PROCESS WEIGHT RATE DATA 
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Statement of Process Weight Rate Data 

. 

On November 12, 1981, during the course of the  murce testing program conducted on t h e  
No. 1 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 1.8 tons per hour; raw clay w a s  fed a t  an average 
rate of 31.0 tons per hour. The average total process weight rate during the testing 
period was 32.8 tons per hour. 

TOMBIGBEE LIGHTWEIGHT AGGREGATE CORP. 

dmes Colburn, Vice President 
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9 Sample Recovery 
Description .. Container Code 

LQgQ 20231 2un I 

~ s t  20932 , R d n  2 
bil 20233 Rn R 'I 

F.Ife(' , ACrtnnP K,,,, I 1 4  $nap< c%&.vt, 
I ,  

1 h . 
2 

J I 

I. 

Person Engaged in Sample Recovery 

Signature nA& 
Title 

Location at which Recovery was done 

Date and t ime  of Recovery 

0n-s) e 

11 / 12/81 
I 

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

Signature 

Title 

Date  and Time of Receipt  

Laboratory Person R e  

Date  and Time of Receipt  I 1  12 SI 73co cs-i 

Sample Storage in a 
I 1  

Analysis 
Date  and Time Signature of 

Container Code Method of Analysis of Analysis 

b t R 4  5 h,/I3-l+, 

4 - 4 . L -  
Lo# 20231 

Loa+ 2 0 2 7 3  

M L U  5 
Mdhod 5 11 ,/ I 7- 17/8 I 

%-=- 
, . 



', i 
f DRAFT/WP I 

.I 

I d3006-4/971130 ' 
03/30/92 1 

Emission Test Report 
Review Checklist 

Locat ion: L I U f / V t m v ,  &L 

2. Source category: /!.16tf?tL€166/iT- 

3. Test date: / I / /Z /& / 

4 .  Test sponsor: Pw,v7- 

6 .  Purpose of test: C'OC.PL I ,4,vc 6 

Rc3du f iCe  &JkT?Pn/TS, z< . 5. Testing contractor: 

7. Pollutants measured 

@ PM-10 co so2 NO, voc Pb @ 
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. 
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. 

Identify 



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

. 
1 
I 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: 
adequate, attach copy or reproduce here.) 

If process description provided in test report is 

m m  the procrrsicrg ”!; ‘ ~ . * w  clay in the rotary kiln were drafted through a 
primary multiclone collector and ..... _ E  >.:.- YuEer -~ ~. compressed air atomizing scrubber system. 
Testing was conducted in the cyclonic sqjarator stack, which included a rectangular grid 
of flow straightening vanes. 

_*s”2 ._. j...:u < --. . .P . .- 

,- 



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

i 

Basis for activity FIP 
Process ID Feedstock materials Products factor 

oO6 'L .  GLpF4r - Llf, A CL? a 

Basis for data: 
(Indicate page/table Nos. in teat report) 

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

3 .  

k 8 w < / ~ < @ # L )  

' I  

4 

Basis for data: +P@D/P c 
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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) 



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 
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D. Sampling and Analysis Methods 

d3006-4/971130 

1. Complete the following table 



' DRAFT/WP .I 
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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 t h e  potential for the existence of cyclonic flow in the cyclonic separator 
stack, the pitot tube rotational angles were determined at each point by the nul; 
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. 

.. ~. 
. . I  . ... . .~ .~ 

~ ... 

. .  

. .... . .  
i -. ~. 
>2.::... . , .  . ... 
, , ? . ? .  

.,. , . ... .. . 
.. 
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E. Emission Data Documentation 

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

I I I I , ' . Values reported 



,- - DRAFT/WP 
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2. Tabulate pollutant mass flux rates 



DRAFT/WP 
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3. Present example emission factor calculations below. 



’ DRAFT/WP ,-* . 
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4. Tabulate emission factors 

b3006-4/971130 
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Venturi (or other high 
energy) scrubber 

Packed-bed sclubber 

ATTACRMENT A 
APCD PARAMETERS 

Pressure drop 
Liquidgas (UG) ratio 
Mist eliminator type 
Packing depth 
U G  ratio 
Caustic use (Y/N) 
PH 
Mist eliminator type 

. , -. 

Type of 
APCD 

Fabric filter 

ESP 

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 power levels 

Carbon absorber Bed depth 
Superficial gas velocity 
Bed temperature 
Desorption mechanism (media) 
Flue-gas moisture 
Cycle length 
Time-on-line after breakthrough 




