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SOURCE EMISSION TESTS 
AT 

BELDEN BRICK INC. 
SUGARCREEK, on10 
JULY 21, 1989 

Brief of Tests 
Particulate emission tests were performed on the stack of 

the brick kiln as per EPA Federal Register methods 1 through 5 
and method 7 as set forth in the Appendix to Part 60, "Standards 
of Performance for stationary sources", Subchapter C, Chapter 1 ,  
Title 40, Volume 42, No. 160, Thursday, August 10, 1977 as amended 
from the original Federal Register, Volume 36, No. 247, December 
23, 1971. The number of traverse points used for method 1 was as 
per Federal Register Volume 48, No. 191, Friday, September 30, 1903. 
Sulfur dioxide tests were a part of the method 5 tests as approved 
by the administrator. 

The tunnel kiln is a continuos operation where the green 
product is loaded on cars that travel through the various heat 
zones and discharge as a finished product at the other end. The 
kiln is heated with natural gas with the proudcts of combustion 
and the emissions from the curring process discharging to a stack 
via induced draft fan. 
Results 

A )  The particulate emission rate was 3.03 pounds per hour. 
B) The sulfur dioxide emission rate was 3.71 pounds per hour. 
C) The nitrogen oxides emission rate was 2.05 pounds per hour. 
D) The process weight rate was 21,533 pounds per hour. s Test Methods 

.&&7-&3& 
A twelve point traverse was selected for the inch 

square brick stack as per method 1. Each point was sampled for 
five minutes for a total test time of 60 minutes. (See figure 1 )  

The C02 and 02 analysis were conducted by an orsat flue gas 
analyzer from an integrated sample taken at the test ports to pro- 
vide data for method 3. 
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Method 5 was used to determine the particulate quantity, moi- 
sture determination by method 4 and gas velocity by method 2 using 
a Research Appliance Corp. "Stacksamplr". The impinger catch was 
used for the sulfur dioxide determination by replacing the 
distilled water with the same'hydrogen peroxide solution as is 
used in the method 8 SOx proceedure. 

Particulate Test Apparatus 
The nitrogen oxides were determined by EPA method 7 .  

A schematic of the apparatus is shown in figure 2.  

The dust laden gases were passed through a pyrex lined probe 
and heated glass cyclone separator bypass' followed by a.four inch 
filter holder containing Gelman Type A-E fiberglass filter media. 
The gases leaving the filter were cooled in a series of three 
impingers packed in ice. The first and third impinger were the 
modified Greenburg-Smith type and.the second one was a standard 
Greenburg-Smith. The 'First and second impingers were filled' with 
100 ml of hydrogen peroxide with the third one used as a dry trap. 
After leaving the dry trap, the gases passed through a "Drierite" 
column containing about 500 grams of calcium sulfate (CaS04) 
desicant to remove the remaining water vapor. The dry gas passed 
through the hose portion of the umbilical cord to a Research 
Appliance Corp. model 2343 "Stacksamplr" module. In the module 
the gas was noved through the system by a leakless air pump to a 
rockwill 175-S dry. test meter. 
calibrated orifice to measure the flow rate of the gases passing 
through the sampling apparatus. A type "S" pitot tube was attached 
to the sheath of the heated probe to measure the velocity head of 
the flue gases near the tip of the probe nozzle. The orifice pressure 
taps and the pitot tube were connected to a Dwyer dual 10 inch 
combination inclined well type manometer. One half of the manometer 
measured the orifice differential ( AH) and the other half measured 
the flue gas velocity head ( AP). 

The dry test meter exhausted to a 

Thg.tenperature of the flue gas was measured by a type "K" 
thermocouple connected. to a PyroMation digital temperature 
indicator. 

The C02 and 02 were measured with a Burrell "Industro" Model 

2 



B orsat from an integrated sample taken by withdrawing a constant 
flow rate of gas from the stack and injecting it into a Tedlar 
bag. This was done by drawing the gas through an in-stack filter 
via neoprene tubing to a condenser and condensate collector ahead 
of a leakless diaphragm vacuum-pressure pump. The pump discharged 
to the rotorneter and .the Tedlar bag. 
with valves to by-pass the rotometer and bag when clearing the 
sample line as shown in figure 3 .  

Particulate Test Procedures 

The apparatus is equipped 

The probe, filter and glassware was assembled and leak tested in 
our lab before transporting to the job site. Three sets of equipment 
were used. At the job site a preliminary pitot traverse was 
performed to select the proper nozzle size.' The nozzles were 
measured with an inside vernier caliper and micrometer calibrated 
with a one inch micrometer standard. 

The first and second impingers were filled with 1 0 0  ml of 3% 
hydrogen peroxide and the "Drierite" columns were connected just 
prior to elevating the probe into position. 

After leak testing the apparatus at 1 0  inches of mercury the 
probe was inserted at 'the first sample point to start the test. 

The isokinetic sampling rates were determined using a portable 
desk top computer programmed to calculate the proper AH setting at 
the flue gas temperature, pressure, density and the assumed moisture 
along with the tempe'rature, AP and an assumed AH of the test 
module. 

The sampling rate. ( AH) can be determined in less than 5 

.The apparatus was leak tested after the test was completed at a 

The moisture content was determined from the amount of condensate 

seconds using this technique. 

vacuum exceeding that encountered during the test. 

collected in the impingers and the difference of the tare and gross 
weight of the "Drierite" desicant column. The desicant column was 
wei9hed on an Ohaus 5 .Kg industrial lab balance to the nearest 
half gram. 

dryness before tare and gross weighing on a Stanton CL4D analytical 
The filter media was dried in a desicator at room temperature to 

. . .  
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balance. 
The probe liner, nozzle, cyclone bypass and front half of the 

filter holder were washed with acetone and brush after testing and 
evaporated to dryness.at room temperature in 500 ml beakers. The 
beakers were dried and tare weighed prior to sample evaporation 
and gross weiqhed after allowing the samples to desicate to dryness. 
These weights were accomplished with the Stanton Balance. 

The contents of the impingers were measured in a 500 ml graduate 
and poured into a 1000 ml volumetric flask. The impingers, connecting 
glassware and beaker were washed with distilled water and placed into 
the flask. Ten ml aloquots were used for the sulfur dioxide titrations. 

method 5 test with about two cubic foot of gas collected in the 
tedlar bag at the end of the test. The sampling rate was maintained 
constant during the test by maintaining a constant reading on the 
rotometer. 

The integrated gas sampler was started at the beginning of the 

The orsat analysis was performed on the gases contained in the 
bag shortly after the test was completed. 

The raw data and calculations are shown in Appendix I. 
Sulfur dioxide test proceedures 

The samples were titrated as per EPA Federal Register methods 
using barium perclorate titrant and thorin indicator. The barium 
perclorate was standardized against a purchased .01 normal sulfuric 
acid standard. The dry gas volumetric flow rate.(Q-CFH) from 
method 5 was used to calculate the pounds per hour of sulfur dioxide 
emission. 

The calculations are shown in Appendix I. 
NOx Apparatus & Procedure 

The NOx sampling apparatus is shown in figure 4. Prior to 
testing the absorbing solution was made by adding 2-8 ml of concen- 
trated H2SO4 to 1 liter. of deionized, distilled water. After mixing, 
6 ml of 3 per cent H202 was added. This solution was made just prior 
to testing and was stored in a dark glass bottle away from sunlight. 
25 ml of this solution was used for each test. Four tests were per- 
formed during each of the three method 5 tests. The raw data and 
calculations are shown in Appendix 11. 

. .  
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Before taking a sample the system was leak checked by evacuating 
the flask to the maximum vacuum and closing the valve to the pump with 
the three way stopcock left in the evacuate position and the one way 
stopcock open. The system was considered leak-free if' the vacuum 
remained the same for a period of one minute. The reading indicated 
on the manometer was recorded along with the temperature of the flask. 

The contents in the flask were shaken for at least five minutes 
after collecting the sample. The samples were contained in the flask 
for at least sixteen hours before transferring to plastic bottles. 
The flasks were rinsed twice with about five ml portions of distilled 
water that was added to the plastic bottle. The pH of the contents 
of the plastic bottle was adjusted to about ten with one normal sodium 
hydroxide. The bottles were marked and sealed for transport. The 
barometric pressures were obtained from the local airport and 
corrected for elevation. 
NOx Lab Analysis 

1 )  Spectrophotometer Calibration 
The spectrophotometer was turned on and allowed to warm up 

for about one hour prior to calibrating with a didymium calibrating 
standard along with the procedures of standard practice for the 
Perkin-Elmer model 4 4  linear absorbance spectrophotometer. 

A KNO3 standard solution was made by dissolving 2.198 grams 
of dries KNO3 in one liter of distilled deionized water in a 
1,000 ml volumetric flask. Ten ml of this solution was dilluted 
to 100 ml in a 100 ml volumetric flask to use as a working 
standard were one ml is equal to 100 m-grams NO2. 

1,2,3 & 4 ml of the standard working solution to a series of five 
porcelain evaporating dishes along with 25 ml of the absorbing 
solution and 10 ml of distilled water. The pH of this solution 
was adjusted to about 10 by adding NaOH (1N) before evaporating 
to dryness on a steam bath. After drying and cooling 2 ml of 
phenoldisulfonic acid was added to the residue. 1 ml of 
distilled water and four drops of concentrated sulfuric acid was 
added and titrated throughly with a polyethylene policeman. This 
solution was stirred while being heated for about 3 minutes on the 

The spectrophotometer calibration factor was made by adding 0, 
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steam bath. After cooling, 20 ml of distilled water was added and 
mixed well. Concentrated NH40H was added dropwise with constant 
stirring until the pH was 1 0  by pH paper. This solution was added 
to 100 ml volumetric flasks and dilluted to the mark with distilled 
water. The contents were mixed throughly before transferring a 
portion to the 25 x 1 0 5  mm round spectrophotometer cuvettes. The 
absorbance of each of the solutions was measured and recorded 
at 410 nm wave length using the 0 ml sample as the blank. The blank 
sample showed the same absorbance as the distilled water. The absorbance 
for each standard is shown on the data sheetin Appendix 11. 

2 )  Sample Analysis 
All samples were returned with none of the liquid lost in 

transit. The contents of the plastic bottles were transfered to 50 
ml volumetric flasks and rinsed twice with 5 mlportions of distilled 
water, then dilluted to the mark with distilled water and mixed 
throughly. A 25 ml aliquot was piped into the 250 ml porcelain 
evaporating dish and evaporated to dryness on the steam bath. 
Since there were no solids in the solution the remaining procedures 
were performed the same as the calibration standards. 

All equipment and reagents used in this test are in compliance 
with the Federal Register, Volume 4 2 ,  No.160, Thursday, August 1 8 ,  

1977.  

The volume of the 2 liter sample flask was determined by 
filling the flask to the one way stopcock bore and emptying it 
into a graduated cyclinder for measurement. This was done with 
water at room temperature. 

The"1ntent To Test Notificati0n"is shown in Appendix I11 

Submitted by 

Ernest L.Xolm 

. .  . 
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H 1 

Test 
Date 
Time 

PARTICULATE QUANTITY 

Grains/f3 Dry STP 
Pounds/Hr. 

.................... 

1 
' 7/21/89 
10:00/11:03 

GASEOUS EMISSIONS 

SO2 Pounds/Hr 
SO2 Parts/Million 
NOx Pounds/Hr 

STACK GAS CONDITIONS 

Temperature -de. F 
Static Pressure-in H20 
c02 - % 
02 - % 
H20 - % 
Velocity - FPS 
Stack Area - sqr. ft. 
Gas F l o w  - ACFM 
Gas F l o w  (DSTP) CFH 

SAMPLE TRAIN CONDITIONS 

-------------_--- 

.................... 

0.0202 
2.6463 

3.76 
25 
2.36 

462 
0 
2.2 
18.2 
9.67614 
37.3275 
13.4 
3001 1 
916504 

2 3 Avg . 
7/21/89 7/21/89 

11:17/12:20 12:30/13:32 

0.0203 0.0275 
2.7491 3.6883 

4 
26 
2.9 

463 
0 
2.5 
17.5 
9.12614 
38.268 
13.4 
30767 
944292 

3.37 
21.7 
3.26 

0.0227 
3.0279 

3.71 
24.2333 
2.64667 

47 1 465.333 
0 0 
1.6 2.16667 
18.8 16.1667 
8.08569 8.96272 
37.8661 37.8205 
13.4 13.4 
30444 30408 
936951 932582 

Pitot Delta P in H20 
Orifice Delta P in A20 
Temp. Meter - dg. F 
Gas Volume - CF Dry STP 
Barometer - in Hg 
Probe Tip Dia. - in. 
Isokinetic Var. - % 

.241 
1.. 42 
65 
36.5034 
29.33 
.313 
100.319 

.254 
1.67 
101 
38.7029 
29.33 
.313 
103.234 

.247 
1.66 
104 
39.6023 
29.33 
.313 
i06. 46 

BELDEN BRICK INC. 
SUGARCREEK OH 

NO 1 KILN PLANT 3 
COMPILED DATA 

Table 1 
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2 LITER 

N O .  1235 GELMAN FILTER HOLDER WITH TYPE A-E FILTER r 
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FIGURE 4 
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SYMBOL3 DESCRIPTIC 
VM, FT MErE!RVOLUME 
Pb, IN.HZ0 BARCMETER INcnE5 MER(LIRY 

E M A . I N H ~  ABscaLFpE MFPER PRESSURE INQIES MERCVRY 
DEC;REFS FARE"E[T mi METER m E P A m  

m, F STACK TEMPEPAWRE DEC;REFS FARRWEIT 
PG, IN H2O 
PSA, IN HS 

&, IN H20 ORIFICE DI- INCHES WATER 

STACK STATIC PRESSURE INCHES WATER 

PITOP COEFFICIrn DIMEWICNLFS 
A-GE WARE RWT OF AP IN(HFs WATER 

ABsoL(ITE STACK PRESSURE INCHES fmFaJF3 

CARBCN DIOXIDE PER- 
OX!fQN PERCEIW 
CARBCN "OXIDE P E R m  
NITROGEN m m  

vLc,ML VOLUME OF -ENSATE MILLILITERS 
STACK ARE4 s(xIARE FEET As, FT2 

m, MG TOTAL PARrIaJIATE am WEIGHT MILLIGRAMS 
0, MIN m T I M E  mm 

8 P IN H20 3, 
%co2 
$02 
%co 
%N2 
MD MOLKUUR WEIGHT DRY DIMENmCNLFSS 

EN, IN NOZZLE DIAMFPER INCHES 

1, % IS0KI"IC VARIATION PERCDTl? 

WSTP METER VOLUME @ STANDARD TEMP. 8 PRESS. (WET) m 1 c  FEET 
BwO% MOISIVRE PER- 

vs, FT/sEc STACK VELOCITY FEET PER SECOND 

WARE FEET AN, ET2 NOZZLE AREA 
L, #/HR EMISSION RATE POUNDS PER HCUR 

WTP, ET3 METER VOLUME @ STANDARD TEMP. 8 PRESS. (DRY) WBIC FEET 

Ms MOLECULAR WEIGHT @ STACK CCNDITIONS DIMENTICNLFSS 

a, FT3/HR STACK GAS FLOW aJBIC fEFp PER HCUR 
a, #Ism mISSICN RATE LB./DRY F3 @ STP 
C"S, m/sm EMISSICN RATE GWUNSIDRY F3 @ STP 
C"S 1 2 (;RAINS/DRY F3 @ SPP EMISSION RATE CORFmzrED To 12% a 2  

. , .  
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CALCULATIONS 

Dry Molecular Weight lb/lb-mole 
Md=0.44 (46C02) + 0.32 (PO,) + 0.28 (%N2 + $ CO). 

Dcy G a s  Volume ( s t anda rd  cond i t ions ) .  f t 3  
AH - 

Vmstd = (17.71 
in. H g  

Volunie .of Water ( s tandard  cond i t ions )  f t 3  
Vwstd = (0.0474 ft?) V l C  

m l  

Moisture  Content (p ropor t ion  by volume) 
BWO = Vwstd 

Vmstd + Vwstd 

Llolecular WeiFht of Stack G a s  ( w e t  b a s i s )  lb/lb-mole 
MS = Md (l-Bwo) + 18 BWO 

Stack G a s  Velocity, f t / S e C  

vs = s5.4ecp*Pp=- Psa M s  

Stack G a s  Volumetric Flow Rate dry bas i s ,  s tandard  condi t ions ,  f t 3 /h r  
QS = 3600 (1-Bwo) VsAs (s) (Psa ) 

T s a  29.92 

Concentrat ion ( p a r t i c u l a t e  mztter in  stack gas), lb/s.c.f. d ry  b a s i s  
cs = 2.205 x 10-6 Mn 

' 

Vmstd 

- Load ( p a r t i c u l a t e  mat ter  i n  s t a c k  gas), 'lb/hour 
L = (Qs) (Cs) 

I s o k i n e t i c  V a r i a t i o n ,  % 

S ec I (0.00267 in  H g o f t 3 )  Vlc + VrnPoa 
m l  R Tma 

I = T s a  (1.667 u) 
~ ~ 

( D V s  Psa An 

concen t r a t ion  ( p a r t i c u l a t e  mztter in s t a c k  gas), gr/s.c.f.. dry b a s i s  
C"S = (0.0154 E )  (Mn ) 

mg Vmstd 

co r rec t ed  t o  1% 0 2  
Concentration ( p a r t i c u l a t e  m a t t e r  i n  stack g a s ) ,  gr/S.C-F-, dW b a s i s  

1 2  C"S 
c12 = 'T 

. . . . . . .  . . .  A _...--.. .,L ..... , . . . . . . . . . . .  . .  ^- 

1 3  
. ., .... ..; , 
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C . S . A .  CO.  (EPA METHOD 5 ) DATA SHEET 
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E.P.CI. Method 5 
DATA INPUT -----_---_ 
Fb.In Hg 
VM, f t 3  
-",In H20 
FG, I n  HZO 
Tm,F 
Ts,F 
CF 
v-LF , I n  HZO 
% c02 
% 02 
% N  
VCL,Ml 
AS,ft2 
MN, Mg 
0,Min 
DN, I n  

RESULTS - - - - - - - 
Pma,In Hg 
FSA, I n  Hg 
MD 
MS 
VMSTP , f t 3  
VWSTF, f t 3  
BWO,% 
I ? %  

VS, f t/Sec 
RFI ASCFM 
RS, f t3 /Hr  
L ,# /Hr  
CS, #/SCF 
C '  'S,Grn/SCF 
ClZ,GR/SCF 

Absolute Meter Fressure ..................... 29.43 
Flbsolute Stack Pressure 29.33 
Molecular Weight Dry Gas .................... 29.08 
Molecular Weight @ Stack Condi t ions 28.01 
VM Standard Temp.& Press. Dry --------------- 36.50 
VM Standard Temp.& Press. Wet 3.91 

9.68 
Isok i n e t i c  V a r i a t i o n  100.32 
Stack V e l o c i t y  .............................. 37-33 
Stack Gas Flow (Ac tua l )  3001 1 
Stack Gas Flow (Dry STP) ------------7------- 916504 
Emission Rate 2.64629 

P a r t i c u l a t e  Emission .0201658 

Mois ture ____________________________________ 

2.88738E-06 P a r t i c u l a t e  Emission ........................ 
.109995 C " S  Corrected t o  12% COz . . . . . . . . . . . . . . . . . . . .  

BELDEN BRICK I N C  
SUGFIRCREEK OH 
KILN NO 1 PLANT 3 
7/21 /89 
TEST 1 

. .  . 
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COMBINED METHOD 5 & 8 

N= NORMALITY OF BARIUM PERCHLORATE T I T R A N T  
VT= VOLUME O F  T ITRANT,  ML 
VTB= VOLUME OF T I T R A N T  FOR BLANK, M L  
VA= VOLUME OF ALOQUOT SAMPLE, ML  
VM= VOLUME O F  GAS SAMPLE FROM METHOD 5, VM(DSCF) 
VSOLN= TOTAL VOLUME OF SFIMFLE SOLUTION, ML  
QS= DSCF/HOUR FROM METHOD 5 CALCULATION 
DSCF= DRY STANDARD C U B I C  FOOT 

VM= 

OS= 

36.5 

9 16504 

SULFUR D I O X I D E  CONCENTRATION = SO= LB/DSCF = S2 
N= .0101 
VT= 2.2 
VTB= .1 
VA= 10 
VM= 36.5 
VSOLN= 1000 
QS= 9 16504 

S 2 i  (.00007061 X N X (VT-VTB) X VSOLN) / (VM X VA)=  4.10312E-06 LE( SO=/DSCF 

SO= PPM= 6.037 x M M  x S2 = 24.7705 

SOr. LB/HA '= QS x 52 = 3.76052 

BELDEN BRICK I N C  
SUQARCREEK OH 
K I L N  NO 1 PLANT 3 

TEST 1 
7/2i/a9 

1 6  
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E.P.A. Method 5 
DATA INPUT 
---... 

Fb.In Hg 
VM,ft3 
%,In H2O 
PG, I n  H20 
Tm,F 
Te,F 
CF 
v-3 I I n  H20 
x co2 
x 02 
% N  
VCL,Ml 
AS,ft2 
MN I Mg 
0,Min 
DN, I n  

RESULTS 
- - - - - - - 

Fma,In Hg 
PSA,In Hg 
MD 
MS 
VMSTF, f t 3  
VWSTF, f t 3  
BWO,% 
I ,% 
VS,ft/Sec 
QA , ASCFM 
L E ,  f t3 /Hr  
L ,# /Hr  
cs, # /SCF 
C"S,Grn/SCF 
C12,GRlSCF 

BELDEN B R I C K  I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT 3 
7/21 189 
TEST 2 

Absolute Meter Pressure 29.45 
Absolute Stack Pressure 29.33 
Molecular Weight Dry Gas .................... 29.10 
Molecular Weight C! Stack Condi t ions 28.09 
VM Standard Temp.& Press. Dry --------------- 78 - .  70 

9.13 M o i s t u r e  .................................... 
I sok i n e t i c  V a r i a t i o n  103.23 

38.27 
Stack Gas Flow ( A c t u a l )  30767 

944292 
Emission Rate 2.74911 ' 

2.91129E-06 
P a r t i c u l a t e  Emission .0203.328 

.0975975 

VM Standard Temp..& Press. Wet 3.89 

Stack V e l o c i t y  .............................. 
Stack Gas Flow (Dry STP) .................... 
P a r t i c u l a t e  Emis;sion ______________--________ 
C"S Corrected t o  12% C02 ___--_-------_______ 

1 8  
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COMBINED METHOD 5 & 8 

N= NORMALITY O F  BARIUM PERCHLORATE T I T R A N T  
VT= VOLUME O F  TITRANT, ML 
VTB= VOLUME O F  T I T R A N T  FOR BLANK, M L  
VAL VOLUME O F  ALOQUOT SAMPLE, M L  
VM= VOLUME O F  GAS SAMPLE FROM METHOD 5, VM(DSCF) 
VSOLN= TOTAL VOLUME O F  SAMPLE SOLUTION, M L  
OS= DSCF/HOUR FROM METHOD 5 CALCULfiTION 
DSCF= DRY STANDARD CUBIC FOOT 

VM= 

QS= 

38.7 

9 4 4 2 9 2  

SULFUR D I O X I D E  CONCENTRaTION = SO1 LB/DSCF = 52 
N= .0101 
VT= 2.4 
VTB= .1 
VA= 10 
VM= 38.7 
VSOLN= 1000 
OS= 944292 

S2= (.00007061 x N x (VT-VTB)  x V S O L N ) / ( V M  % V A ) =  4.23843E-06 L B  SO=/DSCF 

SOz PPM= 6.037 x MM x 52 = 25.5874 

SOn LB/HR = QS x S2 = 4.00231 

BELDEN B R I C K  I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT 3 
7/21/89 
TEST 2 

. . .  

1 0  



' I. 

C . S . A .  C O .  (EPA METHOD 5 ) DATA SHEET 

1 I I I I I I I I I I . -  
I 

I I I I I I I I I I 

, - , -  I . -. I 

TOTAL PARTICULATE WEIGHT (Mn) 7087 m g  1 STACK AREA(AS) 1 3 * q  F T ~  .. 

2 0  



E.P.A. M e t h o d  5 
DATFI INPUT -----_____ 

Fb,In Hg 
VM, f t.3 
L H , I n  H20 
PG,In H20 
Tm , F 
T.5 7 F 
CP 
- 4 - 3  , I n  H20 
x coz 
% 02 
% N  
VCL,Ml 
Q S ,  f t 2  
MN 9 Mg 
0, M i n  
DN, I n  

, 

RESULTS 

F m a ,  I n  Hq 
PSA, I n  Hg 
MD 
MS 
VMSTF , f t 3  
VWSTP, f t 3  
BWO , X 
I ,% 
V S , f t / S e c  
QO , ASCFM 
OS, f t 3 / H r  
L ,# /Hr  
CS,#/SCF 
C '  ' S , G r n / S C F  
C lZ ,GR/SCF 

A b s o l u t e  M e t e r  Pressure ..................... 29.45 
A b s o l u t e  S t a c k  Pressure 29.33 
M o l e c u l a r  Weight D r y  G a s  .................... 29.04 
Molecu la r  Weight @ S tack  C o n d i t i o n s  28.15 
VM Standard Temp.& Press. D r y  --------------- 39.60 
VM Standard Temp.& Press. Wet 3.48 

8.09 
I s o k i n e t i c  V a r i a t i o n  106.46 

37.87 
S t a c k  G a s  F l o w  ( A c t u a l )  30444 
S t a c k  Gas F l o w  ( D r y  STP) .................... 93695 1 
E m i s s i o n  R a t e  3.68829 

P a r t i c u l a t e  E m i s s i o n  .0274929 

M o i s t u r e  __-------_--________---------------- 
Stack  V e l o c i t y  _---___-____----______________ 

3.93648E-06 P a r t i c u l a t e  E m i s s i o n  _____-______---_-___---- 
.le3286 C " S  C o r r e c t e d  t o  12% CO= ___-_________--_____ 

BELDEN B R I C K  I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT 3 
7/21/89 
TEST 3 

. . .  



c 

COMBINED METHOP 5 & 8 

N= NORMALITY OF BARIUM PERCHLORATE TITRANT 
VT= VOLUME OF TITRANT, ML 
VTB= VOLUME O F  TITRANT FOR BLANK, ML 
VA= VOLUME O F  ALOQUOT SAMPLE, ML 
VM= VOLUME O F  GAS SAMPLE FROM METHOD 5 ,  VM(DSCF) 
VSOLN= TOTAL VOLUME OF SAMPLE SOLUTION, ML 
QS= DSCF/HOUR FROM METHOD 5 CALCULATION 
DSCF= DRY STANDARD CUBIC FOOT 

. .  

VM= 

QS= 

39.6 

936951 

SULFUR 
N= 
VT= 
VTB= 
va= 
VM= 
VSOLN= 
QS= 

DIOXIDE CONCENTRATION SO= LBiDSCF = SZ 
.0101 
2.1 
- 1  
10 
39.6 
1000 
93695 1 

sz= (.0000706i x N x (VT-VTB) x VSOLN)/(VM x Val= 3.60182~-06 LB SO=/DSCF 

SO-, FPM= 6.037 x M M  x S2 = 21.7442 

sor LB/HR = Q S  x S2 = 3.37473 

BELDEN BRICK INC 
SUGARCREEK OH 
KILN NO 1 PLeNT 3 
7/21/89 
TEST 3 2 2  

.. . 
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I CSA co.  NO^ RAW DATA SHEET 





I' 

EPA ILTHOD 7 
( N O x )  

Barometer, I n i t i a l  = 29.32 
Flask Vacuum I n i t i a l  - 26.40 
Flask Temp. I n i t i a l  = 79.0 
Barometer, F i n a l  = 29.06 
Flask Vacuum F i n a l  = 0.30 
Flask Temp. F i n a l  = 68.00 
Flask Volume = 1942 

Inches Hg ( P b i )  
Inches tig ( P f i )  
Degrees F ( T f i )  
Inches Hg (Pbf)  
Inches Hg (Pbf)  
Degrees F ( T f f )  
M1. ( V f )  

P i  = Pb i  - P f i  = 2.92 Inches Hg Absolute 
T i  = 460 + T f i  = 539 Temp. Absolute Degrees R 
Pf = Pbf - P f f  = 28.76 Inches Hg Absolute 

' T f  = 460 + T f f  = 528 Temp..Absolute Degrees R 

Vsc = 17.64 ( V f  - 25ml.) ( ( P f  / T f )  - ( P i  / T i ) )  = m l .  STP'= 1658.7 

Spectrophotometer C a l i b r a t i o n  Fac to r  = Kc  

A = Absorbance o f  100 ug Standard = . l  
A = Absorbance o f  200 ug Standard = .Z  
A = Absorbance o f  300 ug Standard = .295 
A = Absorbance of 400 ug Standard = .39 

KC = 100((A1. + 2Az + 3 A s  + 4 A e )  1 ( 0 %  + A z z  + As' + A,"))= 1018.6 

A = Absorbance O f  Sample = 0.045 I F= D i l u t i o n  Factor  = 1.000 
M = To ta l  ug NO= Per Sample = 2 x Kc x A x F = 91.673 

I .  

..C = Sample Concentration.=!6;-243 x 10-a x M / ~ V S C  = 3.4502 x 10-& 

OS From Method 5 O r  Gas Volume C a l c u l a t i o n  = 944292 

C x Q S =  3.258 LB/HR 

BELDEN BRICK I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT 3 
7/21/87 
TEST> 2 

2 5  



EPA METHOD 7 
(NOx) 

Barometer. I n i t i a l  = 29.32 
Flask Vacuum I n i t i a l  = 26.40 
Flask Temp. I n i t i a l  = 81.0 
Barometer, F i n a l  = 29.06 
Flask Vacuum F i n a l  = 0.50 
Flask Temp. F i n a l  = 68.00 
Flask Volume = 2097 

Inches Hg (Pb i )  
Inches Hg ( P f i )  
Degrees F ( T f i )  
Inches Hg (Pbf )  
Inches Hg (Pb f )  
Degrees F ( T f f  1 
M1.  ( V f )  

P i  = Pb i  - P f i  = 2.92 Inches Hg Absolute 
T i  = 460 + T f i  = 541 Temp. Absolute Degrees R 
Pf  = Pb f  - P f f  = 28.56 Inches Hg Absolute 
T f  = 460 + T f f  = 528 Temp. Absolute Degrees R 

Vsc = 17.64 ( V f  - 25ml.) ( ( P f  / T f )  - ( P i  / T i ) )  = m l .  STP = 1779.8 

Spectrophotometer C a l i b r a t i o n  Fac tor  = Kc 

A = Absorbance o f  100 ug Standard = .1 
A = Absorbance of 200 ug Standard = .2 
A = Absorbance o f  300 ug Standard = .29S 
A ., = Absorbance o f  400 ug Standard = .39 

Kc = 100((Ai + 2 A a  + 3As + 46.) / ( A I = +  + Ar. a! + A s  a! + fie=))= 1018.6 

A = Absorbance Of  Sample = 0.044 , F= D i l u t i o n  Factor  = 1.000 
M = Tota l  ug NOz Per Sample = 2 x Kc x A x F = 89.636 

C = Sample Concentrat ion = 6.243 x 10-= x M / Vsc = 3.1442 x 10-& 

I ,  CIS From Method 5 O r  Gas Volume C a l c u l a t i o n  = 936951 

C x OS = 3.946 LB/HR 

BELDEN BRICE I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT 3 
7/21/89 
TEST % ?  

2 6  
c_ 

~ 



Barometer. I n i t i a l  = 29.32 Inches Hg ( P b i )  
Flask Vacuum I n i t i a l  = 26.30 Inches Hg ( P f i )  
F lask Temp. I n i t i a l  = 70.0 Degrees F ( T f i )  
Barometer, F i n a l  = 29.06 Inches Hg (Pbf)  
F lask Vacuum F i n a l  = 0.30 Inches Hg (Pbf )  
Flask Temp. F i n a l  = 68.00 Degrees F ( T f  f ) 
F lask Volume = 2079 M1. ( V f )  

P i  = Pb i  - P f i  = 3.02 Inches Hg Absolute 
T i  = 460 + T f i  530 Temp. Absolute Degrees R 
Pf = Pbf - P f f  = 28.76 Inches Hg f ibso lute 
T f  = 460 + T f f  = 528 Temp. Absolute Degrees R 

Vsc = 17.64 ( V f  - 25ml.) ( ( P f  / T f )  - ( P i  / T i ) )  = m l .  STP = 1767.1 

Spectrophotometer C a l i b r a t i o n  Factor  = Kc 

A = Absorbance o f  100 ug Standard = .1 
A = = Absorbance o f  200 ug Standard = .2 
A = Absorbance o f  300 ug Standard = .295 
A = Absorbance of 400 ug Standard = .39 

KC = 100( (A i  + 2As + 3Ps + 4A4) 1 (Pi" + A= = + A s  + A 4 = ) ) =  1018.6 

A = Absorbance Of  Sample = 0.036 , F= D i l u t i o n  Fac tor  = 1.000 
M = To ta l  ug NOa Per Sample = 2 x Kc x A x F = 73.339 

C = Sample Concentrat ion = 6.243 x 10-' x M / VSC = 2.5909 x 10-& 

OS From Method 5 O r  Gas Volume C a l c u l a t i o n  = 916504 

c x a s =  2.375 LB/HR 

BELDEN BRICK I N C  
SUGARCREEK OH 
KILN NO 1 PLANT 3 
7/21 189 
TEST 1 



EPA METHOD 7 
( N O x )  

Barometer, I n i t i a l  = 29.32 
Flask Vacuum I n i t i a l  - 26.40 
Flask Temp. I n i t i a l  = 74.0 
Barometer, F i n a l  = 29.06 
Flask Vacuum F i n a l  = 0.60 
Flask Temp. F i n a l  = 48.00 
Flask Volume = 1975 

Inches Hg (Pb i  
Inches Hg ( F f i  
Degrees F ( T f i  
Inches Hy ( P b f  
Inches Hg (Pbf 
Degrees F ( T f f  
M1 .  ( V f )  

P i ' =  P b i  - P f i  = 2.92 Inches Hg Absolute 
T i  = 460 + T f i  = 534 Temp. Absolute Degrees R 
F f  = Pbf - F f f  = 28.44 Inches Hg Absolute 
T f  = 460 + T f f  = 528 Temp. Absolute Degrees R 

Vsc = 17.64 ( V f  - 25ml.) ( ( P f  / T i )  - ( P i  / T i ) )  = m l .  STP = 1666.0 

Spectrophotometer C a l i b r a t i o n  Fac tor  = Kc 

A = Absorbance o f  100 ug Standard = . l  
A = = Absorbance o f  200 ug Standard = .2 
A = Absorbance o f  300 ug Standard = .295 
A . = Absorbance o f  400 ug  Standard = .39 

K c  = 100((A1 + 2& + 3A5 + 4A4) / (AI" + A" = + A=" + A,"))= i0ia.6 

A = Absorbance O f  Sample = 0.041 , F= D i l u t i o n  Fac tor  = 1.000 
M = T o t a l  ug NO3 Per Sample = 2 x Kc x A x F = 83.524 

C = Sample Concentrat ion = 6.243 x 10-= x M / Vsc = 3.1298 x 10-6 

OS From Method 5 O r  Gas Volume C a l c u l a t i o n  = 916504 

C x Q S =  2.869 LB/HR 

2 8  

EELDEN BRICK I N C  
SUGARCREEK OH 
K I L N  NO 1 PLANT J 
7/21/89 
TEST ,k! (1) 
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PH0t:E -216- 525-5119 $IR P ~ L L U T I G N  S O U R C E  TESTING 

C C S T O h l  S T A C K  ANALYSIS  
24661 CENTER ROAD 

P.O. B C S  2750 

ROUTE 5 

ALLIANCE. OHIO 43601 

GENERAL 

VL, --I- Ft: 3 on J U L Y  2 1 ,  I $ A '  with t e s t i n g  t o  
commence a t  about- $ 1 0 0  O'clock L A M  - PM as p e r  INTENT 
TO TEST NOTIFICATION. 

The sample t r a i n  is a Research Appliance Corp modle 2043 using 
a P ? ~ ~ c r +  - l i n e d  probe hea ted  t o  2 j - d  The f i l t e r  media is 

F I ~ F / L G L * ~ S  enclosed i n  pyrex h o l d e r s  heated t o  2- OF. The 

con ten t s  of t h e  impingers w i l l  be used f o r  ( a )  moisture 
de te rmina t ion  o n l y ,  (b) F f s t u r e  determination and p a r t i c u l a t e  
weight. The gas  d ry ing  agent  a f t e r  t h e  impingers i s  calcium s u l f a t e  
contained i n  a " D r i e r i t e "  desicant column. T h e  probe and glassware 
w i l l  be washed u s i n g  A C E T O & €  L 8 k u s c l  . If impinger conten ts  
a r e  used as p a r t  of t h e  p a r t i c u l a t e  weight,  they w i l l  be d r i ed  by 

used a r e  a s  p e r  l a t e s t  FEDERAL EPA REGULATIONS AS WRITTEN I N  THE 
FEDERAL REGISTER. 
I-- -- --An equ iva len t  emissions opac i ty  t e s t  is requested 
- D E S C R I P T I O N  OF PLANT OPERATION 

-- 
Source emission t e s t s  w i l l  be performed a t  B E L O E M  ~ ~ / L I C K  

O F .  

a t  -C. The t e s t  and a n a l y t i c a l  procedures 

&,-I I U U O U %  % ' R I C K  K I L N  

STACK AND VENT DESCRIPTION --- 
SE E S& G r . C  cc F S  

. .  . 



AREA = 13.4 f2 
EQUIVALENT D I A .  = 44" 
E Q U I V .  D I A .  UPSTREAM = 
E Q U I V .  D I A .  DOWNSTREAM 

BELDEN B R I C K  
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S T A I N L E S S  STEEL PROBE 
/ 

I C E  
WATER \ 1 

CONDENSER 

0 RSAT 

L 5 ROTOMETER 

FLOW CONTROL VALVd 
BY-PASS VALVE 

2.3 CUBIC FOOT 
T E D L A R  BAG 

e 
T H R E E  WAY VALVE 

f 
PURGE 

FLOW CONTROL VALVd 
BY-PASS VALVE 

2.3 CUBIC FOOT 
T E D L A R  BAG 

T H R E E  WAY VALVE 

f 
PURGE 

. .  . 

INTEGRATED SAMPLER 

F I G U R E  3 ' ' 3 3 .  



N O .  1235 GELMAN FILTER HOLDER WITH TYPE A-E FILTER T- 

316 STAINLESS STEEL PROBE 

PUMP VALVE 

ONE WAY STOPCOCK ONE WAY S T O P C O C K 1  

THERMOMETER 

2 LITER BOILING FLASK 

FLASK SHIELD 

L-- -- 

. .  

6-6- VACUUM PUMPS 

METHOD 7 N O X  SAMPLE APPARATUS 

FIGURE 4 
3 4  .. 



3 4 

5 7 \  

16 

1) HEATED PYRFX LINED PROBE. END PACKED WITH QUARTZ WOOL 
2 )  MIDGET BUBBLER. TOP PAKED WITH GLASS WOOL 
3 )  MIDGET IMPINGERS. EACH FILLED WITH 15 ml OF HzO2 (3%) 
4 )  MIDGET IMPINGER. DRY TRAP 
5) ICE BATH 
6 )  DRIERITE COLUMN, FILLED WITH CALCIUM SULFATE DESICANT 
7 )  UMBILICAL CORD 
8 )  ROTAMETER ~ ~~~ 

,j VACUUM GAGE 
10)VALVE FOR COARSE FLOW ADJUSTMENT 
11)VALVE FOR FINE FLOW ADJUSTMENT 
1 2  ) OILER 
l 3 ) O I L  FILTER 
14  )VACUUM PUMP 
15)DRY GAS TEST METER 
16)THERMOMETER 

E.P.A. METHOD 6 SO2 SAMPLING TRAIN 

FIGURE 1 
3 5  
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I 

i ! 
, .  

Clamp t o  remove 
. / -  P i t o t  Tube from Sheath 

/ 
"S" T i t o t  Tube 

L?robe Sheath 
I 

Bottom V i e w  Showing Pitot-Nozzle Separa t ion  

g. Type "S" P i t o t  Tube 

- I z p a c t  Pressure 

Side View Showing Pitot 
Stat ic-Impact  Dimensions a n d  ' 

Distance o f  Impact P r e s s u r e  Opening 
from Nozzle Entry ?.lane 

, . - . . . . ... . . .. ._ 3 7  
. . . . - . .. - .. .. - .-.. . - -_.. . ..--._.. 



I I 

C . S . A .  CO., ( E P A  METHOD 5 ) DATA SHEET 

3 8  



CSA CO 
5.l'~ r.IETHOD 6 (SULFU? D i O L l D E )  

DATA AND CALCULhTiOi! SXZT 

I ISt TITTGTIOX I ZndTITRATIOX I 3rd TITRATIOXI AVERAGE I I V b  TITRXTICS 
I 

- 
I I  I 

Lb S02/Hr = ( f 3/HrDSTP) ( Lb/fJDSTP) = 

Lb/KlaTU = Lb/Hr - MBTU = 

C s q  = Concentrat ion of s u l f u r  dioxide - lb/dry s t m d a r d  cubic  f a o t  

?bar = Baroae t r i c  p re s su re  - inches  Hg 
i; = N o f r a l i t y  of b a r i u i  p e r c l o r a t e  t i t r a t  

r.? L...- ; = T e i p e r a t u r e  a t  meter  i n l e t  - OF 
T. -30 = Teapera ture  a t  meter o u t l e t  - OF 
r i n  = kverage meter  temperature -0-7 
., $ 2  = Volune of s m p l e  a l i q u o t  t i t r a t e d  - nl 
Vm = Dry gas voluqe as mezsured at c e t e r  - dcf  

'3 = ~Ive rzge  volume of titrvlt used f o r  szrnple a l i q u o t  - nl 
Yb& Volume of t i t r a n t  u s e d . f o r  b k n k  - m l  

\'m(sta) = Vm c o r r e c t e d  t o  s tv lda rd  condi t ions  - dscf 
Vso ln  = Tot21  rVoluTe of  szaple  s o l u t i o n  - r r l  

V = Dry gas meter  c a l i b r a t i o n c l a c t s r  
K i  = 17.64 IC2 = 7.061 X IO-J 

3 9  
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I -1 

rl, ' 

, C.S.A. Co. 
STACKSAMPLR CALIBRATION SHEET 

Customer Order No. 
D a t e 6 / 1 7 / 8 9 e r i a l  No. 2 g l U  RAC Order No. 

P u m p L P u m p  Oil OK Clean Quick DisconnectsJES 
Manometers OK Dry Test Meter OK Thermometers OK 
Lights OK Electrical Check OK Variac OK 
Vacuum Gauge OK Leak Check (B 27"Hg Vacuum OK 
R e m a r k 8 8  

Barometer (Pb) 29.03 

K Y 
a 2 0.991. 

m 7  0737 1.0 5 5.05 70 76 70 73 8.95 1-4 0 . 9 m  

0.999 
0,99fi 
0 . 9 s  

1.854 1m 

Tolerances H = 1 . 6 - U - 2 . 1  , Y=0.99-lAW-1.01 

H=(K/(Pb(OTd+460)))*(((Tw+460)t)/CFw)a 

Y=(CFw Pb (Td avg.+460))/(CFd (Pb+N) (Tw+460)) 

DH= Orifice pressure drop - in. Ha0 
CFw= Volume wet test meter - f S  
CFd= Volume dry test meter - f a  
Tw= Temp. wet test meter 
ITd= Inlet temperature dry test meter 
OTd= Outlet temperature dry test meter 
Td avg.= Average temperature dry test meter 
t= Time - minutes 
Pb=Barometer press. 

4 1  




