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SOURCE EMISSION TESTS 
A T  

BELDEN BRICK INC.  

SUGARCREEK, OHIO 

NO.l KILN,PLANT 3 
MARCH 3,1992 

Br i e f  of Tests 
P a r t i c u l a t e  emission tes ts  were performed on t h e  s t a c k  of t h e  

b r i c k  k i l n  a s  p e r  EPA F e d e r a l  R e g i s t e r  methods 1 through 5 ,6  and 7 
a s  set f o r t h  i n  t h e  Appendix t o  P a r t  6 0 ,  “Standards  of Performance 
f o r  s t a t i o n a r y  s o u r c e s “ ,  Subchapter  C ,  Chapter  1 , T i t l e  4 0 ,  Volume 4 2 ,  

No.160, Ju ly  1,1988 as amended from t h e  o r i g i n a l  F e d e r a l  R e g i s t e r ,  
Volume 36, No. 2 4 7 ,  December 23, 1971. 

The t u n n e l  k i l n  i s  a c o n t i n u o s  o p e r a t i o n  where t h e  g reen  product  
is loaded on c a r s  t h a t  t r a v e l  through t h e  v a r i o u s  h e a t  zones and d i s -  

charge  as  a f i n i s h e d  product  a t  t h e  o t h e r  end. The k i l n  is hea ted  

wi th  n a t u r a l  g a s  w i t h  t h e  p roudc t s  of combustion and t h e  emissions 
from t h e  c u r r i n g  p r o c e s s  d i s c h a r g i n g  t o  a s t a c k  v i a  induced d r a f t  fan .  

R e s u l t s  

A )  The par t icu la te  emission rate w a s  2.50 unds per hour.  
B) The s u l f u r  dioxide emission rate w a s  pounds per hour.  

C )  The ni t rogen oxides emission rate w a s  2.29 pounds per hour. 

D) The process weight rate w a s  15,660 pounds per hour. 
T e s t  Methods 

2s 77- 

& i n c h  A t w e l v e  p o i n t  traverse was s e l e c t e d  f o r  t h e  

square  b r i c k  s t a c k  as  p e r  method 1 .  Each p o i n t  was sampled f o r  f i v e  
minutes  f o r  a t o t a l  tes t  t i m e  of 6 0  minu tes  (See  f i g u r e  1 ) .  The C 0 2  

and 0 2  a n a l y s i s  were conducted by an o r s a t  f l u e  g a s  a n a l y z e r  from a n  
i n t e g r a t e d  sample t a k e n  a t  t h e  t e s t  p o r t s  t o  p rov ide  d a t a  f o r  method 3 

Method 5 w a s  used t o  de te rmine  t h e  p a r t i c u l a t e  q u a n t i t y ,  moi- 
s t u r e  d e t e r m i n a t i o n  by method 4 and gas v e l o c i t y  by method 2 u s ing  
a Research Appliance Corp. “Stacksamplr“ .  

The s u l f u r  d i o x i d e  tests were performed by method 6 .  

The n i t r o g e n  o x i d e s  were de termined  by EPA method 7 .  
P a r t i c u l a t e  T e s t  Apparatus  

1 



A schemat ic  of  t h e  a p p a r a t u s  i s  shown i n  f i g u r e  2 .  
The d u s t  l a d e n  g a s e s  were passed  through a pyrex l i n e d  probe and 

hea ted  g l a s s  cyc lone  s e p a r a t o r  bypass  fo l lowed by a f o u r  i n c h  f i l t e r  
ho lde r  c o n t a i n i n g  Gelman Type A-E f i b e r g l a s s  f i l t e r  media. The g a s e s  

l e a v i n g  t h e  f i l t e r  were cooled  i n  a series of t h r e e  impingers  packed 
i n  i c e .  The f i r s t  and t h i r d  impinger were t h e  modif ied Greenburg-Smith 
t y p e  and t h e  second one was a s t a n d a r d  Greenburg-Smith. The F i r s t  and 

second impingers  were f i l l e d  wi th  1 0 0  m l  of  d i s t i l l e d  water with t h e  

t h i r d  one used a s  a d r y  t r a p .  A f t e r  l e a v i n g  t h e  d r y  t r a p ,  t h e  gases  

passed through a "Drierite" column c o n t a i n i n g  about  500 grams of  
calcium s u l f a t e  (CaS04) d e s i c a n t  to  remove t h e  remaining water vapor. 
The d r y  g a s  passed through t h e  hose  p o r t i o n  of t h e  u m b i l i c a l  co rd  t o  
a Research Appliance Corp. model 2343  "Stacksamplr" module. I n  t h e  
module t h e  g a s  was moved through t h e  system by a l e a k l e s s  a i r  pump 
t o  a Rockwell  175-S d r y  tes t  meter. The d r y  test meter exhausted t o  a 

c a l i b r a t e d  o r i f i c e  t o  measure t h e  f l o w  r a t e  of  t h e  gases  pas s ing  
through t h e  sampling a p p a r a t u s .  A t y p e  "S" p i t o t  t u b e  w a s  a t t a c h e d  

t o  t h e  s h e a t h  of  t h e  h e a t e d  probe t o  measure t h e  v e l o c i t y  head of t h e  
f l u e  g a s e s  n e a r  t h e  t i p  of  t h e  probe  nozz le .  The o r i f i c e  p r e s s u r e  t a p s  

and t h e  p i t o t  t u b e  were connec ted  t o  a Dwyer d u a l  1 0  i nch  combination 
i n c l i n e d  w e l l  t y p e  manometer. One h a l f  of t h e  manometer measured t h e  
o r i f i c e  d i f f e r e n t i a l  ( A H )  and t h e  o t h e r  h a l f  measured t h e  f l u e  gas  

v e l o c i t y  head ( A P). 
The t empera tu re  of t h e  f l u e  g a s  was measured by a type  "K" thermo- 

couple  connected t o  a PyroMation d i g i t a l  t empera ture  i n d i c a t o r .  

The C02 and 02 were measured w i t h  a B u r r e l l  " Indus t ro"  Model B 
o r s a t  from a n  i n t e g r a t e d  sample t a k e n  by withdrawing a c o n s t a n t  f low 
r a t e  of g a s  from t h e  s t a c k  and i n j e c t i n g  it i n t o  a T e d l a r  bag. Th i s  

was done by drawing t h e  g a s  through a n  i n - s t a c k  f i l t e r  v i a  neoprene 
t u b i n g  t o  a condenser  and condensa te  co l l ec to r  ahead of  a leakless 
diaphragm vacuum-pressure pump. The pump d i scha rged  t o  t h e  ro tometer  
and t h e  Ted la r  bag. The a p p a r a t u s  i s  equipped wi th  v a l v e s  t o  by-pass 
t h e  ro tomete r  and bag when clear ing t h e  sample l i n e  as  shown i n  f i g u r e  3 .  

P a r t i c u l a t e  T e s t  Procedures  
The probe,  f i l t e r  and glassware was assembled and l e a k  t e s t e d  i n  

o u r  l a b  b e f o r e  t r a n s p o r t i n g  t o  t h e  j o b  si te.  Three sets of equipment 
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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 100 ml of dis- 
tilled water and the "Drierite" columns were connected just prior to 
elevating the probe into position. 

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 A H  setting at 
the flue gas temperature, pressure, density and the assumed moisture 
along with the temperature, A P and an assumed A H  of the test module. 
The sampling rate ( A H )  can be determined in less than 5 seconds using 
this technique. 

After leak testing the apparatus at 1 0  inches of mercury the probe 

The apparatus was leak tested after the test was completed at a 
vacuum exceeding that encountered during the test. 

The moisture content was determined from the amount of condensate 
collected in the impingers and the difference of the tare and gross 
weight of the "Drierite" desicant column. The desicant column was weighed 
on an Ohaus 5 Kg industrial lab balance to the nearest half gram. 

dryness before tare and gross weighing on a Stanton CL4D analytical 
balance. 

The filter media was dried in a desicator at room temperature to 

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 weighed after allowing the samples to desicate to dryness. These 
weights were accomplished with the Stanton Balance. 

The integrated gas sampler was started at the beginning of the 
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 orsat analysis was performed on the gases contained in the 
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bag shortly after the test was completed. 
Sulfur dioxide test apparatus and procedures. 

A schematic of the test apparatus is shown in figure 4 .  The 
gases were drawn through a heated pyrex probe with a fiberglass wad 
attached to the sampling end of the probe. The probe was connected 
to the impinger train where it first passed through a midget bubbler 
containing 15 ml of 80% isopropyl alcohol. A wad of glass wool was 
packed in the top of the bubbler to collect any acid mist carryover. 
The gases then passed through two midget impingers,each containing 
15 m l  of 3% hydrogen peroxide solution followed by an empty midget 
impinger to collect the carryover from the preceeding impingers. 
The midget bubbler and impingers were contained in an ice bath to 
condense acid and water vapor. After leaving the dry trap the gases 
passed through a "Drierite" column containing about 500 grams of 
"Drierite" via rubber hose to remove the remaining water vapor. 
The dry gas was transmitted to the module through a "polyflow" 
tubing. In the module the gas was moved through the system by a 
leakless air pump connected to the rotometer to measure the gas flow 
rate and a Rockwell type "S" dry test meter to measure the gas volume. 
The dry test meter was equipped with a thermometer located in the top 
half of the gas meter to measure the temperature of the meter. The 
gas from the meter was discharged to the atmosphere. 

the lab analysis of the contents of the impingers. 

and ran for twenty minutes. Two runs comprised one test. 
The calculations are shown in Appendix I. 

Class "A" burrettes and pipets were used for the titrations in 

The run was started shortly after the method 5 test was started 

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 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 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 where one 
ml is equal to 100 m-grams N02. 

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 1 0  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. One ml of distilled 
water and four drops of concentrated sulfuric acid was added and 
titurated throughly with a polyethylene policeman. This solution 
was stirred while being heated for about 3 minutes on the steam 

The spectrophotometer calibration factor was made by adding 0, 



bath. After cooling, 20 ml of distilled water was added and mixed 
well. Concentrated NH4OH 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 105 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. 

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. 
Miscellaneous 

All raw data and calculations are shown in Appendix I. 
The Intent to test notification is included in Appendix 11. 

Submitted by 

Ernest L.Kolm 
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Test 
Date 
Time 

1 2 
3/3/92 3/3/92 

9:57/11:00 11:12/12:15 

PARTICULATE QUANTITY 

Grains/f3 Dry STP 0.0198 0 .0153 
Pounds/Hr. 2.8331 2.1060 

GASEOUS EMISSIONS 

SO2 Pounds/Hr 2.79  2 . 8 7  
SO2 Parts/Million 1 7 . 0  . 1 8 . 0  
NOx Pounds/Hr 2.47  2 .42  

- -_______________- - -  

------_____------ 

STACK GAS CONDITIONS 

Temperature -dg. F 402.0  
Static Pressure-in H20 0.00 
c02 - % 3 . 2  
02  - % 1 6 . 4  
H20 - % 5 . 5  
Velocity - FPS 36.82 
Stack Area - sqr. ft. 1 3 . 4 0  
Gas Flow - ACFM 29445 
Gas Flow (DSTP) CFH 998281 

SAMPLE TRAIN CONDITIONS 

Pitot Delta P in H20 0.2510 
Orifice Delta P in H20 1.51 
Temp. Meter - dg. F 78 
Gas Volume - CF Dry STP 39.24  
Barometer - in Hg 29.10 
Probe Tip Dia. - in. .313 
Isokinetic Var. - % 9 9 . 0  

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

--_---______----------- 

429.0  
0.00 
3 . 1  

1 6 . 5  
5 . 4  
36.40 
13 .40  
29266 

962687 

0 .2400 
1 . 6 1  
95 
39 .61  

29.10 
.313 
103.6  

3 . 
3/3/92 

12:33/13:25 

0 .0190 
2.5511 

2.48 
1 6  .0 
1 . 9 7  

397.0 
0.00 
3.0 

16 .9  
5 . 7  
34.34 
1 3 . 4 0  
27610 

939679 

0 .2220 
1 . 4 4  
98 
38.66 

29.10 
.313 
103 .6  

Average 

0.0180 
2.4967 

2 . 7 1  
1 7 . 0  
2 . 2 9  

409.3 ~~ 

0.00 
3.1 

18 .6  
5 . 6  
35.79 
1 3 . 4 0  
28774 

966882 

BELDEN BRICK,INC. 
SUGARCREEK,OHIO 
N O . l  KILN,PLANT 3 
COMPILED DATA 

Table 1 



AREA = 13.4 f2 
EQUIVALENT D I A .  = 44" 
EQUIV.  D I A .  UPSTREAM 7.1 
EQUIV.  D I A .  DOWNSTRBIM = 2+ 4 PORTS 
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STAINLESS STEEL PROBE 

f 
{ /STACK 

INTEGRATED SAMPLER 

! 0 '  FIGURE 3 
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CSA 03. 
KfGWlTR XMEtKLATURE R3R (IFR Method 5 

SYMBOL DESCRIPTICN UNITS 
Vlll METm VOLUME CUBIC FEET 
P b r  EWOEER INQIES MERCURY 
AH ORIFICE DIFERENFIAL INCHES WATE8 
Fm ABSOLUlE AiEssuRE OF KETER 1"Ps MERCURY 
tm TEMPERATURE OF MFPEX O F  
nll TEMPERATURE OF MFPEX O R  
ts TEMPERATURE OF STACK O F  
Ts TEMPERA?uRE OF STACK OR 
ps STACK STATIC PRESSURE INCHES W A m  
Pga ABSOLUTE STACK PRFSURE INCHES MERCURY 
C PIrn COEFFIcIm DPIENSICNLESS 
A P  PIlWl! DX-AL 1- W A m  

CARBON DIOXIDE PECElW 
OXYGEN P m m  

032 

NI lRCXEN P m m  
02  

cAR83N KNOXIDE P m m  
N2 

Md MOLECULAR WEIGHT DRY LB/LB-mLE 
Vlc VOUTME OF CNDRiSATE MILcILm 
Rs AREA OF STACK SCUARE = 
Drl DI- OF NOZZLE INCHES 

03 

An AREA OF NOZZLE SUARE FEET 
Ms MOLECULAR WEIGHT OF GAS WET 
Eln TOTAL PARTICUTATE CAlU-l 
e TIME 

1 1  
L 



' ... 

CSA CO. 
PARTICULATE CALCULATIONS FOR CFR METHOD 5 

Dry Molecular Weiqht lb/lb-mole 
Hd = 0.44 (%C02). t 0.32 ( % 0 2 )  + 0 . 2 8  (%N2 t %CO) 

Dry Gas Volume (standard conditions), ft3 
Vmstd 17.64VmY(Pbar t AH/13.6)/Tm 

Volume of Water (standard conditions), ft3 
Vwstd 0.04707 vlc 

Moisture Content (proportion by volume) 
%o Vwstd/(vmstd + vwstd) 

blolecular IJeiqht of Stack Gas (wet basis), lb/lb-mole 
M, = Md(l-B"o) t 18Bwo 

Stack Gas Velocity ft/sec 
v, = 8 5 . 4 9 C P 4 P  avgdJTs(avg)fPsMs 

Stack Gas Volumet.ric Fow Rate (dry. standard conditions), ft3/hr 
4s = 3 6 0 0 ( 1 - 8 ~ 0 )  VsAs(528/Tsavg)(Psa/29.92) 

Concentration (particulate in gas), lb/f3,td dry 
C, = 2.205 X Mn/V mstd 

Isokinetic Variation, 8 
I =100TS[0.002669V1c + (VmY/Tm)(Pbar +AH/13.6)1/608VsPsA, 

1 2  
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CSA CO. NO* DATA SHEET 

SPECTROPHOTOMER CALIBRATION 
ABSORBANCE OF ABSORBANT SOLUTION = 0 
AlzABSORBACE OF 100 g STD = .Itd 

A2= 
A 3 =  
A4= 

I t  11 200 11 - - .ai0 

I t  $ 1  300 11 - - ,305 
, 3 F  5 

" 400 g " - - I! 

SAMPLE DILLUTION FACTOR.= I 

SEE COMPUTER CALCULATION SHEET FOR.RESULTS 

1 4  
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Z . F . A .  PIETHOD 5 

F'b. I n  Hg 
VM. .F t 3  
AH. I n  HZO 
P G .  I n  H2O 
Tm . F 
T s . F  
C F  
- ...... .--:,,F~ I n  6120 
% co2 
7. 02 
x N 
'VCL.Ml  
A S . f t Z  
MN . Mg 
0 ? M i n  
DN, I n  

R E S U L T S  

F m a . I n  Hg 
F S A , I n  Hg 
MD 
MS 
VMSTF,  f t : 3  
VWSTP f tS 
HWO. x 
I .% 
VS. f t ie jec  
QA. R S C F M  
US, f t:?./HR 
L. # i H r  
CS. # / S C F  
C " S . G r n i S C F  

Flbsolute M e t e r  Pressure ..................... 29.21 

M o l e c u l a r  Weioht D r y  Gas 29.17 
A b s o l u t e  S t a c k :  Pressure,  29. ta 

M o l e c u l a r  Weight @ S t a c k  C o n d i t i o n s  x.35 
'JM Standard T e m p .  Press.  D r v  --------------- 39.24 
VM Standard T e m p . &  Press.  Wet 2."? 

3.51 
99. @@ 

M o i s t c l r e  ________-_----_--------------------- 
I so Ir e i 17 e t  i c V a r i a t i o n  

S t a c k  G a s  F l o w  ( A c . t u a l  2s443 

E m i s s i o n  H a t e  z.az 

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

stat k: Ve 1 oc i ty 2 . 6 . 6 1 :  

398281 S t a c k  G a s  F l o w  (Dry S T F !  ---------____--___-_ 
p a r t  - i cL( 1 a t e  E m i s s i o n  2 .  BJ'T557E...@6 

0.0199 

H E L D E N  BRICI.: I N C  
5U.GAF:CREEK OH 
K I L N  1 P L A N T  3 
.> /:3 / 9'' 
T E S T  1 

1 6  



CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO 1 - 1  PLANT ~ ~ ~ O C ~  F A r e l L  DATE 3 / ? / * t  
LOCATION m0 I t L I L * I  P L 4 9 i u T  3 BY&* 

Vm Tm ROTOMETER TIME pb k?,ld 

Vmstd = K1 Y(Vm)(Pb)/(Tm) 

Vmstd = 17.64 ( 1 . 0 0 1  ) (  .697  ) ( l l s ' a  )/(460 + L o  ) = .8&'  

Vt 
- 

I? ,?  I1 14 2. R . I  -- 

cS02 = K2(Vt - Vb)(N)(Va)/(Vmstd)(VSO~n) 
= 0.000.07061( 1719 - ) ( , o e Q D I ) (  2 0 ,  ) / (  . 6 Y &  ) ( . i o 0  ) 

= 2.7% k I I U - '  lb/ f 3DSTP 
SO2 PPM = (Cs02)(6.037 X 10+6) = 
SO2 LB/HR = (Csoz)( +qcr,rtl f3fHr DSTP*) = 
SO2 LB/mmBTU = SO2 LBfHR 1 mmwr--2y - . I  

$. 

FROM METHOD 5 CALCULATION "Q" * 

Cs02 = Concentration of sulfur dioxide - lbldry standard cubic foot 
N = Normality of barium perchloratestitrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
Va = Volume of sample aloquot - m l  
Vm = Volume of gas at meter temperature and pressure - f3 
Vmstd = Vm corrected to standard temperature and pressure - f3 
Vsoln = Total volune of sample solution - ml 
Vb = Volume of titrant used for blank - m l  
Y = dry gas meter calibration factor - dimensionless 
K1 = 17.64 
K2 = 7.061 X 10-6 

' @  



CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO PLANT '73C-LOLw*r Bht C t DATE 31>15L 
LOCATION @6 / t bw P c d U t  1 BY A G  

Vt I 0 , O  
- 

I V8-0 I l a s o  I f  

cS02 = K2(Vt - Vb)(N)(Va)/(Vmstd)(Vsoln) 
= 0.00007061( ID,O - , I  ) ( a O O q P ) (  L O  ( .  ) / (  , & 8 1 5  ) (  t u n  ) 

= l , P # ' I  * I , ' L  lb/'f3DSTP 
SO2 PPM = (Cs02)(6.037 X 10t6) = I L s q )  
SO2 LB/HR = (Cs02)( ~ ~ ~ , ~ * ~  f3/Hr DSTP*) = a, 09 

SO2 LB/mmBTU =. so2 LB/HR / 

*FROM METHOD 5 CALCULATION "Q" 

mmBTU/HR = 

-L. 

Cs02 = Concentration of sulfur dioxide - lb/dry standard cubic foot 
N = Normality of barium perchlorate titrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
Va = Volume of sample aloquot - ml 
Vm = Volume of gas at meter temperature and pressure - f3 
Vm,td = Vm corrected to standard.temperature and pressure - f3 
Vsoln = Total volune of sample solution - m l "  
Vb = Volume of titrant used for blank - m l  
Y = dry gas meter calibration factor - dimensionless 
K1 =.17.64 
K2 = 7.061 X 10-6 

1 8  
L 



EPA METHOD 7 
(NOx) 

Barometer, Initial = 29.10 
Flask Vacuum Initial = 27.00 
Flask Temp. Initial 5 8 . 0  
Barometer, Final 29.06 
Flask Vacuum Final = 0.30 
Flask Temp. Final 70.00 
Flask Volume = 2040 

Inches Hg (Pbi) 
Inches Hg (Pfi) 
Degrees F (Tfi) 
Inches Hg (Pbf) 
Inches Hg (Pbf! 
Degrees F (Tff), 
M1. (Vf) 

Pi = Pbi - Pfi = 2.10 Inches Hg Absolute 
Ti = 460 + Tfi = 518 Temp. Absolute Degrees R 
Pf = Pbf - Pff = 28.76 Inches Hg Absolute 
Tf 460 + Tff 530 Temp. Absolute Degrees R 

Vsc = 17.64 (Vf - 251111.) ((Pf / Tf) - (Pi / Ti)) = ml. STP = 1784.7 

Spectrophotometer Calibration Factor = Kc 
A 1 = Absorbance of 100 ug Standard = .11 
A 2 = Absorbance of 200 ug Standard = .21 
A 3 Absorbance of 300 ug Standard = .305 
A 4 = Absorbance of 400 ug Standard = .395 

Kc 100((A1 + 2A2 + 3A3 + 4A4) / (Ai2 + A22 + A32 + A 4 z ) ) =  991.0 

A = Absorbance Of Sample = 0.035 , F= Dilution Factor = 1.000 
M = Total ug NO2 Per Sample = 2 x Kc x A x F = 69.369 

C = Sample Concentration = 8.243 x 10-5 x M / Vsc = 2.4265 x 10-6 

QS From Method 5 Or Gas Volume Calculation 998281 

C x Q S =  2..422 LB/HR 

BELDEN BRICK INC 
SUGARCREEK OH 
KILN 1 PLANT 3 
3/3/92 
TEST 1 A  

1 9  
i 



EPA METHOD 7 
( NOx ) 

Barometer. Initial = 29.10 
Flask Vacuum Initial = 27.00 
Flask Temp. Initial = 68.0 
Barometer, Final = 29.06 
Flask Vacuum Final = 0.50 
Flask Temp. Final = 70.00 
Flask Volume = 2090 

Inches Hg (Phi) 
Inches Hg (Pfi) 
Degrees F (Tfi) 
Inches Hg (Pbfl 
Inches Hg (Pbf) 
Degrees F (Tff) 
M1. (Vf) 

Pi = Pbi - Pfi = 2.10 Inches Hg Absolute ' .  

Ti 460 + Tfi = 528 Temp. Absolute Degrees R 
Pf = Pbf - Pff = 28.56 Inches Hg Absolute 
Tf = 460 + Tff = 530 Temp. Absolute Degrees R 

Vsc = 17 .64  (Vf - 25ml.) ((Pf / Tf) - (Pi / Ti)) = m l .  STP = 1818.0 

Spectrophotometer Calibration Factor = Kc 

A 1 Absorbance of 100 ug Standard . l l  
A 2 = Absorbance of 200 ug Standard = .21 
A 3 = Absorbance of 300 ug Standard = .305 
A 4 . =  Absorbance of 400 ug Standard .395 

Kc = l00((A1 + 2A2 + 3 A 3  + 4A4) / (A12 + A22 + A32 + Adz))= 991.0 

A = Absorbance Of Sample = 0.037 , F= Dilution Factor = 1.000 
M = Total ug NO2 Per Sample = 2 x Iic x A x F 73.333 

C = Sample Concentration 6.243 x 10-5 x M / VSc = '2.5182 x 10-6 

QS From Method 5 Or Gas Volume Calculation = 998281 

C x Q S =  2.514 LB/HR 

Z . Y L ~ +  1,s"' z ,e, L & / H L  A L C  T t c r  f - 
L 

BELDEN BRICK INC 
SUGARCREEK OH , 

KILN 1 PLANT 3 
3/3/92 
TEST 1B 

2 0  
i ~- 
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G.F.A. METHOD 5 
DATA I N P U T  -- 

?b.In Hg 
VM ~ f t? 
3. I n  H Z n  
F ' G . I n  H 2 0  
Tm.F 
T s , F  
'3P - ..... '--...P. - I n  H20 
% co2 
:< 02 
% N  
V C L  . M 1 
A S . f t 2  
MN. I l a  
0 , M i n  
DN, I n .  

RESULTS 

F ' m a . I n  H g  
PSA, I n  Ha 
IN D 
MS 
VMSTP , f t.3 
VWSTP. f t 3  
HWO! % 
I .'i. 
' JS .  f t i S e c  
OA ~ ASCFM 
OS f t .3 /HR 
L # / H r  
cs ~ #/SCF 
C '  ' S , G r n / S C F  

HELGEN HFI 'I Ct::: I NC 
SUGARCREEK OH 
b::ILN 1 PLANT 3 
3 / 3 / 92 
TEST 2 

2 2  
L 



CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO I -  I PLANT RLFLI) Lg Iv B A i G l L  DATE ) / ) 1 f L  

LOCATION bo I I< I C b u  P L n N r  5 BY w.rcf 

- Vt 1 7 ,  L 

*FROM METHOD 5 CALCULATION "Q" 

t l t 7  I I - tA  t . I  

Cs02 = Concentration of sulfur dioxide - lbldry standard cubic foot 
N = Normality of barium perchlorate titrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
Va = Volume of sample aloquot - ml 
Vm = Volume of gas at meter temperature and pressure - f3 
Vmstd = Vm corrected to standard temperature and pressure - f3 
Vsoln = Total volune of sample solution - ml 
Vb = Volume of titrant used for blank - ml 
Y = dry gas meter calibration factor - dimensionless 
K1 = 17.64 
K2 = 7.061 X 10-6 



CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO 2 - 2  PLANT r ) c ~ a c - ~  ~ M C ~  DATE 3 / ?  I C  L 
LOCATION )uo I [t I t  h P L L ( U ~  > B Y A  e 

- 
Vt 1 3 . 6  1 3 - 6  

Csoz = Concentration of sulfur dioxide - lb/dry standard cubic foot 
N = Normality of barium perchlorate titrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
va = Volume of sample aloquot - ml 
Vm = Volume of gas at meter temperature and pressure - f3 
V m s y  
Vso n - Total volune of sample solution - ml 
Vb 9 Volume of titrant used for blank - ml 
Y = dry gas meter calibration factor - dimensionless 
K1 = 17.64 
K2 = 7.061 X 

Vm corrected to standard temperature and pressure - f3 

I I L L  . I  

24 



EPA METHOD 7 
( NOx) 

Barometer. Initial = 2 9 . 1 0  
Flask Vacuum Initial = 2 7 . 0 0  
Flask Temp. Initial = 7 3 . 0  
Barometer, Final = 2 9 . 0 6  
Flask Vacuum Final = 0.10 
Flask Temp. Final = 7 0 . 0 0  
Flask Volume = 1953 , . 

Inches Hg (Pbi) 
Inches Hg (Pfi) 
begrees F (Tfi) 
Inches Hg (Pbf) 
Inches Hg (Pbf) 
Degrees F (Tff) 
M1. (Vf) 

Pi Pbi - Pfi = 2 . 1 0  Inches Hg Absolute 
Ti = 460 + Tfi = 533 Temp. Absolute Degrees R 
Pf = Pbf - Pff = 2 8 . 9 6  Inches Hg Absolute 
Tf = 460  + Tff = 5 3 0  Temp. Absolute Degrees R 

Vsc = 1 7 . 6 4  (Vf - 2 5 m l . )  ((Pf / Tf) - (Pi / Ti)) ml. STP = 1 7 2 4 . 4  

Spectrophotometer Calibration Factor = Kc 

A 1 = Absorbance of 100 ug Standard = .ll 
A 2 = Absorbance of 2 0 0  ug Standard = . 2 1  
A 3 = Absorbance of 3 0 0  ug Standard , 305  
A 4 Absorbance of 400 ug Standard , 395  

Kc = 1 0 0 ( ( A 1  + 2A2 + 3 A a  + 4 A 4 )  / (Ai2 + A22 + A32 + Adz))= 9 9 1 . 0  

A = Absorbance Of Sample = 0 . 0 3 5  , F= Dilution Factor = 1.000 
M = Total ug NO2 Per Sample = 2 x Kc x A x F = 69 .369  

C = Sample Concentration = 6 . 2 4 3  x 1 0 - 5  x M / Vsc = 2 . 5 1 1 5  x 1 0 - 6  

QS From Method 5 O r  Gas Volume Calculation = 962687 

C x Q S =  2 . 4 1 8  LB/HR 

BELDEN BRICK INC 
SUGARCREEK OH 
K I L N  1 PLANT 3 _ _ _ ~ ~  ~ 

3 /3/92 
TEST 2 

2 5  



2 6  



DATQ I N P U T  
E . P .  A .  I'IETHOD 5 

?b . In  Hq 
VM.f . tX 
-ti! I n  H 2 O  
P C j I n  H20 
'Tm , F' 
T s . F  
C P  
-..,..--P . I n  H20 
x co2 
% 02 
7. N 
'/CLIM1 
AS. f t 2  
MN Mg 
0 M i n  
DN. 'In 

Fi E S U L T S 
- - - - __ - 
Fma.  I n  Hg 
PSA, I n  Hg 
MD 
MS 
VMSTF. f t.2 
VWSTP ~ f t? 
HWO 7: 
I .% 
VS. f t i S e c  
CIA. ASCFM 
os. f t Z / t i F i  
L .#/ t i r  
C S !  # / S C F  
C '  ' S . G r n i S C F  

HELDEN EcFi'ICt::: I N C  
SUGARCREEK OH 
t:.:ILN 1 F L A N T  3 
.T/ 3 / 92 
T E S T  3 

2 7  



CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO ?- I PLANT BCL b e d  S R l C L  DATE /qL 

LOCATION WO I /IlL+ p . y w r  \ BY* * 

*FROM METHOD 5 CALCULATION “Q“ 

Cs02 = Concentration of sulfur dioxide - lb/dry standard cubic foot 
N = Normality of barium perchlorate titrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
Va = Volume of sample aloquot - m l  
Vm = Volume of gas at meter temperature and pressure - f3 
Vmstd = Vm corrected to standard temperature and pressure - f3 
Vsoln = Total volune of sample solution - ml 
Vb = Volume of titrant used for blank - m l  
Y = dry gas meter calibration factor - dimensionless 
K1 = 17.64 
K2 = 7.061 X 10-6 

2 8  



c 

. .  . .  . .  

TITRATION I 2 G  TITRATION I 3@ TITRATION 

I l L , Y  

CSA CO. 
EPA METHOD 6 (SULFUR DIOXIDE) DATA AND CALCULATION SHEET 

TEST NO 3 - L  PLANT B B L O F ~ C ,  2 # K t  DATE 
LOCATION 0 \ ~ ( I L  P - * b r  3 BY ** 

AVERAGE 1 Vb ‘TITRATION - 
I c, y , I  

= 0.00007061( 
- - Z,>Scll V l 0 ”  

SO2 PPM = (Cs02)(6 
SO2 LB/HR = (CSO~) 
SO2 LB/mmBTU = SO2 

7 3 9 , b 7 9  f3/Hr DSTP*) = 2, SQ 

Cs02 = Concentration of sulfur dioxide - lb/dry standard cubic foot 
N = Normality of barium perchlorate titrant 
Pb = Barometric pressure - inches Hg 
Tm = Temperature of meter - OF 
Va = Volume of sample aloquot - m l  
Vm = Volume of gas at meter temperature and pressure - f3 
Vmstd = Vm corrected to standard temperature and pressure - f 3  
Vsoln = Total volune of sample solution - ml 
Vb = Volume of titrant used for blank - m l  
Y = dry gas meter calibration factor - dimensionless 
K1 = 17.64 
K2 = 7.061 X 

2 9  



EPA METHOD 7 
( NOx i 

Barometer, Initial = 29.10 
Flask Vacuum Initial = 27.00 
Flask Temp. Initial = 72.0 
Barometer, Final = 29.06 
Flask Vacuum Final = ,  0.30 
Flask Temp. Final 70.00 
Flask Volume 1951 

Inches Hg (Pbi) 
Inches Hg (Pfi) 
Degrees F (Tfi) 
Inches Hg (Pbf) 
Inches Hg (Pbf) 
Degrees F (Tff) 
M 1 .  (Vf) 

Pi = Pbi - Pfi 2.10 Inches Hg Absolute . 
Ti = 460 + Tfi = 532 Temp. Absolute Degrees R 
Pf = Pbf - Pff = 28.76 Inches Hg Absolute 
Tf = 460 + Tff = 530 Temp. Absolute Degrees R 

Vsc = 17.64 (Vf - 25ml.) ((Pf / Tf) - (Pi / Ti)) = ml. STP = 1709.5 

Spectrophotometer Calibration Factor Kc 

A 1 = Absorbance of 100 ug Standard = .11 
A 2 = Absorbance of 200 ug Standard = .21 
A 3 = Absorbance of 300 ug Standard ,305 
A 4 Absorbance of 400 ug Standard = .395 

Kc = 100((Ai + 2A2 + 3Aa + 4A4) / ( A i 2  + A 2 2  + A 3 2  + A42))= 991.0 

A = Absorbance Of Sample = 0.029 , F= Dilution Factor = 1.000 

C = Sample Concentration = 6.243 x 10-5 x M / Vsc = .2.0990 x '30-6 

QS From Method 5 Or Gas Volume Calculation = 939679 

C x Q S =  1.972 LB/HR 

M = Total ug NO2 Per Sample = 2 x Kc x A x F = 57.477 

BELDEN BRICK INC 
SUGARCREEK OH 
KILN 1 PLANT 3 
3/3/92 
TEST 3 

3 0  
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I 
A I R  GOLLUTICN SOL'RCE TESTING PilCE:E -216- 525-51 19 

. .  

CL'STOM STACK ANALYSIS 
24661 CENTER ROAD 

P.O. BCS 3750 

ROUTE 5 

ALLIANCE. OHIO 44501 

GENERAL -- 
Source  emiss ion  t e s t s  w i l l  be .performed a t  / ? . € ~ D t j u  R n l C c  

DL)LZ)'Y.r Ti  3 - on = I ,  r4d'  . with  t e s t i n g  t o  
PM as p e r  INTENT 

TO TEST NOTIFICATION,. 
The sample t r a i n  i s  a Research Appliance Corp modle 2043 us ing  

a i ) u / c ~ *  l i n e d  probe  h e a t e d  t o  2 j - 6  OF. The f i l t e r  media is 
f t a r / r c r ~ . r ? c  enc losed  i n  pyrex  h o l d e r s  hea ted  t o  2) - .0  OF. The ' 

c o n t e n t s  of t h e  imp inge r s  w i l l  be used f o r  ( a )  mois ture  
d e t e r m i n a t i o n  o n l y ,  ( b )  .-'maistu're de t e rmina t ion  and p a r t i c u l a t e  
weight .  The gas d r y i n g  a g e n t  a f t e r  t h e  impingers  i s  calcium s u l f a t e  
c o n t a i n e d  i n  a " D r i e r i t e "  d e s i c a n t  column. T,he probe and glassware 
w i l l  be washed u s i n g  ~ C C  .f o * c  5 f l 3  U S #  -- . If impinger c o n t e n t s  
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 ,  t hey  w i l l  be d r i e d  by 

used a r e  as p e r  l a t e s t  FEDERAL EPA REGULATIONS AS WRITTEN I N  THE 
FEDERAL REGISTER. 
___ -- ... An e q u i v a l e n t  emis s ions  o p a c i t y  t e s t  i s  reques t ed  
D E S C R I P T I O N  OF PLANT OPERATION 

commence a t  about  O'clock 6 AM - 

c-- 

at - .. OC.  The t e s t  and a n a l y t i c a l  procedures -_... -. . 

L .  
- 

G c . 7  I U O O C , ~  U P ' c K  W t L N  

--- STACK AND VENT DESCRIPTION 
S E E  S c c - r c c , G S  

: '  3 2 



AREA = 13.4  f2 
EQUIVALmT DIA. = 44" 
EQUIV. DIA. UPSTREAM = 7 . 1  
EQUIV. D I A .  DOWNSTREAM = 2+ --&-&U&PLE- 

PORTS 1 
: 
0 
I 

UJ 
N 

. 

-- 

BELDEN BRICK 

-C-. .LI-  , 3 3  .! 



I 

I 

! ! 

I 
G- 

I- 
I n  
I 

I 
I 
I 
I '  
J 

3 4  Figure 2 
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STAINLESS STEEL PROBE 

f 

0 RSAT 

POLYFLOW 
TUBING 

2.3 CUBIC FOOT 
TEDLAR BAG 

h (ROTOMETER I 

FLOW CONTROL VALVE \ > /BY-PASS VA 

THREE WAY VALV 

I . .  
PURGE 

INTEGRATED SAMPLER 



2 LITER 

NO. 1235 GEMAN FILTER HOLDER WITH TYPE A-E FILTER T- 

316 STAINLESS STEEL PROBE 

ONE WAY STOPCOCK ONE WAY STOPCOCK 

THERMOMETER 

BOILING FLASK 

FLASK SHIELD 

VACUUM PUMPS 

METHOD 7 N O X  SAMPLE APPARATUS 

.. 36 
FIGURE 4 , 



16 

1 1  .- 

1) HEATED PYREX LINED PROBE. END PACKED WITH QUARTZ WOOL 
2 )  MIDGET BUBBLER. TOP PAKED WITH GLASS WOOL 
3 )  MIDGET IMPINGERS. EACH FILLED WITH 15 m l  OF H202 (3%) 
4 )  MIDGET IMPINGER. DRY TRAP 
5) ICE BATH 
6 )  DRIERITE COLUMN, FILLED WITH CALCIUM SULFATE DESICANT 
7 )  UMBILICAL CORD 
8 )  ROTAMETER 
g j VACUUM-GAGE 
1O)VALVE FOR COARSE FLOW ADJUSTMENT 
11)VALVE FOR FINE FLOW ADJUSTMENT 
i 2 j OILER 
13 ) OIL FILTER 
14 ) VACUIJM PUMP 
15)DRY GAS TEST METER 
16)THERMOMETER 

E.P.A. METHOD 6 SO2 SAMPLING TRAIN 

FIGURE 1 
3 7  
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I 

I 
I 

I 

I 

I 
f 

q[ - I n c h e s  
iI o n i n a l  )' 

3/16 

i/4 

5/16 

3/8 

:TType i"S" T i t o t  Tube 
Clamp t o  remove 
P i t o t  Tube from Sheath 

D t  X Y 2 .  

1 
1 

1 7/16 5/16 3/8 I 
15/16 . 1 7/16 5/16 '7 
718 1 7/16 ' 5/16 i 3/U -1 

3/4 I 1 7/16 5/16 lT7z-l , I 

L?robe S h e a t h  
Bo t toa  V i e w  Showing Pi to t -Nozzle  S e p a r a t i o n  

7 

1/2 I 5/f3 I 1 7/16 I 1/2 I 3/e . 

I . .  . . ..._ ..._.. ..-.-... _-_.. , .--.-.. . , .. . . . . ... . . .. .̂  



?bar 

Lb S02/Hr = ( f 3/HrDSTP) ( Lb/f3DSTP) = 

Lb/NaTU = Lb/Hr - MBTU = 

C S O ~  = Concent ra t ion  of sulfur d i o x i d e  - lb/dry s t a d a r d  cubic  iaot .. 
I .  = No-riali ty of b a r i u a  p e r c l o r a t e  titra?zt 

pl..- -__ = Sztroaetr ic  p r e s s u r e  - i nches  Eg 
T z i  = Tezpera tu re  a t  meter  inlet - Or' . .  
7. -20 = Tezpera tu re  a t  meter  o u t l e t  - OF 

? m = kver2ge meter temperature  -0 
i'2 = Velum of s m p l e  a l i q u o t  t i t r a t e d  - m l  

= Dry gas v o l m e  as meesurcd ~t c e t e r  - dcf 
= Vrn co ' r r ec t ed  t o  stzrldard cond i t ions  - asc f  V m ( s t a )  

l 'soln = T c j t ~ l  i * o luTe  of szap le  solution - rr.1 

V = D r y  gas meter c a l i b r a t i o n r f z c t o r  

'{t = Avcr2ge volume of titrvlt used  l o r  sample a l i q u o t  - nl 
IfbtL Volume of  titrant u s e d ' f o r  b l m k  - m l  

IC2 = 7.061 Y. lo--, .? = 17.61; 



CSA CO. NO, DATA SHEET 

TEST 

I 

A 

SPECTROPHOTOMER CALIBRATION 
ABSORBANCE OF ABSORBANT SOLUTION = 0 
Al=ABSORBACE OF 100 g STD = 
A2= 
A 3  = 

A4= 

" 200 g .I' I 

11 300 g 11 = 
" 400 g " - - 

I, 

,I 

I ,  

SAMPLE DILLUTION FACTOR = 

+ 
SEE COMPUTER CALCULATION SHEET FOR RESULTS 

FOR BY 
LOCATION 

4 1  



. .  

i2.S.A. C o .  
STACKSAMPLR CALIBRATION SHEET 

Customer O r d e r  No. I 
D a t e 1 2 / 3 / 9 1  S e r i a l  No.LU3l-  .-RAC O r d e r  No 

Pump OK Pump Oil CHG C l e a n  Q u i c k  .D i sconnec t s~S-___- - - -  
ManometersaLF.I-Dry T e s t  M e t e r 2  T h o r m o m e t e r s ~ 1 B ~ R - . .  
L i gh t s 9.E- Electr ical  C h e c k O K - . - . - . -  V a r i a c 4 K -  
Vacuum GaugeREPACED Leak Check @ 27"Iig Vacuum.--- 
RemarksLRESU-s . 

Baromete r  ' ( P b )  3L 

-- 3 -  . .  

K t L -  DH CFw CFd T w _ - _ ~ ~ L T d - 4 ~ T D ~ - H ~ - . . Y - - . .  

~ - . Q 2 3 3 - 1 . 0 5 5 . 0 3 7 0 L ~  7 5  9 ,CE1.886--LQ.C.I. 
A 1 58 L m 3 6 ~ ~ , ~ 5 . 0 5 2 8 _ 9 . ~ _ _ 3 ~ 7 - 4 ~ , . ~ ~ - - 8 ~ ~ . ! 6  

~ ~ 2 . 0 ~ 1 0 . 0 4 7 0 _ 1 9 ~ ~ 4 7 ~ ~ 1 2 . 8 5 1 . 8 ~ ~ ~ _ ~ ~  
.1260Q04.0m18.11708581839.125. 
- 2 J . -  1 0 _ ~ . ~ e l s r i _ 3 * 4 e ~ . 9 9 _ _ ~ 4 .  
u ~ m 2 L - 2 L - B ~ - L - u a s  

I .oo 1 To1 e r a n c e s  H =  1 . 6  - u- 2 . 1  , Y - 0 . 9 9  -- L,EWl. 01 A I) & I a,'. 'I <* 

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

Y=(CFw Pb (Td a v g . + 4 6 0 ) ) / ( C F d  (Pb+N) ( T w i r Z E Q ) )  

DH= Orifice p r e s s u r e  d r o p  - i n .  H z O  
CFw= Volume w e t  test  meter - f 3  
CFd- Volume d r y  t e s t  meter - f 3  
Tv= Temp. wet t es t  meter 
ITd= I n l e t  t e m p e r a t u r e  d r y  test meter 
OTd= O u t l e t  t e m p e r a t u r e  d r y  t e s t  meter 
Td a v g . =  Average  temperature d r y  test. meter 
t= T i m e  - m i n u t e s  
Pb-Barometer  press. 

DJALTHERMOMETERL- 
P r e c i s i o n  Lab Thermometer  32 
Meter Thermometers  ITd 32 OTd 32 ITd 210 OTd 210 

a o I L I N G W B T E B  
21 1 

Impinger O u t l e t  Thermometer (1) 32 211 
(2) 32 211 

NBS TRACABLE FROM FACTORY..2 UNITS CALIBRATED AGAINST EACH OTlIER(PyroMation) 
ALL THERMOCOUFLES A R E  CALIBRATED BY OVEN PROM 100 TO 500'F AGAINST A CMS 

FROM STANDARD I S  DISCARDED. 
LAB THERMOMETER ( N O .  227 -934) .  A N Y  THERMOCOUPLE. THAT I S  MORE THAN f2'F 

4 2  



I 
I 

C.S.A. Co. 
STACKSAMPLR CALIBRATION SHEET 

i 
Cus tomer Order No. 
Date_2/29/92 Serial No. 2031 RAC Order No. 

Pump OK Pump Oil_(;tIG Clean Quick D i s c o n n e c t s Y E S  
M a n o m e t e r s . i D r y  Test M e t e r O K T h e r m o m e t e r s O K  
Lights OK Electrical C h e c k O K V a r i a c O K  
Vacuum Gauge-Leak Check Q 27-'Hg Vacuum- 
Remarks 

Barometer (Pb) 28.96 

K N DH CPW CFd Tu ITd OTd TD t H Y 
A 5 8  0368 0.5 5 5.06 72 76 73 74 12.82 1.905 0.991. 
z 7 0737 1.0 5 5.03 I 72 79 76 78 9.05 1.894 1.003 
-34 1470 2.0 10 10.05 76 72 81 78 12.83 1.903 1 .aar. 
A 2 6 8  .2490 4.0 10 10.10 72 87 82 84 9.10 1.893 1.004 

4310 6.0 10 10.08 72 90 83 86 7.45 1.900 1.003 
.. 6 07 72 92 84 88 6.45 1.895 1.0m 

Tolerances H=1.6-=-2.1 , Y=0.99-lAE1.01 ' 

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

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

DH= Orifice pressure drop - in. HzO 
CFw= Volume wet test meter - f3 
CFd= Volume dry test meter - fa 
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. 

Precision Lab Thermometer 32 211 
Meter Thermometers ITd 33 OTd 33 ITd 210 OTd 211 
Impinger Outlet Thermometer (1) 31 210 

( 2 )  33 212 

L.lalwm - 
NBS TRACABLE FROM FACTORY. 2 UNITS CALIBRATED AGAINST EACH OTHER(PyroMati0n) 
ALL THERMOCOUPLES ARE CALIBRATED BY OVEN FROM 100 TO 500'F AGAINST A CMS 

FROM STANDARD IS DISCARDED. 
LAB THERMOMETER (NO. 227-934). ANY THERMOCOUPLE THAT IS MORE THAN f2'F 

4 3  




